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ERGOT  (Ergota,  U.  S.  P.,  Br.  P.  ;  Secale  cormitiun.  Ph. 

G. ;  El-got  deSeigle,  Codex  Med.),  Fungus  Secalix ;  Miit- 
terkorn  ;  Spurred  Rye,  etc.,  con- 
1  sists  of  the  sclerotiiim  of  C'lam- 

ceps  purpurea  (Fries)  Tulasne, 
Order  Ascomycetes,  replacing  the 
grains  of  rye,  Secale  cereide  Linn. 
Our  Pharmacopojia  prescribes 
that  ergot  should  be  only  mod.- 
erately  dried,  preserved  in  a 
closed  vessel,  chloroformed  oc- 
casionally to  prevent  the  devel- 
opment of  insects,  and  rejected 
I  as  unfit  for  use  when  more  than 

a  year  old.  This  remarkable 
parasite  is  developed  in  the 
flowers  of  several  cultivated 
U^l^Wiliirrfill // /  grains  and  of  a  considerable 
number  of  wild  grasses,  germ- 
inating upon  the  ovaries,  which 
it  aborts  and  finally  destroys, 
and  growing  in  the  place  of 
these  organs  like  some  mon- 
strosity of  the  flowers  them- 
selves. It  attains  to  a  sort  of 
maturity  as  the  grain  ripens  in 
the  fall,  and  in  this  condition 
remains  quiescent  until  the  fol- 
lowing season,  when,  if  in  a 
suitable  situation,  as  upon  the 
surface  of  damp  ground,  it  pro- 
duces spores  in  time  to  attack 
the  blossoming  grasses  and  grains 
of  the  succeeding  year.  It  is  this 
restlng-stage  which  constitutes 
the  "sclerotium." 

The  first  noticeable  evidence 
of  the  presence  of  this  fungus 
in    a    spikelet,   say    of    rye    or 
wheat,  is  a  sticky,  unpleasant- 
UWa^.ff^/  /  smelling,  very  sweet,  liquid  ex- 

\  HVM'fflBf  /  udatlon  from  the  Interior  of  one 

of  the  flowers,  which  accumu- 
lates in  considerable  quantity, 
and  may  even  drop  off  or  run 
down  the  stem.  It  consists 
mostly  of  some  sort  of  sugar, 
and  is  probably  a  decomposition 
product  of  the  affected  pistil, 
etc.  Like  similar  results  of  the 
irritation  of  vegetable  tissues 
by  other  fungi,  as  well  as  by 
aphides,  etc.,  it  is  known  as 
"honey  dew,"  and  designated 
the  "honey  dew  of  rye."  It  is 
a  certain  sign  that  ergot  will 
follow.     Ants    and    beetles    are 

Fig.  19«).-Ear  of  Eye  with    fQ^^j    ^f    j^^   gg^jj.    ^o    the    ears 

XmTuerssenT     '''■    ^^ere   it  is   to   be    found,    and 
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as  it  contains  cells  capable  of  developing  into  ergot 
in  other  flowers,  they  assist  in  spreading  the  blight. 
Bees  are  said  to  avoid  it.  A  soft,  spongy  or  cottony, 
mould-like  tissue,  consisting  of  long,  fine,  weak  fili- 
form cells,  felted  together  at  this  time,  envelops  and 
permeates  the  ovary;  as  it  grows  the  latter  becomes 
disorganized  and  disappears,  and  the  mycelium  of  the 
ergot,  as  this  structure  is  called,  takes  its  place.  In  a 
short  time  after,  a  very  redundant  and  much  wrinkled 
layer  of  perpendicular  cells  covers  the  surface  of  the 
mycelium,  and  produces  an  innumerable  number  of 
minute  oblong   false    spores  (conidia),   which  are  dis- 


FiG  1941  —a.  Ovary  of  Eye  with  Commencing  Growth  of  Clayiceps 
in  the  SphaceUa  Stage ;  b,  the  same  with  the  parasite  further  de- 
veloped ;  the  hairy  styles  and  the  remains  of  the  ovary  are  borne  at 
the  top  of  the  mycelium,  the  commencing  sclerotium  or  ergot  is 
shown  at  the  base ;  c,  section  of  specimen  a  Uttle  older  than  b,  and 
rather  more  magnified ;  the  two  styles  and  aborted  ovary  are  seen 
at  the  top,  the  ruminated  sphacelia  in  the  middle  portion,  and  the 
compact  smooth  ergot  below.    (Luerssen.) 

charged  into  the  adhesive  "honey  dew"  just  mentioned. 
These  are  capable  of  reproducing  the  plant,  and  are  the 
first  method  of  propagation.  In  this  stage  it  was  at  one 
time  considered  to  be  an  adult  and  perfect  plant,  and 
named  Sphacelia  segetum  (Leveille,  1827)  (see  Fig.  1941). 
A  further  development  next  takes  place  in  the  formation 
and  growth  of  the  sderotitim.  This  begins  as  a  con- 
densation of  tissue  at  the  base  of  the  "  sphacelium  "  just 
described,  the  cells  of  which  become  shorter  and  thicker- 
walled,  as  well  as  more  closely  packed  together.  The 
mass  becomes  firm  and  brittle  as  it  develops,  the  outer 
surface  assumes  a  purple-black  color,  and  it  finally  grows 
to  a  long  spur-like,  curved,  irregularly  cylindrical  body 
protruding  half  its  length  or  more  beyond  the  plumes 
and  paleifi  of  the,  rye.  The  "sphacelium"  atrophies  as 
the  sclerotium  grows,  and  is  carried  up  on  the  apex,  as 


Ergot. 
Erynipelas. 
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Fig.  1943.— Ergot  in  its  Final  True- 
tilying  Stage.     (Luerssen.) 


are  also  any  remains  of  the  unfortunate  pistil  (see  Fig. 
1941).  When  the  ergot  is  fully  grown  and  gathered, 
scarcely  any  traces  of  either  of  these  are  to  be  found. 
At  this  stage  ergot  was  also  considered  a  distinct  plant 

from  the  above,  and  it  re- 
ceived separate  names 
(Si-leivthim  da-ens  De  Can- 
dolle,  1816,  etc.).  The 
growth  of  the  first  season 
terminates  «'ith  the  sde- 
rotium,  but  in  the  early 
summer  of  the  next  year 
several  minute  globular 
heads  raised  upon  stalks, 
half  an  inch  or  more  in 
length,  and  looking  like 
miniature  "toadstools," 
grow  from  the  sides  of 
this  organ  and  bear,  in 
numerous  cavities  (iieri- 
thecia),  a  multitude  of 
groups  of  long  and  slen- 
der spores  (see  Figs.  1942  and  194!i).  These  spores,  ap- 
plied to  the  flowers  of  suitable  grasses,  are  capable  of 
reproducing  the  whole  series  of  forms  described  above, 
and  complete  the  life  history  of  the  fungus.  It  is  in- 
teresting to  note  tliat  this  stage  of  claviceps  was  also 
known  long  before  its  connection  with  the  others  was 
made  out,  and  it  was  described  and  named  by  several 
authors  (e.j'. ,  Splueria,  Cordieeps,  etc.). 

The  first  botanist  to  follow  the  course  of  this  plant 
through  all  its  changes  was  M.  Tulasne,  who  gave  it  its 
present  name,  and  finally  published  his  report  upon  it  in 
the  Annales  des  Sciences  Naturelles  for  1853.  His  investi- 
gations were  so  thorough,  and  his  illustralion^  so  fine, 
that  but  little  lias  been  added  to  either,  so  far  at  least  as 
the  botany  of  ergot  is  concerned. 

Habitat. — C'lamceps  ptirpurea  is  found  inmost  tem- 
perate countries  where  the  grains  and  grasses  upon  which 
it  flourishes  grow.  It  is,  however,  much  less  abundant 
in  this  country  than  in  Europe,  and  there  it  occurs  most 
generally  in  the  warmer  and  moister  countries.  It  is 
gathered  in  Central  Europe,  and  especially  in  Spain  and 
Central  and  Southern  Russia.  It  is  an  incidental  prod- 
uct of  agriculture,  and  is  sorted  out  from  the  grain  at  the 
harvest  with  the  double  purpose  of  collecting  the  ergot 
and  of  removing  its  baneful  influence  from  the  grain. 
Ergot  of  wheat  is  occasionally  saved ;  it  is  shorter  and 
thicker  than  that  of  rye,  and  medicinally  equally  good. 

History, — Ergot  has  long  been  known  as  a  blight 
upon  grain  and  as  a  poison,  but  its  medicinal  history  is 
comparatively  modern.  It  appears  to  have  been  used  by 
the  peasantry,  in  some  parts  of  Europe,  in  childbirth  as 
much  as  three  hundred  years  ago,  and  is  mentioned  by 
several  authors  of  the  sixteenth  and  seventeenth  centuries 
in  this  connection;  but  its  formal  introduction  into 
modern  medicine  is  due  to  the  efforts  of  Dr.  Stearns,  of 
New  York,  in  the  early  part  of  the  last  century. 

Description.  —  The  above  -  described  "  sclerotiums, " 
which  con,stitute  ergot,  are  from  1.5  to  3  cm.  (i  to  a  little 
more  than  1  in.)  long  and  3  mm.  (1/8  in.)  thick,  oblong, 
tapering  toward,  but  obtuse  at  both  ends,  triangular- 
cylindraceous,  the  sides  unequally  grooved;  externally 
purple-black,  nearly  smooth;  internally  whitish,  with 
purplish  tinge  or  striie,  the  fracture  short,  not  sharp  noi- 
snapping;  odoi'  peculiar,  disagreeable,  especially  upon 
trituration  with  potassium  or  sodium  hydrate  T.  S  ; 
taste  oily  and  disagreeable.  It  moulds  and  spoils  rather 
easily,  and  should  be  kept  fresh  and  dry.  It  should  not 
be  broken  or  ground  until  needed  for  use.  Microscopic- 
ally it  consists  of  closely  entwined,  elongated,  thick- 
walled  cells  containing  an  abundance  of  oil  drops  Of 
the  commercial  varieties,  Russian  and  Spanish  ergots  are 
commonly  preferred.  Small  or  medium-sized  grains  are 
believed  to  be  superior  to  very  large  ones. 

Composition.— Ergot  has  been  repeatedly  examined 
within  the  past  half-century,  with  the  result  of  exhibiting 
a  more  and  more  complex  composition  with  each  suc- 


cessive investigation ;  but  its  active  principle,  if  indeed 
there  be  any  one  substance  entitled  to  the  name,  is  still 
in  doubt.     One  of  its  most  abundant  constituents  is  a,  fat, 
of  which  it  contains  from  one-fourth  to  nearly  one-third 
of  its  weight.     This  is  a  thick,  bland,  non-drying,  light 
yellow  oil  consisting  chiefly  of  olein  with  some  palmitiu 
and  traces  of  glycerides  of  several  common  volatile,  fatty 
acids.     It  has  no  therapeutic  value,  but  is  reported  to 
be  not  without  disagreeable  action.     It  is  recommended 
by  Hager  (as  it  is  obtained  in  considerable  quantity  as  a 
by-product  of  ei-got  preparations)  for  soaps  and   as  a 
lubricant.     A  little  choUsteriii  and   resin,  some   mycose 
(sugar),  several  common  ncids,  a  fragrant  camphoraceou-s 
substance,  etc.,  are  ingredients  of  no  medicinal  impor- 
tance.    In  regard  to  the  more  active  substances,  scarcely 
any  two  chemists  are  agreed.     Ergotin  is  a  name  given 
to  various  products,  none  of  which  is  chemically  pure. 
First,   Bon  jean's   "ergotin"   is  prepared  by   treating  a 
watery  extract  of  ergot  with  alcohol,  and  evaporating 
the  alcoholic  solution  to  the  consistence  of  a  soft  extract. 
It  is  a  di'cp  brown,   strong-smelling,   bitter  substance, 
soluble  in  water  and  alcohol,  of  considerable  activity  and 
of  frequent  employment,  but  not  an  active  principle 
properly  so  called.     Wigger's  ergotin  was  obtained  by 
exhausting  the  ergot  of  wax,  fat,  etc.,  by  means  of  ether, 
and  then  extracting  with  alcohol,  evaporating  the  tinc- 
ture, and  washing  with  water.     It  is  a  sharp,   bitter, 
reddish-brown  powder,  insoluble  in  water.      Wenzell's 
ergotine  (1864)  was  obtained  by  a  more  complicated  proc- 
ess, and  comes  nearer  the  rank  of  a  chemical  compound. 
It  is  a  brown,  amorphous,   bitter,  alkaline   substance, 
soluble  in  alcohol  and  water,  but  not  in  ether,  and  uniting 
with  acids  to  form  amorphous  salts.     Wenzell  also  sepa- 
rated another  alkaloid,  which  he  named  ecboline,  resem- 
bling his  ergotine  in  most  respects ;  on  the  other  hand, 
other  chemists  assert  that  botli  of  Wenzell's  two  alkaloids 
are  practically  the  same,  and  that  neither  is  pure.     Tanret 
has  isolated  a  crystalline  alkaloid,  which  he  has  named 
ergotinine,  soluble  in  ether,  alcohol,  and  chloroform,  but 
not  in  water.     Its  solutions  rapidly  decompose,  and  its 
value  is  not  yet  proved.       A  still  more  recent  and  veiy 
thorough  analysis  of  ergot  was  made  a  few  years  ago  in 
the  laboratory  of  DragendorfE ,  with  the  result  of  sepa- 
rating the  following,  more  or  less  well-defined,  amorphous 
substances:  1.  Sclerotic  acid,  a  (yellowish-brown)  hygro- 
scopic, faintly  acid,  tasteless  powder,  obtained  to  the 
extent  of  from  two  to  four  percent.     2.  Scleroniucin,  a 
nearly  related  substance,  two  or  three  per  cent.     3.   Scler- 
erythrin.     4.   Sclerqjodin,  a  coloring   matter.     5.   Sclero- 
anthin.      6.  SclerocrystaUine,  etc.      Sclerotic   acid  is  an 
article  of  commerce,   but  not  much  called  for.     The 
others,  excepting  Bonjean's  ergotin,  are  scarcely  known 
excepting    to  the  chemists  who    have   isolated    them. 


FIG.  1943.- Details  of  Fig.  1942.     (Luerssen.) 


Ergotic  acid  is  a  doubtful  substance.     Ergotinic  acid 
sphacehmc  acid,  and  cornvtim;  described  by  Kobert  at 

hnufhtT^P  °/  '^'"^  ''"'•'^  °^«'"*^'^'  compounds  are 
thought  by  Cushny  most  perfectly  to  represent  the  three 
distinct  actions  of  the  drug.  Sphacelotoxin  is  regarded 
by  Jacoby  as  the  active  constituent  of  sphacelinif  add 
though  this  again  appears  resolvable  intoconst  tuen^s  of 
which  the  most  important  one  is  called  chrysotoxfn 
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lil-gol. 
Erysipelas. 


From  the  foregoing  it  will  be  readily  seen  that  ergot  is 
not  amenable  to  chemical  assay  for  the  determination  of 
its  quality,  although,  because  of  the  highly  varying  ac- 
tion of  different  commercial  samples,  to  some  extent  in 
Isind  as  well  as  in  degree,  there  are  few  drugs  more  in 
heed  of  it.  Under  these  circumstances,  Houghton's 
method  of  physiological  assay  becomes  of  great  interest. 
This  consists  in  feeding  the  drug  to  fowls,  then  noting 
the  extent  and  ift-omptness  of  the  discoloration  of  the 
comb,  and  finally  rejecting  any  ergot  whicli  does  not  pro- 
duce an  effect  reaching  to  a  fixed  standard.  To  this 
method  various  aprim-i  objections  have  been  urged  by 
those  who  have  not  resorted  to  the  very  simple  expedient 
of  ascertaining  the  practical  results  of  the  method,  which 
appear  to  have  been  the  putting  of  an  end  to  complaints 
of  irregular  or  uncertain  action. 

Action.— The  action  of  ergot  and  of  its  constituents 
is  extremely  complicated  and  can  as  yet  by  no  means  be 
said  to  be  understood,  though  great  progress  has  recently 
been  made.  We  have  now  a  fair  knowledge  of  its  prac- 
tical effects  as  a  drug.  Our  lack  of  knowledge  relates 
mainly  to  the  different  effects  produced  by  the  different 
constituents,  with  the  resulting  disadvantage  that  we  are 
unable  intelligently  to  administer  different  preparations 
to  meet  special  cases.  The  two  most  important  effects 
of  the  drug  are  the  prolonged  contraction  of  the  arteries, 
and  the  physiological  strengthening  of  the  natural  rhyth- 
mic contractions  of  tlie  uterus.  Both  of  these  effects  are  of 
complex  origin,  but  primarily  and  principally  due  to  the 
chrysotoxin  or  sphacelotoxin.  In  the  production  of  the 
former  effect,  the  chrysotoxin  acts  chiefly  by  stimulating 
the  vaso-motor  centre,  to  a  lesser  extent  by  acting  directly 
upon  the  artery.  At  the  same  time,  the  vaso-motor 
centre  is  stimulated  by  the  cornutine,  but  this  stimula- 
tion is  spasmodic  and  irritable,  and  is  succeeded  by  de- 
pression, which,  when  the  entire  drug  is  used,  may  be 
supposed  to  act  against  the  chrysotoxin,  as  there  is  often 
an  early  fall  of  blood  pressure.  This  antagonism  is  still 
farther  induced  by  tlie  ergotinic  acid,  which  is  a  direct 
depressor  of  the  vaso-motor  centre  and  of  the  heart,  if 
introduced  directly  into  the  circulation.  To  get  the  full 
arterial  effect,  therefore,  pi-eparations  of  ergot  should  be 
given  by  the  mouth,  although  the  other  method  is  pref- 
erable if  we  desire  to  secure  a  prompt  action.  In 
spite,  however,  of  these  antagonisms,  the  net  eltect  is  a 
powerful,  prolonged  contraction  of  all  the  smaller  arteries, 
with  a  consequent  marked  increase  of  blood  pressure, 
going  on ,  pari  passu  with  the  administration  of  the  drug, 
to  dry  gangrene  and  loss  of  the  extremities,  and  to  ex- 
travasation of  blood  into  the  viscera. 

The  effect  upon  the  uterus  is  primarily'  due  to  spinal 
stimulation  by  the  chrysotoxin,  but  there  is  evidentlj' 
also  a  direct  action  upon  its  walls. 

Upon  the  intestine,  the  effect  of  ergot  is  to  increase  per- 
istalsis, but  at  the  same  time  to  diminish  secretion,  as  is 
true  of  the  secretions  generallj',  due  to  diminished  arterial 
supply. 

Uses. — Ergot  is  chiefly  employed  as  an  ecbolic,  being 
given  in  the  later  stages  of  parturition,  especially  to 
secure  the  complete  emptying  of  the  uterus,  and  to  check 
hemorrhage.  Formerly  it  was  given  at  one  stage  earlier, 
to  favor  the  expulsion  of  the  placenta,  but  this  practice 
is  now  generally  discouraged.  Against  these  views  are 
still  those  of  some  excellent  practitioners  who  recommend 
the  early  moderate  use  of  ergot  to  promote  labor. 

Next  to  this  use  of  ergot,  that  for  checking  internal 
hemorrhages,  especially  of  dysentery,  may  be  considered 
the  most  extensive.  Its  use  has  been  found  favorably  to 
affect  aneurisms.  It  is  also  very  largely  employed  in  the 
relief  of  headache  resulting  from  prolonged  mental  activ- 
ity and  excitement,  and  whenever  congestion  exists.  It 
also  gives  marked  relief  to  conjunctivitis  of  a  similar 
character. 

Finally,  it  will  frequently  be  found  to  do  good  service 
as  an  aphrodisiac,  although  in  many  cases  it  will  fail. 

Fbepakations  and  Doses. — The  unofficial  prepara- 
tions of  ergot  are  exceedingly  numerous,  and  the  prac- 
titioner should  treat  them  with  great  conservatism,  owing 


to  the  possible  serious  change  in  property  resulting  from 
slight  diflereiices  in  the  mode  of  extraction.  Since  the 
cornutme  and  sphacelotoxin  are  alcohol-soluble,  the  ergo- 
tmic  acid  water-soluble,  both  solvents  should  be  used  in 
the  extraction.  The  official  fluid  extract,  especially  if 
havmg  been  found  to  meet  a  satisfactory  physiological 
test,  made  with  diluted  alcohol,  and  with  the  addition 
of  two  per  cent,  of  acetic  acid,  answers  every  rctiuirement 
It  may  be  given  in  doses  of  from  3  to  4  c.c.  (H.  3  ss.-i.); 
the  wine  of  fifteen-per-cent.  strength  may  be  given  in 
doses  four  or  five  times  as  large ;  the  extract  ("  ergotin  ") 
is  considerably  used  in  doses  of  0.3  to  1  gm.  (gr.  v.-xv.). 

Henry  H.  Rushy. 

ERIODICTYON.     See  Teria  Santa. 

ERYNGIUM.     See  UmbelUJerm. 


ERYSIPELAS. -(Fr.  BrydpeU ;  Ger.  RothUmf).* 
Definition  and  Etiology.  By  the  term  "  erysipelas  " 
is  understood  a  disorder  of  the  general  system,  of  febrile 
nature,  cyclic  character,  and  varying  severity,  which  is 
caused  by  the  introduction,  into  the  body,  of  a  specific 
pathogenic  germ  of  bacterial  form.  This  is  of  the  strep- 
tococcus variety,  and  was  first  described  by  Fehleisen, 
and  for  that  reason  is  called  by  his  name.f 

The  disease  is  seated  upon  an  epithelial  surface,  either 
of  the  skin  or  of  a  mucous  membrane.  When  situated 
upon  the  skin,  it  is  characterized  by  a  sharply  defined  area 
of  redness,  which  gradually  advances  to  occupy  a  larger 
surface,  is  accompanied  by  a  relatively  intense  febrile 
action,  and  generally  terminates  in  complete  recov- 
ery, with  exfoliation  of  the  epidermis  upon  the  sur- 
face which  was  the  seat  of  the  disease.  One  attack  of 
the  disease  affords  no  immunity  against  recurrence,  in 
the  same  or  another  locality,  and  it  may  involve  the 
mucous  membranes  as  well  as  the  outer  covering  of  the 
body.  The  accounts  of  some  of  the  earlier  of  the  known 
epidemics  represent  a  much  severer  type  of  disease  than 
the  erysipelas  of  our  day. 

From  a  careful  study  of  cases,  as  well  as  *rom  experi- 
mental inoculations,  the  period  of  incubation  of  erysipelas 
has  been  estimated  as  being  not  less  than  fifteen  nor  more 
than  sixty  hours.  A  specific  germ,  the  streptococcus  of 
erysipelas,  is  foimd  in  all  cases  of  the  pure  disease  and  is 
capable  of  transmitting  the  malady  to  healthy  individuals 
in  series.  This  germ  is  found  in  the  lymphatic  vessels  of 
the  skin  and  in  the  lymph  spaces,  and  when  the  culture 
is  pure,  it  is  believed  never  to  produce  suppuration.  | 

Infection  with  the  streptococcus  of  Fehleisen  produces 
at  the  point  of  inoculation  a  special  inflammation  of  the 
integument,  external  or  internal,  of  which  the  character- 
istic tendency  is  its  extension  peripherally,  until  the  viru- 
lence of  the  micro-organism  is  exhausted,  or  the  individual 
attacked  has  become  immune  to  the  disease. 

•  At  present,  no  difference  in  character  or  nature  is  recog- 
nized between  erysipelas  of  the  face  (so-called  "  spontane- 
ous "  or  "  medical "  erysipelas)  and  erysipelas  following 
wounds  ("  ti'aumatic  "  or  "  surgical  "  erysipelas).  Con- 
tagion is  the  simple,  inevitable,  and  indispensable  cause 
of  the  disease. 

It  is  always  necessary  that  there  should  be  a  door  of 
entrance  for  the  microbe,  and  if  careful  search  fails  to 
discover  a  solution  of  continuity  of  the  surface  of  the 
skin,  we  must  still  admit  that  such  an  abrasion  of  either 
the  skin  or  the  adjacent  mucous  membrane  really  exists. 
In  certain  cases  it  would  seem  that  the  simple  absence  of 
epidermis  or  epithelium  is  in  itself  sufficient  to  allow  the 
entrance  of  the  poison  of  erysipelas  into  the  system.  In 
this  direction  the  occurrence  of  erysipelas  in  young  and 
imperfect  cicatrices  from  recent  injuries  is  interesting. 
Warren  says  that  it  is  probable  that  healthy  skin  offers 


*  For  tbe  bacteriology  of  erysipelas  consult  the  article  on  Bacteria, 
in  Vol.  I. 

+  "Die  Aetiologie  des  Erysipels,"  Berlin,  1883. 

X  Petruschky  (quoted  by  Warren)  showed  conclusively  that  a 
streptococcus  cultivation  from  pus  may  cause  erysipelas  in  the  human 
subject. 


Erysipelas. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


a  sure  protection  against  infection  from  erysipelas  («p. 

«»!!•)•  -,  ,  ,, 

The  progress  of  erysipelas  seems  to  depend  upon  Uie 
extension  of  the  local  infection  by  contiguous  growth  of 
the  specific  coccus,  and  not  by  transmission  of  the  infee 
tion  to  distant  parts  by  the  circulation.  The  spread  of 
the  disease  is  usually  from  a  distinct  centi-e  by  peripheral 
growth.  The  appearance  of  erysipelas  in  regions  distant 
from  the  point  of  original  infection  has  been  thought  to 
indicate  that  the  virus  may  be  transmitted  by  means  of 
the  blood  current,  but  this  method  of  spread  is  not  uni- 
versally accepted.  The  constitutional  disturbance— fever, 
etc.— accompanying  the  disease  is  probably  due  to  tiie 
presence  in  the  blood  of  the  toxic  products  of  the  specific 
germ  of  the  disease. 

That  erysipelas  is  a  comnnmicable  disease  has  been 
proved  by  repeated  transmission.  Warren  cites  the 
former  frequent  conveyance  of  this  disease  in  vaccina- 
tion, and  quotes  the  statements  of  Moreland  in  the 
Records  of  the  "Boston  Society  for  Jledical  Improve- 
ment." There  is,  however,  a  strong  probability  tliat  in 
the  former  state  of  surgery,  tlie  poison  of  erysipelas  was 
conveyed  by  means  of  hands  or  instruments  not  surgi- 
cally clean,  or  by  the  contamination  of  dressings  or  other 
material  with  the  virus  of  the  disease. 

The  origin  of  erj'sipelas  upon  surfaces  covered  with 
mucous  membrane  is  not  so  easily  determined.  In  the 
eyes,  mouth,  and  nose  it  may  often  be  impossible  to  dis- 
cover the  wound  through  which  entrance  to  the  system 
was  effected,  as  these  mucous  surfaces  are  extensivel}' 
reflected,  or  are  concealed  to  a  great  extent  from  view. 

Erysipelas  is  compai-atively  rare  before  the  age  of 
puberty,  and  still  more  rare  in  old  age.  The  associated 
causes  of  the  disease  may  include  conditions  of  inanition, 
poverty,  exhaustion,  overwork,  previous  illness,  chronic 
poisoning,  cachexia,  etc.  All  these  render  the  entrance 
of  the  microbe  more  easy  by  diminishing  the  resistance  of 
the  tissues  and  organs. 

Certain  individuals  present  an  unusual  susceptibility 
to  erysipelas,  suffering  an  attack  whenever  they  are  sub- 
jected to  a.  fresh  exposure.  One  of  the  physicians  at- 
taclied  to  a  Paris  hospital  took  the  disease  each  time  he 
had  a  patient  with  erysipelas  in  iiis  service,  although  he 
employed  all  possible  precautions  against  infection. 

Pathological  Anatomy. — Fehleisen  distinguishes 
three  zones  in  the  erysipelatous  plaque :  a  central  field,  in 
which  the  process  may  be  receding,  a  circle  in  which  the 
disease  is  still  spreading,  and  an  outer  area  in  which  tlie 
tissues  are  in  a  state  of  commencing  congestion  preceding 
the  actual  extension  of  the  malady.  On  section  of  the 
tissues  there  is  observed  an  abundant  infiltration  of  the 
area  with  leucocytes,  which  entirely  fill  the  field,  particu- 
larly in  the  vicinity  of  the  vascular  channels,  around  the 
hair  follicles,  and  in  the  neighboi-hood  of  the  sudori- 
parous glands.  The  distinguishing  characteristic  of  e]-y- 
sipelas  in  comparison  witJi  inflammatory  (Edema,  is  the 
proliferation  of  the  fixed  cells  of  the  connective  tissue,  due 
to  the  specific  action  of  the  particular  organism  of  this 
disease. 

Symptoms  and  Coukse  of  the  Disease.— The  most 
common  seat  of  erysipelas  is  the  face,  and  its  symptoms 
will  be  considered  as  observed  in  that  location. 

The  invasion  of  the  disease  is  accompanied  by  the  gen- 
eral symptoms  of  septic  infection,  viz.,  malaise,  headache, 
anorexia,  dryness  and  a  bad  taste  in  the  mouth,  and  occa- 
sionally vomiting.  The  chief  symptom,  however,  and 
one  which  is  never  absent,  is  the  initial  chill,  sometimes 
slight,  but  often  very  severe.  This  is  sometimes  repeated, 
but  usually  it  consists  of  one  prolonged  rigor.  The  se- 
verity of  the  disease  seems  to  bear  some  relation  to  the 
severity  of  the  premonitory  chill  as  regards  duration  and 
mtensity.  The  chill  is  soon  followed  by  fever  of  an  in- 
tense character,  with  elevation  of  the  temperature  often 
to  104°  F.  or  even  above  that  figure.  The  patient' is  fre- 
quently dehrious.  In  erysipelas  of  the  face,  there  are 
tumefaction  and  tenderness  of  the  submaxillary  lym- 
phatic glands  before  other  local  symptoms  of  the  disease 
are  apparent.     In  some  cases  this  precedes  the  exanthem 


by  from  one  to  several  days.  Tlie  adenopathy  would 
seem,  howe\-er,  to  be  necessarily  secondary  to  the  local 
infection  and  its  primary  local  processes,  though  the 
glands  are  possibly  invaded  by  the  micrococcus  before 
the  disease  has  made  itself  evident  at  the  seat  of  inva- 
sion. The  glands aie  sometimes  painful  even  before  there 
is  any  apparent  increase  in  their  size. 

The  first  ou.set  of  the  visible  disease  is  in  the  form  of 
an  acute  dermatitis,  situated  at  the  angle  of  the  eye,  at 
the  naso-labial  fold,  at  the  nasal  orifice,  about  the  ear,  or 
in  some  other  loration  about  the  face  or  head.  In  a  few 
hours  a  plaque  of  erysipelas  is  formed  which  rapidly  en- 
larges and  acquires  double  its  first  dimensions  within 
twenty-four  hours.  The  part  affected  presents  a  color 
which  varies  from  bright  scarlet  to  dull  rose.  In  anaemic 
patients  the  tint  is  only  a  rosy  blush.  Pressure  by  the 
finger  dulls  it,  but  the  color  at  once  returns.  The  skin  be- 
comes tense  and  glistening.  The  temperature  of  the  af- 
fected part  is  higher  by  from  one  to  four  degrees  than  that 
of  the  opposite  side.  There  is  a  sensation  of  burning  heat, 
and  sometimes  there  is  also  considerable  local  pruritus. 
The  entire  plaque  is  elevated  onaccount  of  the  swelling  of 
the  skin,  and  its  borders  are  sharply  defined.  The  maxi- 
mum intensity  of  the  disease  will  always  be  found  at  the 
border  of  the  patch,  as  at  this  point  the  malady^  is  ex- 
tending, while  at  the  centre  of  the  plaque  it  may  be  sub- 
siding or  already  healed.  The  pain  accompanying  the 
advance  of  the  disease  is  in  inverse  ratio  to  the  tumefac- 
tion of  the  tissues ;  the  loose  structures  in  the  vicinitj'  of 
the  eye  allowing  much  swelling  without  great  pressure, 
while  the  tense  tissues  upon  the  scalp  cannot  yield  to 
pressure,  and  the  suffering  here  is  consequently  more  in- 
tense. The  erysipelatous  inflammation  extends  slowly 
from  the  periphery  of  the  plaque,  in  all  directions,  and 
its  advance  has  been  compared  to  the  spreading  of  a  drop 
of  oil  on  paper.  In  this  way  the  disease  may  invade  the 
greater  part  of  the  face  and  forehead,  but  it  rarely  ex- 
tends over  the  surface  of  the  chin.  In  a  recent  case  seen 
by  the  writer,  however,  the  inflammation  passed  from  the 
lips  to  the  chin  on  both  sides  of  the  neck,  and  induced 
great  diflneulty  in  swallowing.  At  the  same  time  the  face 
showed  very  marked  deformity.  In  some  instances  the 
disease  may  render  the  patient  quite  unrecognizable,  and 
breathing  may  be  embarrassed  from  the  swelling  in  the 
nares.  The  eyes  may  be  quite  closed,  and  the  sufferings 
of  the  patient  may  become  intense.  The  scalp  is  fre- 
quently invaded,  but  the  disease  seldom  passes  the  line 
between  the  head  and  neck.  The  invasion  of  the  hairy 
scalp  is  usually  accompanied  by  severe  headache  and  de- 
lirium, which  may  alternate  with  dulness  or  coma.  These 
symptoms  are  thought  to  be  of  reflex  character  and  due 
to  irritation  of  the  branches  of  the  fifth  pair  of  nerves. 
Nervous  phenomena  are  much  more  frequently  observed 
in  alcoholic  subjects. 

The  general  character  of  ervsipelas  remains  the  same 
though  different  terms  ha\'e  been  applied  to  express  par- 
ticular features  of  its  progress,  such  as  "fixed  "  "serpi- 
ginous," "vague,"  "migrans,"  "ambulant,"  "phlegmon- 
ous," etc.,  as  observed  in  erysipelas  of  the  trunk,  limbs 
face,  etc.  ' 

The  variety  of  erysipelas  which  is  called  "  phlegmon- 
ous IS  characterized  by  the  spread  downward  of  the 
disease  into  the  deeper  subcutaneous  tissues  The  infec- 
tion IS  much  more  extensive  than  in  ordinarv  erysipelas 
and  the  quality  of  the  virus  may  be  more  virulent-  the 
local  symptoms  are  consequently  more  distinct  The  fe- 
ver ctmtinues  high,  and  is  often  typhoidal  in  character. 
It  IS  not  long  before  suppuration  takes  place.  Free  in- 
hoTLT'^l  '''f*  ^?  abundant  discharge,  in  which  may 
be  foun  shreds  of  necrotic  tissue.  Large  sloughs  are 
eventually  d  scharged.     The   pus  burrows   rapidly     to 

sected  off  L  '^T""'',""*^"'  "''^  ^'^^"'  ^'tichis  thus  dis- 
sected off^  from  the  subjacent  structures.  In  rare  cases 
suiipuration  may  extend  more  deeplv  still  and  penetrate 
the  intermuscular  spaces.  Even  the  periosteum  and  bones 
may  beeorne  infected,  and  cases  are  recorded  in  which 
tue  joints  have  been  involved  and  have  become  disor- 
gamzetl.     In  the  extreme  forms  of  this  last  type   large 
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masses  of  tissue  may  bcfome  gangrenous,  and  at  times 
tliere  is  emphysema  of  tJio  parts  from  tlii'  formation  of 
gas  in  the  tissues,  owing  to  the  decomposition  of  the 
necrotic  and  sloughing  tissues.  The  simplest  case  of 
facial  erysipelas  may  without  apparent  cause  assume  the 
phlegmonous  form,  and  be  followed  by  the  most  dis- 
astrous consequences.  The  disease  may  extend  to  the 
eyelids,  and  orbital  suppuration  may  occur  with  infec- 
tion of  the  eye  itself.  Blindness  is  not  an  infrequent  re- 
sult of  this  complication.  Septic  meningitis  may  also 
follow  erysipelas  in  this  location. . 

As  already  stated,  erysipelas  occasionally  involves  the 
mucous  membranes.  In  the  faucial  form  of  the  disease 
there  may  be  extension  to  the  pharynx,  and  thence 
through  the  Eustachian  tube  to  tl)e  cavity  of  the  middle 
ear,  whence  it  may  pass  through  the  drum  membrane  to 
the  external  auditory  meatus  and  to  the  scalp.  It  may 
be  traced  internally  as  far  as  the  lungs.  Should  the 
glottis  become  oedematous,  as  it  occasionallv  does,  the 
result  is  usually  rapidly  fatal.  The  other  natural  open- 
ings of  the  body  are  also  occasionally  the  seal  of  this 
disease. 

Strauss  has  recognized  a  pulmonary  erysipelas.     This 
generally  occurs  subsequently  to  an  erysipelas  of  the  face 
,  or  throat,  and  is  marked  by  insidious  development,  with- 
out chill,  and  by  a  rapid  extension. 

Erysipelas  may  also  extend  from  the  face  or  other  point 
of  primary  attack  to  the  digestive  tube.  Rendu  has  re- 
ported a  case  in  which  the  disease  was  thought  to  have 
extended  through  the  alimentary  canal,  and  appeared  at 
the  anus,  where  it  caused  a  perineal  abscess.  In  1887 
Heidenreich  published  a  case  of  erysipelas  of  the  right 
thigh  which  had  extended  to  the  intestine  by  way  of  the 
anus.  Ivanowski  made  an  autopsy  of  a  caseof  intestinal 
erysipelas  which  had  been  propagated  from  the  perineum 
through  the  entire  large  intestine.  To  our  knowledge 
these  are  all  the  reported  observations,  of  this  compli- 
cation. 

Pericarditis  and  endocarditis  have  also  been  rejwrted 
as  complications  of  erysipelas,  and  the  specific  germ  has 
been  recovered  from  the  blood  and  from  the  fluid  in  the 
pericardium.  In  this  complication  the  path  of  the  infec- 
tion is  no  more  clear  than  in  rheumatic  invasion  of  the 
heart  or  Its  coverings.  The  results  depend  on  the  amount 
of  damage  to  the  valves  or  on  the  other  changes  effected. 
Lesions  of  the  kidneys  are  among  the  most  frequent  com- 
plications ;  albuminuria  is  generally  present  at  some  stage 
of  the  disease,  but  is  usually  transitory  in  character,  and 
disappears  with  the  recovery  of  the  patient.  Its  pres- 
ence or  amount  bears  no  relation  to  the  elevation  of  tem- 
perature or  the  pulse  rate.  The  urine  often  contains  lilood 
elements  and  epithelial  and  hyaline  casts.  Bacilli  are 
often  present  in  the  urine ;  they  may  be  due,  as  indicated 
by  Professor  Bouchard,*  to  the  infectious  nephritis. 

Peripheral  neuritis,  pleurisy,  and  peritonitis  have  also 
been  noted  as  complications  of  erysipelas. 

Erysipelas  in  open  granulating  wounds  often  causes 
comparatively  little  disturbance.  The  disease  sometimes 
appears  to  exert  a  stimulating  effect  upon  the  healing 
process,  the  part  closing  more  rapidly  than  before. 

There  is  no  regularity  in  the  temperature  curve  of  ery- 
sipelas. Oscillations  of  slight  extent  coincide  with  grave 
forms  of  the  disease,  though  there  seems  to  be  no  direct 
relation  between  the  degree  of  elevation  of  temperature 
and  the  extent  of  area  comprised  in  the  erysipelatous 
process.  A  constant  elevation  without  irregularity  usu- 
ally precedes  a  fatal  termination.  The  temperature  may 
even  rise  after  death.  Usually  when  the  progress  of  the 
disease  is  arrested,  there  is  a  rapid  fall  of  temperature. 
This  critical  fall  may  appear  at  any  time  between  the  lifth 
and  the  tenth  day.  In  severe  cases  the  fall  is  usually  by 
lysis. 

Diagnosis. — The  diagnosis  of  erysipelas  may  be  diffi- 
cult in  the  absence  of  indications  of  efflorescence,  as  in 
cases  in  which  the  seat  of  the  primary  infection  is  in  the 


*  See  also  a  valuable  reference  by  Salinger  in  Medical  News,  July 
4th,  1891. 


nasal  fossa  or  in  the  interior  of  the  mouth;  but  the  high 
fever  and  the  swelling  and  tendei'ness  of  the  submaxil- 
lary glands  are  valuableindieutionsof  the  character  of  tlie 
disea.se,  and  the  absence  of  other  causative  agencies  should 
lead  to  a  suspicion  of  the  infection  even  before  the  efflor- 
escence is  evident. 

AVhen  the  disease  is  .situated  upon  the  external  surface 
of  the  body  it  is  hardly  i)ossible  lo  mistake  it  for  any  other 
malady  ,^  Erysipelas  may  be  confounded  with  simple  lym- 
phangitis. The  formei-  is,  however,  always  accompanied 
by  inflammation  of  the  lymphatic  channels  and  glands 
In  simple  lymphangitis  there  is  swelling  in  the  course  of 
the  lymph  channels,  but  there  is  no  typical  inflammation 
of  the  skin  with  peripheral  extension  and  central  recrudes- 
cence ;  there  are  also  less  tumefaction  of  the  skin  and  less 
eleval  ion  of  the  temperature,  and  the  surface  is  not  dry  and 
glazed  as  in  erysipelas.  In  lymphadenoma,  and  in  malit;- 
uant  diseases,  there  is  often  induration  of  the  glands  in  the 
vicinity,  but  there  is  absence  of  fever,  and  the  course  of 
these  diseases  is  chronic ;  other  signs  of  systemic  disease, 
such  as  cachexia,  emaciation,  etc.,  are  also  usually  unmis- 
takable. The  various  forms  of  erythema  may  present 
some  degree  of  resemblance  to  erysipelas,  but  this  lesion  is 
seldom  confined  to  a  single  point,  is  not  accompanied  by 
glandular  induration,  and  is  usually  dis,seminated  over 
the  surface  of  the  body  and  limbs.  Herpes  zoster  may 
simulate  ei'ysipelas  to  some  degree,  but  the  course  of  the 
disease  will  soon  determine  the  difference.  Certain  drug 
eruptions  may  present  appearances  similar  to  those  of 
erysipelas,  but  it  is  usually  possible  to  trace  their  origin 
to  the  irritating  substances  which  have  produced  them. 
Glanders  presents  many  appearances  similar  to  those 
which  characterize  erysipelas,  when  developing,  but  this 
disease  is  accomjianied  by  a  hard  oedema,  is  not  distinctly 
defined,  and  the  skin  is  not  so  raised  at  its  borders.  At 
the  end  of  a  few  days,  the  development  of  pustules  upon 
the  surface  affected  will  distinguish  it  from  erysipelas. 

Prognosis. — The  prognosis  of  erysipelas  is  on  the 
whole  favorable.  After  a  few  days  of  inflammation 
there  is  a  marked  tendency  to  resolution ;  and  this  simple 
fact  should  be  borne  in  mind  in  estimating  the  value  of 
any  remedy.  The  disease  varies  greatly  in  severity,  but 
it  may  be  said  that  tlie  danger  from  the  disease  itself  is 
less  than  that  which  attends  its  complications. 

If  the  disease  attacks  the  mucous  membrane  as  in  the 
throat,  it  will  probably  be  severe;  if  the  vagina  is  the 
point  of  origin,  as  in  puerperal  cases,  there  may  be  great 
reason  to  fear  pyaemia  or  septicemia.  The  late  Dr. 
Oliver  Wendell  Holmes  was  among  the  flrst  to  recognize 
the  frightful  conditions  arising  from  puerperal  infection, 
and  openlj'  laid  the  tremendous  mortalit}^  of  that  disease 
to  the  introduction  of  erysipelas  into  the  system  of  the 
parturient  woman.  "The  work  for  which  Holmes  will 
always  have  a  ]ilace  among  those  A\'ho  have  advanced  the 
art  of  healing  and  thus  deserved  well  of  humanity,  is  his 
demonsti'ation  of  the  infectiousness  of  puerperal  fever, 
read  before  the  '  Boston  Society  for  Medical  Improve- 
ment '  in  1843.  He  was  not  the  first  to  preach  this  doc- 
trine, but  to  him  belongs  the  credit  of  having  forced 
men  to  listen  to  the  truth"  {The  Prnctitioner.  vol. 
Ixvi.,  1901,  page  77).  The  further  discussion  of  the  re- 
lations of  erysipelas  to  puerperal  fever  will  doubtless  be 
found  under  the  latter  heading,  in  a  later  volume  of  the 
present  series. 

The  deeper  seated  types  of  the  disease,  such  as  the 
phlegmonous  or  gangrenous,  have  undoubtedly  a  higher 
mortality  than  the  cutaneous  forms.  In  individuals  en- 
feebled by  long-standing  suppuration,  and  in  alcoholic 
subjects  the  disease  may  prove  a  formidable  complication. 
The  same  may  be  said  of  a  number  of  organic  diseases, 
such  as  diabetes  and  Bright's  disease,  particularly  in  ad- 
vanced life.  For  similar  reasons,  youth  and  old  age  are 
periods  of  life  when  the  patient  is  less  resistant  to  its  in- 
fluence than  when  in  the  prime  of  life.  Erysipelas  is 
distinguished  among  acute  diseases  for  its  tendency  to 
relapse,  but  the  relapses  are  usually  not  so  serious  as  the 
initial  attack.  This  may  be  due  to  a  diminished  virulence 
of  the  contagion  or  to  the  fact  that  the  system  is  protected 
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to  a  certain  extent  by  the  secretions  of  tlie  streptococci 
(antitoxin?),  wliicli  mtiy  increase  the  resistance  of  the 
bod}'  or  tissues  to  tlie  poison  of  tlie  infection. 

The  ordinary  duration  of  erysipelas  varies  from  a  few- 
days  to  two  or  three  weelcs,  according  to  the  extent  to 
whlcli  it  spreads  over  the  surface  of  tlie  body.  The  ten- 
dency is  notably  toward  recovery,  but  occasionally  pa- 
tients succumb  from  exhaustion,  from  the  systemic  poi- 
soning caused  by  the  toxins  of  the  disease,  or  fi-om  men- 
ingitis, when  the  infection  extends  to  the  membranes  of 
the  brain,  from  the  ear,  the  lining  of  the  nose,  or  the 
frontal  sinus. 

Erysipelas  of  the  new-born  is  generally  acquired  by  in- 
fection from  the  navel,  and  usually  leads  to  a  fatal  result. 

The  curative  influence  of  erysipelas  when  it  occurs  in 
the  course  of  other  diseases  has  been  already  noticed. 
Chronic  inflammations  of  the  skin,  particularly  those  of 
a  tuberculous  or  syphilitic  character,  have  been  reported 
as  benefited  by  an  intercurrent  attack  of  erysipelas,  after 
resisting  all  other  modes  of  treatment.  Sai'coma  and 
carcinoma  have  also  been  relieved  or  cured  by  the  same 
influence.*  Old  and  refractorj'  neuralgias  have  often 
been  cured  or  greatly  relieved  through  the  same  means. 
In  the  insane,  likewise,  a  temporary  Improvement  has  oc- 
casionally been  observed. 

This  effect  is  supposed  to  be  due  to  a  change  in  the 
nutrition  of  the  cells  of  tlie  morbid  tissues,  or  to  a  direct 
destructive  influence  upon  the  elements  of  the  foreign 
growth  by  the  micrococci  of  erysipelas.  This  ingenious 
theory  needs  the  support  of  more  extensive  observation 
for  its  entire  confirmation.  At  the  present  time  one 
would  naturally  hesitate  to  employ  so  serious  a  measure 
as  the  voluntary  infection  of  the  system  of  a  human  being 
with  the  virus  of  erysipelas  for  a'  doubtful  therapeutical 
purpose. 

In  like  manner,  the  effusion  of  fiuid  within  the  tliorax, 
following  an  acute  attack  of  pleurisy,  has  been  observed 
rapidly  to  diminish,  and  at  times  to  undergo  complete 
absorption,  as  a  sequence  of  an  invasion  of  the  skin  of  the 
chest  and  trunk  by  erysipelas. 

TiiEATMENT.— The  treatment  of  erysipelas  is  chiefly  to 
be  directed  to  tlie  complete  isolation  of  the  patient  fiom 
all  other  sick  persons,  and  the  employment  of  all  possible 
means  for  the  establishment  of  good  sanitary  conditions 
about  the  patient.  This  includes  scrupulous  cleanliness, 
pure  air,  pure  water,  sunshine,  and  the  rigid  antiseptic 
treatment  of  existing  wounds  or  other  lesions.  The  local 
symptoms  may  be  treated  according  to  the  varying  re- 
quirements of  the  case. 

The  most  rigid  prophylaxis  should  be  carried  out ;  the 
patient  should  be  isolated,  and  all  possible  means  be  em- 
ployed to  restrict  the  spread  of  the  disease  by  soiled  dress- 
ings, infected  linen,  or  other  articles.  All  these  things 
should  be  burned  at  once. 

The  general  treatment  is  the  same  as  that  commonly 
employed  in  other  infectious  maladies.  The  large  num- 
ber of  remedies  which  have  been  recommended  for  ery- 
sipelas may  be  of  service  in  ameliorating  certain  symp- 
toms, but  they  are  in  no  sense  specifics  for  this  disease 
Aeonitine  (crystallized),  in  doses  of  0.25  mgm.  every  six 
hours,  or  0.1  mgm.  every  two  hours,  has  been  thought  to 
reduce  the  duration  of  the  disea,?e  and  to  alleviate  the 
pain. 

As  regards  the  local  treatment  there  are  various  pro 
cedures  which  may  be  used  to  advantage.     Compresses 
dipped  in  some  lotion  of  a  cooling  nature  and  applied 
1o  the  mflamed  skin  usually  afford  considerable  relief 
Painting  the  part  with  tincture  of  iodine,  with  nitrate  of 
silver,  with  carbolic  acid  in  weak  .solution,  or  with  cor- 
rosive sublimate  in  dilution  of  one  tenth  of  one  per  cent 
has  proved  helpful  in  certain  eases.     Favorable  results 
have  been  obtained  by  spraying  the  affected  surface  with 
a  solution  of  corrosive  sublimate  in  ether,  in  similar  dilu 
tion.     Under  treatment  of  this  kind  the  disease  has  ■in 
parently  ceased  to  advance,  and  the  inflammation  h'ls 


othfr'lnv^stigSs'  ^™'"'»'"™^  '"  '"is  subject  by  Dr.  Colev  and 


subsided  in  from  twenty-four  to  forty -eight  hours.  Paint- 
ing the  borders  of  the  affected  area  and  the  sound  skin 
adjacent  to  it  with  contractile  collodion  has  been  a  most 
prompt  and  satisfactoiy  method  of  treatment  in  the  hands 
of  the  writer,  the  disease  seldom  crossing  the  line  of  collo- 
dion ;  or  if  it  has  not  been  entirely  subdued  by  the  first 
application,  it  lias  generally  yielded  to  a  renewed  and 
more  extended  "  fencing  in  "  by  the  same  means. 

Subcutaneous  injections  of  carbolic  acid  have  been 
highly  recommended  as  an  almost  specific  treatment  for 
erysipelas,  and  often  its  use  in  this  way  has  been  fol- 
lowed by  the  most  favorable  results.  The  frequent  ap- 
plication of  carbolized  oil  relieves  the  sensation  of  burn- 
ing and  stiffness,  and  is  generally  very  soothing  in  its 
action.  White  paint  has  been  used  in  the  same  way.  Fre- 
quent or  sudden  changes  of  temperature  in  the  sick-room 
should  be  avoided,  and  if  a  "  cold  "  is  contracted  it  is  liable 
to  aggravate  the  inflammation. 

When  sloughing  or  gangrene  occurs,  the  case  must  be 
treated  according  to  general  surgical  principles — i.e.,  by 
free  incisions,  drainage,  etc. 

Cool  baths  maybe  employed  for  the  purpose  of  dimin- 
ishing the  general  temperature  of  the  body,  and  the  in- 
ternal administration  of  the  salicylates  has  sometimes 
been  of  service  in  accomplishing  the  same  result. 

Treatment  by  large  doses  of  tincture  of  the  chloride  of 
iron  (twenty  to  sixty  drops  in  water  at  intervals  of  three 
to  six  hours)  was  at  one  time  highly  esteemed  as  almost 
a  specific  in  erysipelas;  but  its  use  has  been  almost  dis- 
carded since  the  increased  knowledge  of  later  years  as  to 
the  nature  of  the  malady,  and  the  introduction  of  anti- 
septic methods  in  its  management.  Many  other  forms  of 
drug  treatment  have  been  abandoned  for  the  same  reason, 
and  to  the  great  advantage  of  the  patient. 

In  the  phlegmonous  form  of  erysipelas  it  is  important 
to  recognize  suppuration  as  early  as  possible.  It  is  in 
these  cases  that  prompt  surgical  interference  may  be  pro- 
ductive of  the  best  results.  The  tendency  of  the  infec- 
tion to  spread  along  the  spaces  separating  the  bands  of 
loose  connective  tissue  must  be  corrected  promptly,  no 
matter  how  long  or  how  numerous  the  incisions  may  have 
to  be.  Very  liot  and  large  antiseptic  poultices  are  now 
indicated,  and  they  should  be  often  clianged.  The  graver 
forms  of  gangrenous  erysipelas  with  malignant  oedema 
should  be  dealt  with  promptly  and  heroically  by  long  and 
deep  incisions.  Many  a  life  has  been  saved  by  the  timely 
action  of  the  surgeon. 

In  phlegmonous  erysipelas  of  the  face,  pus  often  forms 
in  the  tissues  of  the  orbital  cavity,  necessitating  incision 
between  the  eye  and  the  orbital  margin.  In  scrotal  ery- 
sipelas of  a  phlegmonous  or  gangrenous  character  a  free 
incision  should  be  made  through  the  raphe,  completely 
dividing  all  the  tissues  involved.  This  incision  usually 
results  in  the  prompt  arrest  of  the  inflammatory  process 
and  the  wound  generally  heals  rapidly. 

During  the  jieriod  of  convalescence  the  treatment  should 
be  tonic  and  supporting;  and  care  should  be  taken  to 
avoid  chilling  of  the  surlace  of  the  body  and  fatigue  So 
long  as  desquamation  lasts  isolation  should  be  continued 
and  in  private  practice  the  patient  should  not  be  allowed 
to  mingle  with  other  members  of  the  household,  particu- 
larly during  periods  of  epidemic  disease,  until  it  is  toler- 
awy  certain  that  the  micro-organisms  of  the  disease  have 
been  completely  eliminated  from  the  svstem 
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fftenv  ,t  T.  ^'V'''"'""SWy  cleansed  and  disinfected 
atleiwaid.  The  patient  sliould  not  be  considered  safe 
mm  a  ircurrence  of  the  disease,  nor  should  the  precau 
on.sagams  infection  of  other  persons  be  relaxed  until 
tl  e  d,s<.a,se  has  entirely  disapjieared  from  every  portion 
of  the  body  which  was  at  any  time  invaded  •  and  he 
otE'i's  no?''  n';-"  r'^  -"-municating  the  disease  to 
a  iimt  on^f  f"'"'el.y  absent  until  the  process  of  des- 
quamation of  the  epidermis  in  the  regions  affected  bv 
the   erysipelatous    inflammation    has    been    comnleted 
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be  carefully  bathed  in  warm  water,  made  alkaline  by 
means  of  sodium  bicarbonate  and  perceptibly  impreg- 
nated with  carbolic  acid.  A  complete  attire  of  fresh  and 
iininfected  clothing  should  replace  the  clothes  pi'cviously 
worn.     The  patient  may  then  be  allowed  to  go  at  large. 

One  of  the  remoter  dangers  associated  with  erysipelas, 
—a  danger,  however,  wliich  is  not  of  frequent  occurrence 
— is  an  interference  with  the  function  of  the  kidneys. 
This  complication  may  assume  a  variety  of  forms,  and  its 
presence  as  a  complication  of  the  erysipelatous  process  is 
of  sufficiently  grave  importance  to  make  the  daily  exam- 
ination of  the  urine  advisable.  The  renal  condition  often 
seems  due  not  so  much  to  the  specific  character  of  the  ery- 
sipelatous infection,  but  rather  to  the  action  of  the  toxic 
products  of  the  bacilli  which  accompany  the  graver  forms 
of  the  disease.  Should  this  or  any  other  unusual  com- 
plication arise  in  the  course  of  eiysipelas,  the  same  rules 
should  be  observed  and  the  same  measures  adopted  as  in 
other  cases  of  similar  disturbance  of  these  important 
organs.  The  strength  of  the  patient  should  be  carefully 
husbanded,  and  tonic  measures  should  be  cautiously  em- 
ployed to  support  the  system  until  the  natural  vigor  shall 
liave  been  re-established.  For  this  pui-pose  the  diet  should 
be  carefully  selected,  and  should  consist  of  nutritious  but 
unstimulating  food,  with  the  addition  of  some  of  the  arti- 
ficial digestive  ferments  if  the  functional  ability  of  the 
alimentary  organs  has  been  seriously  impaired.  A  very 
excellent  addition  to  the  ordinary  diet  of  a  weak  and  de- 
bilitated patient  is  the  extract  of  malt  in  some  of  its  more 
acceptable  forms.  Perhaps  the  best  preparation  at  pres- 
ent for  this  purpose  is  that  known  as  "Amg,"  or  the 
Japanese  extract  of  rice.  It  is  of  pleasant  taste  and 
possesses  great  nutritive  power. 

To  overcome  the  debility  often  remaining  after  a  pro- 
longed attack  of  erysipelas,  a  change  of  scene  and  climate 
is  often  of  great  service.  Excessive  fatigue  or  prolonged 
bodily  exertion  should  be  prohibited,  and  the  patient 
should  be  directed  to  pass  a  portion  of  each  afternoon  in  a 
reclining  posture,  and  if  possible  to  obtain  an  hour's  sleep 
in  the  middle  of  the  day.  In  cases  in  which  the  attack  of 
erysipelas  is  followed  by  the  formation  of  abscesses,  a 
sojourn  at  some  of  the  watering-places,  particularly  at 
one  of  those  whose  waters  are  of  an  alterative  and  chaly- 
beate character,  is  often  of  much  benefit. 

Albert  N.  Blodgett. 
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ERYTHEMA.— The  term  erythema  is  a  general  one  for 
certain  diseases  of  the  skin  in  which  there  are  evidences 
of  hyperemia  and  passive  inflammation. 

Erythema  simply  means  redness,  and  is  therefore  noth- 
ing more  than  a  symptom,  and,  used  without  a  qualify- 
ing adjective,  has  but  little  definitive  value. 

The  definition  of  erythema,  as  given  by  some  authors, 
is  "  a  localized  congestion,  accompanied  by  redness,  which 
disappears  under  pressure. " 

Two  divisions  of  the  subject  are  usually  made,  viz.. 
Erythema  hypersemicum  and  Erythema  exudativum; 
these  are  again  subdivided  according  to  symptoms. 

The  first  general  division.  Erythema  nYPBK^jncmr 
or  Simple  Hypefrmnlc  Erythema,  is  that  form  of  the  disease 
which  is  characterized  by  various-sized  and  various- 
shaped  points  and  patches  of  redness,  exhibiting  no  evi- 
dences of  inflammatory  exudation. 

The  patches  readily  disappeai-  upon  pressure. 

The  causes  of  the  "afl'ection  are  numerous:  heat,  cold, 
the  presence  of  irritating  substances,  as  well  as  certain 
general  systemic  disorders. 

It  occurs  both  idiopathically  and  symptomatically.  _ 

The  Idiopathic  Hyperwrnic  Erytliemas  are  those  which 
are  produced  by  cold  or  by  heat,  by  traumatism,  or  by  the 
application  of  some  irritant  to  the  surface  of  the  body. 


If  the  skin  be  exposed  to  any  of  these  agents  for  a 
great  length  of  time  the  condition  passes  from  the  simple 
hyperffimic  into  the  exudative  stage.  SHght  sunburn  is 
perhaps  the  mildest  type  of  hyperaemic  erythema.  Arti- 
ficial heat  may  produce  the  same  condition  (Eh-ythema 
ah  igiie). 

Cold  will  also  produce  a  certain  amount  of  congestion 
(Erythemii  pernio,  chilblaiv). 

Wounds  and  contusions,  pressure  of  clothing  or  band- 
ages, also  cause  a  localized  erythema. 

Exposing  the  skin  to  irritating  substances,  as  mercury, 
iodoform,  certain  dj'e  stuffs,  or  poison  ivy  can  cause  an 
erythema. 

The  Trrittinent  for  simple  erythema  is  upon  general 
lines.  If  it  is  caused  by  pressure  of  clothing  or  from  the 
chafing  of  two  opposing  skin  surfaces  (Erythema  inter- 
trigo), remove  the  pi-essure  and  apply  some  soothing 
dusting  powder. 

If  it  has  become  almost  eczematous  in  character,  and 
the  diseased  area  is  covered  with  a  sticky  exudation,  as 
is  often  the  case  in  infantile  intertrigo,  Lasar's  paste, 
calamine  lotion,  made  with  the  stearate  of  zinc  instead 
of  the  oxide,  or  any  of  the  other  external  applications 
for  eczema,  are  indicated. 

If  the  erythema  is  from  the  external  application  of 
drugs,  the  treatment  is  obvious;  remove  the  cause. 

The  Symptomatic  Erythemas  are  important,  because 
they  so  often  simulate  more  serious  affections.  They 
generally  occur  as  the  result  of  some  derangement  of  the 
digestive  tract,  and  are  more  frequently  seen  in  children 
or  young  people.  They  may  also  accompany  certain 
systemic  diseases,  such  as  diphtheria,  scarlet  fever,  chol- 
era, uraemia,  Bright's  disease,  etc. 

The  eruption  may  be  found  on  any  portion  of  the  body, 
although  the  face  seems  to  be  the  part  most  frequently 
affected.  The  lesions  appear  in  various  shapes;  patches, 
spots,  rings,  etc.,  small  reddish  peasized  spots  called 
roseola,  are  often  seen  in  the  beginning  of  a  syphilitic 
rash,  smallpox,  or  as  an  accompaniment  of  vaccination, 
and  in  some  cases  of  jaundice. 

The  persistent  or  fugitive  flush  seen  in  rheumatism, 
asthma,  goitre,  hemiplegia,  is  an  erythema  produced  by 
some  impairment  of  the  central  or  peripheral  nervous 
functions. 

The  symptomatic  erythemas  occur  in  both  the  hyper- 
femic  and  the  exudative  varieties ;  and,  as  they  are  more 
frequently  observed  after  they  have  passed  into  the  in- 
flammatory stage,  to  save  space  they  can  be  more  con- 
veniently discussed  here,  before  considering  the  distinct 
group  of  erythema  multiforme. 

Ei-ythema  Diphtheritkum. — During  an  attack  of  diph- 
theria, especially  if  severe,  there  often  occurs  upon  the 
thorax  and  abdomen  a  diffuse  eruption,  sometimes  ex- 
tending over  the  extremities ;  it  may  be  mottled,  punctate, 
or  scarlatiniform  in  character.  The  rash  usually  ap- 
pears on  the  second  or  third  day  of  the  disease  and  should 
be  distinguished  from  the  toxic  maculo-papular  erythema 
multiforme  which  appears  late  in  the  course  of  diphtheria. 

Since  the  introduction  of  antitoxin  as  a  therapeutic 
measure  a  form  of  erythema  has  been  noted ;  it  occurs 
chiefly  on  the  trunk,  making  its  appearance  from  six  to 
twenty -four  hours  after  the  injection.  This  epiphenom- 
cnon  is  regarded  by  bacteriologists  to  be  due  to  some 
idiosyncrasy  of  the  horse  from  which  the  antitoxin  is 
taken  and  not  to  any  defect  of  the  preparation  itself. 
Tills  erythema  is  not  of  any  grave  importance,  but  is  a 
disagreeable  accompaniment  of  the  most  effective  thera- 
peutic measure  in  the  treatment  of  diphtheria. 

Erythema  C7("/er;V»m.— This  is  a  polymorphous,  macu- 
lo-papular erythema  seen  in  some  cases  of  cholera.  ^  The 
eruption  first'appears  on  the  hands  and  feet,  extending  to 
the  forearms,  legs,  and  trunk,  and  finally  to  the  face. 
It  usually  begins  early  or  late  in  the  disease,  lasts  several 
days,  and  disappears  by  desquamation. 

the  erythema  of  TJrmmia  is  of  the  maculo-papular 
variety.  The  first  lesions  are  bright  red  macules  which 
rapidly  change  into  papules,  and  are  generally  upon  the 
extensor  surfaces  of  the  hands,  forearms,  and  legs.     The 


Erytlieina. 
Erytlieina. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES, 


eruption  may  extend  over  the  bodjr,  even  involving  the 
palms  and  soles;  it  runs  its  course  in  three  or  four  days 
and  subsides  with  flaky  desquamation.  When  this  cuta- 
neous manifestation  is  seen  as  an  accompaniment  of  ne- 
phritis the  prognosis  is  grave.  . 

In  Chronic  BrigWa  Disease  the  erythema  consists  ot 
bright  red  macules,  generally  situated  on  the  trunk,  al- 
though the  neck,  arms,  and  thighs  may  be  involved,  and 
more  rarely,  the  face,  hands,  and  feet;  it  is  accompanied 
by  no  subjective  symptoms  and  lasts  but  a  few  days.  _ 

There  is  another  eruption  seen  in  Bright's  disease  which 
is  papular  throughout.  This,  1  think,  is  the  commoner 
form.  The  lesions  are  large,  discrete  papules,  of  a  dark 
red  color,  generally  springing  from  dry,  rough,  or  scaly 
patches.  The  outer  side  of  the  thighs  and  extensor  sur- 
faces of  the  legs  and  arms  are  the  parts  involved. 

Erythema  SatHa.ti n<ndes.—ln  1851  Hardy  described  a 
cutaneous  roseola  which  closely  resembled  scarlet  fever. 
He  named  it  Erythema  scarlatinoides.  Later,  Bazin  re- 
ported similar  cases;  he  applied  to  them  the  term  ery- 
thema scarlatiniforme.  Still  later,  Besnier  gave  the  dis- 
ease careful  clinical  and  histological  study,  and  from  his 
researches  he  considered  the  proper  name  to  be  the  one 
first  given  by  Hardy. 

Its  close  resemblance  to  scarlet  fever  makes  it  a  disease 
of  considerable  importance. 

The  eruption  comes  on  with  slight  constitutional  dis- 
turbance and  Avith  more  or  less  elevation  of  temperature ; 
its  advent  may  be  sudden  or  gradual;  it  appears  first  on 
the  chest,  as  a  bright  red  punctate  erythema,  and  from 
here  eventually  spreads  over  the  entire  body.  Cases  have 
been  reported  in  which  it  appeared  as  a  diffuse  general 
rash.  It  is  often  accompanied  by  burning  and  itching ; 
the  duration,  in  either  case,  is  short ;  it  soon  becomes  pale, 
and  in  a  few  days  passes  off  with  little  or  no  desquama- 
tion. If,  however,  the  attack  has  been  severe,  the  des- 
quamation may  be  considerable,  the  epidermis  shedding 
itself  in  large  patches. 

The  disease  has  no  specific  infectious  origin  ;  it  is  neither 
contagious  nor  transmissible.  It  differs  from  scarlatina 
in  the  absence  of  the  characteristic  strawberry  tongue 
and  the  typical  throat  symptoms. 

Gastric  and  intestinal  disorders  seem  to  be  the  promi- 
nent causative  factors.  According  to  the  reports  the  dis- 
ease has  been  observed  during  the  puerperal  period  and 
as  a  symptom  of  septicaemia.  It  has  also  been  observed 
in  typhoid  fever;  in  which  disease  it  usually  occurs  at 
the  end  of  the  first  or  at  the  beginning  of  the  third  week 
of  the  fever. 

The  external  application  of  drugs,  such  as  mercury  or 
iodoform,  has  been  known  to  produce  the  eruption. 

In  treating  the  disease  such  measures  should  be  adopted 
as  the  symptoms  demand. 

Ei-ythema  Scarlatinoides  Becidirans. — This  is  a  variety 
of  scarlatiniform  eruption  that  tends  to  relapse,  each  at- 
tack clearing  up  with  considerable  desquamation.  The 
disease  has  been  described  by  the  French  authors,  and 
many  American  dermatologists  have  also  reported  un- 
doubted cases  of  this  affection. 

The  term  desquamative  relapsing  scarlatiniform  ery- 
thema is  the  name  by  which  the  disease  is  now  known. 
Some  of  the  French  writers  consider  it  different  from 
Erythema  scarlatinoides  because  of  its  extremely  inflam- 
matory character,  and  have  suggested  the  term  Dermatitis 
scarlatiniformis. 

The  symptoms  as  given  by  Besnier  are  as  follows :  It 
often  begins  with  shivering,  lassitude,  sore  throat,  head- 
ache, and  elevation  of  temperature.  When  the  rash  is  at 
its  height  the  fever  will  suddenly  cease.  The  eruption 
lasts  for  from  four  to  six  weeks,  and  is  similar  to  that  of 
scarlet  fever. 

Desquamation  often  begins  on  one  part  of  the  body 
while  the  efiiorescence  is  present  on  others. 

The  etiological  factors  are  numerous :  it  may  be  due  to 
external  or  internal  causes;  it  has  been  observed  in  cer- 
tain diseases  such  as  rheumatism,  gonorrhoja,  toxsemia, 
etc. ;  mercury,  quinine,  belladonna,  antipyrin  are  among 
the  drugs  which  produce  this  variety  of  erythema 


One  attack  predisposes  to  another,  recurrences  usually 
taking  place  at  the  change  of  seasons.  While  any  of  the 
foregoing  factors  may  produce  an  attack,  yet  what  in- 
duces an  outbreak  in  one  person  will  not  in  another,  and 
attacks  in  the  same  subject  may  be  brought  about  by  en- 
tirely different  causes. 

It  has  been  observed  that  each  subsequent  manifesta- 
tion of  the  disease  tends  to  become  milder. 

In  making  a  diagnosis,  erythema  must  be  differentiated 
from  scarlet  fever,  which  disease  it  most  closely  resembles. 
The  principal  points  to  be  remembered  are :  while  there 
may  be  sore  throat  at  the  beginning  of  the  attack  it  is  not 
so  severe  as  that  of  scarlet  fever,  the  strawberry  tongue 
is  not  present,  the  temperature  abates  during  the  height 
of  thej-ash,  the  duration  of  the  disease  is  more  variable 
and  prolonged,  and,  finally,  it  is  non-contagious  and  tends 
to  relapse. 

Erythema  Persians.— Thia  is  a  type  of  erythema  which 
has  many  of  the  eruptive  characteristics  of  Erythema 
scarlatiniforme,  differing  in  that  the  rash  may  persist  for 
weeks,  months,  or  longer.  The  eruption  is  symmetrical 
and  is  attended  by  severe  subjective  symptoms,  as  pain 
and  itching. 

The  treatment  of  this  group  of  erythemas  depends 
largely  upon  the  cause ;  if  it  is  due  to  some  systemic  dis- 
ease, treat  that,  or  if  to  external  irritation,  remove  the 
irritant.  Locally,  soothing  applications  will  be  found 
useful. 

In  the  perstans  variety,  Duhring  recommends  the  ex- 
hibition of  quinine,  sodium  salicylate,  or  ergot  in  full 
doses. 

Ekythema  Exsudativtoi  Moltifokme. — The  affec- 
tions grouped  under  tliis  general  head  are  characterized 
by  inflammatory  changes  in  the  skin,  and  are  in  contra- 
distinction to  the  simple  congestive  or  hypersemic  ery- 
themas. As  the  name  implies,  the  lesions  are  multiform, 
and  the  symptoms  and  etiology  are  varied.  The  French 
term  it  Ei-ythhne  polymorplie.  The  general  type,  ery- 
thema multiforme,  was  clearly  described  by  Hebra ;  since 
then  the  question  is  constantly  brought  up  whether  many 
of  the  cutaneous  manifestations  grouped  under  this  head 
are  not  really  distinct  diseases. 

It  is  an  inflammator}'  afl'ection  characterized  by  reddish 
or  variegated  macules,  papules,  and  pustules.  The  erup- 
tion occurs  either  discretely  or  in  patches,  with  sharply 
defined,  marginate  outlines,  and  runs  an  acute  course. 
The  patches  may  be  simply  erythematous  or  may  consist 
of  raaculo-papules,  papules  and  vesicles,  and,  in  some  in- 
stances, of  vesicles  and  blebs. 

The  lesions  pass  rapidly  through  their  various  evolu- 
tions :  first,  the  erythematous  patches  are  red  and  clearly 
defined  from  the  surrounding  skin ;  in  a  few  days  they 
begin  to  assume  a  purplish  or  bluish-white  color,  which 
disappears  upon  pressure. 

The  various  shapes,  colors,  and  character  of  the  patches 
have  given  rise  to  the  terms  circinatum,  annulare,  papu- 
losum,  iris,  marginatum,  purpuricum,  urticans,  etc. 

The  eruption  which  fades  in  the  centre  and  extends 
peripherally  is  termed  circinatum.  If  there  are  a  series 
of  concentric  rings  formed  it  is  called  Ervthema  annulare. 

Erythema  iris  is  a  rare  manifestation  of  Erythema 
multiforme,  and  has  been  described  under  various'names 
such  as  Herpes  iris,  hydroa.  Herpes  circinatus,  etc. 

Two  varieties  are  most  frequentlv  seen:  in  one  the  le- 
sions are  vesicular  and  bullous,  arranged  in  clusters  and 
rings ;  in  the  other  they  are  vesicular  throughout.  The 
degree  of  redness  is  marked,  assuming  in  most  cases  many 
hues,  from  wliich  comes  the  term  iris. 

The  eruption  is  generally  located  on  the  backs  of  the 
hands  and  feet,  although  it  may  invade  other  parts  of 
the  skin,  even  the  mucous  membranes 

Marginate  erytlisma  is  simply  that  form  in  which  the 
mai-gm  is  sharply  defined.  The  gyrate  and  figurate  forms 
are  those  m  which  the  patches  and  circles  merge  together 
and  form  fantastic  shapes.  6       s      <= 

Pa/)«««r  erythema  is  the  name  given  to  the  disease  when 
the  patches  consist  of  papules  or  maculo-papules 

It  the  erythema  is  complicated  with  cutaneous  hemor- 
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rhages  it  is  called  Erythema  multifoi'me  purpnricmn ;  if 
with  urticarial  wheals,  Ei'ylhema  multiforme  urticans. 

Erythema  multiforme  attacks  by  preference  certain 
regions'  of  the  body ;  the  backs  of  the  hands,  forearms, 
and  legs  being  the  localities  generally  invaded.  In  some 
cases  the  face  may  become  involved.  The  eruption  oc- 
•  curs  symmetrically,  and  the  outbreak  usually  begins  first 
on  the  hands  and  fingers.  If  it  attacks  the  face  the  first 
lesions  are  seen  on  the  forehead. 

Cases  have  been  recorded  in  which  the  eruption  involved 
the  whole  cutaneous  covering,  beginning  in  the  fa\orite 
locations  and  spreading  o\-er  the  entire  body,  finally  re- 
solving by  exfoliation.  The  dise;ise,  in  the.se  instances, 
closely  resembles  Dermatitis  exfoliativa  (see  Erythema 
scarlatiniforme). 

The  subjective  symptoms  are  mild,  and  the  patient  may 
complain  only  of  slight  burning  and  itching.  The  sys- 
temic symptoms  are  variable;  frequently  there  will  be 
considerable  eruption  over  the  hands  and  feet,  with  no 
general  discomfort.  Again  there  may  be  a  marked  ele- 
vation of  temperature,  preceded  by  malaise,  headache, 
rheumatic-like  pains,  sore  throat  and  swelling  of  the 
joints. 

Gastric  and  intestinal  derangements  have  been  noted 
in  the  severer  cases. 

The  evolution  of  the  disease  is  varied.  Often  erythema 
will  be  the  only  eruption  observed  throughout  the  whole 
attack,  while  in  other  cases  there  will  be  vesicles  or 
aborted  vesicles.  Again  the  lesion  may  be  maculo-pap- 
ular.  Sometimes  the  patch  will  clear  in  the  centre  and 
form  opalescent  rings.  In  the  more  serious  cases  there 
may  be  a  diapedesis  of  blood  in  the  skin.  If  this  is  great 
enough  to  form  distinct  purple  spots,  it  is  a  question  if 
the  disease  is  not  Purpura  rheumatica,  and  not  a  true 
Erythema  multiforme.  It  is  now  almost  the  universal 
belief  that  in  its  etiology  and  pathology  Erythema  multi- 
forme is  closely  allied  to  the  cutaneous  lesions  of  rheu- 
matism. Erythema  multiforme  is  a  disease  of  spring  and 
autumn,  although  it  may  occur  at  other  times  of  the  year. 
Humidity  or  dampness  seems  to  favor  its  development. 
Women,  especially  young  women,  are  more  subject  to  it 
than  men. 

Pathologically  it  is  an  angioneurosis,  the  effect  being 
primarily  upon  the  nerves,  secondarily  upon  the  blood- 
vessels. It  is  believed  by  many  authorities  to  be  of  an 
infectious  nature,  although  opposing  theories  appear  to 
be  equally  well  grounded  in  fact.  Cases  have  been  re- 
ported of  nervous  shock  followed  by  an  erythematous 
outbreak. 

Microscopical  examinations  of  the  lesions  show  a  dila- 
tation of  the  vessels  of  the  stratum  corneum  and  some 
exudation  of  white  corpuscles. 

Recent  observations  have  not  been  able  to  demonstrate 
the  presence  of  emboli  in  the  cutaneous  vessels,  although 
some  pathologists  claim  to  have  found  them. 

The  Diagnosis  of  the  disease  is  comparatively  easy, 
providing  the  multiform  character  and  peculiar  color  of 
the  lesions  are  borne  in  mind.  The  presence  of  the  lesions 
upon  the  hands  and  feet,  and  the  almost  total  absence  of 
itching  will  serve  to  distinguish  it  from  urticaria. 

In  papular  eczema  the  papules  are  smaller  and  intensely 
itchy.  The  course  and  symptoms  of  pemphigus  will  aid 
in  diagnosing  it  from  the  bullous  form  of  erythema. 

Erythema  nodosum  will  be  known  from  Erythema 
multiforme  by  the  presence  of  bluish  nodes  on  the  ex- 
tremities. The  differential  diagnosis  between  Erythema 
multiforme  and  Dermatitis  herpetiformis  is  more  difficult 
to  make.  Careful  study,  alone,  makes  differentiation 
possible.  Limited  space  will  allow  only  a  brief  outline 
here.  Dermatitis  herpetiformis  is  a  chronic  disease,  and 
tends  to  relapse,  each  recurrence  showing  the  herpeti- 
form  character  of  the  lesion ;  Erythema  multiforme  is  an 
acute  disease,  occurring  as  a  rule  in  the  spring  and  fall, 
and  while  in  some  instances  the  lesions  may  be  herpetic- 
like,  they  always  present  more  or  less  multiformity. 

The  Treatment  of  Erythema  multiforme  should  be  on 
general  lines.  At  the  beginning  of  the  attack  a  saline 
purge  is  indicated ;  the  diet  should  be  light  and  nutri- 


tious; stinudants  of  all  sorts  .should  be  avoided;  anti- 
rheumatic remedies,  sucli  us  the  saheylatcs,  appear  to  give 
tlie  best  results.  In  the  relapsing  cases  quinine  and  iron 
should  be  used.  Astringent  washes,  such  as  lead  lotion, 
will  be  found  useful  in  treating  the  skin  lesions.  If 
there  should  be  itching  a  weak  solution  of  carbolic  acid 
or  menthol  will  give  relief.  Some  authors  recommend 
various  pastes  containing  a  small  per  cent,  of  carbolic 
acid,  resorein,  or  salicylic  acid 

In  the  beginning  of  the  disease  the  Prognosis  as  to 
duration  should  be  very  guarded,  for  relapses  may  occur 
that  would  prolong  Ihe  attack  indefinitely.  Generally 
the  disease  runs  a  definite  course,  lasting  from  a  month 
to  six  weeks,  treatment  .seeming  to  have  very  little  influ- 
ence upon  it. 

EuYTi-iEMA  NODOSUM  is  an  inflammatory  disease  of  the 
skin  characterized  by  various-sized  elevated  nodes  of  a 
rosy  red  or  purplish  color. 

The  disease  is  generally  ushered  in  with  some  systemic 
disturbance;  there  are  malaise,  fever,  and  rheumatic-like 
pains  of  the  joints. 

The  nodes  begin  as  dark  indurated  patches,  they  ap- 
pear suddenly  and  rapidly  arrive  at  full  development. 
Various  regions  of  the  body  may  be  involved,  although 
the  extensor  surfaces  of  the  arms  and  legs  are  the  parts 
usually  affected.  The  nodes  differ  in  size  from  a  filbert 
to  a  large  English  walnut.  At  fii-st  they  are  bright  red, 
gradually  growing  darker  until  they  become  purple, 
finally  fading  to  a  yellowish-blue  tint  resembling  the  dis- 
coloration of  contusions,  which  has  given  rise  to  the 
synonym  Erythema  contusiforme.  Throbbing  and  pain 
on  pressure  are  characteristic  symptoms;  frequently  the 
nodes  become  so  inflamed  and  shiny  that  they  are  mis- 
taken for  points  of  suppuration.  The  number  of  the 
nodes  vary ;  sometimes  they  are  limited  to  two  or  three, 
then  again  there  are  four  or  five  times  as  man3r.  They 
appear  in  successive  crops,  each  crop  being  accompanied 
by  more  or  less  systemic  disturbance.  Cases  have  been 
reported  in  which  there  were  diarrhoea,  high  tempera- 
ture, and  vomiting. 

The  cause  of  the  disease  is  not  clearly  determined,  al- 
though it  is  most  frequently  met  with  in  the  anaemic  and 
weakly ;  good  general  health  does  not  preclude  an  attack. 
Exposure  to  cold  in  some  cases  seems  to  provoke  an  out- 
break. Females  appear  to  be  more  subject  to  the  dis- 
ease than  males — the  proportion  being  about  three  to  one. 
It  is  more  frequently  seen  in  early  middle  life,  although 
I  have  observed  it  in  people  over  fiftj'  years  of  age. 

The  pathology  is  that  of  an  exudative  inflammatory 
process,  similar  to  Erythema  multiforme.  Some  authors 
claim  it  to  be  an  inflammation  of  the  lymphatics ;  others, 
that  the  nodes  are  inflammatory  infarcts.  Many  com- 
petent observers  consider  it  to  be  closely  allied  to  Pur- 
pura rheumatica.  The  justice  of  the  claim  that  it  is  of 
infectious  origin  merits  more  than  passing  notice ;  for  if 
the  course  and  symptoms  are  closely  observed  it  will  be 
found  that  it  bears  a  marked  resemblance  to  some  of  the 
infectious  diseases ;  as  for  instance  influenza. 

There  seems  to  be  no  doubt  that  Erythema  nodosum  is 
in  some  way  closely  allied  to  rheumatism,  for  the  joint 
and  muscular  pains  are  quite  similar,  and  heart  involve- 
ment has  been  noticed  during  a  course  of  the  cutaneous 
disease.  It  is  probable  that  when  the  bacteriology  of 
rheumatism  is  more  fully  worked  out  it  will  be  found 
that  Erythema  nodosum'  is  due  to  the  same  or  a  similar 
organism. 

The  microscopical  findings  are  similar  to  those  of  Ery- 
thema multiforme.  The  capillaries  are  dilated ;  there  is 
an  infiltration  of  blood  cells  into  the  derma,  and  the  lym- 
phatics are  filled  with  cells.  Competent  observers  have 
failed  to  demonstrate  free  cutaneous  hemorrhages  in  the 
contused  areas. 

In  diagnosing  the  disease  care  must  be  taken  not  to 
mistake  it  for  bruises;  it  is  sometimes  diagnosed  as  ery- 
sipelas, especially  if  it  occurs  about  the  face.  The  nodes 
have  been  evit  into  under  the  impression  that  they  were 
abscesses.  The  number  and  sites  of  the  nodes  will  help 
to  distinguish  it  fi'om  syphilitic  gumma.     Giant  urticaria 
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differs  from  erythema  in  that  it  is  never  accompanied  by 
rheumatic-like  pains  or  by  fever.  The  color  of  the  .lesions 
difEers  the  erythematous  nodes  are  painful  while  the 
wheals  of  urticaria  are  itchy.  The  course  of  the  two 
diseases  is  dissimilar;  erythema  nodosum  lasting  two  or 
three  weeks,  while  urticaria  disappears  in  a  tew  days. 

It  might  be  mistaken  for  that  rare  disease  Erythema 
induratum,  but  this  afEeotion  runs  a  slow  chronic  course, 
generally  terminating  in  ulcerations.  _ 

The  distinguishing  characteristics  of  phlebitis,  lym- 
phangitis, and  Erythema  multiforme  should  also  be  borne 
in  mind. 

Treatment. ^The  treatment  is  according  to  the  symp- 
toms. If  there  is  much  fever  antipyretics  are  indicated. 
The  bowels  should  be  kept  open  and  a  simple  diet  should 
be  prescribed.  As  regards  the  general  therapeutics,  the 
most  reliance  should  be  placed  upon  salol,  salicylate  of 
soda,  or  quinine;  phenacetin,  combined  with  any  of  the 
above,  aids  in  relieving  the  muscular  and  joint  pains.  It 
is  well  to  follow  this  line  of  treatment  with  liberal  doses 
of  iron  and  tonics,  especially  in  weak  females.  External 
lotions  of  lead  water  and  opium  relieve  the  burning  pain, 
or,  if  preferred,  a  ten  to  twenty-tive  per  cent,  ichthyol 
ointment  can  be  used. 
The  Prognosis  is  favorable ;  relapses  are  rare. 
Erythema  Elbvatum  Diiitinum.— In  1894  Crocker 
described  a  disease  to  which  he  gave  this  provisional 
name.  The  eruption  occurs  in  young  girls  of  rheumatic 
history,  and  chiefly  affects  the  hands,  lips,  knees,  and 
buttocks.  The  lesions  are  pale,  purplish-red  in  color, 
and  in  some  cases  are  sharply  defined,  in  others  nodular 
and  irregular  in  outline.  They  are  firm  to  the  touch  and 
painful  when  pressed  upon.  There  are  few  or  no  subjec- 
tive symptoms.  Cases  have  been  reported  in  which  there 
was  considerable  disfigurement  from  the  eruption,  the 
skin  being  so  nodular  and  infiltrated.  The  lesions  tend 
to  persist,  but  may  undergo  gradual  involution.  Those 
that  do  remain  become  as  hard  as  cartilage.  Micro- 
scopically there  are  evidences  of  inflammatory  processes 
followed  by  the  production  of  fibrous  tissue.  It  is  un- 
doubtedly a  mistake  to  use  the  term  eiythema  in  this 
disease,  for  it  does  not  properly  apply  to  the  condition, 
hypertrophic  changes  being  the  chief  pathological  ele- 
ment. The  proper  classification  will  be  finallj'  decided 
after  further  study,  but  until  then  it  is  as  well  to  describe 
the  disease  under  this  caption  as  elsewhere. 

Erythema  indue.vtum,  or  Eryt?ih»e  indure  des  serofu- 
leux,  is  a  disease  first  described  by  Bazin.  It  is  a  deep- 
seated  nodular  eruption  situated  in  the  skin  over  the  legs 
and  fingers. 

The  nodes  vary  in  size,  and  are  round  or  oval  in  shape ; 
as  a  rule  they  are  few  in  number,  but  cases  have  been 
reported  in  which  they  became  confluent.  They  run  an 
indolent  course:  some  disappear  by  spontaneous  involu- 
tion, while  others  suppurate  or  become  necrosed,  form- 
ing deep  circular  ulcers.  Pain,  which  may  be  present, 
is  not  severe.  Young  strumous  girls  with  feeble  circu- 
lation seem  to  be  especially  subject  to  the  disease. 

In  diagnosing  this  disorder  Erythema  nodosum  and 
syphilitic  gummata  must  be  thought  of.  It  differs  from 
Erythema  nodosum  in  that  the  lesions  are  more  circum- 
scribed, firmer,  and  of  a  darker  color ;  they  are  more  deep- 
ly situated  in  the  skin  and  less  tender ;  tliey  run  a  chronic 
course  and  tend  to  ulcerate. 

Syphilitic  gummata  are  not  bilateral,  and  the  patient 
gives  no  evidences  of  other  specific  symptoms. 

Treatment  consists  of  change  of  air,  tonics,  and  rest  in 
tied.  James  Maeftn-Iaw  Winfleld. 

ERYTHRASMA.— This  is  a  cutaneous  disorder  rather 
than  a  disease  of  the  skin  strictly  speaking,  and  is  due  to 
the  presence  and  growth,  on  and  ia  the  su]ierficial  layers 
of  the  epidermis,  of  a  vegetable  parasite.  The  affection 
was  first  described  by  Burckhardt  in  lH."i9  and  by  vou 
Bareusprung  in  1863,  who  then  named  it.  Later  i(,  was 
studied  by  Besnier,  Balzer,  Dubreuilh,  Riehl,  Crockei- 
and  many  others,  who  all  agree  that  it  is  a  distinct  affec- 
tion.    It  IS  an  extremely  rare  though  trivial  affection ;  it 
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produces  no  inconvenience  and  is  usually  only  accident- 
ally discovered.  During  the  past  six  years  no  instance 
of  "it  has  been  noted  in  the  dermatological  department  ot 
the  Vanderb'lt  Clinic,  New  York  City,  where  the  ex- 
aminations, at  least  amongst  the  male  patients,  in  whom 
it  is  said  to  be  most  common,  is  of  the  most  open  kind. 
The  parts  attacked  are  primarily  those  situations  of  the  • 
body— such  as  the  axillae,  the  inguinal  and  gemto-crural 
legions,  and  the  cleft  of  the  nates— where,  the  apposed 
surfaces  of  the  skin  coming  in  contact,  warmth  and 
moisture  are  most  constant.  To  these  situations  the  para- 
site may  confine  itself  indefinitely,  but  sooner  or  later  (if 
uninterrupted  in  its  course)  the  growth  spreads  slowly 
to  contiguous  parts  and  the  trunk  and  hmbs  become  in- 
vaded. These  parts,  however,  may  be  attacked  inde- 
pendently The  affection  first  manifests  itself  in  the 
form  of  macules  of  the  size  of  a  pinhead  or  in  patches 
of  a  somewhat  larger  area,  the  lesions  varying  m  color 
according  to  their  age  and  location,  but  always  present- 
ing a  sharp  contrast  to  the  color  of  the  adjacent  normal 
integument.  The  younger  lesions  are  vividly  red  over 
their  entire  surface  or  at  their  borders  only,  where  a 
slight  elevation  above  the  general  surface,  due  to  hyper- 
aemia  and  to  the  presence  of  a  scanty  desquamation,  may 
be  detected  by  the  passing  finger.  The  larger  and  older 
patches  display  varying  shades  of  color  ranging  from  a 
yellowish  or  light  brownish  tinge  to  deep  orange ,  they 
are  circular  or  rosette-shaped,  or  they  have  very  irregular 
outlines.  Vesiculation  and  papulation  never  occur  and 
the  only  subjective  symptom  is  possibly  that  of  itching. 
It  is  the  most  chronic  in  its  course  of  the  dermatomy- 
cosesand  lasts  for  months  or  years  with  but  little  change. 
Males  are  more  frequently  attacked  than  females;  no 
case  has  been  noted  in  childhood.  Riehl's  youngest  case 
was  sixteen  years  old,  the  oldest  fifty-eight. 

The  fungus  to  which  erythrasma  is  due  was  named 
by  von  Barensprung  the  Microsporon  minutissimum,  the 
chief  characteristics  of  which  are  the  fineness  of  its  threads 
and  the  minuteness  of  its  spores.  A  power  of  six  hun- 
dred diameters  is  required  to  make  out  the  organism  well. 
The  threads  present  an  inextricably  interwoven  mass 
with  the  spores  scattered  throughout  in  irregular  clumps. 

Erythrasma  is  chiefly  to  be  distinguished  from  chromo- 
phytosis,  but  the  different  situations  usually  occupied  by 
the  former,  its  vivid  coloring,  and  particularly  the  differ- 
ences observed  under  the  microscope  are  features  suffi- 
ciently distinctive  to  enable  one  to  make  a  positive  diag- 
nosis when  in  presence  of  one  or  the  other  affection. 
Prom  chloasma,  for  which  it  might  possibly  be  mistaken, 
it  may  be  shown  to  differ  b.y  the  ease  with  which  erasion 
removes  the  superficial  discolored  epidermis. 

The  following  simple  plan  of  treatment  will  be  found 
all-sufticient.  After  a  preliminary  hot  bath,  during 
which  vigorous  friction  of  the  affected  parts  with  scrub- 
bing brush  and  soap  has  been  maintained,  a  goodly  pro- 
portion of  the  invaded  epithelium  will  be  found  to  have 
been  removed,  thus  allowing  a  saturated  solution  of  hypo- 
sulphite of  sodium  in  water  to  do  ils  work  etfectivelj'. 
Afterwaid  this  solution  should  be  dabbed  on  twice  daily 
until  the  last  trace  of  the  paiasite  has  been  removed,  for, 
as  in  chromophytosis,  if  this  be  neglected,  even  to  the 
extent  ot  overlooking  so  small  a  lesion  as  a  pinpoint-sized 
macule,  a  starting-point  will  be  left  for  leinvasion.  Many 
other  remedies  are  used.  The  list  includes .  sulphurous 
acid  pure  ov  dilute,  a  good  remedj' ;  a  ten-percent,  ani- 
moniated  mercury  ointment;  and  ordinary  sulphur  oint- 
ment of  the  Pharmacopoeia,  to  be  well  rubbed  in.  None 
of  these,  howevur,  can  be  compared,  as  regards  both 
cleanliness  and  effectiveness,  with  the  hyposulphite  of 
sodium  treatment.  Charles  Townsliend  Bade. 

ERYTHROPHLEUM,  ERYTHROPHLEINE.  See  Sassy 
Bar/,: 

ERYTHROXYLON.     See  Cora. 

ESCHSCHOLTZIA.— A  genus  (fam.  Papareracea)  of 
I  en  or  more  species,  of  the  western  and  southwestern 
United  States  and  of  countries  lying  farther  southward. 
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ErytliraNma. 
Ether. 


Mediomal  properties  have  been  credited  to  the  E.  Cali- 
Joi-ram  Cham.,  but  this  was  at  a  time  when  most  of  the 
species  were  included  under  that  name,  so  it  is  not  now 
liaown  certainl}^  to  which  species  (one  or  more)  these 
properties  were  said  to  belong.  Tlie  plants  are  very 
showy  and  are  widely  cultivated  for  ornamental  pur- 
poses. The  herb  contains  chelerythrine  (see  Oelandine) 
and  at  least  one  otlier  alkaloid,  and  a  glucosidc.  The 
presence  of  a  small  amount  of  morphine  has  been  claimed 
but  this  is  probably  not  justified.  Mild  analgesic  and 
soporific  effects  are  obtained  from  the  use  of  the  extract 
in  doses  of  about  1  gm.,  which  may  be  increased  to  three 
or  four  times  this  amount.  Henry  JI.  Busby. 

ESPERANZA   MHMERAL    SPRINGS.-Yates   County, 
New  York.  ^ 

Post-Office.— Pen  Yan. 
_  Access.— By  steamers  on  Lake  Keuka  or  by  a  trolley 
line  between  Pen  Yan,  wliich  is  six  miles  distant  in  one 
direction,  and  Branchport,  one  mile  distant  in  the  other 

The  springs  are  located  at  the  head  of  the  west  branch 
of  Lake  Keuka,  one  of  the  most  charming  and  pictur- 
esque of  the  many  series  of  lakes  which  give  the  name  of 
the  lake  section  to  this  part  of  central  New  York.  Lake 
Keuka  is  700  feet  above  the  ocean  level,  and  within  a 
mile  of  the  springs  an  elevation  of  1,100  feet  higher  may 
be  reached.  This  is  the  great  grape-producing  section 
of  New  York,  and  the  country  about  the  lake  is  dotted 
on  every  hand  with  vineyards.  Lovely  walks,  drives 
and  bicycle  paths  abound  on  all  sides.  The  largest  of 
the  springs  flows  about  one  thousand  gallons  hourly. 
The  water,  which  has  a  temperature  of  51°  F.,  has  never 
been  examined  quantitatively.  A  qualitative  analysis 
shows  the  following  ingredients;  Calcium  carbonate. 
Calcium  sulphate,  Calcium  phosphate.  Calcium  chloride, 
Magnesium  chloride,  Magnesium  carbonate,  Magnesium 
sulphate.  Iron  oxide  (trace) ,  Sulphuretted  hydrogen  gas, 
and  Carbonic  acid  gas. 

The  water,  when  first  taken  from  tlie  spring,  has  both 
the  taste  and  the  smell  of  sulphur,  but  this  disappears 
after  a  few  hours,  and  the  water  becomes  very  palatable. 
There  is  no  hotel  at  the  springs,  though  there  are  many 
within  easy  reach.  Lake  Keuka  is  well  supplied  not 
only  with  hotels,  but  with  cottages,  steam  yachts,  sail- 
boats, etc.  No  systematic  effort  has  so  far  been  made 
to  put  the  Esperanza  Spring  waters  on  the  market,  al- 
though large  quantities  have  already  been  sold. 

Jiiines  K.  Crook. 

ESTILL  SPRINGS.— Estill  County,  Kentucky.  These 
springs  are  located  40  miles  west  of  Irvine.  "We  are  in- 
debted to  the  United  States  Geological  Reports  for  the 
following  analysis,  made  by  Dr.  Robert  Peter : 

One  United  States  Gallon  Contains:* 


Solids. 


Sodium  carbonate 

Calcium  carbonate 

Magnesium  carbonate 

Iron  carbonate 

Sodium  sulphate 

Potassium  sulphate 

Calcium  sulphate 

Magnesium  sulphate. . . 

Sodium  chloride 

Alumina; 

Silica 

Organic  matter 

Total 

Gases, 

Sulphureted  hydrogen. 
Carbonic  acid 


Red  Sulphur 

Springs 

(near  saloon) . 

Grains. 


1.16 
11. B6 
4.M 

9.91' 
.5.24 

'.5H 
5.24 

'.58 
3.33 


41..34 


Chalybeate 
Spring.t 
Grains. 


9.33 

3.93 

1.75 

.58 

.58 

16.33 

9.91 

.38 

Trace. 

1.75 

8.16 


51.88 


Cubic  inches. 


(1.26 
18.98 


Cubic  inches. 


15.68 


*  Converted  Irom  parts  per  1,000. 
t  Alkaline  calcic  chalybeate. 


The  waters  are  principally  of  the  light  sulphuretted 
type,  with  one  mild  ferruginous  spring.  Another  spring 
111  the  neighborhood,  termed  by  Walton  the  "Irvine" 
hpring,  IS  purgative,  containing  about  256  grains  of  sul- 
phate of  magnesium  to  the  gallon.  As  far  as  we  are  able 
to  learn,  the  piace  is  not  at  present  improved  as  a  resort. 

James  K.  Crook. 

^"'"^^"•r^"  "^'^'''ioe  and  pharmacy  the  word  etlier 
unqualified,  means,  as  it  does  in  conmion  parlance  the 
body  ethyl  oxide  (C J-I^^O,  formerly,  but  improperlv 
called  sulphuric,  ether.  Ether  is  a  product  of  reaction  b'e- 
tween  sulphuric  acid  and  alcohol,  and  is  obtained  bv 
distilling  a  mixture  of  these  two  bodies,  and  purifvine 
the_  distillate.  Under  the  simple  title  ^ther,  Ether  the 
United  States  Pharmacopceia  recognizes  an  ether  of 
standard  purity,  "composed  of  about  ninety-six  per 
cent.,  by  weight,  of  absolute  ether,  .  .  .  and  about  four 
per  cent,  of  alcohol  containing  a  little  water."  This 
ether  corresponds  to  what  formerly  was  called  uTltUr 
tortior.  Stronger  Ether,  a  title  abbreviated  in  the  1890 
Piiarmacopceia  to  the  simple  word  "Ether." 

Ether  is  "  a  transparent,  colorless,  mobile  liquid,  having 
a  characteristic  odor,  and  a  burning  and  sweetish  taste 
Specific  gravity:  0.725  to  0.728  at  15°  C.  (59°  F)-  or 
0.714  to  0.717  at  25°  C.  (77°  F.).  Soluble  in  about' ten 
times  Its  volume  of  water  at  15°  C.  (59°  F.),  with  slight 
contraction  of  volume.  Miscible,  in  all  proportions, 
with  alcohol,  chloroform,  benziu,  benzol,  fixed  and  vola- 
tile oils.  Ether  boils  at  about  37°  C.  (98.6°  F.),  and  it 
should,  therefore,  boil  when  a  test-tube,  containing  some 
broken  glass  and  half  filled  with  it,  is  held  for  some  time 
in  the  hand.  Ether  is  highly  volatile  and  inflammable. 
Its  vapor,  when  mixed  with  air  and  ignited,  explodes 
violently"  (U.  S.  P.). 

Ether  tends  to  decompose  by  prolonged  keeping,  de- 
veloping, as  one  product,  acetic  acid.  For  use  as  an 
ansesthetic,  ether  ought  to  be  pure  and  of  standard 
strength.  In  all  cases  of  suspicion,  therefore,  the  sur- 
geon should  test  his  sample  by  the  following  simple  pro- 
cedures: 1.  Let  soak  in  the  ether  for  ten  minutes  a  piece 
of  pale  blue  litmus  paper,  previously  moistened  with 
water;  the  paper  should  not  redden,  thus  showing  the 
ether  to  be  free  from  acid.  2.  Pour  about  two  teaspoon- 
fuls  of  the  ether  upon  a  piece  of  clean  blotting-paper, 
free  from  smell,  and  let  it  evaporate ;  as  the  last  of  the 
ether  is  dissipated,  no  foreign  odor  should  be  perceptible 
on  the  paper,  showing  absence  of  impurities.  3.  Satu- 
rate some  water  with  the  ether,  and  then  shake  together, 
in  a  graduated  test-tube,  20  e.c.  of  such  aqueous  solution 
of  ether  with  an  equal  bulk  of  the  etlier  itself.  Upon 
standing  till  the  two  fluids  separate,  the  layer  of  ether 
should  not  measure  less  than  19.8  c.c,  thus' showing  an 
absence  of  undue  amount  of  alcohol  or  water— in  other 
word.s,  that  the  ether  is  up  to  standard  in  strength. 

By  reason  of  its  extreme  volatility  etlier  is  best  kept 
in  hermetically  sealed  tins.  In  bottles,  whether  cork-  or 
glass-stoppered,  leakage  by  evaporation  is  almost  certain 
to  occur,  especially  during  transportation.  Extreme  in- 
flammability is  another  property  of  ether  requiring  espe- 
cial precautions  in  handling  the  fluid,  and  a  point  often 
overlooked  is  that  air  even  moderately  charged  with  ether 
vapor  is  explosive.  Hence  happens  every  now  and  then 
the  ignitiou  of  an  ether  inhaler  during  ana?sthetization  by 
the  leap  of  flre  through  intervening  ether-charged  air 
from  a  candle,  or  hot  cauterizing  iron,  several  feet  re- 
moved. 

Ether  is  a  conjoint  local  irritant  and  constitutional 
narcotic.  Being  of  high  diffusion  power,  it  is  readily 
absorbed  by  living  tissues,  and  so  speedily  declares  its 
influence.  Applied  in  full  strength  to  the  skin,  and  pre- 
vented from  evaporating,  it  quickly  reddens,  and  in  time 
will  blister.  Absorbed  into  the  blood,  ether  disturbs 
nerve  function  by  attacking  first  and  more  profoundly 
the  nerve  centres,  and  secondly,  and  with  less  intensity, 
the  nerves  themselves.  Of  the  nerve  centres,  the  cere- 
brum seems  to  be  the  most  sensitive  to  the  ether  influ- 
ence, the  disturbance  being  first  a  conjoint  excitation  of 
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E:tlier. 

Ethyl  Clilorlde. 
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the  emotional  and  blunting  of  the  intellectual  faculties, 
and  finally  an  abrogation  of  all  mental  phenomena, 
and  unconsciousness  so  absolute  that  upon  awaking  there 
is  not  even  that  vague  appreciation  of  the  duration 
of  the  narcosis  that  follows  ordinary  sleep.  Next  to  the 
cerebrum  suffers  the  sensory  tract  of  the  spinal  cord, 
tlie  affection  being  a  progressive  blunting  of  perceptiv- 
ity, and  next  again  the  motor  tract,  suffering  first  by 
paresis  and  irritation,  and  finally  by  full  paralysis. 
Lastly,  the  medulla  oblongata  becomes  involved,  its 
sensory  centres,  as  in  the  case  of  tlie  cord,  succumbing 
first  and  its  motor  centres  last.  Upon  the  nerves  ether 
has  a  paralyzing  power  similar  to  what  it  exerts  upon 
the  centres,  but  the  influence  is  so  feeble  as  to  be  pro- 
ducible only  by  direct  application  of  ether  to  an  exposed 
nerve.  In  impregnation  of  the  blood  with  ether,  death 
of  the  subject  by  paralysis  of  the  medulla  will  take  place 
before  there  is  any  obvious  impairment  of  conductivity 
on  the  part  of  the  nerve  trunks.  Of  the  great  functions, 
heart  action  is  stimulated  by  ether,  the  pulse  of  a  healthy 
subject  rising  in  force  and  frequency,  and  maintaining 
such  quickened  and  deepened  action  even  through  a  long 
and  full  narcosis.  In  profound  etherization,  however, 
the  heart  is  weakened,  but  the  effect  is  always  insignifi- 
cant as  compared  with  the  weakening  wrought  by  chloi- 
oform,  and  in  death  by  ether  tlie  heart  is  still  irritable. 
Arterial  tensjore  is  increased  at  fii-st;  in  part,  doubtless, 
as  a  result  of  tlie  increased  heart  action,  but  in  part  also, 
apparently,  by  vaso-motor  spasm.  Later  in  the  narcosis 
the  blood  pressure  falls.  Bespiration  is  primarily  stimu- 
lated, but  secondarily  depressed,  until  in  full  ether  nar- 
cosis the  breathing  becomes  slow  and  shallow;  and,  in 
case  of  overdosing,  respiration  is  the  function  whose  fail- 
ure produces  death.  Prom  the  experiments  of  Knoll  it 
would  appear  that  these  respiratory  derangements  are 
caused  by  direct  action  of  the  ether  upon  the  respiratory 
centres.  Functions  presided  over  by  the  sympatlietic 
nervous  system  are  but  little  disturbed  by  ether.  The 
stonvwh  is  easily  upset  by  ether;  full  doses  given  by 
swallowing  are  repulsive  and  sickening ;  and  after  ether 
inhalation  nausea  and  vomiting  are  common  occurrences, 
especially  if  the  narcosis  has  been  of  considerable  dura- 
tion, and  especially,  further,  if  an  ether  of  inferior  qual- 
ity has  been  used. 

Clinically,  the  effects  of  ether  are  as  follows;  In  ad- 
ministration by  the  stomach,  the  medicine  is  so  offensive 
that  enough  cannot  be  given  to  produce  more  than  a 
moderate  grade  of  the  peculiar  ether  effect.  Doses  of 
from  4  to  8  .c.c.  (from  fl.  3  i.  to  ij.)  can  be  swallowed, 
dissolved  in  a  sufficiency  of  iced  water,  with  the  effect 
of  stimulating  the  circulation  and  respiration,  and  pro- 
ducing mild  exhilaration.  Such  a  draught  iu  powerfully 
reviving  in  conditions  of  heart  failure  or  of  depression  of 
the  vital  powers  generally,  and  also  tends  to  steady  the 
nervous  system  and  to  break  spasm.  Given  by  inhala- 
tion of  the  vapor,  in  as  concentrated  condition  as'possible, 
ether  produces  its  full  effect.  Such  inhalation  is  the 
common  method  of  administration  for  the  production  of 
ether  anaesthesia,  and  tlie  attendant  phenomena  are  as 
follows:  Siihjectimly,  if  the  attempt  be  made  at  the  very 
start  to,  breathe  the  vapor  strongly  concentrated,  the 
pungency  is  intolerable ;  spasm  of  the  larynx  occurs,  and 
despite  all  willingness  to  be  etherized,  the  subject  invol- 
untarily gasps  for  breath  and  fights  for  relea,se.  Soon, 
however,  the  mucous  membrane  of  the  larynx  becomes 
anesthetized  by  the  vapor,  and  then  inhalation  can  pro- 
ceed without  distress.  Following  the  cessation  of  larvn- 
geal  irritation  come  an  indescribable  thrilling  and  tin- 
gling throughout  the  body  ;  a  sense  of  physical  lightness 
and  mental  exhilaration;  a  ringing  in 'the  ears  and 
exaggerated  appreciation  of  sounds  —  phenomena  that 
speedily  give  way  to  a  consciousness  of  failure  of  cere- 
bral power  and  command.  Blunting  of  tactile  R('n.sibil- 
ity  IS  clearly  appreciable,  and,  in  the  self-experience  of 
the  writer,  a  sensible  interval— whether  real  or  appar- 
ent only,  it  IS,  of  course,  impossible  to  say— occurs  be- 
tween the  willing  of  a  motor  act  and  its  exe<'ution 
With  ever-progressing  rapidity,  now,  the  grasp  of  the 
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centre  of  consciousness  upon  the  outer  world  through 
the  nerves  of  sense  slackens,  until,  following  a  whirl  of 
mental  confusion,  even  the  consciousness  of  conscious- 
ness fails,  and  the  next  act  of  cerebrating  is  the  realiza- 
tion of  an  awakening  from  a  sleep  of  whose  duration  the 
subject  has  absolutely  no  conception  or  even  suspicion. 
In  a  self -administration  of  ether  in  an  absolutely  quiet 
room  at  night,  the  writer,  awakening  from  what  seemed, 
and  was  intended  to  be,  a  momentary  unconsciousness 
only,  found  to  his  utter  amazement,  on  glancing  at  the 
clocl^that  two  hours  had  elapsed  since  the  beginning  of 
the  inlialation— two  hours  of  a  coma  as  dreamless  and 
blank  as  that  attendant  upon  a  compression  of  the  brain. 
After  awakening  from  an  ether  narcosis  there  is  more 
or  less  tendency  to  nausea,  headache,  and  debility  and 
wretchedness  generally.  Objectively,  the  phenomena  are 
first  a  rise  in  the  frequency  and  force  of  pulse  and  respi- 
ration, a  suffusion  of  the  face,  and  a  tendency  to  emo- 
tional excitement,  varying  with  the  temperament  and 
disposition  of  the  subject,  exactly  as  in  the  analogous 
condition  of  alcoholic  drunkenness.  So  while  the  phleg- 
matic or  the  self-contained  individual  may  sink  quietly 
into  coma,  the  excitable  or  the  ungoverned  subject  may 
be  outrageously  jolly,  or  fearful,  or  pugnacious,  or  amor- 
ous, according  to  natural  bent.  At  this  period  the 
proper  test  will  show  already  a  decided  blunting  of  tac- 
tile sense  and  impairment  of  co-ordinating  power. 
Speedily,  next,  the  emotional  displays  grow  feeble  and 
incoherent,  sweat  starts  out  from  the  brow,  the  saliva 
flows,  the  face  congests,  the  pupils  contract,  and  the 
muscles  at  once  both  stiffen  and  tremble. 

And,  now,  testing  shows  tactile  perception  to  be  abol- 
ished everywhere  except  in  parts  of  high  natural  sensi- 
tiveness, such  as  the  eye,  the  "  quick  "  of  the  nails,  and 
the  ano-genital  region.  If  the  inhalation  continue,  the 
muscular  rigidity  and  trembling  give  way,  often  with 
striking  suddenness,  to  a  condition  of  absolute  paralysis 
and  relaxation.  At  the  same  time  the  pulse  falls  some- 
what, the  respiration  becomes  slow  and  stertorous,  the 
pupils  dilate,  all  outward  signs  of  conscious  existence 
cease,  and  anaesthesia  is  absolute  even  in  the  most  sensi- 
tive parts,  AVhile  this  condition  lasts  the  face  sweats 
freely,  and  the  saliva  flows  in  considerable  quantities. 
Such  a  condition  is  the  extreme  to  which  narcosis  should 
be  pushed,  since  it  represents  an  abrogation  of  all  nerve 
action  save  that  of  the  functions  of  organic  life,  and  that 
determining  the  play  of  the  heart  and  lungs.  If  the  ether 
be  pushed  further  the  respirations  become  slower  and 
shallower,  the  sphincters  give  way,  and  soon  thereafter 
breathing  stops  altogether — the  heart,  however,  contin- 
uing to  beat  for  a  short  time  still.  On  withdrawing  the 
ether,  sleep  may  follow,  more  or  less  prolonged,  accord- 
ing to  circumstances  and  according  to  the  amount  of 
ether  consumed.  Retching  and  vomiting  may  come 
next,  often  taking  place  quite  suddenly  and  while  sleep 
is  still  profound.  On  awakening,  the  subject  is  gener- 
ally stupid  and  miserable,  with  co-cirdination  still  de- 
ranged, and  tactile  sense  blunted.  Occasionally,  but  ex- 
ceptionally, emotional  excitement  now  appears,  and  iu 
such  cases  there  is  sometimes  a  strong  erotic  excitation, 
with  vivid  illusions.  Deceived  liy  such  experiences, 
female  patients  have  been  known  houeslly  but  falsely  to 
charge  the  ether-giver  or  the  operating  surgeon  with 
the  taking  of  improper  liberties,  and  even  with  rape. 

Ether  narcosis  is  a  therapeutic  measure  for  the  pro- 
duction of  aiia'sthr.iiri.  on  the  one  hand,  and  of  muscular 
rchi.riitioii,  on  the  other.  And  the  degree  of  the  narcosis 
for  either  purpose  v.\\\  vary  according  to  the  circum- 
stances of  the  case.  In  the  line  of  aiioesthesia,  if  it  be 
for  the  relief  of  existing  pain,  a  few  whiffs  of  ether  may 
sufllce,  without  the  production  of  narcosis  at  all,  or  it 
may  be  that  the  pain  will  yield  only  to  the  general  un- 
consciousness of  full  coma.  If  it  be  for  the  abrogation 
of  sen,sation  during  a  surgical  operation,  the  grade  of 
narcosis  necessary  will  depend  upon  the  part  to  be  at- 
tacked. In  the  case  of  all  but  tlie  highly  sensitive  parts 
already  enumerated,  the  ether  effect  need  not  be  carried 
farther  than  the  stage  characterized  bj'  general  muscular 
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rigidity  and  trembling ;  but  for  operations  on  tlie  very 
tender  regions  spolien  of,  tlio  narcosis  must  be  pushed  to 
tlie  stage  of  muscular  relaxation  and  stertorous  breath- 
ing. For  the  purpose  of  affecting  motility,  if  it  be  for 
the  breaking  of  a  cramp  or  spasm,  a  few  whiffs  of  ether 
are  often  all-suflicient,  ether  being  indeed  quite  a  po- 
tent antispasmodic;  but  if  relaxation  be  sought  for  the 
easier  reduction  of  a  hernia  or  a  dislocation,  full  narcosis 
to  the  stage  of  stertorous  breathing  will  be  necessary. 
Tlie  actual  qunntity  of  ether  required  for  narcotizing  by 
inhalation  will  vary  according  to  the  inhaler  used,  the 
skill  of  the  administrator,  the  respiration,  the  condition 
of  the  stomach,  whether  full  or  empty  of  food,  and,  also, 
upon  the  habit  of  the  subject  in  the  use  of  narcotics,  and 
even  upon  idiosyncrasy.  With  a  good  inhaler;  with 
care  to  prevent  waste  by  evaporation  into  the  room; 
witli  a  subject  whose  susceptibility  is  not  impaired  by 
habitual  indulgence  in  either  ether  itself  or  in  alcoholics, 
whose  stomach  is  fairly  empty,  and  who  vnll  ami  can 
breathe  loithfiii-cedinspiratiiin  a  u<}  expiration,  so  small  a 
quantity  as  from  20  to  40  c.c.  (roughly,  from  fl.  §  ss.  to 
i.),  may  suffice  to  produce  full  unconsciousness.  But,  as 
conditions  commonly  obtain,  far  larger  amounts  are  re- 
quired, so  that  it  is  rarely  safe  to  provide  less  than  half 
a  pound  for  an  intended  ansesthesia  of  even  ordinary 
duration  only. 

For  the  production  of  constitutional  effects,  ether  also 
can  be  administered  by  rectal  injection  of  its  vapor. 
This  method  was  tested  experimentally  so  long  ago  as 
1847  by  Pirogoff,  of  St.  Petersburg,  and  was  revived 
some  years  ago  in  association  with  the  names  of  Axel 
Yversen,  of  Copenhagen,  and  Daniel  MoUifere,  of  Lyons 
— a  revival  to  be  followed  by  a  nevsr  lease  of  deserved 
oblivion.  Full  narcosis  can  be  produced  in  this  way, 
and  without  respiratory  distress,  and  perhaps  also  with 
less  gastric  derangement  than  by  inhalation ;  but  the  pro- 
cedure tends  dangerously  to  irritate  the  intestines.  Diar- 
rhoea and  bloody  dejections  have  repeatedly  followed  the 
practice,  with  resuiting  death  in  at  least  two  instances. 
In  another  case,  death  ensued  from  rupture  of  the  intes- 
tine at  the  site  of  an  old  ulcer,  through  overdistention  by 
the  ether  vapor. 

The  practical  administration  of  ether  to  the  develop- 
ment of  narcosis  is  a  special  topic,  treated  of  in  this  work 
in  the  articles  on  Ana>sthetics  and  Chloroform,  etc.,  to 
which,  therefore,  the  reader  is  referred.  For  ordinary 
medicinal  purposes,  ether  may  be  administered  by  in- 
halation or  by  the  stomach.  If  given  by  inhalation,  a 
very  little  suffices,  so  that  it  is  enough  to  direct  that 
a  teaspoonful  of  ether  be  poured  upon  a  crumpled 
handkerchief,  which  handkerchief  is  then  to  be  held 
directly  against  the  mouth  and  nostrils,  and  the  fumes 
inhalecl  during  a  few  deep  inspirations.  In  this  pre- 
scription the  precautions  must  be  enjoined,  first,  that 
in  case  of  self -administration  the  subject  must  lie  down 
or  sit  so  reclining  or  so  braced  that,  in  the  event  of 
unconsciousness,  he  will  not  fall  to  the  floor;  and,  sec- 
ondly, that  the  whole  procedure  shall  take  place  at  a  dis- 
tance of  at  least  six  feet  from  any  exposed  flame,  such  as 
that  of  a  candle,  lamp,  gaslight,  or  open  fire.  By  the 
stomach,  from  one  to  two  teaspoonfuls  is  the  average 
dose,  best  given  in  from  eight  to  ten  measures  of  ice-cold 
water,  sweetened,  if  so  preferred.  Ether  so  taken  is, 
however,  a  repulsive  medicine,  being  offensive  to  the 
taste  and  tending  to  choke,  because  of  its  pungency. 
But,  for  internal  giving,  the  common  practice  is  to  pre- 
scribe the  pharmacopcEial  preparation  entitled  Spiritna 
^theris  Oompositvs,  Compound  Spirit  of  Ether,  or  Hoff- 
man's anodyne.  This  preparation  is  compounded  of  335 
parts,  by  measure,  of  ether,  650  parts  of  alcohol,  and  25 
parts'  of  ethereal  oil.  It  is  a  colorless  volatile  fluid, 
smelling  and  tasting  of  its  three  powerful  ingredients. 
It  forms  a  milky  emulsion  on  admixture  with  water. 
It  is  used  as  an  antispasmodic  and  general  nervine  and 
cardiac  stimulant,  and  is  given  in  average  dose  of  from 
half  a  teaspoonful  to  one  or  two  such  measures,  in.  water, 
plain  or  sweetened.  In  the  United  States  Pharmacopoeia 
there  is  also  official  a  preparation  entitled  Spiritus  JEthe- 


ri'x,  Spii'it  of  Ether,  a  preparation  consisting  of  325  parts, 
by  measure,  of  ethei-,  and  (jT.")  parts  of  alcohol  in  mutual 
solution.  This  spirit  may  be  given  as  an  internal  medi- 
cine in  doses  of  one  or  two  teaspoonfuls,  administered  in 
a  goodly  quantity  of  iced  water,  plain  or  sweetened. 

A  peculiar  application  of  ether  is  the  driving  of  the 
fluid,  in  atomized  spray,  upon  the  skin  for  the  purpose 
of  freezing  that  texture  by  the  cold  developed  by  the 
evaporation  of  the  ether — such  freezing  being  for  the 
sake  of  the  anoBSthesia  that  attends  it.  In  this  applica- 
tion the  ether  is  delivered  from  an  atomizer  of  good 
capacity,  the  nozzle  being  held  about  an  inch  and  a  half 
from  the  skin.  The  first  sensation,  that  of  cold,  is  fol- 
lowed by  a  severe  burning  feeling,  which  in  turn  is  suc- 
ceeded, as  the  skin  freezes,  by  loss  of  all  sensation.  When 
so  frozen  the  skin  appears  pale,  .shrunken,  and  of  tallowy 
hue  and  feel,  and  can  be  cut  without  pain.  The  effect 
is  superficial  only,  and  if  a  deep  incision  is  to  be  prac- 
tised, the  tissues  beneath  the  skin  must,  after  section  of 
that  covering,  themselves  be  frozen,  before  cutting,  by  a 
renewed  application  of  the  spray.  Freezing  by  ether 
spray  is  quickly  done,  and,  if  not  maintained  beyond  a 
short  time,  is  not  followed  by  any  deleterious  effect.  The 
procedure  is  appropriate  only  for  brief  and  superficial 
surgical  operations,  and  often  is  more  painful  than  the 
knife.  Edward  Curtis. 

ETHIDENE  DlCHLOR\D£. —Bthytidene  Bichloride: 
Cti.HiClj.  This  is  an  ethereal  body,  isomeric  with  and 
much  resembling  ethylene  dichloride.  It  has  been  ex- 
perimented with  as  an  anaesthetic,  and  has  been  found  to 
operate  after  the  general  manner  of  chloroform,  includ- 
ing tlie  occasional  killing  of  a  subject.  It  is  administered 
similarly  to  chloroform.  Edward  Ctirtis. 

ETHOXY-CAFFEINE  (CsHgNiO^.OC^Hs)  is  prepared 
by  boiling  three  parts  of  monobrom-caffeine  with  two 
parts  of  caustic  potash  in  ten  parts  of  alcohol.  It  forms 
needles  which  melt  at  140°  C,  are  soluble  in  hot  alcohol 
or  cold  hydrochloric  acid;  slightly  soluble  in  water  and 
ether,  being  less  so  than  caffeine,  and  insoluble  in  alkalies. 
It  is  decomposed  by  hot  acid,  and  even  in  water  dissolves 
easily  in  the  presence  of  sodium  benzoate  or  salicylate. 
Filehne  found  that  dizziness,  dimmed  intellect,  and  head- 
ache resulted  from  doses  of  seven  to  ten  grains.  Rabbits 
show  narcotic  and  diuretic  effects.  The  presence  of  the 
ethoxy  group  seems  to  add  distinct  hypnotic  qualities  to 
the  diuretic  power  of  caffeine,  and  the  main  use  of  the 
drug  is  as  a  sedative  in  nervous  headache  or  migraine. 
Dose,  gr.  i.  to  v.  (0.06-0.3  gm.).  W.  A.  Bastedo. 

ETHYL  BROMIDE.— fl2/*oJTO?mc  Ether:  C^HsBr. 
This  body  is  a  thin,  colorless,  very  volatile  ether,  of  a 
strong  smell  and  hot  taste;  practically  non-inflammable; 
sparingly  solujjle  in  water,  but  freely  so  in  alcohol  and 
ether.  It  is  prone  to  spontaneous  decomposition,  on  ex- 
posure, and  should  be  kept  in  dark-colored  and  well- 
stoppered  bottles,  away  from  the  light.  A  yellowish 
tinge  means  decomposition,  and  a  sample  so  discolored 
is  unfit  for  use. 

Hydrobromic  ether  affects  the  human  system  similarly 
to  chloroform,  with  the  special  features  that  sensibility 
is  deadened  early,  and  that  narcosis  comes  quickly  and 
pleasantly,  but  without  full  muscular  relaxation.  The 
latter  circumstance  is  a  drawback,  since  often  a  continu- 
ing of  rigidity  and  even  of  spasms  into  the  stage  of  nar- 
cosis defeats  the  use  of  the  agent  as  an  anesthetic  in 
surgery. 

Hydrobromic  ether  causes  fall  of  blood  pressure,  and, 
in  overdosage,  death,  all  after  the  manner  of  chloroform. 
It  has  been  used  as  an  anaesthetic,  given  by  inhalation  of 
its  vapor,  especially  in  cases  in  which  a  momentary  nar- 
cosis only  is  needed. 

It  is  given  similarly  to  chloroform. 

Edrcard  Curtis. 

ETHYL  CHLOR\D£.— Hydrochloric  Ether:  C3H5CI. 
Ethyl  chloride  is  prepared  by  the  action  of  hydrochloric 
acid  on  alcohol,  the  resulting  ether  being  condensed  at  a 
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low  temperature.  When  maintained  at  a  temperature 
below  50°  F.  it  is  a  colorless  liquid  having  an  alliaceous 
taste  and  smell.  Its  specitic  gravity  at  33°  F.  is  .9214. 
It  mixes  with  water,  about  one  part  in  tifty,  and  with 
alcohol  and  ether  in  all  proportions.  Its  boiling  point  is 
50°  F.,  and  above  this  temperature  iL  exists  as  a  gas.  As 
a  gas  it  is  exceedingly  intlammable,  burning  with  a  gi-een- 
ish  flame  and  evolving  hydrochloric  acid. 

Following  the  introdu'ction  of  ether  and  chloroform,  it 
was  one  of  the  many  compounds  suggested  as  suitable 
for  general  anaesthesia.  Being  very  volatile  it  was  easily 
administered  and  its  anaBsthetic  action  was  more  rapidly 
procured.  The  anaesthesia  which  it  produced,  however, 
proved  to  be  very  transient,  and  further  experience  as 
well  as  experimental  work  has  sliown  that  its  action  is  ac- 
companied by  marked  vascular  and  cardiac  depression. 
Although  strongly  advocated  by  many,  its  employment 
never  became  general  and  it  has  now  fallen  into  disuse. 

It  is  now  better  known  as  a  local  anassthetic.  Advan- 
tage has  been  taken  of  its  rapid  evaporation  to  utilize  the 
intense  cold  produced,  in  dental  and  minor  surgical  prac- 
tice, and  for  the  relief  of  the  pain  of  superficial  neuralgia. 
It  has  been  used  with  satisfaction  for  the  extraction  of 
teeth,  for  opening  abscesses,  for  removing  ingrowing  toe- 
nails, and  for  similar  painful  operations,  and  has  been 
found  to  give  instantaneous  relief  in  facial  neuralgia, 
intercostal  neuralgia,  and  sciatica. 

The  method  of  utilizing  this  property  was  made  simple 
and  easy  by  M.  Mounet,  of  Lyons,  who  suggested  the 
storing  of  the  compressed  fluid  in  small  capsules  and 
tubes,  by  which  means  it  may  be  preserved  without 
alteration  for  a  great  length  of  time.  When  the  drug 
was  required  for  use  the  point  of  the  capillary  tube  was 
broken  ofE,  and  the  opening  directed  downward  on  the 
part  to  be  anesthetized.  These  tubes  have  now  been 
perfected  by  the  addition  of  a  screw  cap  which  allows  of 
any  proportion  of  the  contents  being  utilized,  the  re- 
mainder being  preserved  for  future  use.  The  heat  of 
the  hand  is  suflicient  to  raise  the  temperature  of  the  fluid 
above  its  boiling  point,  and  a  stream  of  the  rapidly  vola- 
tilizing fluid  issues  as  a  spray,  and  may  be  applied  to 
any  part.  The  tube  should  be  held  at  a  distance  of  eight 
or  ten  inches  from  the  part,  and  the  surrounding  tissues 
protected  to  prevent  excessive  and  needless  destruction 
of  tissue.  The  surface  of  the  skin  acted  upon  rapidly  be- 
comes blanched  and  devoid  of  sensation,  and  regains  its 
normal  state  upon  the  removal  of  the  spray.  If  the  ap- 
plication is  persisted  in,  the  vitality  of  the  part  is  de- 
stroyed and  necrosis  is  the  result.  During  the  employ- 
ment of  the  spray  care  must  be  taken  that  no  flame  shall 
be  in  proximity,  on  account  of  the  inflammability  of  the 
gas.  Beaumont  Small. 

ETHYL  FORMATE.— i?brmic  Ether:  H.COOC2H5. 
This  is  the  ethyl  ester  of  formic  acid,  and  is  an  ethereal 
liquid  smelling  like  peach  kernels.  It  is  soluble  in  ten 
parts  of  water,  and  boils  at  54°  C.  It  is  said  to  be  of 
value  as  an  antiseptic  to  the  upper  air  passages. 

W.  A.  Bastedo. 

ETHYL  \00\liZ.—Hydriodic  Ether:  C2H5I.  This 
body  is  a  colorless  ethereal  fluid,  non-inflamrnable,  prac- 
tically insoluble  in  water,  but  freely  soluble  in  alcohol. 
It  has  a  sharp  taste  and  a  smell  simply  penetrating  if 
puTe,  but  if  impure  often  offensive.  Ethyl  iodide  affects 
the  himmn  system  after  the  manner  of  the  volatile  ethers 
generally,  but  is  used  in  medicine— so  far  as  it  is  used  at 
all — either  for  the  sake  of  iodizing,  for  which  purpose 
some  consider  it  efficacious,  or  for  relieving  oppression 
of  breathing  in  pulmonary  complaints.  It  is  administered 
by  inhalation,  in  dosage  of  fifteen  drops. 

Edward  Curtis. 

_  ETHYL  PHENACETIN  (CeH,.0C,H,.NC.H5.CHsC0) 
IS  prepared  by  the  action  of  ethyl  iodide  on  phenacetin 
sodium.  It  is  a  yellow -colored  oil,  almost  insoluble  in 
water,  readily  soluble  in  alcohol  and  ether,  and  boiling 
at  350°  C.     As  was  expected,  the  introduction  into  phen- 
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acetin  of  an  additional  ethyl  group  has  increased  its 
hypnotic  tendency,  but  the  drug  is  not  of  suflicient  value 
to  be  classed  with  such  hypnotics  as  trional,  chloralamide, 
etc.  ^f'  ^-  Bastedo. 

ETHYLENE  BROMIDE.— C^HiBr^.  This  organic  com- 
pound was  introduced  into  therapeutics  as  a  convenient 
means  of  supplying  bromine  in  cases  in  which  its  use  is  in- 
dicated for  a  prolonged  period.  The  advantage  claimed 
for  it  is,  that  it  is  not  combined  with  potassium,  sodium, 
or  any  basilous  radicle,  and  its  use  does  not  disturb  the 
digestion,  the  skin,  or  the  mucous  membranes,  or  pro- 
duce any  of  the  unpleasant  efl'ects  that  the  older  salts  are 
liable  to  cause. 

It  is  a  colorless  or  faintly  brown  liquid,  containing  90.9 
per  cent,  of  bromine.  The  odor  is  agreeable  and  taste 
sweetish.  Itsspecificgravity  is  2.163at  69.8°  F.  Below 
48°  F.  it  becomes  a  solid,  forming  crystals.  It  is  insolu- 
ble in  water,  soluble  1  in  4  of  rectified  spirit,  and  miscible 
in  all  proportions  with  absolute  alcohol  and  oils. 

The  employment  of  ethylene  bromide  in  epilepsy  was 
recommended  by  Dr.  J.  Donath.'  He  used  it  in  a  great 
number  of  cases,  and  reports  the  details  of  ten  cases  in 
which  he  was  able  to  watch  its  effects  carefully.  As  a 
substitute  for  the  bromides  he  found  it  very  satisfactory, 
and  the  results,  in  his  estimation,  were  much  better.  The 
cases  were  all  of  long  standing  and  had  been  subjected 
to  many  forms  of  treatment.  Under  the  use  of  the  rem- 
edy the  attacks  became  milder,  shorter,  .and  fewer  in 
number,  and  in  many  instances  assumed  the  character  of 
petit  mal.  In  three  of  the  cases  the  convulsions  were  re- 
placed by  simple  muscular  twitchings  without  loss  of 
consciousness. 

The  dose  administered  was  gtt.  vi.  to  xij.  three  times  a 
day.  It  may  be  given  in  capsules  with  oil  or  in  solution. 
The  following  preparations  are  recommended:  (1)  Ethy- 
lene bromide,  gr.  Ixxv. ;  oil  of  almonds  emulsion,  |  iij. ; 
oil  of  peppermint,  gtt.  ij. ;  dose,  gtt.  xxx.  three  times  a 
day,  in  a  third  of  a  glass  of  milk.  (2)  Ethj-lene  bromide, 
gr.  xxiv.  ;  rectified  spirits,  gr.  Ixxv.  ;  oil  of  peppermint, 
gtt.  ii. ;  dose,  gtt.  v.  to  x.  three  times  a  daJ^  In  prepar- 
ing these  mixtures  the  high  specific  gravity  must  not  be 
forgotten,  it  being  nearly  two  and  a  half  times  as  lieavy 
as  water.  Before  using  the  drug  Donath  tested  its  action 
on  himself,  and  found  that  in  ordinary  doses  it  did  not 
produce  any  disturbing  effects ;  but  in  large  doses  it  was 
sometimes  followed  by  nausea. 

This  drug  must  not  be  mistaken  for  ethyl  bromide, 
which  it  resembles  both  in  name  and  in  appearance.  A 
case  is  reported '  in  which  such  a  mistake  was  made  with 
fatal  consequences.  A  -written  order  for  the  aniBsthetic, 
ethyl  bromide,  was  sent  to  a  druggist,  who  supplied 
ethylene  bromide.  Ten  drachms  were  inhaled  without 
producing  any  insensibility  or  ansesthesia.  The  admin- 
istration was  followed  by  suppression  of  urine  and  un- 
controllable vomiting,  which  continued  until  the  patient 
died,  upon  the  following  day.  At  the  post-mortem  ex- 
amination there  was  found  an  hypersemia  of  the  menin- 
ges of  the  brain,  also  of  the  lungs,  spleen,  and  kidneys. 
The  liver  was  much  enlarged,  of  a  dirtv-vellow  coloi-, 
and  the  cells  were  affected  by  a  granular  degeneration. 

Beaumont  Small. 

1  British  Medical  Journal,  July  11th,  1891. 

2  The  London  Lancet,  January  10th,  1801. 

ETHYLENE-DIAMINE  [C.H,(NHs,).]  is  a  clear,  color- 
less liquid  of  specific  gravity  0.970.  It  is  readily  soluble 
in  water,  has  an  ammoniacal  odor,  and  strongly  alkaline 
reaction,  and  dissolves  albumin  easily.  It  has  been  rec- 
ommended for  the  solution  of  the  false  membrane  of 
diphtheria,  being  especially  useful,  as  its  efficiency  is  not 
destroyed  by  antiseptics. 

Ethylene-diamine-trikresoloY  trikresolamine  is  a  solution 
ot  two  per  cent,  each  of  ethylene-diamine  and  trikresol 
It  IS  a  clear  colorless  liquid  of  alkaline  reaction,  becom- 
ing shghtly  yellow  and  cloudy  on  exposure  to  air      On 
account  of  this  cloudiness,  the  manufacturers  now  make 
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kresamiit,  a  twenty-five-per-cent.  solution  of  these  two 
chemicals  from  which  a  one-  or  two-percent,  solution 
may  be  prepared  when  wanted  (see  Kresmnin). 

Ethylene-diamine  silver  phosphate  is  argentamine  (see 
Silver).  W.  A.  Bastedo. 

ETHYLENE  DICHLORIDE.  —  Ethene  DicMoride, 
Dutch  Liquid:  CsHiClj.  This  body  is  a  thin,  colorless, 
oily  fluid,  smelling  and  tasting  much  like  chloroform; 
volatile  and  inflammable;  dissolving  sparingly  in  water 
and  freely  in  alcohol  and  ether.  Its  only  medical  inter- 
est lies  in  its  attempted  substitution  for  chloroform,  as 
an  anfesthetic  which  should  retain  the  advantages  of 
chloroform  while  free  from  its  dangers.  It  seems  to 
operate  much  like  chloroform,  and,  according  to  Reicli- 
ert,  has  little  tendency  to  paralyze  the  heart.  It  is,  how- 
ever, very  irritating  to  the  throat.  Administration,  in 
mode  and  dose,  is  the  same  as  with  chloroform. 

Edward  Curtis. 

ETHYLENE-PHENYLHYDRAZIN-SUCCINIC      ACID 

(C2oHjjN40ii)  is  prepared  by  boiling  ethylene-phenyl- 
hydrazin  with  succinic  anhydride  in  alcohol.  It  forms 
crystalline  needles  soluble  in  water,  and  is  used  as  an 
antipyretic.  W.  A.  Bastedo. 

ETHYLIDENE  CHLORIDE  (CHsCHCU).— Chlor-ethy- 
lideue;  chloriden;  ethidene  bichloride;  Aran's  ether; 
Wigger's  ether.  This  is  a  colorless  ethereal  liquid  pre- 
pared by  the  action  of  chlorine  on  ethyl  chloride.  It  has 
an  agreeable  fruity  odor,  a  boiling  point  of  57°  C.  (134.6° 
F. ),  and  specific  gravity  1. 180.  It  has  been  used  as  a  safe 
and  ephemeral  general  anaesthetic  for  short  operations. 

W.  A.  Bastedo. 

ETIOLOGY.     See  Infectious  Diseases. 

EUCALYPTUS.— Blue  Gum-tree.  "The  leaves  of 
Eucalyptus  globulus  LabillardiSre  (fam.  Myrtacea)  col- 
lected from  the  older  parts  of  the  tree  "  (U.  S.  P.).  At 
the  close  of  this  article  will  be  found  some  general  infor- 


mation concerning  the  genus  Eucalyptus. 
Attention  is  here  restricted  to  the  drug  above- 
defined.  This  species  occurs  in  the  province 
of  Victoria,  Australia,  and  in  Tasmania.  It 
grows  to  a  great  size,  but  is  not  nearly  so  large  as 
some  of  the  other  species.  The  exhalations  from  the 
tree,  where  forests  of  it  occur,  and  especially  from  the 
fallen  leaves,  charge  the  atmosphere,  thereby  disinfect- 
ing it.  This  has  suggested  the  idea  of  planting  it  in 
malarial  regions,  as  about  Rome,  for  a  similar  purpose, 
but  it  is  doubtful  if  the  experiment  has  anywhere  been 
performed  in  a  sufficiently  thorough  manner  or  upon 
a  sufficiently  extensive  scale.  It  was  an  incorrect  notion 
of  this  property  of  the  tree  which  suggested  its  first  use 
in  medicine,  that  of  a  specific  for  malaria.  In  this  di- 
rection it  proved  disappointing,  but  other  important 
medicinal  uses  were  found  for  it.  The  tree,  when  young, 
and  the  younger  portions  of  it  for  some  time  after,  bear 
leaves  which  to  a  great  extent  are  wanting  in  the  active 
constituent.  These  leaves  are  broadly  ovate,  heart- 
shaped  at  the  base,  little  or  not  at  all  tapering  at  the  apex, 
and  comparatively  thin.  The  official  leaves  (Pig.  1944) 
are  15  to  30  cm.  (6  to  13  in.)  long  by  3  to  4  cm.  (f  to  li 
in  )  broad,  lanceolate  and  tapering  from  near  the  blunt 
base    to    an    acute    tip,    strongly    scythe-shaped,    and 


very  inequilateral,  entire-margined,  very  thick,  leathery, 
smooth,  strongly  glaucous,  and  with  a  short,  stout,  flat- 
tened and  twisted  petiole.  Against  the  light  they  are 
strongly  pellucid-punctate.  They  are  highly  aromatic. 
It  is  not  known  how  leaves  grown  in  the  several  countries 
where  the  tree  has  been  introduced  compare  AviLli  those 
of  native  origin,  but  some  of  them  are  known  to  be  very 
inferior,  and  it  is  certainly  a  conservative  and  wise  policy 
to  accept  only  those  of  native  growth. 

Composition. — Besides  their  active  constituent,  about 
six  per  cent,  of  volatile  oil,  they  contain  wax,  resin,  and 
tannin.  The  medicinal  properties  and  uses  of  the  drug 
can  be  best  considered  farther  on,  in  connection  witii 
those  of  the  oil  and  of  eucalyptol. 

Oil  of  Euc(dyiifiis  {Oleum  Eucalypti,  U.  S.  P.)  is  defined 
as  "a  volatile  oil  distilled  from  the  fresh  leaves  of  E. 
globulus  Labillardiere,  E.  oleosa  F.  von  Mliller,  and  some 
other  species. "  It  has  a  specific  gravity  of  aljout  CGI.") 
to  0.935  at  15°  C,  a  characteristic  odor  and  taste,  and  it 
dissolves  freely  in  alcohol.  Since  the  active  constituent 
of  the  oil  is  eucalyptol  (properly  called  cineol),  the  deter- 
mination of  the  percentage  of  that  constituent  constitutes 
the  proper  metliod  of  valuation.  For  the  same  reason, 
it  seems  more  rational  for  the  Pharmacopoeia  to  drop  the 
oil  from  its  next  edition  and  to  specify  only  the  eucalyp- 
tol. With  eucalyptol,  there  is  pinene  (fiom  E.  globulus) 
orcuminol  (from  E.  oleosa),  or  the  two  dils  may  be  mixed. 
Traces  of  several  aldehydes  may  also  be  present.  The 
optical  rotation  will  also  differ  greatly  in  accordance  with 
the  source.  The  definition  is  faulty  in  that  it  does  not 
specify  the  "  other  species,"  the  oils  of  some  of  which  are 
very  distinct,  even  to  being  quite  wanting  in  eucalyptol. 
The  action  of  the  oil,  except  for  its  being  weaker  and 
less  regular,  is  that  of  eucalj^ptol.  Phellandrene  is  its 
most  common  impuritj',  derived  from  other  species  of 
Eucalyptus. 

Eucalyptol  or  Cineol  (CioH,bO)  is  defined  by  the  Phar- 
macopoeia as  "a  neutral  body  obtained  from  the  volatile 
oil  of  Eucalyptus  globulus  Labillardifire  and  of  some  other 
species  of  eucalyptus. "  The  allowance  of  "  other  species  " 
is  here  not  objectionable  as 
in  the  case  of  the  oil,  for 
the  eucalyptol  will  be  the 
same  no  matter  what  its 
source.  It  is  also  the  ac- 
tive constituent  of  oil  of 
cajuput  and  of  some  other 
Myrtaceous  oils,  and  occurs 
in  santonica,  rosemary,  pep- 
permint, and  many  other 
oils  of  this  and  of  other 
families.  It  is  liquid,  col- 
orless, with  a  characteris- 
tic odor  and  taste,  has  a  specific  gravity  of  about  0.980 
at  15°  C,  boils  at  176°  to  177°  C,  crystallizes  at  freezing 
point,  is  optically  inactive,  and  dissolves  freely  in  alco- 
hol. The  commonest  adulterant  is  the  oil,  which  at  once 
renders  it  optically  active. 

Action  and  Uses. — The  action  and  uses  of  eucalyptol 
and  of  the  oil  must  be  considered  first,  as  that  of  the 
leaves  is  not  quite  identical.  Their  special  property 
among  volatile  oils  (see  Active  Constituents  of  Plants)  is 
their  antiseptic  and  expectorant  properties.  As  an  anti- 
septic, eucalyptol  ranks  second  only  to  oil  of  cinnamon, 
and  this  property  increases  somewhat  as  the  oil  ages.  It 
is  not  markedly  irritating  to  the  skin  unless  the  surface 
is  abraded  or  "the  vapor  is  confined,  but  it  is  markedly 
irritating  to  mucous  membranes,  especially  to  that  of  the 
stomach.  As  an  expectorant,  whether  taken  internally 
or  by  inhalation,  it  is  both  stimulating  and  antiseptic. 
Its  antiperiodic  action  is  very  similar  in  kind,  but  also 
very  inferior,  to  that  of  quinine.  As  a  poison  it  acts  a,s  a 
gastro-intestinal  irritant,  and  as  a  paralyzant  of  the  vital 
functions,  especially  of  the  heart. 

The  uses  of  this  drug  are  all  to  be  regarded  as  local; 
even  when  given  internally,  it  is  transported  in  the 
circulation  to  the  seat  of  its  action.  Externally,  it  is  an 
excellent  application  to  ulcers  which  require  either  disin- 
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fection  or  stimulation.  For  tliis  purpose,  a  two-  to  tive- 
per-cent.  solution  of  the  oil  in  alcohol  may  be  emplojed, 
or  a  ten-per-cent.  tincture  of  the  leaves  issometmies  even 
better  owing  to  the  resin  and  tannm  contained.  Ihe 
ereatest  value  of  eucalyptus  is  in  the  treatment  of  catar- 
rhal conditions.  Here  the  beneficial^  results  are  directly 
proportional  to  the  need  for  stimulation  and  disinfection, 
and  the  reverse  is  true  when  there  is  already  irritation  or 
inflammation.  Thus  it  is  used  topically,  as  well  as  inter_ 
nallv  iu  Konorrha?a  and  vesical  catarrh,  in  low  forms  ot 
dyspepsia,  and  in  respirator  v  catarrh.  Althoush  slightly 
diaphoretic,  it  is  scarcely  useful  in  that  way  Its  anti- 
periodic  powers  are  feeble,  but  it  is  often  of  use  when 
the  case  is  mild,  and  the  surroundings  are  not  continu- 
ously infectious. 

In  considering  the  properties  of  the  leaves,  we  have 
to  regard  only  the  percentage  of  oil  which  they  contain, 
and  the  fact  that  the  amounts  of  resin  and  tannm,  and  the 
bitter  taste,  are  sufficient  to  add  their  effects  to  those  ot 
the  eucalvptol. 

The  dose  of  the  leaves  and  of  their  fluid  extract,  the 
only  official  preparation,  is  2  to  8  gm.,  or  c.c.  (  3  ss.-ij.), 
respectively.  The  oil  and  the  eucalvptol  are  given  in 
doses  of  from  0.3  to  3  c.c.  (mv.  to  xxx.). 

Tlie  genus  Mvcalyptus  contains  between  one  hundred 
and  twenty-five  and  one  hundred  and  fifty  species,  al- 
most all  of  Austrsflia  and  Tasmania.  They  are  for  the 
most  part  large  trees,  rivalling  in  altitude  the  highest 
known,  and  form  dense  and  vast  forests.  Their  economic 
importance  is  of  the  highest.  Their  ability  to  withstand 
adverse  climatic  conditions  permits  of  forestry  operations 
where  they  would  be  otherwise  impossible.  Their  tini- 
ber  is  proof  against  the  attacks  of  many  destructive  ani- 
mals, and  resists  decay.  Tlieir  astringent  gums,  de- 
scribed below,  are  of  great  importance.  Many  of  the 
oils,  though  excluded  from  the  uses  above  specified,  as 
they  contain  no  eucalyptol,  are  of  importance  in  the  arts. 
The  trees  are,  moreover,  highly  ornamental. 

(See  Honey,  Eucalyptns,  and  Manna,  Australian). 

Henry  H.  Rusby. 

EUCALYPTUS  GUM.— Eucalypti  Gummi.  A  ruby- 
colored  exudation,  or  so-called  red  gum,  from  the  bark 
of  Eucalyptus  rostratus  Schlecht,  and  some  other  species 
of  eucalyptus.  Sixteen  species  of  eucalyptus  have  been 
named  as  yielding  these  gums,  whicli  are  now  very  gen- 
erally used  in  the  place  of  our  official  malabar  kino,  this 
having  become  excessively  scarce  and  high-priced.  It  is 
even  true  that  the  former  is  very  commonly  given  when 
the  latter  is  called  for.  The  two  are  very  similar  indeed, 
this  one  occurring  in  grains  or  small  masses,  the  frag- 
ments transparent  and  of  a  ruby -red  or  garnet-red  color, 
somewhat  tough  and  of  a  very  astringent  taste.  When 
chewed,  it  adheres  to  the  teeth  and  tinges  the  saliva  red. 
Cold  water  dissolves  from  eighty  to  ninety  per  cent., 
forming  a  neutral  solution,  and  it  is  almost  entirely  solu- 
ble in  ninety-per-cent.  alcohol.  The  properties  and  uses 
of  this  substance  are  identical  with  those  of  kino,  and 
the  dose  is  gr.  ij.-v.  Henry  U.  Busby. 

EUDERMOL,  or  nicotine  salicylate,  occurs  in  colorless 
hexagonal  crystals  or  anhydrous  needles,  melting  at 
117.5°  C,  and  soluble  in  water,  alcohol,  and  oils.  It 
contains  fifty-four  per  cent,  of  nicotine,  is  non-irritant, 
odorless,  and  does  not  soil  the  clothing,  and  in  0.1  to 
0.35  per  cent,  ointment  is  recommended  in  scabies,  syco- 
sis, and  other  parasitic  skin  diseases.  Applied  to  a  raw 
surface,  it  may  produce  symptoms  of  nicotine  poisoning. 

W.  A.  Bdxiedo. 

EUGALLOL,  or  pyrogallol  monoiioctate  [Cnllj.C'IIj- 
C0.(0H)3],  is  a  thick,  brownish,  transparent,  syrujiy 
material,  readily  soluble  in  water  and  iu  its  own  weiglit 
of  acetone.  It  is  marketed  in  thirty-thrce-per-cent.  ace- 
tone solution,  and  when  this  is  painted  on  the  skin  and 
allowed  to  evaporate  it  leaves  a  firm,  elastic  varnish 
It  is  used  in  skin  diseases,  and  Kromayer  claims  that 
when  applied  every  day  it  induces  an  inflammation  under 


whose  influence  the  most  stubborn  psoriatic  patch  vi\\\ 
disappear.  He  adds  to  its  usefulness  by  dusting  it  with 
zinc  oxide  before  it  is  dry.  IF.  A.  Bastedo. 

EUGENOFORM  is  the  sodium  salt  of  eugenol-carbinol, 
the  product  of  the  action  of  formaldehyde  on  eugenol. 
It  forms  broad,  colorless  crystals,  readily  soluble  m 
water  with  difficulty  in  alcohol,  and  insoluble  in  ether 
Its  melting  point  is  160°  C.  The  claim  is  made  that  it 
liberates  formaldehyde  in  the  system,  and  on  this  account 
Vogel  recommends  it  as  antiseptic  to  the  gastro-intestinal 
tract  in  cholera,  typhoid,  etc.     Its  dose  ^s  Oj^-^gnMgJ-. 

EUGENOL;  EUGENIC  ACID.     See  Glotes. 

EUGENOL-ACETAMID  (CJis.C,T3.,.001l,.0Cn.,. 

CONHJ  is  prepared  by  the  action  of  eugenol  sodium  on 
monochloracetic  acid,  with  subsequent  heating  in  the 
presence  of  ammonia.  It  forms  fine  needles  or  plates, 
and  according  to  Merck,  is  a  local  ansesthetic  and  anti- 
septic    It  can  be  used  for  toothache  or  neuralgic  pains. 

W.  A.  Bastedo. 

EUGENOL  IODIDE,  or  iodoeugenol  (CeHJ.CjHs.- 
OCHs.OH),  is  obtained  by  the  action  of  iodine  on  eugenol 
sodium.  It  is  a  yellowish,  odorless,  insoluble  powder, 
which  melts  at  150°  C.  (802"  F.),  and  is  used  as  an  anti- 
septic or  as  an  iodoform  substitute.         W.  A.  Bastedo. 

EUNATROL  is  a  proprietary  pill  of  sodium  oleate 
coated  with  chocolate.  Extravagant  claims  are  made  as 
to  its  value  in  gall  stones  and  other  biliary  derangements. 
Dose,  1  gm.  (gr.  xv.)  three  times  a  day. 

^  W.  A.  Bastedo. 

EUNOL  exists  in  "alpha"  and  " beta  "  modifications, 
made  by  combining  eucalyptol  with  alpha-  and  beta- 
naphthol,  respectively.  These  compounds  are  bitter, 
insoluble  in  water,  and  soluble  in  alcohol,  ether,  chloro- 
form, and  oils.  They  are  antiseptic,  and  may  be  used  in 
surgery  and  dermatology.  '        W.  A.  Bastedo. 

EUONYMUS;  EUONYMIN.     See  Walwo. 

EUPATORIUM.     See  Tlwrouglmoi-t. 

EUPHORBIA  PILULIFERA  L.— A  plant  of  the  order 
Euphoi-hiacea,  which  has  been  recommended  as  a  remedy 
for  spasmodic  affections  and  neuroses  of  the  respiratory 
tract.  It  is  indigenous  to  Australia,  Brazil,  and  other 
Southern  tropical  countries.  It  derives  its  specific  name 
from  the  seeds,  which  are  held  in  capsules  in  the  axils  of 
the  leaf,  and  when  ripe  are  brown  and  hard.  It  is  com- 
monly known  as  the  pill-bearing  spurge.  It  is  a  very 
common  annual  herbaceous  plant,  and  has  a  local  repu- 
tation as  a  curative  agent  in  all  pulmonary  troubles.  Dr. 
Mattheson,  of  Queensland,  ^^•as  the  first  to  call  attention 
to  its  value  in  asthma,  paroxysmal  dyspnoea,  whooping- 
cough,  and  other  spasmodic  affections.  Later,  it  was 
studied  by  Dr.  Marsset,  under  the  direction  of  Dujardin- 
Beaumetz,  and  the  result  of  his  researches  was  published 
in  the  Tlurapeiitir  Gmcite,  February,  18S5.  Its  action  is 
directed  to  the  respiratory  and  cardiac  centres,  and  causes 
a  retardation  of  the  respiration  and  pulse,  and  when 
death  has  been  produced  it  arises  from  a  paralysis  of 
these  organs.  It  docs  not  infiucncc  any  of  the  other 
organs  of  the  body,  but  when  administered  in  e.\cess  it  pro- 
duces an  irritant  action  on  the  gastric  mucous  membrane. 

Its  active  principle  is  an  acrid  resin,  which  is  soluble 
in  water  and  dilule  alcohol.  Experiments  on  animals 
show  that  one  part  of  the  resin  to  one  hundred  of  the 
animal,  by  weight,  will  produce  a  fatal  result. 

It  has  proved  of  service  in  all  spasmodic  affections  of 
the  bronchial  tubes  and  lungs,  in  the  dyspnoea  of  emphy- 
sema of  the  lungs,  and  in  that  due  to  cardiac  affections. 
Dujardin-Bo.aumetz  recommends  it  to  be  used  in  all  cases 
iu  which  iodide  of  potassium  is  used  to  relieve  dyspnoea. 
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Uiicalyptus  Ciiim. 
Kuphlhalmln. 


It  has  also  been  used  to  relieve  the  spasms  and  distress  of 
angina  pectoris,  and  in  hay  asthma  as  well  as  in  coryza. 
In  the  latter  diseases  it  rapidly  checked  the  sneezing  and 
other  troublesome  symptoms. 

The  dried  plant  is  used,  and  its  virtues  are  said  to  be 
best  extracted  by  water.  A  decoction  may  be  made  by 
steeping  half  an  ounce  of  the  plant  in  two  quarts  of 
water,  the  dose  to  be  three  or  four  wineglassfuls  during 
the  day.  The  fluid  extract  is  the  best  preparation  to  use, 
the  dose  being  from  fl.  3  ss.  to  i.  Bcaiimunt  iViiiaU. 

EUPHORBIACE/t.— (y/ie  Spurge  Fiimily.)  One  of 
the  most  important  medicinal  families  of  plants,  if  wt 
consider  its  domestic  as  well  as  its  professional  uses.  It 
contains  more  than  two  hundred  genera  and  three  thou- 
sand species,  distributed  over  almost  the  entire  earth, 
most  abundant  in  the  tropics,  gradually  decreasing  with 
the  temperature,  and  wanting  in  very  cold  regions. 
Their  most  notable  propertjr  is  their  great  power  of 
adaptation  to  environment,  so  that  some  of  them  thrive 
equally  well  in  the  most  arid  deserts,  and  amidst  lux- 
uriant floras.  Their  economic  value  is  great  in  other 
than  medicinal  directions.  Two  of  our  best  rubbers  are 
yielded  respectively  by  the  manihot  and  the  heveas. 
Other  manihots  yield  the  highly  important  food  cassava 
and  its  starch,  tapioca.  Some  of  the  fruits  are  edible, 
and  some  of  the  timbers  have  special  uses.  Numerous 
species  yield- useful  fixed  oils,  and  several  dye-stufl:'s  are 
obtained.  Me'dicinally,  the  properties  depend  almost  en- 
tirely upon  local  stimulation  or  ii-ritation,  even  the  "al- 
terative "  effects  probably  depending  edtimately  upon 
some  such  depurative  action.  This  irritating  action  in- 
creases in  many  species  to  the  point  of  rendering  them 
violent  poisons,  either  externally  or  internally,  or  both. 
Those  irritating  principles  exist  commonly  in  the  milky 
juices  with  which  the  tissues  abound,  these  being  fre- 
quentlj^  highly  caustic  to  the  skin  or  other  tissues. 
Even  such  violently  acting  juices  have  often  been  util- 
ized as  escharotics  or  epispastics.  Among  such  juices 
we  may  mention  those  of  lhir<i,  Euphorbia  heterodo.ru 
Muell  (Alvelos),  and  other  species  of  this  genus,  llijipu- 
■)ii(iue,  Tii.vii-odeiidi-oii,  OjjhthalmaUapton,  and  Exvoecariu. 
The  latter  acts  violently  even  by  access  of  its  smoke,  and 
smoking  the  body  with  "it  is,  among  the  Fiji,  a  heroic  treat- 
ment for  leprosy.  Juices,  mostly  milder  in  their  action, 
are  used  internally  as  irritant  purges,  but  many  of  them 
in  overdoses  may  prove  emetieoeathartic  poisons. 
Rarely  do  these  purgatives  consist  of  the  extracted  juice, 
as  in ' cupliorhiiun,  but  usually  of  the  tissues  containing 
tlie  latex,  fresh  or  dried,  or  medicinal  preparations  of 
them.  Among  such  may  be  mentioned  the  root  of  Ja- 
tropha  rtuKrorldza  Benth.,  of  StilHiiriin.  of  Eupharbia 
Ipecamanhm  L.,  E.  Lutlinrit  L.,  E.  marffiiutta  Pursh., 
E.  cavoUata  L.,  E.  Cypiirimax  L.,  and  other  species  of 
this  genus,  the  spurges,  the  herbage  of  MenunaVh, 
Tivgia  syis.,  and  Joainintiii,  and  various  parts  of  many 
species  of  Groton  and  P/iyllaut/ius.  Many  of  the  latter 
are  also  used  as  fish  poi.'^ons.  In  other  cases,  the  pui'ga- 
tive  constituent  is,  or  resides  in,  a  fixed  oil,  usually  of 
the  seeds,  as  in  croton,  castor,  and  curcas  oils.  Powerful 
albuminous  poisons  usually  also  reside  in  these  seeds. 
Occasionally,  as  in  buxus,  alkaloids  occur,  while  a  num- 
ber of  special  or  exceptional  drugs,  like  kaniala  and  cas- 
carilla,  wiW  be  found  discussed  in  their  pi-oper  alpha- 
betical order.  A  complete  enumeration  of  the  medicinal 
species  of  the  family  Avould  fill  several  fif  these  pages. 

Jlciiry  II.  llushy. 

EUPHORBIUM,  Ph.  G.— An  irritating  and  drastic  gum 
resin,  obtained  from  Euphorbia  resinifera  Berg  (fam. 
Eupfiorbiacece).  This  is  a  large,  leafless,  cactus-like  i  leren- 
nial,  growing  from  four  to  six  feet  high,  having  a 
thick,  gray,  woody  stem,  and  numerous  very  fleshy, 
quadrangular,  spiny  green  branches.  The  plant  is  laden 
with  a  milky  juice,  which  exudes  when  it  is  wounded, 
and  dries  readily  in  tears  upon  the  surface  or  entangled 
among  the  spines.  It  is  a  native  of  the  interior  of  Mo- 
rocco. 
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The  resin  is  expoi'ted  from  Mogador.  It  has  been 
known  in  European  eonmierce  from  a  very  remote  period. 
is  ment,ioned  by  numerous  older  medical  writers,  and  had 
its.  place  inmost  pharmacopoeias,  but  its  use  is  now  nearly 
obsolete.  It  is  collected  by  incising  the  stems  early  in 
the  season,  and  collecting  the  hardened  tears  some  weeks 
later.  These  are  u.sually  irregular,  from  the  size  of  a 
hickory  nut  down,  yellow,  translucent,  with  a  dull, 
waxy  surface,  and  a  brittle  fracture.  They  often  enclose 
or  fasten  spines  or  other  portions  of  the  plant.  Fre- 
quently they  are  perforated.  The  odoi-  is  slight,  unless 
healed,  but  the  dust  raised  by  gathering,  sorting,  or 
powdering  it  is  exceedingly  irritating  to  face  and  nose, 
so  that  those  handling  it  should  wear  veils,  or  take 
means  to  avoid  the  dust.  Fltlekiger's  analysis  of  euphor- 
bium  gives  it  the  following  composition:  nmorphous 
resin,  38;  euphurhoii,  22;  mucilage,  18;  maliden,  12;  inoi-- 
grrnic  iiiyivdieiits,  10.  Of  these,  the  irritating  and  active 
principle  is  the  amorphous  resin.     It  is  soluble  in  alcohol. 

Action  and  Usk. — Euphorbium  is  a  violent  irritant, 
like  cashew  nuts,  chrysarobin,  croton  oil,  etc. ;  it  is  also, 
like  the  latter,  an  irritant  drastic.  Formerly  it  was  used 
internally  for  this  quality,  but  is  now  never  so  given. 
For  external  use  as  an  irritant,  or,  more  generally,  di- 
luted with  other  things,  as  a  rubefacient  (ointments, 
plasters,  etc.),  it  is  occasionally  called  for,  and  in  the 
more  obstinate  chronic  skin  affections  has  some  value ; 
but  the  necessity  which  cannot  better  be  met  with  other 
medicines  must  be  rare.  11'.  P.  Bolles. 

EUPHORIN.— Phenyl-urethane.  Carbonate  of  ethyl 
and  phenyl.  This  is  a  compound  derived  from  aniline 
and  is  somewhat  allied  to  acetanilid.  It  occurs  as  a 
white  crystalline  powder,  with  a  faint  aromatic  odor  and 
slight  taste,  almost  insoluble  in  water,  but  freely  soluble 
in  weak  alcoliol  and  wines.  It  was  introduced  by  Dr. 
Sansoni  *  to  replace  antipyrin,  antifebrin,  and  other  drugs 
of  the  same  class.     The  dose  is  from  gr.  viiss.  to  xv. 

It  is  also  employed  as  an  antiseptic  powder  in  the 
treatment  of  ulcers  and  wounds.  Beaumont  Small. 

EUPHTHALMIN  HYDROCHLORATE  (CH^sNOa- 
HCl). — The  mandehc  acid  derivative  of  labile  n-methyl- 
vinyl-diacetone-alkamine,  was  introduced  to  ophthal- 
mology by  Treutler  in  1897.  It  is  closely  related  to 
beta-eucaine,  the  hydrochlorate  of  benzoyl-vinyl-diace- 
tone-alkamine.  bearing  to  this  the  same  relation  as  does 
homatropine  to  tropacocaine.  It  is  a  white,  crystalline 
powder,  readily  soluble  in  water  and  in  two  parts  of 
boiling  alcohol,  but  separating  into  crystalline  aggre- 
gates on  addition  of  ether.  It  is  anhydrous,  melts  at 
188°  C,  and  is  not  decomposed  by  boiling. 

The  sahcylate  (CHjsNOj.C.Hi.OH.COOH)  is  made 
by  dissolving  equal  parts  of  euphthalmin  (base)  and  acid 
salie>'lic  in  absolute  ether,  and  reeiystallizing  from  ether 
and  alcohol.  It  melts  at  115°  C. ,  and  is  readily  soluble  in 
water. 

Experiments  on  animals  by  Vinci  show  a  primary  irri- 
tation of  the  nervous  system  in  the  form  of  restlessness, 
excitement,  and  increased  reflexes,  then  tonic  and  clonic 
spasms,  opisthotonos,  exophthalmos,  cyanosis,  disturbed 
respiration,  and  death  from  general  paralysis.  The 
vaso-motor  s-^stem  is  directly  paralyzed,  and  blood 
pressure  fallsin  spite  of  increased  cardiac  activity.  In- 
stilled into  the  eye  in  one-  to  ten-per-cent.  solution,  it 
produces  salivation  from  its  action  on  the  secretory  fibres 
of  the  chorda  tympani ;  and,  owing  to  paralysis  of  the 
nerves  of  the  sphincter  iridis,  without  affecting  the  sym- 
pathetic dilator  fibres,  mydriasis  supervenes  in  fifteen  to 
forty  minutes,  to  disappear  practically  in  two  to  eight 
hours,  and  completely  in  less  than  twenty-four  hours. 
It  also  dilates  the  pupil  when  given  internally. 

Hinshelwood  obtained  the  maximum  dilatation  from 
three  separate  drops  of  a  five-percent,  solution  at  two- 
minute  intervals,  this  acting  somewhat  less  promptly  in 
one  eye,  than  one-per-cent.  homatropine  solution  in  the 


*  Therap.  Monatsh.,  November,  1890. 
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other  eye  of  the  same  patient.  Euphthalmin  acts  more 
rapidly  in  young  than  in  old  people,  cause.s  no  smarting 
or  discomfort,  weakens  accommodation  but  little,  has  no 
appreciable  effect  on  the  conjunctival  vessels  or  the 
corneal  epithelium,  and  increases  intra-ocular  tension 
but  slightly  or  not  at  all.  The  mydriasis  is  more  com- 
plete in  strong  sunlight  than  that  of  cocaine  or  homatro- 
pine,  yet  there  is  such  slight  effect  on  accommodation 
that  reading  and  writing  are  not  materially  interfered 
with.  Jaclison  found  no  case  in  which  the  pupil  was 
entirely  without  response  to  light,  and  noted  that  during 
the  maximum  effect  about  one-fourth  of  the  total  accom- 
modation was  lost.  He  prefers  cocaine  for  ordinary  oph- 
thalmoscopic work,  using  euphthalmin  for  testing  vision 
with  strong  light  in  cataract,  or  as  a  rapid  mydriatic 
where  iritis  is  suspected  but  still  uncertain.  He  recom- 
mends a  solution  containing  one  per  cent,  each  of 
euphthalmin  and  cocaine  hydrochlorates.  Knapp  uses  a 
ten-per-cent.  solution  for  ordinary  ophthalmoscopic  ex- 
aminations, stating,  liowever,  that  it  dilates  the  pupil  less 
powerfully  than  atropine.  Sneguiroff  increa.sed  the 
speed  of  its  action  by  a  prior  instillation  of  one  per  cent, 
liolocain,  this  hastening  the  diffusion  of  fluids  from  the 
conjunctival  sac  into  the  anterior  chamber.  Some  ob- 
servers have  used  euphthalmin  in  glaucoma,  claiming 
that  its  brief  mydriasis  does  not  allow  of  increased  ten- 
sion, yet  its  safety  in  this  condition  has  not  been  proven. 
In  glaucoma  and  in  the  aged,  cocaine  is  a  more  suitable 
agent.  As  yet  toxic  effects  from  the  drug  have  not  been 
reported.  Euphthalmin  will  act  in  one-per-cent.  solution, 
but  it  requires  repeated  instillations  to  produce  mydriasis. 

W.  A.  Bastedo. 

Ell  PYRIN. —Vanillin  -  ethyl  -  carbonate  -  p  -  phenetidin. 
This  substance  belongs  to  tlie  paraphenetidin  group 
which  includes  phenacetin,  being  a  compound  of  para- 
phenetidin with  vanillin.  It  forms  pale,  greenish-yellow 
needles  of  vanilla-like  odor  and  without  taste.  It  is 
freely  soluble  in  alcohol,  ether,  and  chloroform,  but 
with  difficulty  in  water.  This  is  an  antipvretic,  which, 
according  to  Overbach,  possesses  stimulating  properties, 
as  evidenced  by  the  sensation  of  well-being  which  fol- 
lows its  ingestion.  It  is  of  no  use  iu  neuralgia,  but  is 
recommended  as  a  mild,  non-toxic  antipyretic,  especially 
suitable  for  old  people  or  children,  or  in  cases  of  fever 
witli  great  weakness.  W.  A.  Bastedo. 

EUQUININE,  or  Quinine-carbonic-ether  (CO.OC2H5- 
.OCsoH-jsNaO),  is  the  ethyl  carbonic  ester  of  quinine  pro- 
duced by  the  action  of  quinine  on  ethyl  carbonyl  chloride. 
It  forms  white  needle-like  crystals  in  fleecy  masses  which 
melt  at  9.5°  C.  Its  reaction  is  alkaline,  and  its  taste  flat 
with  a  slightly  bitterish  after-taste.  It  dissolves  with 
difficulty  in  water,  but  readily  in  alcohol,  ether,  chloro- 
form, and  dilute  acids,  the  acid  solutions  fluorescing  like 
those  of  other  quinine  compounds.  The  hydrochlorate 
IS  the  most  soluble  salt,  the  sulphate  slightly  soluble 
and  the  tannate  almost  insoluble.  Euquinine  gives  the 
thalleoquiu  reaction,  but  not  the  herapathite  reaction  of 
quinine. 

Euquinine  is  a  quinine  compound  which  clinical  re- 
ports show  to  possess  all  the  valuable  properties  of  the 
mother  substance,  without  causing,  iu  therapeutic  dos- 
age, ringing  of  the  ears,  nausea,  headache,  or  other  symp- 
toms of  cinchonism.  As  it  is  also  practically  tasteless  it 
can  be  admmistered  to  children  with  ease.  It  is  said  also 
to  be  borne  well  by  those  liaving  an  idiosyncrasy  against 
qumme.  Bernheim  uses  it  in  solution  with  ferric  chlor- 
ide for  lavage  in  gastritis  with  dilatation,  and  as  an 
enenia  m  the  stubborn  diari-hcea  of  colitis.  Golinor  pre- 
fers It  to  quinine,  acetanilid,  antipyrin,  or  phenacetin  in 
a  grippe.  For  malaria  it  is  best  preceded  bv  a  mercurial 
laxative  and  combined  with  ginger  or  other  aromatic 
it  IS  highly  recommended  in  whooping-cough  and  the 
fevers  of  phthisis.  The  dose  up  to  2  or  3  gm  (o-r  "xx  - 
-xlv.)  is  shghtly  larger  than  that  of  quinine  sulphate  'and 
It  can  be  administered  in  soup,  gruel,  milk,  cocoa  or 
flavored  syrup.  W.  A.  JM, 
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EUREKA  SPRINGS.— Carroll  County,  Arkansas, 

Post-Office. — Eureka  Springs.     Hotels:  Crescent  and 
Southern,  and  numerous  smaller  houses. 

Access. — Via  Eureka  Springs,  branch  of  the  St.  Louis 
and  San  Francisco  Railroad. 

The  development  of  Eureka  Springs  affords  a  forcible 
object-lesson  of  the  progress  of  civilization  in  the  West- 
ern wilds  of  America.     Where  a  few  years  ago  was  an 
uninhabited  sterile  mountain  glen,  now  nestles  a  bright 
little  city  of  more  than  6,000  inhabitants,  which  number 
is  greatly  increased  by  the  large  floating  population  of 
visitors,  tourists,  business  men,  and  invalids  constantly 
coming  and  going.     The  city  is  lighted  by  gas  and  elec- 
tricity, contains  an  electric  railway  system,  and  excellent 
schools,  hotels,  etc.     The  Interstate  Summer  Normal  and 
Educational  Assembly  have  erected  a  building  with  a 
seating  capacity  of  five  thousand  persons,  in  which  an- 
nual summer  sessions  are  held  and  attended  by  visitors 
from  all  parts  of  the  Union.     The  State  District  Normal 
School  of  Arkansas  is  also  located  here.     The  springs  are 
sixty  in  number,  the  best  known  being  as  follows :   The 
"Crescent,"  "Dairy,"  "Basin,"  "Magnetic,"  "Harding," 
"Little  Eureka,"  "Sweet,"  "Grotto,"  "Mystic,"  "Oil," 
"Arsenic,"  "Cave,"  and   "Cold"  springs.     The   waters 
contain  mainly  carbonates  of  lime  and  magnesia,  with  a 
small  proportion  of  sulphates  and  chlorides.     They  are 
not  strongly  mineralized,  and  differ  but  slightly  from 
each  other.     The  following  table  from  the  report  of  F. 
W.  Clarke,  CJiief  of  Division  of  Chemistry,  United  States 
Geological  Survey,  and  R.  R.  Riggs,*  shows  the  propor- 
tion of  solids  in  four  of  the  principal  springs : 

Grains  per 

United  States 

gallon. 

Crescent  Spring 5  36 

Dairy  Spring ']    6I29 

Basin  Spring g  97 

Magnetic  Spring lo!99 

The  following  table  sent  us  by  Dr.  John  D.  .Jordan 
of  Eureka  Springs,  showssomeof  the  climatic  advantages 
of  the  resort : 

Altitude  above  sea  level 2  000  It 

'Annual  average  precipitation ,' .'  32  79  in' 

I  [Spring 60.85° 

Mean  temperature  (Fahr.)  i  Summer 74.79° 

I  Autumn 58.01° 

t  Winter 42.08° 

Annual  average 58  93° 

Relative  humidity  (per  cent.) .....'.  58.93 

Average  number  of  days  *  S'*;^""  ^^eather . .     309 

per  annum ■   Fair  weather  .. .       90 

„„  .^      .                        "  '  Cloudy  weather.       66 
Death  rate  per  annum 10.33  per  1,000 

.,  '^^.'^.''^i®.  picturesquely  located  on  the  headwaters  of 
the  White  River  in  the  Ozark  Mountains.  A  sojourn  at 
Eureka  Springs  and  the  free  use  of  its  waters  are  stated 
to  be  beneficial  m  a  wide  range  of  affections,  including 
rheumatism  skm,  nervous,  renal  and  bladder  disorders 
dyspepsia,  hay  fever,  and  general  debility. 

James  K.  C'lvuk. 

pJ!!lwf^  SPRINGS.-Humboldt  County,  California. 
-fosT-OPFiCE.— Eureka. 

These  springs  are  located  near  the  town  of  Eureka 
The  waters  belong  to  the  muriated-sulphureted  class' 

the  fnn^f  ■''^''^y^^\}y  P™f-  W-  D-  JoWn  in  1885,  wfth 
the  following  result: 

o,\E  United  States  Gallon  Contains  • 

Solids.                                                           "  ■  . 

Sodium  chloride ,  J^oli 

Sodium  carbonate '  inVU 

Sodium  bromide ....         \^,-]^. 

Potassium  sulphate  ....     JtUi 

Magnesium  chloride [ .'^rJJ 

Magnesium  sulphate .iVrm 

Calcium  carbonate ... .        i'fA 

Calcium  sulphate ,^-™ 

Alumina  . .                       *".50 

Silica ; ; 1.30 

Ferrous  carbonate  .........'.'.'. '^^ 


Eureka 
Springs. 


*  February  15th,  1877. 
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Solids.  Grains. 

Manganese Trace 

Boric  acid Trace 

I9<"?« '■'.'.    Trace! 

Lithium Trace. 

Total "utoii.sr 

Carbonic  acid  sas Small  amount. 

Sulphureted  bydrogen Siiturated. 

This  water  is  now  used  exteusively  b}-  the  residents 
of  the  neighboring  districts.  It  is  also  sliipped  to  San 
Francisco.  The  action  of  the  water  is  laxative  and  diu- 
retic. Jaine.1  K.  Crook. 

EURESOL,  or  resorcin  monoacetate  [CoI-l3(OII)3.CHa- 
CO],  is  a  viscid,  transparent  mass  of  pleasant  odor,  and 
easily  reduced  to  a  powder.  Kromayer  has  obtained 
good  results  in  the  treatment  of  over  sixty  cases  of  acne 
viilgaris,  rosacea,  sycosis,  seborrhcea,  seborrha?ic  eczema, 
etc.  It  is  used  in  acetone  solution  as  a  varnish,  leaving 
a  coating  on  the  skin  when  dry.  W.  A.  Bnstedo. 

EU ROBIN,  or  chrysarobin  triacetate,  is  a  dark  powder, 
insoluble  in  water,  but  soluble  in  chloroform,  acetone, 
ether,  or  acetic  acid.  Kromayer  linds  that  it  causes 
more  reaction  than  chrysarobin  on  chronically  inflamed 
skin,  as  in  chronic  eczema.  He  uses  it  in  one  to  twenty 
per  cent,  acetone  solution  as  a  varnish.  Eugallol  or 
saligallol  may  be  added  with  advantage. 

W.  A.  Biixtedo. 

EUROPHEN. — This  is  one  of  the  many  compounds 
containing  iodine  and  devoid  of  any  disagreeable  odor, 
that  have  been  introduced  as  substitutes  for  iodoform. 
Chemically  it  is  di-isobutylortho-cresol  iodide,  its  for- 
mula being  (^jj^^"  >  CsHaO^^HI.     Its   relation  to  cresol 

and  iodine  is  much  the  same  as  that  of  aristol  to  thymol 
and  iodine. 

It  is  an  extremely  light  amorphous  yellow  powder, 
being  about  five  times  as  bulky  as  iodoform,  with  an 
aromatic  odor  resembling  saffron.  It  contains  37.6  per 
cent,  of  iodine.  It  is  insoluble  in  water  and  glycerin, 
soluble  in  alcohol  up  to  thirty  per  cent. ,  and  in  ether, 
chloroform,  collodion,  and  fatty  oils  up  to  twenty-five 
per  cent.  It  must  be  excluded  from  light  and  heat,  as 
it  is  readily  decomposed.  In  contact  with  water  it  is 
slowly  decomposed,  yielding  free  iodine. 

The  use  of  europhen  is  indicated  in  all  cases  in  which 
iodoform  is  employed  in  wounds  and  ulcers  and  ulcerated 
surfaces,  and  in  diseased  conditions  of  the  nasal  and 
pharyngeal  cavities  of  the  vagina  and  uterus  and  all 
mucous  surfaces.  In  various  forms  of  skin  disease  it 
has  proved  beneficial,  especially  the  acute  and  chronic 
eczemas.  It  is  also  administered  internally  in  all  stages 
of  syphilitic  disease,  but  is  recommended  as  being  most 
active  in  the  third  stage,  and  is  thought  to  replace  the 
iodide  of  potassium  as  a  specific.  The  dose  to  com- 
mence with  should  be  one-quarter  of  a  grain,  gradually  to 
be  increased  to  one  or  two  grains.  If  it  is  administered  too 
rapidly  there  is  a  danger  of  iodism  manifesting  itself. 
The  same  amount  may  be  used  hypodermically,  a  ten- 
per-cent.  solution  in  oil  being  prepared  for  this  purpose. 
For  external  use  as  an  ointment  the  following  has  been 
selected  as  an  excellent  combination:  Europhen,  3  parts; 
olive  oil,  7  parts;  vaseline,  60  parts;  lanolin,  30  parts. 

Beaumont  Small. 

EUSTRONGYLUS  GIGAS.     See  HematodtH. 

EVOLUTION. — (L.  ewlutio,  an  unrolling,  f rom  gwJwre, 
to  unroll  or  unfold.)  The  term  evolution  has  been  em- 
ployed with  various  meanings : 

1.  It  was  used  at  first  in  its  true  etymological  meaning 
of  unrolling  or  unfolding  to  describe  a  supposed  method 
of  the  individual  development  of  organisms. 

2.  Later  it  was  applied  in  a  metaphorical  sense  to  the 
origin  of  species,  where  it  means  simply  continuous  de- 


scent with  modification,  or  the  origin  of  species  by  the 
alteration  of  pre-existing  species. 

3.  Finally,  we  have  the  metaphysical  sense  of  the 
word  when  used  as  the  dc'signation  of  a  system  of  phi- 
losophy that  attempts  to  explain  the  origin  of  all  things 
by  continuous  change.  The  great  exponent  of  the  evo- 
lutionary philosophy  is  Herbert  Spencer.  The  central 
points  m  his  philosophy  are  the  laws  of  the  indestruc- 
tibility of  matter  and  tlie  conservation  of  energy.  Ac- 
cording to  Spencei',  the  result  of  these  laws  is  riiythmic 
motion,  manifested  everywhere  from  the  dance  of  mole- 
cules to  gyrations  of  planets,  and  this  produces  an  alter- 
narion  of  evolution  and  dissolution  throughout  the  uni- 
verse. Spencer  defines  this  evolution  as  "  change  from 
an  indefinite,  incoherent  homogeneity  to  a  definite,  co- 
herent heterogeneity,  through  continuous  differentiations 
and  integrations. " 

Metaphysics  being  beyond  the  scope  of  the  present 
work,  we  will  confine  our  attention  to  the  two  biological 
meanings  of  evolution. 

Evolution  in  Ontogeny.— :\Iodern  embryology  may 
be  said  to  have  begun  with  the  work  on  the  development 
of  the  chick  «hich  Harvey  described  in  his  "Treatise  on 
Generation  "  in  lefil.  By  means  of  a  hand  lens  he  was 
able  to  trace  the  development  of  the  chick  in  a  general 
way  back  to  the  beginning  of  the  second  day.  He  found 
that  the  embryo  arises  from  the  light-colored  spot  in  the 
yolk,  called  by  Fabrieius  the  cicatrinda.  Harvey  saw 
this  dilate  and  become  divided  into  circles,  forming  what 
we  now  call  the  areii  cinhryonalis,  and  this  he  compared 
to  the  iris  of  the  eye  and  called  the  ociilmn  ovi.  At  the 
end  of  the  third  day  he  discovered  a  fine  line  of  red 
around  the  edge  of  the  spot,  "  and  nearly  in  its  centre 
there  appears,"  he  says,  "a  leaping  point  of  the  color  of 
blood  so  small  that  when  it  contracts  it  almost  entirely 
escapes  the  eye,  when  it  dilates  it  shows  like  the  smallest 
spark  of  fire.  Such  is  the  outset  of  animal  life  which 
the  plastic  force  of  nature  puts  in  motion  from  the  most 
insignificant  beginnings."  He  was  unable  to  distinguish 
any  other  paits  of  the  embryo  until  the  fifth  day,  and  he 
describes  in  a  veiy  interesting  way  the  gradual  appear- 
ance of  the  various  organs  of  the  embryo  as  he  saw  them 
from  that  time  until  the  perfect  chick  is  formed. 

One  of  the  great  generalizations  that  Harvey  made  as 
a  result  of  his  observations  is  known  as  the  theory  of 
epifiene-tis.  This  is,  briefly,  that  the  embryo  is  built  up 
gradually  from  a  simple'  beginning  by  the  addition  of 
part  to  part  in  a  definite  order.  Harvey  regarded  the 
Islood  as  "  the  first  engendered  part  .  .  the  source  and 
origin  of  all  other  parts  .  which  thence  obtain  their 
vital  heat  and  become  subservient  to  it  in  its  duties. " 

It  was  in  opposition  to  this  theory  of  epigenesis  that 
the  theory  of  evolution  arose. 

Malpighi,  working  a  little  later  than  Harvey,  and 
probabl}'  having  a  better  microscope,  found  that  the 
blood  is  not  the  "first  engendered  part,"  for  he  could  see 
an  outline  of  the  embryo  before  the  appearance  of  the 
"'puncium  soncjuineimi."  This  small  detail  of  observa- 
tion led  Malpighi  to  reject  Harvey's  whole  theory  of  epi- 
genesis. He  asserted,  instead,  that  the  embryo  as  a  whole 
is  present  in  the  egg  before  incubation,  that  it  is  prede- 
Uneated.  This  led  to  a  great  discussion  which  lasted  for 
more  than  a  lumdrcd  years.  Of  course,  if  the  whole 
embryo  is  predelineated  in  the  egg,  epigenesis  is  an  im- 
possibility;  and  development  must  be  a  process  of  emlu- 
tion.  an  unfolding  of  the  pre-existing  embryo.  The  chief 
exponent  of  this  theory  was  Bonnet,  who  carried  it  out 
to  its  logical  conclusion  (171)2),  and  asserted  that  develop- 
ment is  not  only  a  process  of  evolution,  but  also  that  all 
germs  have  existed  since  the  day  of  creation,  and  that 
each  embryo  contains  in  similar  form  the  germs  of  all 
subsequent  generations. 

The  theory  of  evolution  seems,  on  the  whole,  to  have 
prevailed  as  the  generally  accepted  explanation  of  devel- 
opment until  1812,  when  Jleckel  called  attention  to  a 
Latin  treatise,  "  Theoria  Generationis, "  published  in  1759 
by  Caspar  Frederick  Wolff,  as  the  dissertation  for  his 
doctor's  degree.     In   this  paper  Wolff  had  traced  the 
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development  of  both  the  chick  and  certain  flowering 
plants  back  to  very  simple  beginnings,  and  he  showed 
that  the  development  is  really  an  epigenesis  and  not  an 
evolution.  This  view  has  been  fully  confirmed  by  the 
vast  amount  of  research  in  embryology  that  has  been 
carried  out  during  the  latter  half  of  the  nineteenth  cen^ 
tury. 

The  almost  medieval  theory  of  evolution  ot  Bonnet 
and  his  friends  seems  so  absurd  today  that  it  would 
hardly  be  worth  mentioning  if  it  were  not  for  the  fact 
that  the  theory  has  beenievived  recently  in  a  more  subtle 
form. 

To  be  sure  the  individual  development  of  organisms, 
so  far  as  we  can  see  with  the  eye  or  with  the  most  pow- 
erful microscopes,  is  clearly  a  process  of  epigenesis.  But, 
after  all,  there  is  much  that  still  remains  invisible,  and 
the  utmost  limits  of  our  vision  include  only  superficial 
manifestations  of  forces  working  within  the  protoplasm. 
May  it  not,  then,  be  true  that  the  embryo  is  really  pre- 
formed in  invisible  particles  within  the  germ-plasm? 
May  not  differentiation  be  in  essence  merely  the  visual! 
zation  of  pre-e-\isting  invisible  potentialities?  If  we 
answer  these  questions  in  the  atlirmative,  our  explanation 
of  ontogeny  is  as  much  evolution  as  was  Bonnet's.  There 
has  been  much  discussion  of  this  subject  within  the  past 
ten  years,  but  it  is  so  intimately  connected  with  the 
theories  of  heredity  that  it  will  be  more  conveniently 
reviewed  in  connection  with  that  subject  (see  lierrditii). 

Organic  Evolution. — Usiiallj'  when  one  speaks  of 
evolution  one  means  what  has  been  called  iH'c/diiir  emlii- 
iiiiK,  the  origin  of  diversity  in  the  organic  world  by 
means  of  natural  processes. 

The  opposing  theory  is  thatof  special  ci-ejiiiou.  Accord- 
ing to  this  latter  view,  each  species  was  established  in  the 
beginning  by  a  miraculous  act  of  creation.  Each  species 
is,  then,  a  distinct  and  conci'ete  phenomenon  of  nature. 
There  is  but  one  true  elassification  which  is  to  he  dis- 
covered, not  invented,  by  naturalists. 

From  the  point  of  view  of  evolution,  on  the  other 
hand,  the  great  fact  of  nature  is  the  diversity  of  organic 
forms,  and  no  sharp  line  can  be  drawn  between  varieties, 
species,  genera,  and  families.  A  classification  is  merely 
a  convenient  invention  of  the  human  mind  to  summarize 
the  present  state  of  knowledge  in  regard  to  the  structure 
of  organisni.s,  and  luust  change  from  time  to  time  as  such 
knowledge  increases.  The  idea  of  miraculous  interven- 
tion is  rejected,  and  the  effort  is  to  discover  in  the  organic 
world  the  same  orderly  working  of  the  la^^•s  of  nature 
tliat  has  been  found  to  obtain  in  tiie  inorganic  world. 

In  regard  to  evolution,  it  must  be  borne  in  mind  that 
two  questions  are  involved:  First,  does  the  theory  of 
evolution,  as  a  wliole,  furnish  a  better  summary  of  oiu' 
knowledge  of  organisms  than  the  theoiy  of  special  crea- 
tion? In  other  words,  is  evolution  to  be  regarded  as  an 
historical  fact?  Second,  \vhat  are  the  factors  into  which 
tlie  theory  of  evolution  may  be  resolved,  or,  how  may 
the  fact  of  evolution  be  explained  as  a  process? 

While  there  is  much  diffeience  of  opinion  among  nat 
uralists  in  regard  to  the  second  question,  the  first  is  to- 
day answered  by  alnio.st  every  man  of  science  in  the 
alHrniative.  On  the  other  hand,  tliere  are  many  persons 
wilo  lm\e  not  paid  especial  attention  to  natural  history 
and  who  still  iiold  Id  the  doctrine  of  special  creation. 
Tliereforc.  it  may  be  well  to  give  a  brief  summary  of  the 
evidence  on  which  men  of  science  base  their  belief  in 
e\'olution  as  a  fact. 

Tlie  Ecideiirc  of  Ei-'oliititii,.—\,  In  the  first  place,  we 
have  the  n  ludixjy  of  the  otlin-  scioirex.  For  the  ancients 
tlie  sun,  the  moon,  and  the  planets  were  controlled  in 
tlieir  movements  l)y  attendant  spirits.  Until  well  into 
the  nineteenth  century  the  structure  of  the  earth  w  as  ex- 
plained as  the  result  of  a  si'iies  of  catastrophes  acconi 
panied  by  changes  in  the  order  of  nature.  But  Newton 
showed  that  the  movements  of  the  planets  could  be  de- 
scribed by  the  same  formula  tliat  describes  the  falling  of 
a  stone,  and  the  result  of  the  labors  of  Ilntton,  Lyell 
and  their  successors,  lias  been  to  show  that  the  sirue'lure 
of  the  earth  may  be  explained  as  tlie  gradual  effect  of 


forces  now  to  be  observed  at  work  upon  the  earth's  sur- 
face. In  a  similar  way,  in  physics  and  chemistry  the 
supernatural  has  been  replaced  hy  the  natural,  until  the 
doctrine  of  special  creation,  if  accepted,  would  remain 
the  only  exception  to  the  general  rule  that  all  phenomena 
of  nature  are  to  be  explained  by  natural  laws. 

When  we  say  "explained"  it  must  be  borne  in  mind 
that,  in  realityi  science  explains  nothing.  What  science 
really  does  is  to  describe  phenomena  by  means  of  brief 
formulfE  that  summarize  the  greatest  possible  amount  of 
knowledge.  A  "natural  law  "  is  not  an  object  of  nature, 
it  can  do  nothing.  It  is  merely  a  human  invenrion  to 
summarize  man's  experience  of  the  past  and  his  belief  as 
to  the  future.  When  we  .siy  that  a  stone  falls  with  the 
velocity,  »'  =  gt,  we  mean  that,  whenever  the  experi- 
ment lias  been  tried  under  proper  conditions,  this  formula 
has  been  found  to  descrilje  truly  the  result,  and  we  have 
no  reason  to  believe  that  it  will  not  always  be  found  to 
be  tiue  in  the  future.  And  this  is  all  we  mean  when  we 
.say  that  the  stone  falls  because  of  the  law  of  gravitation. 
In  ordinary  language  we  are  said  to  have  explained  the 
fall  of  the  stone,  but,  in  fact,  we  do  not  know  what 
gravitation  is,  and  we  know  no  more  why  the  stone  falls 
than  we  did  before.  The  common  error  of  deifying  nat- 
ural law  may  be  avoided  if  we  remember  that  a  natural 
law  is  a  description  of  a  sequence  of  events  that  may  be 
expected  to  occur  always  in  the  same  order  under  the 
same  conditions,  and  an  event  is  explained,  or  "made 
plain,"  when  refeiTcd  to  its  proper  place  in  this  se- 
(fuence. 

Now  the  question  before  the  naturalist  is.  Shall  the 
factor  of  special  creation  be  included  in  the  formula  de- 
scriptive of  the  diversity  of  form  in  the  organic  world? 
We  have,  seen  that  in  all  the  other  sciences  the  super- 
natural factors  lia\e  been  rejected  as  superfluous,  there- 
fore from  analogy  it  is  n  priori  probable  tliis  factor  should 
be  rejected  also  in  biological  theory,  including  the  theory 
of  the  origin  of  species. 

2.  Turning  now  to  the  results  of  observation,  it  is  evi- 
dent that  from  the  doctrine  of  special  creation  it  would 
he  impossible  to  predict  anything  in  regard  to  the  dn.tfii- 
ficiitioii  of  animals  and  plants,  except  that  it  might  be 
supposed  that  species  would  bi;  fairly  distinct.  From 
the  theory  of  evolution,  on  the  contraiy,  it  might  be  ex- 
pected that  it  would  be  diflicult  in  many  cases  to  distin- 
guish between  varieties  and  species  on  the  one  hand,  and 
between  species  and  genera  on  the  other.  ]\[(jreover,  it 
would  be  expecteil  that,  to  show  their  true  affinities,  in 
(he  classification  the  si)ecies  would  have  to  be  arranged 
like  the  buds  on  a  tree,  in  which  the  buds  are  the  species, 
while  the  twigs,  the  branches,  and  the  stem  would  rep- 
resent their  hypothetical  lines  of  descent.  These  two 
predictions  are  fully  -^-erified  in  practice,  and  the  theory 
is  to  that  extent  contirmed. 

3.  The  classification  of  species  leads  directly  to  the 
study  of  their  rji-orji-njihieal  (Ustributiini.  The  theory  of 
evohUiou  assumes  that  each  species  began  with  relatively 
few  individuals  in  a  restricted  locality,  from  which  it 
spread  as  the  number  of  individuals  increased  until  it 
reached  its  maximum  extension.  Thus  far  the  theory  of 
special  creation  might  agree  But  it  would  deny  "the 
further  assumprion,  that  each  n'enus  was  at  first  a  single 
sijeeies  whiih,  as  it  gradually  extended  its  area  of  dis- 
trilmtion,  became  exposed  to  dilVerent  conditions  in  dif- 
ferent luuts  of  this  area,  and  that,  as  a  result  of  the  oper- 
ation of  natural  laws,  the  individuals  in  these  different 
sections  became  changed  in  tlie  course  of  generations  so 
as  to  eonsritute  distinct  varieries  and  later  species. 

As  a  corollary  to  this  the(u-ein  of  evolurion,  we  should 
expect  that  the  more  inclusive  a  group,  the  wider  would 
be  Its  range.  The  length  of  time  required  for  the  evolu- 
tion ol  an  order  would  probabh'  be  greater  than  for  that 
ot  a  genus,  hence  there  would  be  more  time  for  migration 
and,  consequently,  a  wider  range 

Another  corrollary  is  that  there  should  be  a  close  rela- 
tion between  the  affinities  of  the  or-anisms  in  any  area 
and  the  pliysical  barriers  separating  it  from  other  areas. 

the  study  of  geograjihical  distribution  confirms  these 


REFERENCE   HANDBOOK   OF   THE   MEDICAi:   SCIENCES, 


Kvoluliuii. 
Evolution, 


predictions.  It  is  found  that,  while  some  species  liave  a 
cosmopolitan  range,  most  species  have  moi'e  restricted 
ranges  than  the  genera  to  which  they  belong,  and  the 
genera  in  turn  have  smaller  ranges  than  their  families  and 
orders. 

The  affinities  of  species  in  any  region  are  found,  in 
fact,  to  depend  more  upon  tin.'  position  of  barriers  than 
upon  the  climate  or  other  conditions.  This  is  shown  by 
a  comparison  of  the  productions  of  the  Noi'thern  hemi- 
sphere with  those  of  the  more  isolated  areas  of  the  South- 
ern hemisphere.  Oceanic  islands,  as  compared  to  conti- 
nental islands,  furnisli  also  important  evidence  on  this 
point. 

It  must  not  be  forgotten,  however,  that  the  facts  of 
geographical  disti'ibution  pi-esent  some  dilliculties  foi-  the 
theory  of  evolution.  B\it,  while  some  of  these  still  re 
main  to  be  solved,  most  of  them  have  been  cleared  up  by 
a  study  of  the  past  history  of  the  earth  and  the  geologi- 
cal sequence  and  distribution  of  organisms. 

4.  It  might  be  expected  that  a.  stadj  of  ]/(il<wntolor/i/ 
would  furnish  the  very  best  evidence  Of  evolution,  if 
it  were  not  for  the  fact  that  the  preservation  of  organ- 
isms as  fossils  depends  on  so  many  factors  of  chance  that 
the  odds  against  the  preservation  of  any  individual,  or 
even  any  species,  are  very  high,  and  the  odds  against  its 
being  both  preserved  and  discovered  by  paleontolo- 
gists are  still  higher.  Nevertheless,  palaeontology  has 
furnished  much  evidence,  and,  so  far  as  it  goes,  it  all 
supports  the  theory. 

In  the  first  place,  the  evidence  from  palaeontology  sup- 
plements that  from  the  present  geographical  distribution 
by  showing  the  geographical  distribution  in  previous 
geological  periods,  and  thus  making  it  possible  to  trace 
the  migrations  of  forms  and  to  explain  their  present 
distribution.  In  some  areas  there  is  a  marked  similarity 
between  species  now  living  on  the  surface  and  the  fossils 
found  in  the  underlying  deposits.  In  cases  in  which  the 
present  distribution  is  discontinuous  to  a  marked  degree, 
as  in  the  marsupials,  tapirs,  and  camels,  it  has  been  found 
that  during  earlier  periods  they  occupied  intermediate 
areas. 

Direct  evidence  is  furnished  by  the  study  of  the  suc- 
cession of  forms  in  geological  time.  In  geneial  it  may 
be  said  that,  the  farther  back  we  go  in  time,  the  less  dif- 
ferentiated the  forms  appear.  And  in  a  few  series,  such 
as  the  camels  and  the  horses,  it  has  been  possible  to  trace 
very  completely  the  line  of  descent  from  a  very  general- 
ized type  to  the  highly  differentiated  forms  now  living. 
The  study  of  such  a  series  leaves  one  with  ^ery  little 
doubt  as  to  the  fact  of  evolution. 

5.  But  the  fossils  are  not  the  only  source  of  informa- 
tion in  regard  to  the  past  hist<n-}'  of  species.  Each  indi- 
vidual may  give  in  the  course"  of  its  development  an 
abbreviated  and  simplified  picture  of  the  Iiistory  of  its 
race.  At  least,  such  is  the  inference  drawn  from  a  large 
body  of  fact  furnished  by  the  study  of  embryology.  It 
has  been  found,  as  a  general  rule,  that  the  earlier  stages 
in  the  development  of  any  form  correspond  to  the  more 
generalized,  lower,  types  of  the  same  group.  And  in 
some  cases,  for  example,  the  fishes,  it  has  been  shown 
that  the  succession  of  these  stages  of  gradually  increas- 
ing differentiation  correspond  with  the  succession  of 
forms  in  geological  time.  This  is  exactly  what  would  be 
expected  on  the  tlieory  of  evolution.  On  the  theory  of 
special  creation  one  would  expect  the  development  of  the 
individual  to  take  place  in  as  direct  a  manner  as  possible, 
unless  there  is  some  physical  necessity  for  the  indirect 
methods  which  give  the  appearance  of  recapitulation  of 
ancestral  history.  That  there  is  no  such  necessity  is 
shown  by  the  absence  of  these  ancestral  stages  in  the 
development  of  many  species,  while  they  are  present  in 
related  forms,  and  by  the  fact  that  two  individuals  may 
reach  a  practically  identical  adult  structure  by  entirely 
different  modes  of  development,  as,  for  example,  indi 
viduals  developed  from  buds  and  from  eggs  of  the  same 
species  (see  article  Budding).  . 

6.  Further  evidence  of  the  past  history  of  a  species  is 
furnished  by  the  presence  of  vestigial  orgam,  organs  that 


are  arrested  in  development  and  are  apparently  of  no  use 
to  the  species  in  whicli  they  occur,  but  Avhich  are  homolo- 
gous with  fully  developed  functional  organs  in  other, 
ustially  lower,  species  of  the  same  or  related  groups. 
The  human  body  contains  a  great  number  of  such  ves- 
tiges. They  arc  perfectly  unintelligible  on  the  theory 
of  special  creation,  and  perfectly  in  harmony  with  the 
theory  of  evolution. 

7.  The  study  of  comparative  anatomy  affords  also 
another  line  of  evidence  concerning  evolution.  This  is 
found  in  the  distribution  of  lioiiiologiins  ori/iinK.  If  each 
species  has  been  created  separately  there  is  no  reason 
why  organs  constructed  on  the  same  fundamental  plan, 
that  is  homologous  organs,  should  not  be  found  in  any 
number  of  species.  But  if,  on  the  contrary,  the  numer- 
ous species  in  any  great  group  have  arisen  by  the  diversi- 
fication of  a  relatively  simple  undifferentiated  type,  then 
we  would  expect  the  species  in  one  group  to  show  their 
common  origin  in  similarity  of  plan  of  structure,  and  we 
would  expect  them  to  differ  in  plan  of  structure  from 
species  of  another  group  having  a  different  origin,  al- 
though their  organs  might  be  called  upon  to  perform 
similar  functions. 

Now  this  is  just  what  we  do  find  to  be  the  case.  An 
internal  digestive  tract  is  a  fundamental  characteristic 
of  all  animals  above  the  Protozoa,  and  we  can  regard  it  as 
probably  more  or  less  homologous  in  all  species.  But 
when  we  come  to  less  fundamental  structui'es,  such  as 
legs,  wings,  and  ej'es,  it  is  found  that  the  homologies 
between  species  are  confined  to  their  own  great  groups. 
For  example,  although  the' wing  of  an  insect  and  the 
wing  of  a  bird  have  exactly  analogous  functions,  they 
are  not  in  any  degree  homologous.  On  the  other  hand, 
the  wing  of  a  bird  and  the  wing  of  a  bat,  wliile  differing 
in  detail,  have  the  same  architectural  plan,  which  is  also 
the  same  as  that  of  the  arm  of  man  and  the  foreleg  of  a 
horse.  Thus  the  fore-limb  throughout  the  vertebrate 
series  is  homologous,  although  difl'ering  greatly  injunc- 
tion. This  is  but  one  of  a  great  many  similar  facts,  all  of 
which  go  to  show  that  the  vertebrates  are  derived  from  a 
common  ancestral  t3'pe.  In  the  same  way  the  eyes  are 
homologous  in  all  vertebrates,  and  are  not  homologous 
with  those  of  any  other  group.  Mivart  thought  he  had 
found  an  homology  in  the  eye  of  the  squid.  In  its  optical 
principles  and  general  form  this  eye  resembles  that  of  a 
vertebrate  very  closely.  But  a  careful  examination  of 
its  mode  of  development  and  minute  structure  shows  that 
it  is  formed  upon  an  entirely  different  plan. 

Looking  back  over  these  seven  lines  of  evidence,  we 
find  that,  while  they  present  some  difficulties,  these  are 
all  capable  of  explanation  from  the  point  of  view  of  evo- 
lution; and  these  lines  of  evidence  support  and  supple- 
ment one  another  so  completely  that  the  man  of  science 
appears  to  be  justified  in  accepting  evolution  as  a  fact, 
provided  he  can  construct  a  valid  theory  to  explain  or 
describe  the  method  of  evolution. 

History  of  the  Theories  of  Eroliition.— The  i&ea,  of  evo- 
lution appears  in  the  speculations  of  the  "nature  philos- 
ophers "  of  the  last  decade  of  the  eighteenth  century  and 
the  first  decade  of  the  nineteenth.  According  to  Osborn, 
this  is  largely  due  to  the  infltience  of  the  Greek  philoso- 
phers. At  any  rate,  the  idea  seems  to  liave  been  in  the 
air  at  this  time,  for  several  of  these  men  suggested  more 
or  less  independently  of  one  another  that  species  are  not 
fixed  things,  btit  are  subject  to  change,  and  that  their 
present  form  is  the  result  of  such  change.  In  each  case, 
however,  it  A\as  more  the  groping  after  a  theory  than 
the  formation  of  one,  and  what  was  of  scientific  value 
was  often  hidden  by  the  fanciful  and  absurd.  The  ques- 
tion was  chiefly  as  to  evolution  as  a  fact,  and  little  at- 
tiempt  was  made  to  answer  the  question  as  to  method,  as 
to  how  evolution  could  be  brought  about. 

The  first  consistent  attempt  to  answer  this  question  of 
method  was  made  by  Lamarck  in  the  year  1809  in  his 
"  Philosophic  Zoologique. "  According  to  Lamarck,  "  the 
systematic  divisions  of  classes,  orders,  families,  genera, 
and  species,  as  well  as  their  designations,  are  the  arbi- 
trary and  artificial  productions  of  man.     The  kinds  or 
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species  of  organisms  are  of  unequal  age,  developed  one 
after  the  other,  and  show  only  a  relative  and  temporary 
persistence;  species  arise  out  of  varieties.  The  differ- 
ence in  the  conditions  of  life  have  a  modifying  mfluence 
on  the  organization,  the  general  form,  and  the  parts  ot 
animals,  and  so  have  the  use  and  disuse  of  organs.  In  the 
first  beginning  only  the  very  simplest  and  lowest  animals 
and  plants  come  into  existence ;  those  of  a  more  complex 
organization  only  at  a  later  period.  The  course  of  the 
earth's  development  and  that  of  its  organic  inhabitants 
was  continuous,  not  interrupted  by  violent  revolutions. 
He  not  only  asserted  as  others  had  done  that  species  have 
developed,  but  he  gave  an  answer  to  the  question,  How  ? 
It  is  a  well-known  fact  that  muscles  and  other  parts  that 
are  much  used  grow  stronger,  become  harder,  or  are 
modified  in  some  way  that  is  usually  of  advantage,  while 
parts  that  are  not  used  tend  to  dwindle.  Lamarck  be- 
lieved that  species  are  subject  to  a  continued  transforma- 
tion by  the  inheritance  of  the  results  of  use  and  disuse. 
As  the  use  and  disuse  of  organs  is  determined  by  the 
habits  of  the  individual,  Lamarck  regarded  habit  as  the 
chief  cause  of  evolution.  An  animal's  wish  to  do  a  cer- 
tain sort  of  thing  and  his  constant  striving  to  do  it  re- 
sulted in  a  change  of  structure  in  his  descendants  that 
would  render  them  better  able  to  do  tliis  thing.  On  the 
face  of  it,  it  seems  reasonable  enough  to  suppose  that  the 
well-known  effects  of  use  and  disuse  are  inherited,  and 
that  varieties  and  finally  whole  species  have  arisen  or 
have  suffered  change  in  that  manner.  But,  when  La- 
marck attempted  to  carry  out  this  theory  in  detail,  he  ran 
into  manifest  absurdities,  as,  for  instance,  when  he  at- 
tributes the  long  neck  of  the  giraffe  to- its  habit  of  striving 
to  reach  the  leaves  of  trees.  It  was  perhaps  as  much  on 
account  of  the  number  of  such  absurdities,  as  on  account 
of  the  advance  beyond  its  age,  that  this  work  of 
Lamarck's  remained  for  a  long  time  in  obscuritj"-,  and 
was  pot  even  mentioned  by  such  men  as  Goethe  and 
Cuvier,  although  Lamarck  held  a  high  rank  by  reason 
of  his  other  works,  especially  his  "  Histoire  Naturelle  des 
Animaux  sans  Vertfibres,"  published  in  1815-22. 

Another  Frenchman,  Etienne  Geoffroy  St.  Hilaire,  ar- 
rived at  a  similar  theory  of  evolution  at  about  the  same 
time  that  Lamarck  did,  but  he  did  not  publish  until  1828 
and  1830.  His  theory  was  the  same  as  Lamarck's,  except 
that  he  laid  less  stress  on  habit  and  the  inherited  effects 
of  use  and  disuse  and  more  on  changes  in  external  condi- 
tions. His  most  important  contribution  is  the  idea  of 
permanence  of  sports  giving  rise  to  new  varieties  and 
species.  He  attacked  Cuvier's  theory  that  the  animal 
kingdom  presents  four  great  independent  types  of  struc- 
ture— radiate,  articulate,  molluscan,  and  vertebrate — and 
attempted  to  prove  that  the  whole  animal  kingdom  is 
formed  upon  a  single  structural  plan.  This  gave  rise  to 
a  dispute  which  culminated  in  the  famous  debates  of 
February  22d  and  July  19th,  1830,  in  which  Cuvier,  with 
his  superior  knowledge  of  comparative  anatomy,  came 
off  the  victor. 

From  this  time  on  for  nearly  tliirty  years  the  believers 
in  special  creation  and  the  permanence  of  species  rested 
assured  of  their  position,  relying  on  the  wide  knowledge 
and  high  authority  of  Cuvier.  They  little  dreamed  of 
the  volcano  beneath  their  feet.  For  the  echoes  of  the 
famous  debate  of  1880  had  hardly  died  away  when 
Charles  Darwin  started  on  a  voyage  that  was  to  ha\e  for 
its  chief  result  the  greatest  revolution  in  thought  of 
modern  times. 

When  Darwin  started  on  his  voyage  in  the  Beagle  in 
1831,  he  took  with  him  a  copy  of  Lyell's  "Principles  of 
Geology,"  and  he  was  thus  predisposed  to  regard  the 
phenomena  of  nature  as  occurring  in  an  orderly  and  un- 
interrupted sequence ;  moreover,  there  was  in  this  book 
a  discussion  of  Lamarck's  theory,  so  that  this  must  also 
have  been  fresh  in  his  mind.  From  his  autol)iography 
(p.  82)  we  learn  that  he  had  been  "deeply  impressed  by 
discovering  in  the  Pampean  formation  great  fossil  ani- 
mals covered  with  armor  like  that  on  existing  armadillos; 
secondly,  by  the  manner  in  which  closely  allied  animals 
replace  one  another  in  proceeding  southward  on  the  con- 
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tinent;  and  thirdly,  by  the  South  American  character  of 
most  of  the  productions  of  the  Galapagos  Archipelago, 
and  more  especially  by  the  manner  in  which  they  differ 
slightly  on  each  island  of  the  group ;  none  of  the  islands 
appearing  to  be  very  ancient  in  a  geological  sense."  It 
seemed  to  him  that  such  facts,  as  well  as  many  others 
could  be  explained  only  by  the  supposition  that  species 
gradually  become  modified.  But  it  seemed  to  him 
equally  evident  that  neither  the  action  of  the  surround- 
ing condition,  as  Geoffroy  St.  Hilaire  thought,  nor  tlie 
will  of  the  organisms,  as  Lamarck  supposed,  could  ac- 
count for  the  innumerable  cases  in  which  organisms  of 
every  kind  are  beautifully  adapted  to  their  habits  of  life. 
In  1837  Darwin  began  to  collect  evidence,  in  the  hope  of 
obtaining  some  light  on  the  subject.  So  far  he  had  gone 
no  farther  than  his  predecessors.  He  had  found  much 
evidence  for  a  theory  of  descent,  but  the  question,  How  ? 
still  remained  unanswered.  In  collecting  facts  he  paid 
special  attention  to  the  modifications  of  domestic  species, 
and  soon  came  to  the  conclusion  that  in  these  cases 
"selection  was  the  keystone  of  man's  success  in  making 
useful  races  of  animals  and  plants.  But  how  selection 
could  be  applied  to  organisms  living  in  a  state  of  nature 
remained  for  some  time  a  mystery." 

In  October,  1838,  Darwin  happened  to  read  for  amuse- 
ment Thomas  Robert  Malthus's  "  Essay  on  the  Principle 
of  Population"  (1803),  and  then  the  solution  of  the  prob- 
lem flashed  upon  him.  Malthus  quotes  from  Benjamin 
Franklin's  "Observations  Concerning  the  Increase  of 
Mankind"  (1751)  the  remark  that  "there  is  no  bound  to 
the  prolific  nature  of  plants  or  animals  but  what  is  made 
by  their  crowding  and  interfering  with  each  other's 
means  of  subsistence."  He  applies  this,  as  Franklin  did, 
to  mankind,  and  he  shows,  moreover,  that  man  tends  to 
increase  in  a  geometrical  progression,  and  that  if  it  were 
not  for  checks  on  population,  the  number  of  human 
beings  on  the  earth  would  be  doubled  at  least  once  in 
every  twenty -five  years.  And,  further,  while  population 
tends  to  increase  in  geometrical  ratio  the  food  supply, 
according  to  Malthus,  can  be  increased  only  at  most  in 
an  arithmetical  ratio.  As  population  tends  to  increase 
faster  than  the  food  supply,  the  lack  of  food  soon  be- 
comes the  principal  check  to  further  increase.  Darwin, 
from  his  long-continued  observation  of  the  habits  of  ani- 
mals and  plants,  was  well  prepared  to  appreciate  the 
struggle  for  existence  which  goes  on  everywhere  as  the 
result  of  this  law  of  increase,  and  it  struck  him  at  once 
"  that  under  these  circumstances  favorable  variations 
would  tend  to  be  preserved  and  unfavorable  ones  to 
be  destroyed.  The  result  of  this  would  be  the  forma- 
tion of  new  species."  Darwin  called  this  the  process 
of  luduriil  seleetioii.  "With  characteristic  caution,  he  did 
not  even  permit  himself  to  write  out  his  theorj'-  for  a 
long  time,  but  continued  searching  for  evidence  for  and 
against  it. 

In  the  mean  time,  Alfred  Russell  Wallace  made  a  jour- 
ney to  the  Malay  Archipelago.  Like  Darwin,  he  was 
much  impressed  by  the  evidences  that  he  found  for  the 
evolution  of  species  While  in  Borneo  in  February,  185.'5, 
he  wrote  a  paper  on  this  subject  that  was  published  in 
the  Annals  and  Magazine  of  I\'atural  History  in  the  fol- 
lowing September.  In  this  paper  he  stated  the  law  that, 
"Every  species  has  come  into  existence  coincident,  both 
in  space  and  time,  with  a  pre-existing,  closely  allied  spe- 
cies." This  is  the  next  thing  to  saving  that  every  species 
has  been  evolved  from  a  pre-existing,  closelv  allied  spe- 
cies. Wallace  evidently  hesitated  to  state  the  law  in  this 
form  because  he  had  no  theorv  to  offer  as  to  the  manner 
m  which  evolution  is  brought  about.  He  brought  for- 
ward the  evidence  from  classification,  from  geographical 
distribution,  palieontology,  and  vestigial  organs;  and  the 
law  that  has  Ijeen  quoted  was  the  final  result  of  this 
paper.  The  question,  "How?"  still  haunted  him,  how- 
ever. Three  years  later,  j\Ir.  Wallace  was  at  Ternate  in 
the  Moluccas  and,  while  confined  to  his  bed  by  fever,  he 
was  meditating  on  this  jiroblem.  The  "  positive  checks  " 
occurred  to  him— war,  disease,  famine,  and  the  like— de- 
scribed by  Malthus  in  his  "Essay  on  Population."     He 
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saw  that  these  must  apply  to  the  animals  as  well  as  to 
man,  and  he  thought  of  the  much  more  rapid  multiplica- 
tion of  animals,  and  then  there  suddenly  flashed  upon 
him  the  idea  of  the  survival  of  the  fittest,  "that  the  indi- 
viduals removed  by  these  checks  must  be  on  the  whole 
inferior  to  those  that  survive."  Three  days  later  a  paper 
embodying  this  theory  was  written  and  on  its  way  to 
England,  addressed,  strange  to  say,  to  Mr.  Darwin,  who 
had  been  working  on  this  same  theory  for  years.  The 
immediate  result  was  that  Darwin  was  reluctantly  per- 
suaded to  publish  an  abstract  of  his  work,  together  with 
Wallace's  paper,  and  the  two  appeared  in  the  Journal  of 
tJie  Proceedings  of  the  Liniieaii  Society  for  1858  ("ZooL," 
vol.  iii.,  1858,  p.  45).  In  1859  the  "Origin  of  Species" 
was  given  to  the  world  and  gave  the  impetus  to  that 
great  revolution  in  thought  to  which  we  have  already 
referred. 

We  certainly  cannot  honor  too  highly  the  pure  love  of 
truth  and  devotion  to  science,  uncontaminated  b}'  ambi- 
iion  for  fame,  which  we  see  in  these  two  men,  and  we 
are  especially  called  upon  to  admire  the  loyal  and  un- 
grudging way  in  which  Wallace  attributes  all  the  honor 
of  the  great  discovery  to  Darwin.  It  is  of  interest  to  us 
Americans  to  note  that  the  man  who  furnished  the  nec- 
essary cue  to  both  Darwin  and  Wallace,  Thomas  Robert 
Maltiius,  received  it  in  turn  from  our  fellow-countryman, 
Benjamin  Franklin, 

We  are  indebted  to  Darwin  for  the  first  presentation  of 
a  theory  of  evolution  that  carried  with  it  conviction  to 
the  scientific  mind.  Because  it  did  carry  conviction  it 
was  attacked  with  great  vigor  on  all  sides,  scientific  and 
unscientific  alike.  The  younger  generation  of  to-day 
can  hardly  appreciate  the  bitterness  of  the  struggle  be- 
tween the  advocates  of  tradition  and  those  of  the  new 
idea. 

As  men  of  science  gradually  became  convinced  of  the 
fact  of  evolution,  there  arose  a  calmer  discussion  as  to 
the  method.  Some  have  held  that  natural  selection  is 
the  sole  factor ;  others,  that  it  is  the  prime  factor,  but 
that  it  is  supplemented  by  other  factors ;  then  there  are 
the  "neo-Lamarckians,"  who  hold  that,  while  natural 
selection  is  a  factor,  it  is  one  of  minor  importance  com- 
pared to  the  inheritance  of  acquired  modifications.  We 
will  turn  now  to  a  very  brief  consideration  of  each  of 
these  factors. 

Factors  of  Organic  Evolution,  Variation. — Variation 
may  be  defined  as  deviation  from  the  type  of  the  species, 
race,  or  family,  or  from  whatever  may  be  taken  as  the 
standard.  Without  variation  there  could  be  no  change 
of  type,  and  variation  must,  therefore,  be  at  the  basis  of 
every  theory  of  evolution. 

So  long  as  species  were  regarded  as  fixed,  immutable 
objects  of  nature  variations  were  generally  disregarded. 
Thus,  when  Darwin  began  to  collect  data  on  the  subject 
he  found  few  recorded  observations.  While  he  succeeded 
.  in  finding  much  evidence  of  variability  in  domestic  races, 
he  supposed  variations  of  wild  races  to  be  relatively  in- 
frequent and  slight  in  amount.  Wallace  was  the  first  to 
point  out  that  wild  species  are  frequently  highly  vari- 
able. During  the  past  decade  a  great  deal  of  attention 
has  ijcen  paid  to  variation,  and  a  considerable  amount  of 
literature  has  accumulated  on  the  subject. 

It  has  been  found  that  all  characteristics  of  organisms 
are  subject  to  variation.  Some  variations  are  congenital, 
that  is,  apparently  independent  of  the  environment; 
while  others  are  acquired  modifications  due  to  a  reac- 
tion of  the  organism  to  a  definite  factor  in  the  environ- 
ment. .        .  ,         J  .   , 

Variations  may  be  abnormal,  that  is,  wide  and  inlre- 
quent  departures  from  the  type,  such  as  the  horticul- 
turists call  sports;  or  they  may  be  normal,^  occur- 
ring in  varying  degrees  in  a  majority  of  the  individuals 
of  the  species,  as,  for  example,  variations  of  stature  in 
man.  . 

The  fiTst  quantitative  measurements  of  variation  were 
made  by  J.  A.  Allen  in  1871.  Galton  a  little  later  intro- 
duced the  statistical  treatment  of  variations,  and  Pear- 
son has  shown  how  they  may  be  subjected  to  accurate 


mathematical  analysis.  The  subject  will  be  treated  lici-e 
only  so  far  as  may  be  necessary  for  the  understanding 
of  natural  selection.  (For  more  extended  treatment,  see 
article  Variation.) 

Most  persons  I'egard  "chance  "as  something  entirely 
apart  from  law— something  which  cannot  lie  predicted. 
But  the  mathematicians  have  shown  long  ago  that  chance 
is  subject  to  strict  mathematical  laws.  Single  events 
cannot  be  predicted,  it  is  true,  but  the  general  result  can 
be  predicted  with  certainty.  For  example,  Weldon  has 
published  the  results  of  four  series  of  experiments  in 
throwing  dice.  In  each  series  there  were  4,096  throws 
of  12  dice,  and  at  each  throw  the  number  of  dice  having 
more  than  three  points  on  the  upper  side  were  counted 
and  recorded.  The  fi-equency  with  which  1,  2,  3,  etc., 
dice  showed  more  than  three  points  was  tabuluted — and 
the  results,  when  plotted,  were  found  to  follow  very 
closely  the  theoretical  curve  of  chance,  which  is  described 
hy  an  exact  mathematical  formula.  Now  it  is  found  in 
a  large  number  of  cases  that  the  variations  in  the  charac- 
ters of  organisms  which  can  be  determined  accurately — 
by  counting,  as  the  number  of  ray  flowers  in  the  daisy ; 
or  by  measurement,  as  tlie  length  of  a  man's  head — when 
tabulated  and  plotted  occur  with  the  frequencies  pre- 
dicted by  the  law  of  chance.  So  we  may  say  that  nor- 
mal variations  occur,  as  a  rule,  by  chance. 

This  is  best  illustrated  by  an  example.  In  the  course 
of  investigations  carried  on  under  the  direction  of  the 
writer,  measurements  were  made  of  the  width  of  the 
angle  at  the  apex  of  the  shell  in  ninety-seven  specimens 
of  Purpura  la.pilliis,  a  marine  snail  common  on  the  New 
England  coast.     The  results  were  tabulated  as  follows ; 


Wiath  of  angle  In 
Frequency 


, .  60-85 
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Classes. 
65-70  70-75  75-80  80-85 
31    45    24     i 


These  results  may  be  represented  graphically  by  the 
five  rectangles  in  Fig.  1945,  where  the  limits  of  the  class 


Number- 
50 


Fig.  1945.— Graphic  Representation  of  a  Series  of  Variations.    Varlar 
Hon  in  tlie  width  of  the  angle  at  the  apex  of  the  shell  in  Furpura 


are  represented  by  the  width  of  the  rectangle,  and  the 
height  represents  the  number  of  individuals  included,  or 
its  frequency.  It  will  be  noticed  that  the  middle  rec- 
tangle is  the  highest  and,  therefore,  represents  the  most 
frequent  class.  This  has  been  called  the  mode,  or  model 
class,  and  may  be  taken  as  representing  the  type  of  apical 
angle  for  the  species.  It  will  be  noticed  also  that  the 
classes  having  the  least  frequency  are  those  farthest  re- 
moved from  the  mode.  By  some  easy  mathematics  one 
may  readily  obtain  the  general  average,  or  arithmetical 
mean,  of  all   the  measurements,  which  in  this  case  is 
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73.26°,  and  on  the  diagram  (Pig.  1945)  is  represented  by 
the  position  of  the  line  Mao.  Tlie  mean  of  any  character 
may  he  talien  also  as  the  type  for  the  species,  and  this  is 
used  much  more  frequently  than  the  mode  as  tlie  stand- 
ard from  which  to  measure  variations.  We  may  obtain 
a  rough  idea  of  the  variability  of  a  character  by  observ- 
ing the  extreme  range  of  variation  from  the  lowest  to  the 
highest  value.  But  this  cannot  be  done  very  accurately 
and  conveys  no  information  as  to  the  relative  frequency 
of  the  intermediate  values.  A  better  idea  may  be  ob- 
tained by  calculating  what  is  called  thi^  utriiulurd  deviation 


(•^ 


4/  -yH-D,   see  article  Vaviatiuii). 


In  our  exam- 


ple this  has  the  value  of  4.36°,  and  is  represented  at  a  in 
the  diagram.  Knowing  the  total  number  of  individuals 
measured,  the  mean,  and  the  standard  deviation,  it  is 
possible  by  the  use  of  appropriate  formula;  and  tables 
(Davenport,  "  Statistical  Methods  ")  to  calculate  and  plot 
the  corresponding  theoretical  norimil  curve  of  chance. 
This  is  represented  in  the  diagram  by  the  heavj'  broken 
line.  This  means  that  if,  instead  of  taking  ninety -seven 
individuals  and  dividing  them  into  five  classes,  we  had 
taken  a  very  large  number  of  individuals,  several  thou- 
sand at  least,  and  divided  them  into  very  many  classes, 
we  should  expect  to  obtain  a  series  of  rectangles,  the 
tops  of  wliich  would  follow  the  broken  line ;  and  in  our 
diagram  it  will  be  noticed  that  the  straight  lines  connect- 
ing the  middle  points  in  the  tops  of  the  rectangles  fol- 
low pretty  closely  the  theoretical  curve.  Thus,  although 
only  ninety -seven  specimens  were  taken,  much  too  few 
for  accurate  results,  it  is  evident  that  the  different  varia- 
tions in  the  acuteness  of  the  apex  in  Purpura  occur  ap- 
proximately with  the  frequency  predicted  by  the  law  of 
chance.  In  calculating  this  curve  it  has  been  assumed 
that  the  mode  and  the  mean  coincide  and  that  variations 
less  than  the  mean  and  those  greater  tlian  the  mean  oc- 
cur normally  with  equal  frequency,  so  that  the  curve  is 
perfectly  symmetrical.  In  many  cases,  however,  it  has 
been  found  that  the  frequency  of  variations  is  best  repre- 
sented by  a  curve  where  the  mean  and  the  mode  do  not 
coincide.  In  such  cases  the  curve  is  asymmetrical,  and 
is  called  a  skew  curve. 

In  other  cases  it  has  been  found  that  there  are  two  or 
more  classes  containing  a  large  number  of  individuals 
with  intermediate  classes  containing  few.  The  curve 
plotted  from  such  a  series  of  observations  would  present 
two  or  more  modes,  as  the  case  might  be,  and  would  be 
what  is  called  a  multimodal  curve.     An  example  of  such 
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Width  In  Millimetres. 

Fig.  1946.— Example  of  a  Multimodal  Curve.    Variation  In  the  wirifv, 

a  curve  is- shown  in  Fig.  1946,  which  represents  the  dis- 
tribution of  variations  in  the  width  of  the  leaf  of  the  cat- 
tail.    The  data  from  which  the  curve  is  plotted  are  ob- 
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tained  from  measurements  of  the  widest  part  of  the  widest 
leaf  in  two  hundred  and  tifty  specimens,  and  are  as  fol- 
lows: 
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After  allowing  for  minor  irregularities,  due  probably  to 
the  small  number  of  observations,  there  are  evidently  two 
modes,  one  at  6  mm.  and  the  other  at  15. 

This  illustrates  the  distinction  between  individual 
variaMon  and  racial  rariation.  So  long  as  the  variations 
are  distributed  about  a  single  type  we  have  what  is  called 
individual  variation,  and  the  variability  of  the  species  in 
respect  to  the  character  in  question  is  measured  by  its 
standard  deviation.  But  where  there  are  several  modes 
— sevei'al  types  about  which  variations  are  distributed — 
we  have  what  may  be  called  racial  variation,  and  this 
kind  of  variability  is  measured  by  the  number  of  modes 
and  their  distance  apart.  Racial  variability  tends  to  di- 
vide the  species  into  races,  or  sub-species.  In  fact,  botan- 
ists divide  the  cat-tails  into  two  distinct  species,  Typha 
latifolia  L.  and  T.  angustifolia  L.  But  Blankinship  has 
shown  that  these  two  groups  grade  into  one  another  in 
all  their  chai'acters,  and  this  is  a  good  example  of  the 
difficulty,  often  met  with,  of  drawing  a  sharp  line  be- 
tween species. 

So  far  single  variations  have  been  treated  as  if  the}' 
were  isolated  objects.  As  a  matter  of  fact,  they  never 
occur  as  such  in  nature,  for  every  individual  is  made  up 
of  a  great  many  characters ;  and  the  question  arises.  Is 
there  any  relation  between  the  deviation  of  one  charactei- 
and  the  deviations  of  other  characters  in  the  same  indi- 
vidual? Such  a  relation  is  called  the  correlation  of  varia- 
tions, and  Darwin  gave  many  interesting  examples  of  it. 
Since  then  Galton  has  pointed  out  a  method  by  which 
correlation  may  be  studied  very  exactly,  and  the  degree 
of  correlation  may  be  given  mathematical  expression. 
If  in  a  number  of  individuals  character  A  deviates  from 
its  mean  Ma  by  the  amount  Xa.  it  is  possible  to  deter- 
mine what  will  be  the  average  deviation  Xb  of  the  char- 
acter B  from  its  mean  2fb  (see  article  Variation). 

While  much  work  is  still  to  be  done  in  this  line, 
eiiough  has  been  accomplished  to  show  that  correlations 
of  this  kind  are  common  among  normal  variations ;  and 
this  is  a  fact  of  the  highest  importance  for  the  theory  of 
evolution. 

Heredity.— Rem&itj  is  a  special  case  of  correlation.  It 
IS  the  con-elation  between  the  variations  of  homologous 
organs  in  individuals  related  by  birth,  especially  those  in 
the  relation  of  parent  and  offspring.  The  facts  of  hered- 
ity are  of  equal  importance  with  the  tacts  of  variation. 
For  if  this  correlation  did  not  exist,  or,  to  use  the  com- 
mon metaphor,  if  there  were  no  inheritance  of  variations 
progressive  change  of  type,  evolution,  would  be  as  im- 
possible as  if  there  were  no  variation  at  all. 

The  facts  and  theories  of  inheritance  will  be  discussed 
more  fully  elsewhere  (see  articles  Heredity  &u&  Reversion) 
Attention  here  will  be  confined  to  a  few  'facts  of  especial 
importance  in  connection  with  the  subject  of  the  present 
article. 

In  the  first  place  it  may  be  noted  that  there  are  three 
chiel  forms  of  inheritance:  (1)  Blended  inheritance  where 
the  character  in  the  offspring  partakes  of  the  qualities 
of  both  parents,  as  in  stature;  (3)  e.vehi.'iive  inheritance, 
where  the  character  in  the  cliild  is  like  that  in  one  parent 
but  not  like  the  other,  if  it  differ  from  the  first,  as  in  the 
color  of  the  eye ;   (3)  particulate  inheritance,  where  the 
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child  resembles  one  parent  in  one  character  and  the  other 
in  another  character.  For  example,  a  child  may  have  its 
mother's  eyes  and  its  father's  nose. 

In  general,  all  congenital  chariicters,  whether  they  be 
new  acquisitions  or  inheritances,  may  be  transmitted  to 
the  offspring.  But  it  is  extremely  doubtful  if  acquired 
modifications  are  ever  inherited  (see  p.  35).  Sometimes 
the  correlation  of  the  offspring  will  be  much  stronger 
with  one  parent  than  with  the  other,  and  the  parent 
which  the  offspring  tends  to  resemble  the  most  is  then 
said  to  be  preportent.  This  is  often  the  case  with  sports, 
as  in  the  famous  Ancon  breed  of  sheep  that  arose  in 
Massachusetts  in  the  latter  part  of  the  eighteenth  cen- 
tury. In  domestic  races  pure  bred  animals  are  generally 
prepotent  over  mongrels. 

Heredity  is  measured  in  the  same  way  that  correlation 
is.  But  a  complication  arises  owing  to  the  fact  that 
most  individuals  have  two  parents.  In  order  to  avoid 
the  difficulty  of  measuring  the  correlation  of  three  varia- 
bles, the  two  parents  are  combined  into  one  imaginary 
individual  known  as  the  mid-parent.  Then  it  is  easy 
to  find  the  correlation  between  mid-parent  and  oif- 
spring. 

Pearson  gives  the  following  formula  for  finding  the 
mid-parent: 

where  Ai  =  value  of  the  character  in  the  father,  ?h  =  the 
same  in  mother,  a,  =  standard  deviation  of  fathers  in 
general,  ctj=  the  same  for  mothers,  and  H  —  the  charac 
ter  in  the  mid-parent. 

It  might  be  expected  that  the  average  offspring  would 
be  like  the  mid-parent.  But,  as  a  matter  of  fact,  it  is 
found  by  observation  that,  while  some  children  may  be 
exactly  like  the  mid-parent  and  some  more  peculiai-,  the 
average  of  the  offspring  will  be  less  peculiar,  more 
nearly  like  the  general  average  of  the  population,  than 
the  mid-parent,  if  that  be  possible.  This  is  called  /•<- 
gression.  The  amount  of  regression  differs  with  different 
characters  in  different  species,  but  in  general  it  may  be 
said  that  the  offspring  on  the  average  will  be  about  two- 
thirds  as  peculiar  as  the  mid-parent,  or  one-third  as  either 
parent  considered  alone.  This  may  be  accounted  for, 
perhaps,  by  reference  to  the  previous  ancestry.  For  if 
there  be  no  selection  or  inbreeding,  the  number  of  ances- 
tors in  each  generation  increase  as  we  go  backward  in 
geometrical  ratio  until  they  soon  form  all  together  a  fair 
sample  of  the  population  as  a  whole.  In  the  tenth  gen- 
eration back  there  are  ten  hundred  and  twenty -four  an- 

On  the  other  hand,  we  have  the  seemingly  paradoxical 
fact  of  regression  in  the  opposite  sense.  That  is,  if  we 
take  a  large  number  of  children  all  deviating  in  a  certam 
character  to  a  given  degree  from  the  average  of  the  pop- 
ulation, it  will  be  found  that  the  average  of  their  niid- 
parents  will  be  only  one-third  as  peculiar.  This  is  sim- 
ply due  to  the  fact  that  mediocre  mid-parents  are  more 
common  than  peculiar  ones  (see  Fig.  1945).  From  tliese 
facts  Galton  has  derived  a  law  of  heredity,  which  Pear- 
son states  in  the  following  words: 

"  Each  parent  contributes  on  an  average  one-quarter, 
or  ay  each  grandparent  one-sixteenth,  or  (|)^  and  so 
on  and  that  generally  the  occupier  of  each  ancestral 
place  in  the  nth  degree,  whatever  the  value  of  u,  con- 
tributes ii)'"  of  the  heritage." 

Mathematically  this  would  be, 

A  =  iH,+iH.  +  iHs+  .  .  etc., 
a  geometrical  progression  approaching  a  limit  =  1,  when 
A  =  the  average  deviation  of  the  offspring,  and  H,,  Ms, 
H,  etc  =  the  deviation  in  the  mid-parent,  mid-grand- 
parent, mid-great-grandparent,  etc.  But  Galton  s  series, 
V    1     1  1^,  etc.,  may  not  be  true  in  all   cases. 

So  Pearson  replaces  these  figures  by  symbols  that  may 
express  any  geometrical  progression,  ya,  ya  ,  ya  _ . 
ya"  etc  in  which  there  are  two  factors,  one  constant  m 
each  generation,  y,  and  one  which  varies  in  geometrical 


series,  n,  a',  c'',  clc*  Then  allowing  for  difference  of 
variability,  as  well  as  differences  in  deviation  and  mean, 
of  past  generations  of  mid- parents,  Pearson  gets  the 
following  te?"  of  ancestral  heredity: 
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where  h  =  average  deviation  of  tlie  offspring,  H,,  Hj, 
Hs,  etc.  =  the  deviation  from  the  means  of  their  genera- 
tion of  the  mid-parents,  mid-grandparents,  etc.,  a  = 
standard  deviation,  variability,  of  all  olfspring,  a,,  a^,  a.,, 
etc.  =  variability  of  the  race  in  the  generations  to  which 
the  successive  mid-parents  belong,  and  y  is  the  eonsiavt 
oflierediiy,  upon  which  all  hereditary  influence  depends. 
This,  in  Mr.  Galton's  formula,  would  be  y  =  1.  But  it 
may  be  found  to  vary  in  different  species  and  in  different 
organs. 

As  to  the  importance  of  the  law  of  ancestral  heredity, 
Pearson  .says:  "  If  Darwinism  be  the  true  view  of  evolu- 
tion, i.e.,  if  we  are  to  describe  evolution  by  natural  selec- 
tion combined  with  heredity,  then  the  law  which  gives 
us  definitely  and  concisely  the  type  of  the  offspring  in 
terms  of  ancestral  peculiarities  is  at  once  the  foundation 
stone  of  biology  and  the  basis  upon  which  heredity  be- 
comes an  exact  branch  of  science." 

The  Struggle  for  Enstenre.— With  the  straggle  for  ex- 
istence we  come  to  the  first  of  the  distinctively  Darwin- 
ian factors  of  evolution. 

Darwin's  definition  is  as  follows.  He  says:  "I  should 
premise  that  I  use  this  term  in  a  large  and  metaphorical 
sense,  including  dependence  of  one  being  on  another,  and 
including  not  only  the  life  of  the  individual,  but  success 
in  leaving  progeny.  Two  canine  animals,  in  a  time  of 
dearth,  may  be  truly  said  to  struggle  with  each  other 
which  shall  get  food  and  live.  But  a  plant  on  the  edge 
of  a  desert  is  said  to  struggle  for  Ufe  against  the  drought, 
though  more  properly  it  should  be  said  to  be  dependent 
on  the  moisture.  A  plant  which  annually  produces  a 
thousand  seeds,  of  which  only  one  of  an  average  comes 
to  maturity,  may  be  more  truly  said  to  struggle  with  the 
plants  of  the  same  and  other  kinds  which  already  clofflie 
the  ground.  The  mistletoe  is  dependent  on  the  apple 
and  a  few  other  trees,  but  can  only  in  a  far-fetched  sense 
be  said  to  struggle  with  these  trees,  for,  if  too  many  of 
these  parasites  grow  on  thi;  same  tree,  it  languishes  and 
dies.  But  several  seedling  mistletoes  growing  close  to- 
gether on  the  same  branch  may  more  truly  be  said  to 
struggle  with  each  other.  As  the  mistletoe  is  dissemi- 
nated by  birds,  its  existence  depends  on  them ;  and  it  may 
metaphorically  be  said  to  struggle  with  other  fruit-bear- 
ing plants,  in  tempting  the  birds  to  devour  and  thus  dis- 
seminate its  seeds.  In  these  several  senses,  which  pass 
into  each  other,  I  use  for  convenience's  sake  the  general 
term  struggle  for  existence  "  ("Origin  of  Species,"  6th  ed. 
vol.  i.,  p.  78). 

Wallace  uses  the  term  without  giving  a  definition,  in 
his  essay  of  1858  he  says:  " The  life  of  wild  animals  is  a 
struggle  for  existence.  The  full  exertion  of  all  their 
faculties  and  all  their  energies  is  required  to  preserve 
their  own  existence  and  provide  for  that  of  their  infant 
offspring.  The  possibility  of  procuring  food  during  the 
least  favorable  seasons,  and  of  escaping  the  attacks  of 
their  most  dangerous  enemies,  are  the  primary  conditions 
which  determine  the  existence  both  of  individuals  and  of 
entire  species. " 


*  Then  substituting,  we  have : 

h.  =  v  (aH,  i-a^Hj-f  a3  Hs  +  .  •  ■  etc.). 


Now  when  y{a  +  a^  +  a^  +  --  -etc.)  =  1,  then  j^^  -  1 


]  -a      1 


-1. 


ya 

-  a 

1 


—  =.  1  +  V,  ana  a  =  j-qr:,,- 


So  n,  a»,  »=,...«.".■-  etc.,  may  be  replaced  in  the  formula  by 
1      '      'l   '  1 


rr^  (1+7)''  •■  •  (i+v)'" 


.  .  .,  etc. 
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This  term,  struggle  for  existence,  is  a  convenient  one, 
and  it  conveys  a  verj-  vivid  impression  as  to  what  takes 
place.  But  it  may  convey  a  false  idea  unless  we  are 
careful  to  boar  in  mind  the  metaphorical  character  of  the 
expression.  It  may  help  us  to  do  this  if  we  can  find  for 
this  term  a  definition  which  in  itself  shall  be  free  from 
metaphors. 

Spencer  has  defined  life  as  "  the  continuous  adjustment 
of  internal  relations  to  external  relations  "  ("  Principles  of 
Biology,"  3d  ed.,  vol.  i.,  p.  99).  So  long  as  the  external 
relations  are  favorable,  this  adjustment  is  made  easily. 
AVhen  they  become  unfavorable  it  is  made  with  diftl- 
culty,  and  when  it  becomes  impossible  the  organism  dies. 
Therefore  we  may  define  the  struggle  for  existence  as 
the  tendency  of  organisms  to  preserve  a  continuous  ad- 
justment of  internal  relations  to  unfavorable  external 
relations. 

The  meaning  of  this  will  be  more  clear  wlien  we  con- 
sider what  are  these  unfavorable  external  relations  in 
which  life  becomes  a  struggle  for  existence.  They  may 
be  classified  under  three  divisions:  (1)  adverse  physical 
conditions,  (2)  enemies,  and  (3)  competition. 

1.  The  Struggle  against  Adverse  Pliysieal  Conditions.— 
Conditions  that  are  adverse  for  one  species  may  be  favor- 
able for  another.  Thus  the  polar  bear  is  unable  to  live 
on  the  hot  sands  of  the  Sahara,  and  the  polar  ice  fields 
would  be  equally  fatal  to  the  lion.  A  fish  cannot  live  in 
the  air,  nor  a  bird  under  water.  So  what  constitutes  an 
unfavorable  physical  condition  depends  largely  upon  the 
constitution  of  the  organism  that  meets  it. 

There  are  doubtless  large  numbers  of  individuals  and 
species  which,  so  long  as  they  remain  in  their  native 
habitat,  never  have  to  contend  with  adverse  physical 
conditions.  Such  is  true,  for  example,  of  the  majority 
of  dwellers  in  the  sea,  and  it  applies  equally  well  to  the 
inhabitants  of  many  tropical  lands.  The  i.slands  of  the 
Antilles  with  their  abundant  rains,  and  even,  warm  tem- 
perature, are  as  favoi'able  as  possible  for  life.  The  only 
unfavorable  condition  is  the  occasional  hurricane,  when 
the  rivers  "come  down,"  as  they  say,  in  irresistible  tor- 
rents and  the  wind  tears  huge  trees  up  by  the  roots,  while 
the  seas  dash  against  the  shores  with  appalling  fury. 
Except  for  these  infrequent  catastrophes,  the  processes 
of  life  are  favored  continually  by  the  physical  conditions 
on  land  as  well  as  in  the  sea. 

It  is  in  our  own  temperate  region,  with  its  extremes  of 
heat  and  cold  and  sudden  changes  from  moisture  to 
dryness,  that  the  adjustment  of  internal  relations  to  ex- 
ternal relations  is  attended  with  difflcidty.  We  see  this 
adjustment  taking  place  annually  at  the  time  of  the 
falling  of  the  leaf,  when  the  trees  prepare  themselves  to 
withstand  the  frosts  of  winter.  The  leaves  are  cut  off 
by  an  ingrowth  of  bark.  The  absorption  of  water  is  sus- 
pended, and  the  protoplasm  becomes  concentrated  in  the 
cells  already  heavily  laden  with  starch.  The  embryonic 
tissue  is  confined  to  a  thin  layer  under  the  bark  and  to 
small  areas  in  the  buds  protected  by  thick  envelopes, 
often  lined  with  down,  and  varnished  on  the  outside ;  and 
the  cells  of  other  parts  acquire  a  thick  wall  of  cellulose 
which  renders  them  incapable  of  further  growth.  Thus 
in  the  cool  days  of  fall  the  trees  prepare  to  resist  the 
freezing  of  winter,  and  usually  this  is  successful.  But 
sometimes  it  fails. 

The  summer  of  1879  in  England  was  cool  and  damp  so 
that  the  new  wood  was  not  properly  matured.  This  was 
followed  by  an  unusually  severe  winter,  and  all  over  the 
country  thousands  of  perennial  plants  wei-e  killed  or  se- 
verely injured  by  freezing.  In  one  locality  every  com- 
mon shrub  was  killed  to  the  ground  (Henslow,  "  Frost 
Rt;port,"  1887).  In  this  country  it  happens  frequently 
that  warm  days  in  early  spring  tempt  the  trees  to  tlirow 
off  their  winter  protection,  and  send  forth  the  young 
shoots  and  fiower-buds.  Then  comes  a  late  frost,  and  all 
the  growing  parts  are  killed. 

But  extreme  cold  is  even  more  disastrous  to  animals 
Darwin  says;   "I  estimated  (chiefly  from  the  greatly  re- 
duced numbers  of  nests  in  the  spring)  that  the  winter  of 
1854-55  destroyed  four-fifths  of  the   birds  in  my  own 
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grounds."  After  the  great  storm  of  February  1st,  1898, 
Professor  Bumpus  found  one  hundred  and  thirty-six 
spari-ows  lying  helpless  upon  the  ground  in  Providence, 
of  which  sixty-four  were  dead  or  dying. 

The  effects  of  drought  upon  animals  as  well  as  plants 
are  so  well  known  that  they  need  not  be  desciibed. 

3.  Enemies.— V>a,Y^'in  regards  extremes  of  cold  and 
drought  as  ju'obably  the  most  effective  of  all  checks  on 
population.  But  the  depredations  of  enemies  constitute 
a  check  which  is  even  of  more  universal  effect. 

Ernest  Seton  Thompson  says;  "The  life  of  a  wild  ani- 
mal always  has  a  tragic  end. "  There  is  hardly  an  animal 
or  a  plant,  from  the  humblest  protophyte  toman  himself, 
that  is  not  subject  to  the  attacks  of  other  organisms. 
Herbivorous  animals  feed  upon  the  plants,  and  these 
animals  in  their  turn  form  the  food  of  carnivorous  spe- 
cies. Those  that  escape  being  devoured  in  this  way,  and 
successfully  resist  the  effects  of  climate  usually  at  last 
fall  a  prey  to  the  inroads  of  bacteria  or  other  parasites. 

Plants  are  particularly  subject  to  destruction  in  the 
early  stages  of  their  growth.  Darwin  dug  and  cleared 
a  piece  of  ground  three  feet  long  and  two  feet  wide,  and 
then  marked  all  the  seedlings  of  the  native  weeds  as  they 
came  up,  and  out  of  the  357  no  less  than  395  were  de- 
stroyed, chiefly  by  slugs  and  insects  ("Origin  of  Species," 
vol.  i.,  p.  83). 

Judd  says ;  "  It  is  not  at  all  uncommon  for  a  crow  or 
blackbird  "to  eat  from  30  to  50  seeds  of  smartweed  or 
bindweed,  or  a  field  sparrow  100  seeds  of  crab  grass,  at 
a  single  meal.  In  the  stomach  of  Nuttall's  sparrow  were 
found  300  seeds  of  amaranth,  and  in  another  300  seeds  of 
lamb's  quarters,  a  tree  spari'ow  had  consumed  700  seeds 
of  pigeon  grass,  while  a  snowflake  from  Shrewsbur}-, 
Mass.,  which  had  been  breakfasting  in  a  garden  in  Feb- 
ruary, had  picked  up  1,000  seeds  of  pigweed"  ("Year 
Book,  United  States  Agricultural  Department,"  1898,  p. 
333).  Professor  Beal  has  estimated  that  in  the  State  of 
Iowa  the  tree  sparrows  alone  destroy  annually  about 
1,750,000  pounds,  or  875  tons  of  weed  seeds  (I.e.,  p. 
226). 

These  seed-eating  birds  are  in  turn  preyed  upon  by 
the  various  hawks  and  owls. 

In  the  sea,  plants  form  the  food  of  few  species  except 
the  most  minute  animals.  A  vast  majority  of  marine 
species  ai'e  carnivorous,  and  the  destruction  "is  enormous. 
Brooks  gives  a  vivid  picture  of  this  struggle  ("Founda- 
tions of  Zoology,"  pp.  330-334  and  231-233).  Speaking 
of  the  inlets  among  coral  islands  he  says,  "  Nothing  could 
illustrate  the  fierceness  of  the  struggle  for  food  among 
the  animals  on  a  crowded  sea-bottom  more  vividly  than 
the  emptiness  of  the  water  in  coral  sounds  where  the 
bottom  is  practically  one  enormous  mouth." 

3.  Effect  of  the  Removal  of  Checks.  —  The  enormous 
destruction  caused  by  these  checks  on  population  may 
be  realized  to  some  extent  if  we  consider  the  birth  rate. 

It  may  be  stated  as  a  general  rule  that  the  birth  rate  in 
existing  species  is  proportional  to  the  rate  of  destrucrion. 
Thus  the  petrel,  which  nests  on  inaccessible  cliffs  and 
has  few  enemies,  produces  but  one  egg  at  a  time.  While 
the  lobster,  whose  young  are  exposed  to  the  attacks  of 
innumerable  enemies  from  the  time  they  are  hatched 
produces  from  3,000  to  90,000  eggs.  (The  largest  num- 
ber found  by  Herrick  Avas  97,440,  "The  Lobster,"  p  51  ) 
A  single  carrion  fly  is  said  to  produce  20,000  living  mag- 
gots. These  reach  full  size  in  five  da^s.  and  the  pupa 
stage  lasts  five  days.  It  has  been  estimated  that  a  single 
fiy  could  produce  in  three  mouths  one  hundred  millions 
of  millions  of  millions  (Wallace,  "  Darwinism  "  p  35) 
The  common  mosquito  {Cale.r  pungens)  lays  from  200  to 
400  eggs  in  a  bunch.  These  hatch  in  sixteen  hours  Under 
favorable  conditions  the  larvaB  reach  the  pupa  stage  in 
seven  or  eight  days.  This  stage  lasts  two  days.  Thus 
one  pair  of  mosquitoes  may  produce  400  adult  offspring 
in  less  than  ten  days.  In  a  few  days  more  these  arl 
ready  to  lay  eggs  m  their  turn 

Accordmg  to  Merriam,   the  house  sparrow  produces 
annually  five  or  six  broods  of  four  to  six  each.     Assum 
ing  an  average  of  24  young  per  annum,  with  .sexes 
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equally  divided,  the  produce  of  a  single  pair  in  ten  years 
will  be  370,716,983,698  ("Agricultural  Report,"  1886). 

The  elephant  is  said  to  be  the  slowest  breeder  of  all 
animals.  Yet  Darwin  has  estimated  that  if  an  elephant 
lives  100  years  and  produces  6  young  ones,  in  750  years 
the  produce  of  one  pair  would  equal  19,000,000  elephants. 
Man  is  also  an  extremely  slow-breeding  animal,  yet  the 
human  population  tends  to  double  in  about  twenty -five 
years. 

The  power  of  rapid  multiplication  is  perhaps  best  illus- 
trated by  the  waves  of  life  that  sometimes  s^xeep  over 
a  country.  Brehm  thus  describes  one  of  these  waves 
(Brehni,  "From  North  Pole  to  Equator,"  1896,  pp.  74- 
76). 

In  a  description  of  the  fauna  of  the  tundra,  or  barren 
lands  of  northern  Siberia,  Brehm  says;  "He  (the  lem- 
ming), or  at  least  his  tracks,   may  be  seen  everywhere 
throughout  the  tundra.     The  tracks  run  in  all  directions, 
often  through  placfis  overgrown  by  dwarf  birches,  nar- 
row,  smooth,   neatly  kept   paths   in    the  moss,    going 
straight  for  several  yards,  then  diverging  to  right  or  left, 
and  only  returning  to  the  main  path  after  many  circuits. 
On  these  we  may  often  see,  in  great  numbers  during  a 
dry  summer,  a  little    short-tailed,  hamster-like  animal 
nimbly  pattering  along  and    soon  disappearing  out  of 
sight.     This  is  the  lemming,  a  rodent  smaller  than  a  rat, 
but  larger  than  a  mouse,  with  a  brightly  but  irregularly 
marked  skin,  usually  brown,  yellow,  gray,  and  black. 
If  we  dissect  the  animal  we  see,  not  without  surprise, 
that  it  consists  almost  entirely  of  skin  and  viscera.     Its 
bones  and  muscles  are  fine  and  tender ;  its  viscera,  espe- 
cially the  alimentary  and  reproductive  organs,  are  enor- 
mously developed.     This  state  of  things  explains  some 
phenomena  of  its  life  which  were  long  considered  unin- 
telligible;   the   almost   abrupt  occurrence  of  wellnigh 
unlimited  fertility,  and  the  vast,  apparently  organized 
migrations  of    the  animal.      In  ordinary  circumstances 
the  lemming  leads  a  very  comfortable  life.     Neither  in 
summer  nor  in  winter  has  he  any  anxiety  about  subsis- 
tence.    In  winter  he  devours  all  sorts  of  vegetable  matter 
— moss-tips,  lichen,  and  bark— in  summer  he  lives  in  his 
burrow,  in  winter  in  a  warm,  thick-walled,  softly-lined 
nest.     Danger,  indeed,  threatens  from  all  sides,  for  not 
onlv  beasts  and  birds  of  prey,  but  even  the  reindeer  de- 
vour hundreds  and  thousands  of  lemmings ;  nevertheless, 
they  increase  steadily  and  rapidly,  until  special  circum- 
stances arise  when  millions,  which  have  come  into  exist- 
ence within  a  few  weeks,  are  annihilated  within  a  few 
days.     Spring  sets  in  early,  and  a  more  than  usually  dry 
summer  prevails  in  the  tundra.     All  the  young  of  the 
first  litter  of  the  various  lemming  females  thrive,  and  in 
six  weeks,  at  the  most,  these  also  multiply.     Meantime 
the  parents  have  brought  forth  a  second  and  a  third  lit- 
ter, and  these  in  turn  bring  forth  young.     Within  three 
months  the  heights  and  low  grounds  of  the  tundra  teem 
with  lemmings,  just  as  our  fields  do  with  mice  under 
similar  circumstances.     Whichever  way  we  turn,  we  see 
the  busy  little  creatures,  dozens  at  a  glance,  thousands  in 
the  course  of  an  hour.     They  run  about  on  all  the  paths 
and  roads ;  driven  to  extremity,  they  turn  snarling  and 
sharpening  their  teeth,   on  the  defensive  even  agamst 
man  as  if  their  countless  numbers  lent  to  each  individual 
a  defiant  courage.     But  the  countless  and  still  increasing 
numbers  prove  their  own  destruction.     Soon  the  lean 
tundra  ceases  to  afford  employment  enough   for  their 
greedy  teeth.     Famine  threatens,  perhaps  actually  sets 
in.     The  anxious  animals  crowd  together  and  begin  their 
march.     Hundreds  join  with  hundreds,  thousands  with 
other  thousands ;  the  troops  become  swarms,  the  swarms 
armies.       They  travel  in  a  definite  direction,  at  first  fol- 
lowing old  tracks,  but  soon  striking  out  on  new  ones ;  in 
unending  file,  defvlng  all  computation,  they  hasten  on- 
ward ;  over  the  cliffs  they  plunge  into  the  water.     Thou- 
sands'fall  victims  to  want  and  hunger;  the  army  behind 
streams  on  over  their  corpses ;  hundreds  of  thousands  are 
drowned  in  the  water  or  are  shattered  at  the  foot  of  the 
cliffs  ■  the  remainder  speed  on ;  other  hundreds  and  thou- 
sands' fall  victims  to  the  voracity  of  Arctic  and  red  foxes, 


wolves,  and  gluttons,  rough-legged  buzzards  and  ravens, 
owls  and  skuas,  which  have  followed  them ;  the  survi- 
vors pay  no  heed.  Where  they  go,  how  they  end,  none 
can  say,  but  certain  it  is  that  the  tundra  behind  them  is 
as  if  dead,  that  a  number  of  years  pass  ere  the  few  who 
have  remained  Ijehind,  and  have  managed  to  survive, 
slowly  multiply,  and  visibly  re-people  their  native  fields." 
Hudson  describes  a  similarly  rapid  increase  of  mice  on 
the  Pampas  of  South  America,  which  was  finally  brought 
to  a  close  by  a  drought  and  the  increase  of  enemies  ("  Nat- 
uralist in  La  Plata,"  p.  59,  et  .ie//.). 

This  country  is  subject  to  periodic  waves  of  locusts  and 
chinch  bugs,  which  swarm  at  such  times  in  hundreds  of 
thousands  and  do  enormous  damage  to  crops  (Webster, 
"The  Chinch-Bug,"  1898).  With  the  introduction  of 
irrigation  and  forage  plants  in  the  far  West,  the  jack- 
rabbits  have  increased  rapidly  and  become  a  pest.  In 
California  during  the  ten  years  from  1888  to  1897,  494,634 
jack-rabbits  were  killed  in  "drives,"  and  yet  the  total 
number  living  was  not  seriouslj'  diminished  (Palmer, 
"Jack-Rabbits,"  1897). 

The  power  of  rapid  multiplication  is  also  well  illus- 
trated by  the  effect  of  introducing  animals  and  plants  into 
a  new  country.  If  the  climate  be  favorable,  the  intro- 
duced form,  freed  from  its  natural  enemies,  may  often 
increase  amazingly. 

Many  of  our  common  weeds,  like  the  ox-eye  daisy 
and  the  so-called  Russian  thistle,  are  good  examples  of 
this.  Wallace  gives  a  number  of  cases  ("  Darwinism,"  p. 
28)  of  the  rapid  spread  of  European  plants  introduced 
into  South  America,  New  Zealand,  and  other  places. 

"  Columbus  in  his  second  voyage  left  a  few  black  cat- 
tle at  San  Domingo,  and  these  ran  wild  and  increased  so 
much  that  twenty-seven  years  afterward  herds  of  from 
four  thousand  to  eight  thousand  head  were  not  uncom- 
mon. Cattle  were  afterward  taken  from  this  island  to 
Mexico  and  other  parts  of  America,  and  in  1587,  sixty- 
five  years  after  the  conquest  of  Mexico,  the  Spaniards 
exported  64,350  hides  from  that  country  and  35,444  from 
San  Domingo.  ...  In  the  pampas  of  Buenos  Ayres  there 
were  at  the  end  of  the  last  century,  about  twelve  million 
cows  and  three  million  horses,  besides  great  numbers  in 
other  parts  of  America."  Similar  results  were  obtained 
by  setting  free  hogs  and  asses.  Camels  even,  turned 
loose  in  Texas  not  many  years  ago,  increased  so  rapidly 
as  to  become  a  nuisance. 

The  common  European  rabbit  has  become  a  pest  in 
Australia  and  New  Zealand,  The  rabbits  were  first  liber- 
ated near  Melbourne  about  1864,  and  later  in  Tasmania 
and  New  Zealand.  They  multiplied  so  rapidly  that  in 
1879  the  legislature  of  South  Australia  took  action  for 
their  destruction,  and  the  matter  was  taken  up  soon  after 
in  New  South  Wales,  Queensland,  New  Zealand,  and 
Tasmania.  But  in  spite  of  all  efforts  to  destroy  them, 
they  continued  to  multiply.  Between  1873  and  1898  New 
Zealand  exported  two  hundred  million  rabbit  skins. 

Another  example  of  the  rapid  increase  of  an  introduced 
animal  is  afforded  by  the  Indian  mongoose  in  the  West 
Indies.  But  at  our  very  doors  we  have  an  equally  good 
example  in  the  house  sparrow.  The  first  successful  im- 
portation was  made  into  Brooklyn  in  1853.  The  birds 
were  introduced  into  Portland,  Me.,  in  1854,  and  into 
Providence,  R.  I.,  in  1858,  some  escaping  in  Boston.  Be- 
tween 1863  and  1870  they  were  imported  into  eight  cities, 
one  lot  of  one  thousand  being  sent  to  Philadelphia.  Be- 
tween 1870  and  1880  it  is  estimated  that  the  range  of  this 
species  had  been  extended  by  16,000  square  miles  (Palm- 
er, 1898),  and  it  has  continued  to  spread.  Merriam  esti- 
mates the  rate  of  spreading  of  the  sparrow  as  follows 
("Agri.  Rept.,"1888,  p.  238); 

Square  miles. 

1870-7.5 „  500 

187.5-80 15.640 

1880-85 -^OO-^SO 

During  1886 j'A----; Ro'mn 

Yearly  average  United  States  and  Canada faii,ooo 

4.  Competitio7}.— These  examples  will  suffice  to  show 
how  rapidly  animals  and  plants  can  multiply  when  the 
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first  two  classes  of  checks  on  population  are  not  in  oper- 
ation But  this  rate  of  multiplication  cannot  continue 
indefinitely.  For,  finally,  food  supply  will  become  ex- 
hausted or  the  individuals  will  become  so  crowded  as  to 
deprive  one  another  of  the  light,  air,  or  space  necessary 
for  life.  Thus  the  tendency  of  organisms  to  increase  m 
geometrical  ratio,  if  not  held  in  check  by  other  causes, 
will  ultimately  cause  a  severe  competition,  and  this  con- 
stitutes the  third  class  of  cheeks  on  population. 

Competition  may  be  between  individuals  of  the  same 
species,  or  between  different  species  having  similar  hab- 
its. It  is  well  illustrated  in  the  forests,  where  each  tree 
that  reaches  its  full  growth  is,  according  to  Pinchot,  "the 
survivor  of  hundreds  (or  sometimes  even  of  thousands) 
of  seedlings." 

An  example  where  the  competition  of  species  has  had 
a  marked  effect  on  the  flora  is  quoted  by  Wallace  (pp.  20- 
22).  M.  Hansten-Blangstcd  gives  an  account  of  the 
struggle  between  the  trees  in  the  forests  of  Denmark. 
The  chief  combatants  are  the  beech  and  the  birch,  the 
beech  being  everywhei'e  successful  in  its  invasions. 
"Forests  composed  wholly  of  birch  are  now  found  only 
in  sterile  sandy  tracts;  everywhere  else  the  trees  are 
mixed,  and  wherever  the  soil  is  favorable,  the  beech  rap- 
idly drives  out  the  birch.  The  latter  loses  its  branches 
at  the  touch  of  the  beech,  and  devotes  all  its  strength  to 
the  upper  part,  where  it  towers  above  the  beech.  It  may 
live  long  in  this  way,  but  it  succumbs  ultimately  in  the 
fight  of  old  age,  if  of  nothing  else,  for  the  life  of  the 
birch  in  Denmark  is  shorter  than  that  of  the  beech. "  The 
superiority  of  the  beech  appears  to  be  due  to  its  denser 
shade.  Nothing  can  live  beneath  it,  while  it  grows  per- 
fectly well  under  the  shade  of  the  birch.  The  birch  has 
been  saved  from  total  extinction  onl}'  by  the  fact  that  it 
had  possession  of  the  Dani.sh  forests  long  before  the  beech 
ever  reached  the  country,  and  that  certain  districts  are 
unfavorable  to  the  growth  of  the  latter. 

But  we  need  not  go  to  Denmark  to  witness  a  struggle 
of  this  kind.  In  Virginia,  when  a  field  is  abandoned,  trees 
soon  spring  up  of  all  kinds,  but  the  pines  by  virtue  of 
their  more  rapid  growth  and  dense  shade,  soon  acquire 
the  ascendancy.  Many  "old  fields"  are  to  be  seen  there 
where  the  furrows  of  the  last  crop  of  corn  are  still  visible, 
and  the  ground  is  covered  with  a  thick  growth  of  young 
pines.  Many  of  these  die  while  still  small,  and  among 
them  may  be  found  a  few  slender  oaks,  chestnuts,  and 
tulip  trees.  If  the  pines  are  cut,  or  if  they  are  allowed  to 
grow  old  and  fall  down  with  decay,  their  place  is  taken 
at  once  by  the  longer -lived  and  more  hardy  oaks  and 
chestnuts.  So  that  it  is  a  common  saying  in  Virginia 
that  "oaks  follow  pines." 

Another  case  in  point  is  an  experiment  of  Darwin's. 
He  marked  out  a  little  plot  of  mown  turf,  three  by  four 
feet,  and  allowed  the  plants  to  grow  up  freely.  The 
result  was  that  out  of  twenty  species  growing  there  nine 
perished  ("Origin  of  Species,"  vol.  i.,  p.  83). 

Among  animals  the  birds  show  especially  the  effect  of 
competition.  In  some  species  each  pair  requires  a  cer- 
tain area  for  a  feeding  ground,  and  drives  off  all  others. 
The  English  sparrow  is  said  to  be  responsible  to  a  consid- 
erable extent  for  the  decrease  of  our  native  birds,  and  ac- 
cording to  a  recent  writer  in  Nature  (Allchin,  January 
19th,  1899,  p.  271),  this  same  sparrow  has  had  a  similar 
effect  upon  the  swallows  and  martins  in  England. 

The  efficiency  of  competition  in  checking  increase  is 
shown  when  the  competition  is  lessened  by  an  enlargement 
of  the  food  supply.  Most  of  the  waves  of  life  that  have 
just  been  described  are  due  to  such  an  advantage  rather 
than  to  protection  from  enemies. 

In  order  to  understand  thc^  results  of  these  factors  in 
the  struggle  for  existence,  it  must  be  remembered  that, 
as  a  rule,  the  relations  of  organisms  to  one  another  are 
highly  complex ;  so  that  any  change  in  the  environment 
of  one  species  is  apt  to  effect  a  host  of  others.  Thus, 
according  to  Lintner,  the  English  sparrow  protects  the 
tussock  moth  (Orgyia  Uncostigma]  by  driving  away  its 
enemies,  the  robbin,  oriole,  and'  cuckoo,  the  only  birds  that 
can  feed  upon  the  hairy  caterpillars,  and  thus  the  spar- 
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row  indirectly  injures  the  elms  and  other  trees  ("Agric. 
Rept.,"  1886).  The  classical  example  of  this  is  Darwin's 
one  of  the  relations  of  cats  to  the  crop  of  clover  seed. 
He  says:  "I  have  also  found  that  the  visits  of  bees  are 
necessary  for  the  fertilization  of  some  kinds  of  clover ;  foi- 
instance,  twenty  heads  of  Dutch  clover  (Trifoliwnrepenx) 
yielded  3,390  seeds,  but  twenty  other  heads  protected 
from  bees  produced  not  one.  Humble  bees  alone  visit 
red  clover,  as  other  bees  cannot  reach  the  nectar.  Hence 
we  may  infer  as  highly  probable  that,  if  the  whole  genus 
of  humble  bees  became  extinct  or  very  rare  in  England, 
the  heartsease  and  red  clover  would  become  very  rare,  or 
wholly  disappear.  The  number  of  humble  bees  in  any 
district  depends  in  a  great  degree  on  the  number  of  field 
mice,  which  destroy  their  combs  and  nests;  and  C!oloncl 
Newman,  who  has  long  attended  to  the  habits  of  humble 
bees,  believes  that '  more  than  two-thirds  of  them  are  thus 
destroyed  all  over  England.'  Now  the  number  of  mice 
is  largely  dependent,  as  eveiy  one  knews,  on  the  number 
of  cats;  and  Colonel  Newman  says:  'Near  villages  and 
small  towns  I  have  found  the  nests  of  humble  bees  more 
numerous  than  elsewhere,  which  I  attribute  to  the  num- 
ber of  cats  that  destroy  the  mice.'  Hence  it  is  quite 
credible  that  the  presence  of  a  feline  animal  in  large 
numbers  in  a  district  might  determine,  through  the  inter- 
vention first  of  mice  and  then  of  bees,  the  frequency  of 
certain  flowers  in  that  district. " 

Wallace  quotes  an  example  from  Sir  Charles  Lyell. 
He  says :  "  If,  by  the  attacks  of  seals  or  other  marine  foes, 
salmon  are  reduced  in  number,  the  consequence  will  be 
that  otters  living  far  inland  will  be  deprived  of  food  and 
will  then  destroy  many  young  birds  or  quadrupeds,  so 
that  the  increase  of  a  marine  animal  may  cause  the  de- 
struction of  many  land  animals  hundreds  of  miles  away. " 
Another  example  of  complexity  of  relations  between  or- 
ganisms is  given  by  Darwin :  "  in  Staffordshire,  on  the 
estate  of  a  relation  where  I  had  ample  means  of  investi- 
gation, there  was  a  large  and  extremely  barren  heath 
whicli  had  never  been  touched  bj'  the  band  of  man ;  but 
several  hundred  acres  of  exactly  the  same  nature  had 
been  enclosed  twenty  five  years  previously  and  planted 
with  Scotch  fir.  The  change  in  the  native  vegetation  of 
the  planted  part  of  the  heath  was  most  remarkable,  more 
than  is  generally  seen  in  passing  from  one  quite  different 
soil  to  another ;  not  only  the  proportional  numbers  of  the 
heath  plants  were  wholly  changed,  but  twelve  species  of 
plants  (not  counting  grasses  and  carices)  flourished  in  the 
plantations  which  could  not  be  found  on  the  heath.  The 
effect  on  the  insects  must  have  been  still  greater,  for  six 
insectivorous  birds  were  very  common  in  the  plantations 
which  were  not  to  be  seen  on  the  heath ;  and  the  heath 
was  frequented  by  Iwo  or  three  distinct  insectivorous 
birds.  Here  we  see  how  potent  has  been  the  effect  of  the 
introduction  of  a  single  tree,  nothing  whatever  else  hav- 
ing been  done,  with  the  exception  of  the  land  having 
been  enclosed,  so  that  cattle  could  not  enter." 

These  examples  are  enough  to  show  how  very  complex 
are  the  relations  of  organisms  to  one  another!  We  see 
how  a  change  in  the  environment  of  the  salmon  produces 
a  change  in  the  environment  of  land  animals  far  away, 
and  how  the  introduction  of  a  single  tree  and  the  exclu- 
sion of  cattle  profoundly  affect  a  host  of  other  organisms. 
This  gi-^'cs  some  idea  of  the  complexity  of  the  phenomena 
to  be  considered  in  a  discussion  of  the  origin  of  species. 

Natural  Keleiiion.—Thn  facts  of  variation,  inheritance, 
and  the  struggle  for  existence  lead,  as  Darwin  and  Wal- 
lace pointed  out,  to  the  a  pi'iort  assumption  of  the  theory 
of  natural  selection.  If  individtials  differ  in  their  charac- 
teristics, and  if  there  is  a  struggle  for  existence  in  which 
many  perish,  then  there  may  be  a  correlation  between  the 
death  rate  and  certain  structural  or  physiological  pecul- 
iarities, that  is,  we  shall  have  a  survival  of  the  fittest  or 
better,  an  elimination  of  the  least  fit.  But  in  order  that 
new  species  may  result,  not  only  must  the  favorable  pe- 
culiarities of  the  survivors  be  transmitted  to  future  gen- 
erations by  inheritance,  but  other  conditions  must  be  ful- 
filled which  we  will  now  consider. 

In  the  first  place,  as  indicated  in  the  preceding  para- 
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graph,  it  by  no  means  follows  that  there  is  any  necessary 
relation  between  destruction  and  any  structural  or  physi- 
ological peculiarity.  A  flood,  a  tornado,  a  forest  fire 
may  destroy  all  in  its  path.     In  such  a  ease  the  destruc- 
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Fig.  1947.— Fortuitous  Destruction  of  50(1  in  1,000,  Normal  Curves.    I. 
Birth  curve ;  II,  survival  curve. 

tion  is  purely  fortuitous,  or  non-selective.  On  the  other 
hand,  if  a  number  of  persons  are  exposed  to  an  infec- 
tion, say  typhoid,  to  which  they  present  different  degrees 
of  susceptibility,  then  those  which  possess  those  physio- 
logical characteristics  that  give  suscrptibility  to  the  dis- 
ease in  the  greatest  degree  will  be  those  that  die,  and  we 
shall  ha^e  then  a  selective  denih  rate.  It  may  be  noted  in 
passing  that  a  death  rate  which  is  selective  in  regard  to 
one  character  may  be  fortuitous  in  respect  to  another, 
unless  the  variations  of  the  two  cliaracters  are  correlated. 
Let  us  consider  now  wliat  the  effect  of  these  two  kinds 
of  destruction  Avoukl  be  upon  the  curve  of  variation. 
Where  there  is  no  destruction,  and  all  that  are  born  sur- 
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PIG  1948  -Selective  Death  Rate  ol  500  in  1,000  when  the  Birth  and 
Survival  Means  Coincide,  Normal  Curves.  J,  Birth  curve ;  II,  sur- 
vival curve. 

vive  we  may  call  the  curve  the  birth  curve,  and  its  mean 
the  iirth  mean.  While  the  curve  obtained  after  destruc- 
tion had  taken  place  would  be  the  sunmal  ctiriv,  and  its 
mean   the  siiniral  mean.     Now  the  effect  of  purely  for- 


tuitous (lest  ruction  would  be  to  give  a  survival  curve 
that  would  be  exactly  like  the  birth  curve  except  that  it 
would  be  flatter,  and  the  birth  mean  and  the  survival 
mean  would  coincide.  Such  a  case  is  illustrated  by  Fig. 
1947,  where  the  upper  line  (1)  may  be  taken  to  represent 
the  birth  curve  of  ,-<ay  a  thousand  individuals  in  a  certain 
locality,  and  the  lower  line  (//)  would  be  the  curve  after 
a  fortuitous  destruction  of  halt  the  number,  (If  percen- 
tages were  used  instead  of  al)Solute  numbers,  the  curves 
would  be  exactly  alike.) 

The  effect  of  a  selective  death  rate  upon  the  birth  curve 
Avould  (le|)end  upon  whether  the  cause  of  death  is  a  con- 
stant factor  of  the  environment  or  a  new  one.  If  it  l)e  a 
constant  factor,  it  is  probable  that  the  species  has  become 
adjusted  to  it.  In  this  case  the  most  favorable  variation 
of  any  eliaracter  affected  by  this  condition  will  be  repre- 
sented by  the  mode,  and  probably  the  mean,  of  the  birtli 
curve.  Elimination  will  cause  a  decrease  of  variability, 
so  that  the  siu'vival  curve  will  be  steeper  on  the  sides 
than  the  birth  curve  (Fig.  1948).  But  the  position  of  the 
ihean  will  not  lie  changed,  and  there  will  be  no  evolution. 
On  the  contrary,  the  effect  of  natural  selection  here  will 
be,  if  anything,  to  make  the  species  more  stable. 

It  is  only  when  the  species  as  a  whole  is  not  adjusted 
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Fig  1949.  -Selective  Death  Rate  ot  .500  in  1,000  where  the  Birth  and 
Survival  Mean  do  not  Coincide.  I,  Birth  curve,  normal ;  II,  sur- 
vival curve,  purely  imaginary. 

to  the  cause  of  death  that  we  may  expect  natural  selec- 
tion to  produce  evolution.  Then  the  birth  mean  will  not 
coincide  with  the  most  favorable  variation,  and  the  effect 
of  elimination  will  be  to  decrease  the  variability  to  a 
o-realer  extent  upon  the  less  favorable  side  than  on  the 
other  and  thus  to  shift  the  mean,  as  in  Fig.  1949.  This 
is  a  purely  imaginary  example,  where  the  most  favor- 
able value  of  the  character  measured  is  supposed  to  be  9. 
It  will  be  noticed  that  the  effect  of  elimination  here  has 
been  to  shift  the  mean  from  7  to  7.88,  that  is  toward  9, 
and  the  variability  is  decreased  as  shown  by  the  smaller 
value  of  the  standard  deviation,  ffg.  Avhich  is  1.46  in- 
stead of  3.  The  survival  curve  is  also  skew,  while  the 
birth  curve  is  supposed  to  have  been  symmetrical. 

So  far  we  have  dealt  with  the  effect  of  selection  upon 
the  first  generation  only.  Of  course,  fortuitous  destruc- 
tion wilf  have  no  effect  upon  the  t}pe  or  variability  of 
the  next  generation,  for  the  type  and  variability  of  the 
parents  lia\'e  remained  unchanged  A  selective  death 
rate  symmetrical  on  both  sides  of  the  birth  mean  will  not 
affect  the  tj'pe  and  will  have  but  a  slight  effect  upon  the 
variability,'  for  Pearson  has  shown  that  selection  for  an 
indefinite'  number  of  generations  cannot  reduce  the  vari- 
ability more  than  eleven  per  cent.  But  where  the  most 
favorable  value  of  a  character  does  not  coincide  with  the 
birth  mean,  then  there  will  be  a  change  of  type,  the  ra- 
pidity of  change  depending  upon  the  severity  of  the  se- 
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lection  From  the  law  of  ancestral  heredity  Pearson  has 
calculated  the  probable  effect  of  perfectly  rigorous  artifi- 
cial selection.  His  results  are  given  in  a  table,  from 
which  it  is  possible  to  calculate  the  curves  of  six  succes- 
sive generations  where  the  parents  selected  have  a  given 
deviation  from  the  original  mean  of  the  population. 
Pig  1950  illustrates  such  a  case,  where  the  mean  of  the 
population  is  represented  by  M  -  0,  the  standard  devia- 
iton  is  a  =  1,  and  the  parents  for  each  generation  are  sup- 
posed to  have  the  selected  character  of  the  value  11  =  -\- 
2,  or  twice  tlie  standard  deviation.  Then  the  average 
deviation  of  the  first,  second,  third,  etc.,  generations  of 
offspring  from  the  original  mean  of  the  population  will 
be  represented  by  the  distance  from  J/  to  the  ordiuates 
7t,,  /ij,  hi,  etc.  It  will  be  seen  that  the  regression  becomes 
less  in  each  generation  until,  in  the  sixth,  1h  almost  coin- 
cides with  H.  In  other  words,  if  it  were  possible  to 
make  this  rigorous  selection,  we  might  expect  at  the  end 
of  the  sixth  generation  to  obtain  a  new  race  that  would 
breed  true  about  a  mean  differing  very  little  from  the  se- 
lected value. 

Tui-ning  now  from  a  priori  considerations  to  observed 
facts,  what  evidence  is  there  that  natural  selection  has 
actually  been  a  factor  in  evolution? 

First,  there  is  the  observed  fact  of  a  selective  death 
rate.  To  say  that  where  the  death  rate  depends  upon 
individual  peculiarities  the  fittest  will  survive  in  the 
struggle  for  existence,  is  a  truism,  for  our  only  means  of 
judging  of  fitness  is  the  ability  to  survive.  While  a 
great  deal  has  been  written  upon  the  subject,  exact  ob- 
servations have  only  just  begun  to  be  made.  It  is  not 
often  easy  to  find  a  correlation  between  structure  and  the 
death  rate.     Only  two  instances  are  on  record. 

From  measurements  made  by  Thompson  and  himself 
in  successive  years,  Professor  Weldon  came  to  the  conclu- 
sion that  in  the  crabs,  Garcinua  Tnmnas,  in  Plymouth  Har- 
bor, England,  the  frontal  breadth  of  the  carapace  was  be- 
coming narrower  from  year  to  year.  Seeking  a  cause  for 
this  he  found  it  to  be  probably  the  increase  of  sediment  in 
the  harbor,  due  to  the  building  of  a  breakwater,  which  hin- 
ders the  flow  of  the  tides.  To  test  this  theory,  he  placed  a 
number  of  crabs  in  aquaria  with  a  considerable  quantity 
of  china  clay,  like  the  silt  in  the  harbor,  suspended  in  the 
water.  A  number  of  crabs  died,  and  at  the  end  of  the 
experiment  the  dead  crabs  were  separated  from  the  liv- 
ing, and  all  were  measured.  It  was  found  that  the  sur- 
vivors had  distinctly  less  frontal  breadth  than  the  dead 
crabs. 

If  this  selective  destruction  is  continually  going  on  in 
the  harbor,  then  the  crabs  protected  from  the  action  of 
the  silt  during  a  portion  of  their  lives  should  sliow  a 
greater  average  frontal  breadth  than  the  wild  crabs  of 
the  same  age.  A  number  of  crabs  were  kept  in  aquaria 
with  clean  sea-water  until  they  moulted.  When  the  shell 
was  hard  they  were  killed  and  compared  with  wild  crabs 
of  the  same  age.  It  was  found,  as  expected,  that  the 
frontal  breadth  of  the  protected  crabs  was  greater. 

'The  great  storm  of  February,  1898,  enabled  Bumpus 
to  study  a  similar  case  among  the  house  sparrows  {Passer 
domesticiis).  During  the  storm  in  Providence  136  Ijlrds 
were  picked  up  in  a  helpless  condition.  When  brought 
into  the  laboratory  73  of  these  revived  and  64  died.  A 
number  of  measurements  were  made  upon  each  bird  of 
the  two  lots,  and  it  was  found  that  the  mean  of  surviv- 
ing birds  differed  perceptibly  in  many  dimensions  from 
the  corresponding  mean  of  the  dead  ones.  jMorcnvcr,  the 
dead  birds  showed  a  greater  average  deviation  from  the 
mean  than  the  surviving  ones. 

In  these  cases  single  characters  were  studied  in  i-elation 
to  the  death  rate.  It  would  be  more  to  the  point  if  we 
could  correlate  the  sum  of  the  peculiarities  ot  the  individ- 
ual as  a  whole  with  his  cliances  of  death,  for  natural  selec- 
tion acts  upon  whole  individuals,  not  upon  single  charac- 
ters. Pearson  has  demonstrated  a  very  ingenious  method 
ot  doing  this  for  man.  If  there  were  no  natural  selection, 
the  whole  death  rate  would  he  non-selective,  fortuitous'; 
on  the  other  hand,  natural  selection  would  reach  its  maxi- 
mum etiiciency  when  the  deatii  rate  becomes  whollv  se- 
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lective.  In  nature  the  death  rate  would  be  usually  partly 
selective  and  partly  non-selective,  and  the  problem  is  to 
determine  what  pioportion  of  the  total  death  rate  is  se- 
lective. In  Peswson's  method  "no  attempt  is  made  to 
select  any  particular  organ,  but  we  take  pairs  of  individ- 
uals having  some  general  resemblance  in  their  whole 
complex  of  organs  and  characters,  and  correlate  their  fit- 
ness for  surviving  under  practically  the  same  conditions 
of  life.  Now  pairs  of  relatives  or  members  of  the  same 
family  are  precisely  such  individuals.  If  there  were  no 
selective  death  rate  there  would  be  no  correlation  between 
the  ages  at  death  of,  say,  brothers.  On  the  other  hand, 
if  there  were  no  non-selective  death  rate  we  might  rea- 
sonably suppose  duration  of  life  would  be  determined  by 
the  law  of  ancestral  heredity,"  and  we  should  expect  the 
correlation  between  the  durations  of  life  of  pairs  of 
brothers  to  be  the  same  as  that  observed  in  the  case  of 
stature  and  other  characters. 

Prom  a  study  of  one  thousand  pairs  of  brothers  record- 
ed in  the  peerage  Pearson  found  that  of  the  total  death 
rate  eighty  per  cent,  was  selective.  Comparing  fathers 
and  sons,  the  result  was  sixty-five  per  cent.  Natural  se- 
lection, then,  is  by  no  means  inoperative  at  the  present 
time  in  the  human  species. 

The  second  line  of  evidence  is  one  that  especially  meets 
the  objections  of  the  advocates  of  the  theory  of  special 
creation.  This  is  that  it  is  impossible  to  find  throughout 
the  whole  range  of  the  animal  and  vegetable  kingdoms  a 
single  structure  or  function  developed  in  one  species  for 
the  exclusive  benefit  of  another. 

Darwin  regarded  this  point  as  of  so  great  importance 
that  he  offered  to  give  up  his  whole  theory  if  it  could  be 
proved  in  a  single  case  that  a  structure  or  instinct  is  de- 
veloped in  one  species  for  the  exclusive  benefit  of  anoth- 
er. To  be  sure,  there  are  innumerable  cases  in  which  the 
characters  of  one  species  are  of  use  to  another;  but  this 
value  to  the  other  species  is  purely  secondary.  For  ex- 
ample, the  nectar  of  flowers  forms  the  daily  food  of  bees, 
but  tills  nectar  is  primarily  of  use  to  the  plant  in  securing 
the  visits  of  the  bees,  and  thus  providing  a  means  for 
the  transportation  of  the  pollen  and  cross  fertilization. 
As  the  result  of  thoughtful  search  Romanes  was  able  to 
discover  only  two  cases  that  appear  to  be  exceptions  to 
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FIG.  1950.-The  effect  of  a  rigorous  artificial  selection  during  six  gen- 
erations, where  the  selected  parents  ot  each  generation  deviate  trom 
!m°"'T?,J  hJ„£i'^f,  ""K"!'',!  stock  by  twice  its  standard  deviation 
iSmpJn,n?fh»fl^  '""'  ^''J^  '''■■■  "« ''e^Present  the  position  of 
wh?i  M-^n'"'^'^^"''''.?",'^'  ■  •-,  ^  and  sixth  generation  ot  offspring. 

h  „nri  hZ„r,i,  ■™?  *'","''?  J"  Irequency  are  drawn  for  only  3f, 
y  i  ,,  ioV.  ?T^''f"'/'^°'^'"''l  deviations  are  a  =  1.0000,  <r,  =  0.to55, 
1^0-0.8944.     (Data  from  Pearson.) 

this  rule.  It  is  well  known  that  the  aphides  (green  plant 
lice)  secrete  a  sweet  juice  that  is  much  sought  after  by 
ants,  ho  far  as  we  know,  this  secretion  is  of  no  value  to 
the  aphid.     But  it  has  not  yet  been  investigated  suffl- 
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ciently  to  show  that  it  is  of  no  use.  It  may  be  a  means 
of  removing  waste  products  of  metabolism.  Moreover, 
it  seems  to  be  rather  more  of  a  luxury  than  a  necessity 
for  the  ants.  The  other  case  is  still  more  remarkable. 
It  is  the  production  of  galls  upon  plants  as  the  result  of 
the  growth  of  an  insect  larva  within  the  tissues  of  the 
plant.  The  gall  forms  a  perfect  home  for  the  larva,  and 
differs  in  character,  not  only  in  different  plants,  but  it 
differs  also  according  as  it  is  produced  by  one  species  of 
insect  or  by  another,  each  species  of  insect  having  its 
own  peculiar  form  of  gall.  All  grades  are  found,  from 
simple  cysts,  hardly  worthy  to  be  called  "galls,  to  struc- 
tures which  are  extremely  elaborate.  Here  we  have  a 
structure  developed  by  a  plant  apparently  for  the  benefit 
of  an  insect.  But,  as  pointed  out  by  Romanes,  the  gall 
arises  as  a  reaction  on  the  part  of  the  plant  to  a  poison 
produced  by  the  insect,  and  its  first  appearance  was  prob- 
ably due  to  one  of  those  accidental  effects  of  an  injurious 
substance  upon  an  organism,  such  as  Herbst  discovered 
when  he  treated  sea-urchin  larvae  with  potassium  and 
lithium  salts.  The  gall -forming  property,  being  of  use 
to  the  insect,  would  be  preserved  and  modified  by  natu- 
ral selection  acting  directly  upon  the  insect,  and  the  plant 
would  be  affected  indirectly. 

The  third  line  of  evidence  is  that  which  first  attracted 
Darwin's  attention  to  the  principle  of  selection.  Darwin 
found -that  in  the  production  of  domestic  varieties  of  aui- 
jnals  and  plants  artificial  selection  is  the  keynote  to  suc- 
cess. All  of  our  domestic  productions  are  descendants 
from  wild  species,  but  in  many  cases  either  the  wild  pa- 
rent species  has  been  exterminated,  or  else  the  domesti- 
cated descendants  have  been  so  greatly  modified  that  it  is 
impossible  to  recognize  the  ancestral  form.  The  differ- 
ences between  artificial  varieties  and  between  them  and 
the  original  form,  when  known,  are  often  as  great  as  the 
diiierences  between  species,  or  even  between  genera,  of 
animals  and  plants  in  the  natural  state.  Compare  a  deer 
hound  with  a  King  Charles  spaniel,  a  Cochin  China  with 
a  game  cock,  a  pouter  pigeon,  a  fan-tail,  and  the  wild 
rock  dove,  from  which  Darwin  showed  the  pigeons  to  be 
descended.  Romanes  calls  special  attention  to  the  well- 
marked  varieties  of  canary  birds,  and  regards  this  as  a 
case  of  unusual  interest  because  of  the  shortness  of  time 
during  which  the  evolution  has  taken  place,  the  first 
mention  of  these  birds  that  he  could  find  being  by  Gesau 
in  the  sixteenth  century.  Among  most  of  our  domestic 
animals  man  has  been  selecting  more  or  less  unconsciously 
the  individuals  which  best  served  his  needs  or  answered 
to  his  ideal  of  beauty ;  and  this  has  been  going  on  since 
prehistoric  times.  In  later  years  selection  has  been  prac- 
tised with  great  care  and  with  reference  to  more  exact 
ideals,  and  the  progress  made  is  truly  wonderful. 

Darwin  regarded  evolution  as  an  extremely  slow  proc- 
ess, and  this  idea  prevailed  for  a  long  time,  but  recently 
several  cases  of  very  marked  change  in  domestic  forms 
have  come  to  light  where  tlie  change  has  been  compara- 
tively rapid.  The  American  trotting  horse  is  a  case  in 
point.  An  ordinary  horse  runs  wlien  he  wants  to  move 
rapidly,  but  the  trotting  horse  prefers  the  trot,  and  will 
keep  to  that  gait  until  he  attains  a  speed  far  beyond  that 
at  which  other  horses  would  be  forced  to  break  into  a 
gallop.  The  lowest  limit  of  what  is  regarded  as  racing 
speed  in  a  trotting  horse  is  a  mile  in  two  minutes  and 
thirty  seconds.  The  first  horse  to  make  a  mile  within 
3: 30  was  Lady  Suffolk,  a  great-granddaughter  (by  three 
crosses)  of  Messenger,  a  thoroughbred  race  horse  import- 
ed from  England  in  1788,  and  famous  as  the  ancestor  of 
almost  all  American  trotting  horses.  Lady  Suffolk  was 
foaled  in  1833,  and  made  her  record  in  1845.  From  that 
time  the  speed  of  the  fastest  trotter  has  steadily  increased, 
until  Cresceus,  foaled  in  1894,  made  the  remarkable  record 
of  2:02i  in  1901,  beating  the  record  made  by  The  Abbot 
the  previous  year.  But  the  improvement  of  the  trotting 
horse  is  seen  "best  when  we  compare  the  number  of  fast 
trotters  at  a  recent  date  with  the  number  several  years 
before  In  1892  there  were  116  horses  with  records  of 
3  -1.5  or  better,  at  the  end  of  1897  there  were  585  horses 
with  such  records,  and  during  1897  109  horses  entered 


this  class,  only  7  less  than  the  total  number  in  1893,  and 
many  of  these  had  no  previous  record. 

Now  is  this  irapiuvement  due  to  the  .selection  of  for- 
tuitous congenital  variations,  or  to  some  other  cause? 
If  races  are  changed  by  the  inheritance  of  acquiied  char- 
acters, this  process  should  be  expected  to  be  efficient  in 
the  case  of  the  trotting  horse.  Tliis  ((uestion  will  be  dis- 
cussed later  wlien  we  consider  the  inheritance  of  acquired 
characters  as  a  factor  of  evolution.  But  it  may  be  said 
now  that,  of  the  sixteen  champion  trotters  from  Lady 
Suffolk  to  Cresceus,  Cresceus  is  the  only  one  having  a 
sire  with  a  record  below  2:30,  and  The  Abbot  is  the 
only  one  that  has  a  dam  with  any  record  at  all,  and 
it  seems  probable  that  a  careful  study  of  the  pedi- 
grees of  trotting  horses  will  fail  to  show  that  horses 
which  have  been  trained  have  any  greater  power  of 
transmitting  trotting  speed  tlian  horses  which  have  not 
been  trained.  It  is  probable  that  such  a  study  will  sliow 
that  that  combination  of  instinct  and  structure  which 
enables  a  horse  to  trot  at  a  high  speed  has  arisen  as  a  for- 
tuitous variation  in  a  few  individuals,  and  that  fortunate 
selection  and  crossing  of  their  descendants  during  eight 
or  ten  generations  at  most  has  produced  the  remarkable 
result  that  we  see  to-day.  This  is  the  more  probable 
since  Galton  has  shown  that  variations  in  speed  follow 
the  normal  curve.  Take  the  pedigree  of  Alix,  for  exam- 
ple. Both  parents  of  this  champion  trotter  were  totally 
untrained.  Her  paternal  grandsire  has  a  record  of  2 :  21f , 
the  othei'shave  no  record.  Of  her  grandparents  only  one 
has  a  record  (2:31|),  and  of  her  great-grandparents  again 
only  one  has  a  record  (2:42).  On  the  other  hand,  her 
descent  is  traced  by  more  than  fourteen  converging  lines 
from  Messenger,  the  ancestor  of  Lady  Suffolk.  She  is 
descended  by  four  lines  from  imported  Bellfounder,  the 
son  of  a  Norfolk  trotter,  and  by  four  lines  from  Ama- 
zonia, a  "  natural  trotter. "  jNIoreover,  she  counts  among 
her  ancestors  the  sires  of  three  champion  trotters:  Dex- 
ter, 2:17i;  Goldsmith  Maid,  2:14,  and  Maud  S.,  2:08f, 
and  if  each  ancestor  be  regarded  as  a  separate  individual 
at  each  place  in  which  lie  occurs  in  her  pedigree,  it 
will  be  found  that  she  is  descended  from  seven  sires  of 
champions,  three  on  the  paternal  side,  and  four  on  the 
maternal  side. 

But  if  the  inheritance  of  acquired  characters  may  be  a 
factor  in  the  development  of  the  trotting  horse,  there  are 
other  cases  of  rapid  improvement  in  which  it  cannot  have 
entered.  One  of  these,  the  cultivated  cyclamen  {Cycla- 
men latifolium  Sibth.),  is  one  of  the  spring  wild  flowers 
in  Greece  and  Syria.  It  has  pink  flowers  with  a  ring  of 
darker  color  at  the  throat  (W.  T.  T.  Dyer,  Nature.  May 
20th,  1897,  vol.  Ivi.,  pp.  65-68).  The  species  is  said  to 
have  been  first  cultivated  in  Europe  at  Lille  in  1731.  It 
was  probably  obtained  from  Syria.  "  The  Lille  plant 
ultimately  went  to  Ghent,  and  it  has  been  asserted  that 
all  the  cultivated  forms  in  existence  are  descendants 
from  this  one  individual."  A  variety  with  white  flowers 
— "  pure  white  with  a  bright  purple  button  " — was  de- 
scribed in  1768.  The  modern  development  of  the  plant 
began  in  1860,  and  started  with  one  of  the  principal 
growers  (Messrs.  Sutton)  with  the  old  "crimson  and 
white." 

The  changes  have  been  brought  about  entirely  without 
resort  to  hvbridizatif)n.  But  starting  with  the  slightest 
deviation,  even  so  small  as  the  slightest  difference  in  a 
cotyledon  of  a  germinating  seed,  by  careful  self-fertiliza- 
tion and  selection  the  present  varieties  have  been  pro- 
duced. The  changes  produced  have  been  in  the  size  of 
the  flower,  its  fragrance,  color,  and  form  of  corolla.  The 
original  form  has  narrow,  twisted,  reflexed  petals  about 
an  inch  long.  The  cultivated  varieties  have  broader,  less 
twisted  petals,  and  in  one  variety  they  have  reached  a 
length  of  three  inches.  This  was  accomplished  by  con- 
tiuuous  in-breeding  and  selection.  The  old  crimson  and 
white  had  a  crimson  ring  at  the  throat,  but  was  otherwise 
an  albino.  From  this,  forms  have  been  produced  varying 
from  pure  white,  on  the  one  hand,  to  a  uniform  deep 
crimson,  on  the  other.  "  The  modern  colored  forms  were 
obtained  in  the  first  instance  by  selecting  forms  in  which 
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the  coloi-ed  ring  showed  a  disposition  to  spread  into  the 
white  corolla  segments.  The  lirst  indication  would  be  a 
scarcely  perceptible  streak.  By  selection  from  selMer- 
tilized  plants  the  streak  was  widened  into  a  stripe.  Con- 
timiiug  the  process,  the  stripes  united,  and  a  uniformly 
colored  flower  was  obtained. "  The  colored  varieties  when 
self-fertilized  come  true  from  seed.  _ 

One  of  the  most  remarkable  modifications  m  the  torm 
of  the  corolla  is  the  spreading  of  the  segments.  Cycla- 
men belongsto  theorder  Primiilume,  and  is  distinguished 
from  the  rest  of  the  tribe  Lysi'iiiacM/e,  to  which  it  belongs, 
by  the  reflexed  segments  of  the  corolla.  In  the  variety 
with  a  spreading  corolla,  then,  we  see  a  modification  of  a 
character  which  not  only  distinguishes  the  species  but 
also  the  genus. 

Doubling  has  occurred  in  one  variety.  Ordinarily 
doubling  is  due  to  a  homoeotic  variation  of  the  stamens 
by  which  they  become  petal-like.  In  this  case,  on  the 
other  hand,  the  stamens  retain  their  proper  structure,  and 
both  they  and  the  segments  of  the  corolla  become  in- 
creased in  number. 

The  butterfly  form  is  a  case  of  parallel  variation,  it 
having  been  obtained  independently  by  several  horticul- 
turists. In  this  variety  the  petals  are  partly  spreading 
and  arched,  and  are  toothed  and  curled  at  the  edges.  It 
is  interesting  to  note  that  in  one  case  at  least  there  is  a 
correlation  between  the  corolla  and  the  leaves,  for  they 
also  are  toothed.  This  \'ariety  arose  as  a  well-marked 
sport  which  was  improved  by  selection. 

Another  examide  of  the  rapid  elfect  of  selection  is  the 
tomato.  The  different  varieties  of  the  edible  tomato  (Ly- 
copei'xicum  eseiileiitum)  differ  as  much,  if  not  more,  than 
do  the  other  specie.s  of  the  genus  (Bailey,  "Survival  of 
the  Unlike,"  pp.  112-125).  Colonel  Waring,  who  intio- 
duced  the  Trophy  tomato  in  1S72,  gives  the  histor\  of 
this  variety,  fromwhich  the  best  modern  tomatoes  have 
been  produced.  The  Trophy  tomato  was  the  result  of 
crossing  and  selection  begun  by  Dr.  Hand,  of  Baltimore 
County,  3Id.,  in  1850.  He  began  by  crossing  the  smooth 
"Love  Apple,"  which  was  filled  with  juice  and  seeds, 
with  the  common  convoluted  red  tomato  of  that  period, 
which  was  so  rough  as  to  be  unfit  for  use.  It  consisted 
practically  of  four  or  five  separate  fruits  packed  together 
in  one,  with  the  skin  running  far  into  the  convolutions. 
After  several  years  1iv  continued  in-breeding  and  selec- 
tion he  succeeded  in  producing  a  form  which  combined 
Avith  the  smooth  skin  of  the  Love  Apjile  the  solid  fleshy 
mass  of  the  compound  red.  This  accomplished,  he  con- 
tinued to  select  a  very  feiv  specimens  of  the  best  and  best 
flavored  of  the  earliest  fruit  for  the  next  year's  seed,  and 
thus  increased  the  size  and  solidity  of  the  fruit,  until  in 
1870  he  had  produced  a  variety  which  was  a  mass  of  flesh 
interspersed  with  ten  or  more  small  seed  cells,  and  which 
was  the  earliest,  largest,  smoothest,  the  most  fleshy,  and 
much  the  best  flavored  of  all  the  kinds  then  grown. 
Moreover,  the  continued  selection  had  resulted  in  a 
marked  fixity  of  type,  which  was  very  different  from  the 
two-  or  three-celled  original  form. 

The  growth  of  sea-island  cotton,  on  the  islands  off  the 
coast  of  South  Carolina  and  Georgia,  was  made  possible 
only  by  the  process  of  selection.  When  first  introduced 
from  the  West  Indies,  the  plants  were  not  adapted  to  the 
climate,  and  seldom  produced  fruit.  But  by  rigorous  se- 
lection a  race  was  produced  which  was  we'll  adapted  to 
the  climate,  and  the  quality  of  the  fibre  was  improved 
until  now  it  is  the  best  grown  in  any  part  of  the  world. 
That  the  improvement  in  the  fibre  is'due  to  .selection  and 
not  to  conditions  of  grfiwth  is  sliown  by  the  fact  that 
wlien  selection  is  relaxi'd  the  fibre  ileleiio'rates  (Weliber 
"  Yeai-  Book  Dept.  Agrie.,"  ]8ys,  p.  3.'"i8). 

:\Iauy  more  examples  might  be  cited  to  show  how  great 
the  changes  are  that  have  been  produced  by  artificial 
selection.  jMany  domestic  races  produced  in'  this  way 
differ  as  much  from  each  other  and  from  the  parent 
species  as  do  species  or  even  genera  in  nature.  If  arti- 
ficial selection  acting  dui-ing  only  a  few  genei-ations 
can  produce  so  great  changes,  how  much  more  elTeet- 
ive  must  have  been  natural  selection,  which  is  probably 
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much  more  rigorous  and  continuous,  acting  through 
countless  ages. 

To  sum  up,  then,  we  have  considered  three  lines  of  evi- 
dence that  natural  selection  is  a  factor  in  organic  evolu- 
tion: 1.  We  have  observed  facts  of  the  struggle  for  exis- 
tence and  a  selective  death  rate.  3.  We  find  that  no 
organism  in  nature  has  developed  any  structure  or  func- 
tion for  the  exclusive  benefit  of  another  species,  contrary 
to  what  we  might  expect  to  find  on  the  theory  of  special 
creation ;  but  j  ust  what  must  be  the  case  on  the  theory 
of  natural  selection.  (This  would  probably  be  true  also 
on  any  theory  of  evolution.)  3.  We  find  that  the  analo- 
gous process  of  artificial  selection  has  been  the  most  effec- 
tive means  of  developing  in  domestic  races  those  quali- 
ties of  most  value  to  man,  and  therefore  we  infer  that 
natural  selection  has  been  an  important  factor  in  de- 
veloping in  natural  species  those  qualities  of  benefit  to 
themsel  ves. 

One  of  the  best  ways  of  testing  a  theory  is  to  attempt 
to  apply  it  to  concrete  cases  of  th(;  class  of  phenomena 
which  i't  is  supposed  to  explain.  In  the  appHcations  of 
the  theory  of  natural  selection  we  shall  find  the  fourth 
and  last  line  of  evidence  in  fa\or  of  the  theory. 

The  phenomena  in  question  are  in  general  those  of 
(iiliilitiilion.  Many  plants  have  especial  floral  structures 
which  facilitate  cross  fertilization  by  the  aid  of  insects, 
and  Darwin  has  shown  that  this  is  of  great  advantage  to 
the  species.  Climbing  plants  have  peculiar  structures 
and  powers  of  movement  thai  are  clearly  of  advantage 
in  enabling  the  long,  slender  stems  to  find  support.  Both 
plants  and  animals  frequently  have  structures  which 
serve  to  repel  enemies,  and  many  animals  are  provided 
with  a  protective  coloring  which  renders  them  inconspic- 
uous to  their  enemies  or  to  their  piey.  Other  animals, 
provided  with  offensive  secretions  or  weapons,  also  have 
conspicuous  warning  colors  which  render  them  less  liable 
to  attack.  Finally,  there  are  inoffensive  animals  which 
resemble  the  offensive  ones  superficially  in  color  and 
form,  and  by  this  mimicry  probably  share  in  their  immu- 
nity from  enemies. 

These  are  examples  of  a  large  and  important  class  of 
phenomena  that,  rejecting  the  theory  of  special  creation, 
can  be  explained  by  only  one  theorj'  of  evolution,  that  is 
the  theory  of  natural  selection.  Tlius  we  see  that  natu- 
ral selection  Is  not  merely  a  factor,  but  is  perhaps  the 
most  important  of  all  factors  in  organic  evolution. 

Passing  over  the  objections  to  the  theorj-  of  natural  se- 
lection that  arise  from  misunderstanding  of  the  theory 
or  ignorance  of  the  facts,  there  are  three  objections  that 
are  important. 

First,  it  is  true  that  a  great  many  species  are  distin- 
guished by  differences  of  form  or  color  that  are  so  mi- 
nute that  it  seems  impossible  for  them  to  be  of  selective 
value.  Not  knowing  all  the  conditions  of  life,  Ave  are 
unable  to  say  that  such  differences  are  not  in  themselves 
of  .selective  value  or  correlated  Avith  characters  of  selec- 
tive value.  But  in  many  cases  there  is  no  evidence  of 
such  value  or  correlation. 

Se<'ond,  one  of  tiie  most  marked  peculiarities  of  spe- 
cies is  infertility  Avhen  crossed  Avith  other  forms.  Now 
it  is  difficult  to  see  hoAv  infertility  of  any  form  could  be 
l)roduced  by  natural  selection,  except  in  relation  to  the 
food  supply.  But  food  supjily  could  liaA'e  nothing  to 
do  Avith  infertility  betAveen  siiecies. 

Third,  a  distinction  must  be  drawn  betAveeu  linear  evo- 
lution and  divergent  evolution.  Linear  evolution  would 
be  the  gradual  change  of  siiccific  type  by  Avhich  the  new 
species  Avould  become  different  I'mm  the  old,  but  the 
numlier  of  species  Avould  remain  the  same.  Divergent 
evolution,  on  the  other  hand,  Avould  mean  the  splitting 
of  original  specific  tyjies  into  two  <n-  more  ucav  types'. 
Now  it  Avould  b<'  impossible  for  a  species  to  become  mul- 
timodal and  ultimately  to  separate  into  tAVO  or  more  by 
the  action  of  natural  selection  alone.  For  there  Avould 
be  nothing  to  |irevent  individuals  of  different  types  from 
breeding  togetlier  and  thus  reducing  them  all  to  a  com- 
mon type. 

These  objections  are  valid,   unless  some  other  factor 
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may  bebrought  to  the  aid  of  natural  selection.  But  se- 
lection IS  not  the  only  means  employed  by  the  breeder  of 
domestic  races ;  then  why  should  natural  selection  be  sup- 
posed to  be  the  sole  factor  of  organic  evolution? 

Isolation.— Whan  a  breeder  wishes  to  improve  a  race 
or  to  create  a  new  one,  he  not  only  makes  a  very  careful 
selection  of  his  breeding  stock,  but  he  builds  a  fence 
around  it  and  guards  it  against  admixture  with  other 
stoc'k.  That  this  principle  of  isolation,  or  segregation 
IS  of  great.importanceas  afactorof  organic  evolutionhas 
been  pointed  out,  especially  by  Gulick  and  Romanes  By 
isolation  IS  meant "  simply  the  prevention  of  intercrossing 
between  a  separated  section  of  a  species  or  kind  and  the 
rest  of  that  species  or  kind."  Romanes  regards  natural 
selection  as  a  prime  factor  of  vast  importance  in  evolu- 
tion, but  he  believes  it  to  be  less  fundamental  and  of 
more  limited  application  than  the  principle  of  isolation 
He  says:  "Equalled  only  in  its  importance  by  the  two 
basic  principles  of  heredity  and  variation,  this  principle 
of  isolation  constitutes  the 
third  pillar  of  a  tripod  upon  _ 

which    is   reared   the   whole  ■»- 

superstructure     of     organic 
evolution." 

From  this   point  of 


change  of  type.  That  is,  the  mean  of  this  section  will 
difler  somewhat  from  the  mean  of  the  species  as  a  whole, 
and  there  will  be  a  certain  degree  of  homogamy  But 
this  change  of  type  may  be  very  small,  and  it  is  very 
doubtful  if  homogamy  without  natural  selection  can  pro- 
duce any  continuous  change  of  type,  although  Gulick 
and  Romanes  have  held  that  it  can. 

Geographical  isolation  has,  without  doubt,  played  a 
very  important  part  in  the  differentiation  of  species.  As 
we  have  seen,  it  will  give  rise  to  homogamy  or  apogamy, 
according  to  the  number  of  individuals  separated.  But 
probably  its  most  important  effect  has  been  to  allow  the 
gradual  adaptation  of  parts  of  a  species  to  different  con- 
ditions, which  would  be  impossible  whei-e  free  intercross- 
ing could  take  place. 

There  are  numerous  forms  of  homogamy,  "  When, 
for  example,  any  section  of  a  species  adopts  somewhat 
different  habits  of  life,  or  occupies  a  somewhat  different 
station  in  the  economy  of  nature,  homogamy  arises  in 
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point  ot  view 
natural  selection  becomes  a 
special  case  of  isolation, 
where  the  individuals  best 
fitted  for  their  environment 
are  isolated  and  prevented 
from  crossing  with  inferior 
Individuals  by  the  death  of 
the  latter.  But,  as  we  have 
seen,  this  form  of  isolation 
can  produce  only  linear,  or 
monotypic,  evolution,  for  of 
the  two  separated  sections  of 
the  species  only  one  survives. 
It  is  possible,  however,  that 
the  modal  type  might  be- 
come the  least  favorable,  and 
that  selection  would  result  in 
the  separation  of  two  types 
equally  fit.  To  borrow  an 
illustration  from  Pearson, 
suppose  a  short  femur  and  a 
long  radius  to  be  equally  fa- 
vorable and  their  combina- 
tion in  one  individual  so  rare  as  to  be  negligible.  Rigor- 
ous selection  would  produce  two  pure  types,  as  in  Fig. 
1951, 1.  But  natural  selection  alone  is  powerless  to  pre- 
vent the  free  intercrossing  of  these  types,  and  the  birth 
curve  of  the  next  generation  will  have  the  form  of  II  in 
Fig.  1951.  Selection  will  need  to  be  repeated  with  equal 
rigor,  otherwise  in  the  third  generation  we  shall  find  an 
approach  to  the  normal  curve  with  the  mixed  type  as  the 
mode,  six  times  as  numerous  as  either  pure  type  (Fig.  1951, 
III).  By  natural  selection  alone,  then,  we  should  have  in 
such  a  case  merely  periodic  selection  and  no  progress  in 
divergent  evolution.  In  order  that  the  types  A  and  B 
may  become  the  foundation  for  two  new  species,  some 
other  barrier  must  arise  between  them.  We  must  look 
for  some  other  form  of  isolation. 

Isolation  may  be  total  or  it  may  be  partial  of  various 
degrees.  A  more  important  distinction  is  between  isola- 
tion that  is  "discriminate"  and  that  which  is  "  indiscrimi- 
nate." Indiscriminate  isolation  allows  free  intercrossing 
of  all  variations,  or  apogamy ;  while  discriminate  isola- 
tion allows  only  individuals  having  some  point  of  resem- 
blance to  breed  together,  or  homogamy. 

Apogamy  will  occur  only  where  sections  of  the  species 
contain  large  numbers  of  individuals  at  the  time  of  sepa- 
ration. In  this  case  there  will  be  no  change  of  type  un- 
less the  separated  sections  become  subjected  to  different 
conditions  so  that  natural  selection  may  act  in  a  different 
manner. 

Where  the  isolated  section  Is  so  small  as  not  to  be  a 
fair  sample  of  the  population,  there  will  be  a  sudden 
Vol.  IV.— 3 


Illustration  ol  tbe  Swamping  Effect  ot  Inter-crossing.    J,  First  Reneration-selection  in- 


PiG.  1951.- 

tense,  model  type  destroyed  leaving'two  pure  types  distinctly  differentiated T  U.  Second  genera- 
tion—random mating  o£  tlie  two  pure  types  of  equal  fertility.  Eesults,  mixed  type  twice  as 
numerous  as  either  pure  type.  Ill,  Third  generation— random  mating  of  the  second ;  all  indi- 
viduals equally  fertile.  Results,  mixed  type  six  times  as  numerous,  and  intermediate  forms  four 
times  as  numerous,  as  either  pure  type.     (Data  from  Pearson.) 


that  section. "  In  plants  differences  in  times  of  flowering, 
in  habitat,  or  in  the  habits  of  insect  visitors  may  give  rise 
to  homogamy.  But,  according  to  Romanes,  aside  from 
natural  selection,  the  most  important  form  of  homogamy 
is  sexual  incompatibility,  which  he  calls  physiological 
isolation.  In  this  form  of  isolation  individuals  having 
some  peculiarity  of  the  reproductive  organs  are  prevented 
by  this  from  crossing  with  individuals  having  some  other 
peculiarity.  If  this  sterility  between  different  sections 
of  the  species  be  correlated  with  other  peculiarities,  we 
have  what  Romanes  culls  physiological  selection  and  the  for- 
mation of  a  new  race,  wliich  is  free  to  develop  indepen- 
dently of  the  rest  of  the  species. 

This  theory  is  based  upon  two  principal  considerations: 
(1)  the  general  variability  of  organisms,  including  the 
reproductive  organs,  and  (2)  tlie  fact  that  the  character 
that  chiefly  distinguishes  species  from  varieties  is  ster- 
ility between  them.  This  sterility  may  be  absolute, 
or  it  may  result  in  the  production  of  more  or  less 
sterile  h3'brids.  Whether  sterilitj^  has  arisen  before  or 
after  other  divergent  characters,  it  will  be,  in  either  event, 
an  important  factor  in  evolution.  We  must  suppose  it  to 
have  arisen  gradually  and  to  have  spread  until  it  af- 
fected a  number  of  individuals;  but  it  is  dilBcult  to  see 
how  this  could  have  taken  place  without  the  aid  of  some 
other  form  of  isolation. 

The  chief  evidence  for  the  theory  of  Physiological  Se- 
lection is  found  in  the  topographical  distribution  of 
plants.  Naegeli  found  ninety-five  per  cent,  of  allied  spe- 
cies and  a  great  number  of  allied  varieties  living  together 
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in  the  same  stations  separated  by  no  barrier  except  ster- 
ility And  this  is  confirmed  hy  the  experiments  of  Alexis 
Jordan,  published  in  1873.  He  discovered  in  plants  great 
numbers  of  varieties  hitherto  overlooked  owing  to  the 
minuteness  of  the  differences  between  them.  And  he 
found  that  in  many  hundreds  of  cases  these  varieties,  m 
nature  living  side  by  side,  would  breed  true  to  seed  and 
be  sterile  inter  se.  .  ,  ^ 

Sexual  Selection.— Another  series  of  special  cases  ot 
isolation  is  furnished  by  the  various  kinds  of  sexual 
selection.  This  term,  as  recently  employed  by  Pearson, 
includes  all  forms  of  selective  mating.  This  is  sharply 
contrasted  with  pangamic  mating,  or  the  mating  at  ran- 
dom of  all  members  of  the  race.  The  forms  of  selective 
mating  are  classified  by  Pearson  as  follows: 

1.  Autogamic  mating,  or  self-fertilization,  including 
the  fertilization  of  a  flower  by  another  flower  on  the  same 
plant. 

3.  Endogamic  mating,  or  mating  within  the  family, 
brood,  or  clan,  a  very  cfEective  mode  of  isolation. 

3  Homogamic,  or  assortive  mating,  the  union  of,  like 
with  like,  the  two  mates  not  necessarfly  being  of  the 
same  brood. 

4.  Apolegamic  (from  airn?i,eyo>,  I  pick  out,  refuse),  or 
preferential  mating.  This  is  sexual  selection  in  the  sense 
in  which  the  word  was  originally  used  by  Darwin. 

5.  Heterogamic  mating,  or  the  union  of  unlikes.  Dar- 
win found  many  cases  of  this  form  of  mating  in  his 
study  of  the  effects  of  cross  and  self-fertilization  in  plants. 
It  includes  those  cases  in  which  the  species  is  polymorphic 
and  a  union  of  diverse  forms  is  prepotent  over  a  union  of 
similar  individuals. 

The  theory  of  sexual  selection  in  the  narrower  sense 
was  devised  by  Darwin  to  account  for  the  origin  of  cer- 
tain secondary  sexual  characters  in  animals. 

There  are  many  species  in  which  the  individuals  of  one 
sex,  usually  the  male,  fight  with  one  another  for  the 
possession  of  mates.  The  fur  seal  is  an  excellent  ex- 
ample. In  such  cases  it  is  obvious  that  those  males 
having  superior  weapons  and  strength  to  use  them 
will  beget  the  greater  number  of  offspring,  and  that 
these  will  inherit  and  transmit  their  favorable  pecul- 
iarities. This  might  be  regarded  as  a  special  form  of 
natural  selection. 

But  there  are  many  species,  especially  among  the  birds, 
in  which  the  contest  for  mates  is  carried  on  by  gentler 
means.  In  these  cases  the  males  usually  seem  to  vie 
with  one  another  in  an  attempt  to  excite  the  sexual  in- 
stincts of  the  females  by  melodious  song  and  cries,  by 
movements  of  the  body,  or  display  of  bright  colors.  It 
is  supposed  that  those  males  which  are  most  attractive 
to  the  females  will  produce  the  most  offspring,  and  thus 
the  development  of  ornamental  secondary  sexual  charac- 
ters is  regarded  as  due  to  selective  action  on  the  part  of 
the  females. 

Of  course,  this  theory  can  applj'  only  to  animals  of  a 
relatively  high  grade  of  organization,  and  the  efficiency 
of  this  factor  in  evolution  has  been  denied  entirely  by 
Wallace  and  others. 

To  enter  into  this  controversy  would  require  too  much 
space.  But  it  may  be  pointed  out  here  that  (1)  males 
are  frequently  distinguished,  not  only  by  bright  colors, 
but  by  a  highly  decorative  color  pattern,  sometimes  as- 
sociated with  a  highly  elaborate  structure,  as  in  the  pea- 
cock, angus  pheasant,  bird  of  paradise,  etc. ;  (2)  many 
birds  possess  cot  only  call  notes,  but  a  melodious  song, 
often  to  our  ears,  at  least,  of  great  beauty,  as  the  wood 
thrush,  the  wren,  and  the  catbird;  (3)  and,  finally,  the 
deer  family  possess  handsome  arborescent  antlers  that  are 
highly  ornamental,  but  certainly  less  efficient  weapons 
than  the  straight  horns  of  the  antelopes.  Now  these 
facts  cannot  be  explained  by  the  assumption  of  vigor  of 
the  male,  nor  by  the  usual  process  of  natural  selection, 
while  they  are  easily  explained  on  the  theory  of  prefer- 
ential mating. 

_  In  order  that  the  choice  of  the  female  may  be  an  effi  - 
cieut  factor  in  evolution  there  must  be  a  certain  general 
tendency  in  one  direction.     In  order  to  discover  whether 
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this  be  true  or  not  it  would  be  necessary  to  resort  to  care- 
ful statistical  inquiry.  . 

Pearson  has  pointed  out  the  method  for  making  such 
inquiries,  and  in  the  case  of  man  he  found  no  evidence  of 
preferential  mating  in  respect  to  stature,  but  he  found 
distinct  evidence  of  preferential  mating  in  the  matter  of 
eye-color  or  of  some  closely  allied  character  in  the  male. 
The  general  tendency  is  for  the  lighter-eyed  to  mate, 
while  the  dark-eyed  are  less  frequently  mated.  He  con- 
cludes that  it  cannot  be  doubted  "  that  sexual  selection 
in  the  form  of  preferential  mating  is  not  a  mere  hypothe- 
sis, but  can  be  demonstrated  to  actually  exist  in  the  case 
of  man. " 

Preferential  mating  would  have  an  effect  on  evolution 
similar  to  that  of  natural  selection.  That  is,  there  might 
be  a  tendency  to  progressive  change  of  type,  but  it  could 
not  alone  produce  differentiation.  On  the  other  hand,  it 
is  clear  that  self-fertilization  and  endogamy  would  aid 
differentiation,  and  assortive  mating  would  also  have  this 
effect,  if  mating  of  this  kind  takes  place. 

Pearson,  using  the  method  of  correlation,  studied  the 
stature  of  one  thousand  pairs  of  husbands  and  wives,  and 
the  eye  color  of  seven  hundred  and  seventy-four  pairs. 
And  he  found  that,  "  the  assortive  mating  is  indeed  so 
great  that  husband  and  wife  have  for  the  average  of  these 
two  characters  a  sensibly  greater  degree  of  resemblance 
than  that  assumed  on  theoretical  grounds  to  hold  for  first 
cousins  and  approaching  the  degree  of  resemblance  found 
for  uncle  and  niece." 

Panmixia. — The  presence  of  vestigial  organs  in  vast 
numbers  of  species,  and  the  fact  that  some  groups  en- 
tirely lack  organs  possessed  by  other  related  and  perhaps 
lower  groups,  as,  for  example,  the  snakes,  lead  to  the  be- 
lief that  in  the  course  of  evolution  organs  in  many  cases 
have  dwindled  in  successive  generations,  and  sometimes 
have  entirely  disappeared. 

Perhaps  the  most  natural  explanation  of  these  facts 
would  be  to  ascribe  them  to  the  inherited  effects  of  dis- 
use. But  this  explanation  is  inadequate,  for  it  will  not 
account  for  the  loss  of  parts  in  plants,  nor  for  the  loss  of 
passively  protective  structures  in  animals ;  and  it  is  par- 
ticularly inapplicable  to  the  cases  of  the  loss  of  wings  in 
neuter  insects,  for  neuters  produce  no  young,  and  hence 
there  could  be  no  inherited  effect. 

To  meet  this  difficulty  Weismann  introduced  the  hy- 
pothesis of  panmixia.  This  is  merely  random  mating 
without  selection.  But,  as  has  been  pointed  out  by  C.  L. 
Morgan  and  Pearson,  the  only  effect  of  panmixia  would 
be  a  reduction  from  the  survival  mean  to  the  birth  mean. 
There  would  be  a  sudden  slight  change  of  adult  type  in 
one  generation,  and  after  that  no  further  effect. 

So  it  would  seem  that  we  must  fall  back  upon  Darwin's 
principle  of  natural  selection  and  economy  of  growth. 
For  example,  in  the  case  of  wingless  insects  inhabiting 
small  oceanic  islands,  it  is  evident  that  if  the  species  were 
unable  to  become  strong  fliers,  it  were  better  for  them 
not  to  fly  at  all.  Because  weak  fliers  would  be  apt  to 
be  blown  out  to  sea  and  lost.  Darwin  argued  also  that 
useless  organs  require  as  much  nourishment  as  useful 
ones,  and  in  time  of  dearth  the  animal  which  had  to  find 
nutrition  for  the  smallest  amount  of  useless  tissue  would 
stand  the  best  chance  of  surviving.  This  might  account 
for  the  dwindling  of  useless  organs,  but  it  would  not 
account  for  their  complete  disappearance.  For  it  cannot 
be  supposed  that  the  presence  or  absence  of  a  minute 
vestige  of  an  organ  could  ever  be  a  matter  of  life  or 
death.  And  as  no  satisfactory  hypothesis  has  been  ad- 
vanced to  explain  this,  we  shall  have  to  regard  it  as  one 
of  the  unsolved  problems  of  evolution. 

Bathmic  ^TOfi/<jo?i.— Paleontologists  have  asserted  that 
they  find  in  the  study  of  extinct  animals  evidence  of  a 
constitutional  tendency  toward  variation  in  a  definite  di 
rection.  Such  a  change  of  type,  due  solely  to  something 
inherent  m  the  constitution,  without  action  of  organic  or 
inorganic  environment,  is  called  bathmic  evolution  (from 
IJadnic,  basal). 

The  evidence  that  such  evolution  has  taken  place  is  not 
very  convincing.     Nevertheless,   supposing  it  to  be  a 
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fact,  many  explanations  liave  been  offered  to  account  for 
it.  Mivart  suggested  an  innate  tendency,  and  Naegeli,  a 
perfecting  principle.  But  these  are  merely  words  and 
explain  nothing.  Hyatt  from  a  study  of  certain  fossil 
mollusca,  ammonites,  found  evidence  of  ft  cycle  of  devel 
opment  of  species  corresponding  to  the  cycle  of  individ- 
ual development.  He  holds  that  there  is  a  law  of  growth 
which  compels  species  to  pass  through  the  stages  of 
youth,  maturity,  and  senescence.  This  may  be  true  of 
the  ammonites ;  it  may  be  the  reason  that  they  are  ex- 
tinct. But  it  has  not  been  shown  to  hold  for  any  other 
group,  and  the  law  itself  would  need  explanation. 

Weismann  has  offered  as  an  explanation  of  bathmic 
evolution  his  hypothesis  of  germinal  selectwn  But  this 
is  a  pure  assumption  based  upon  Weismann 's  theory  of 
the  structure  of  the  germ  plasma,  which  is  directly  con- 
tradicted by  observed  facts  (see  Heredity). 

The  first  reasonable  hint  of  a  cause  for  bathmic  evolu- 
tion has  been  furnished  bj^  Pearson  in  his  theory  of  repro- 
ductive, or  genetic,  selection.  From  the  study  of  foin'  thou- 
sand three  hundred  and  ninety  families  in  the  middle  and 
upper  classes,  Pearson  found  that  variations  in  fertility 
do  not  follow  a  normal  symmetrical  curve,  but  have  a 
very  skew  distribution,  small  families  being  much  more 
numerous  than  large  ones.  The  result  is  that  twenty- 
five  per  cent,  of  the  parents  produce  fifty  per  cent,  of  the 
children.  It  is  clear  that  on  the  average  one  pair  of  the 
smaller  group  of  more  fertile  parents  will  have  as  much 
effect  on  the  type  of  the  next  generation  as  three  pairs 
of  the  larger  less  fertile  group.  Therefore,  if  fertility  be 
inherited,  and  if  there  be  a  correlation  between  fertility 
and  any  other  character,  progressive  change  of  type  may 
take  place  by  a  purely  bathmic  process,  unless  checked 
by  natural  selection  or  other  cause.  As  to  the  inheritance 
of  fertility,  Pearson  foimd  from  a  comparison  of  the  sizes 
of  the  families  of  a  thousand  pairs  of  mothers  and  daugh- 
ters, where  the  marriages  had  lasted  fifteen  years  or  more, 
that  there  was  very  good  evidence  of  such  inheritance. 
(He  obtained  a  coefficient  of  heredity  of  .213  with  a  prob- 
able error  of  ±.020.)  Similar  results  were  obtained  by 
the  study  of  one  thousand  pairs  of  paternal  grandmothers 
and  granddaughters.  Here  the  coefficient  of  heredity 
(.112  ±.031)  is  about  half  as  large  as  for  mother  and 
daughter,  as  would  be  expected  bj'  the  law  of  ancestral 
heredity,  and  this  is  an  example  of  the  transmission  of  a 
female  character  through  the  male  line  with  undimin- 
ished Intensity.  Thoroughbred  horses  also  furnished  evi- 
dence that  fecundity  is  inherited  between  dam  and  daugh- 
ter and  also  through  the  male  line,  fecundity  being 
transmitted  by  a  sire  from  his  dam  to  his  daughter. 
There  is  also  evidence  of  correlation  between  fertility 
and  other  characters.  In  man,  Pearson  found  that  the 
more  fertile  women  are  slightly  taller  than  the  less  fertile, 
and  dark-eyed  fathers  and  mothers  are  found  to  be  more 
fertile  than  those  with  light  eyes. 

Poppies  have  radiating  ridges  on  the  upper  part  of 
the  seed  capsule,  the  stigmatic  bands.  In  4,443  capsules 
of  Shirley  poppies  the  range  of  variation  was  from  5  to 
19  bands  and  the  modal  number  was  13.  Capsules  with 
13  to  18  bands  were  found  to  be  very  full  of  seed,  while 
there  were  hardly  any  in  capsules  having  very  few  or 
very  many  bands.  Likewise  in  3,312  seed  capsules  of 
Nigella  hispanica  the  range  of  variation  in  the  number  of 
segments  was  from  2  to  20,  with  8  for  the  modal  number. 
Capsules  with- 8  segments  were  found  to  be  very  fertile, 
while  those  with  10, 11,  and  12  segments  contained  hardly 
any  seed,  and  those  with  5  or  less  were  practically  sterile. 

It  is  evident,  then,  that  where  the  most  fertile  charac 
ter  coincides  with  the  modal  character,  as  in  the  case  of 
the  poppies  and  Nigella,  this  differential  fertility,  or 
genetic  selection,  will  tend  to  preserve  the  stability  of 
the  race,  and  in  order  that  differentiation  of  type  may 
take  place,  this  effect  will  have  to  be  overcome.  On  the 
other  hand,  if  the  most  fertile  character  differs  from  the 
modal  character,  as  appears  to  be  the  case  in  the  eye 
color  of  man,  then  there  will  be  a  progressive  change, 
unless  this  is  checked  by  preferential  mating,  natural 
selection,  or  some  other  cause.     So  differential  fertihty 


is  to  be  reckoned  with  as  a  factor  in  evolution.  It  is 
certainly  in  some  cases  a  conservative  factor,  and  it  is 
possible  that  it  may  become  a  cause  of  progressive  change 
of  type.  But  whether  bathmic  evolution  has  ever  taken 
place  by  this  means  without  the  aid  of  othei  factors  is 
another  of  the  unsolved  problems. 

In7ierilani-e  of  Acquired  (Jhiinicters. — An  "acquired" 
character  is  one  which  arises  during  the  life  of  the  indi 
vidual  as  the  result  of  functional  activity  or  in  response 
to  an  external  stimulus.  The  term  is  an  unfortunate  one, 
for  to  many  minds  the  word  "  acquired  "  conveys  simply 
the  impression  of  newness  without  regard  to  the  source 
of  the  change.  To  meet  this  dilflculty  C.  L.  Morgan  has 
proposed  to  use  the  t^rm.  modification  in  place  of  acquired 
character,  and  to  reserve  the  tei'm  rariiitiim  for  changes 
of  purely  congenital  origin.  Moreover,  it  is  often  dilH- 
cult  to  distinguish  between  modifications  and  variations. 
For  example,  deafness  may  be  due  to  congenital  malfor- 
mation of  the  ear,  or  it  may  be  due  to  disease.  In  the 
first  case  it  would  be  a  variation,  in  the  second  it  would 
be  a  modification.  Now  Fay  in  his  study  of  the  inheri- 
tance of  deafness  often  found  it  difficult  to  decide  in 
which  class  a  given  case  should  be  placed. 

■The  factors  of  organic  evolution  that  we  have  exam- 
ined so  far  have  been  the  great  factor,  natural  selection, 
and  a  number  of  others  more  or  less  aiding  and  accessory 
to  it.  We  have  seen  that  natural  selection  is  itself  con- 
ditioned by  three  other  factors :  (1)  variation,  (2)  inheri- 
tance, and  (3)  the  struggle  for  existence. 

Natural  selection  is  only  indirectly  concerned  with  the 
origin  of  variations.  So  long  as  variations  are  of  the 
right  kind  and  are  capable  of  being  transmitted,  natural 
selection,  with  the  aid  of  isolation,  will  protect  and  de- 
velop them.  It  is  evident,  then,  that  if  the  purposeful, 
adaptive  modifications  of  the  individual  that  arise  as  the 
result  of  its  reactions  to  the  stimulus  of  its  environment 
may  become  hereditary,  they  will  be  a  great  aid  to  natu- 
ral selection.  For  they  will  insure  the  presence  of  the 
right  kind  of  variation  to  be  selected  when  it  is  needed. 
Darwin  thought  that  such  acquired  characters  are  in- 
herited, and  he  regarded  them  as  an  important  aid  to  nat- 
ural selection.  The  neo-Lamarckians,  on  the  other  hand, 
have  taken  the  view  that  the  inheritance  of  acquired 
characters  is  much  more  than  an  aid  to  natural  selection ; 
that  it  is  itself  a  prime  factor  of  organic  evolution. 

Now  comes  the  school  of  Wallace  and  Weissmann,  and 
says  that  the  inheritance  of  acquired  characters  not  only 
is  not  a  prime  factor  in  evolution,  but  it  is  not  even  an 
aid,  as  Darwin  supposed,  to  natural  selection.  In  fact, 
according  to  this  school,  acquired  characters  are  not  in 
any  degree  inherited.  The  question  then  is.  Are  ac- 
quired characters  inherited,  and  if  so,  how  far  has  this 
inheritance  been  a  factor  in  the  origin  of  species? 

To  discuss  fully  the  subject  of  the  inheritance  of  ac- 
quired characters  as  a  factor  of  organic  evolution  would 
require  much  more  space  than  we  have  at  our  command. 
But  we  may  endeavor  to  present  a  few  of  the  thoughts 
which  seem  to  be  of  greatest  importance  in  this  connec- 
tion. 

In  the  first  place,  the  neo-Lamarckian  contention  that 
the  inheritance  of  acquired  characters  is  the  prime  factor 
in  evolution  can  be  ruled  out  of  court  at  once  as  mani- 
festly untenable.  There  are  a  large  number  of  structures 
in  both  plants  and  animals  that  can  have  developed  only 
as  the  result  of  continued  selection.  Such  are  the  cases 
of  mimicry,  both  in  form  and  color,  warning  colors, 
adaptations  for  cross  fertilization  in  plants,  and  the  like. 
But  the  most  instructive  examples,  as  pointed  out  by 
Brooks,  are  to  be  found  in  species  having  normally  ster- 
ile individuals.  In  many  species  of  polyps  there  are 
nutritive,  offensive,  or  protective  persons  in  each  colony 
which  never  produce  offspring ;  and  among  ants,  bees, 
and  termites,  the  most  numerous  and  most  active  mem- 
bers of  the  community  are  sterile  workers.  These  sterile 
individuals  generally"  differ  from  the  fertile  males  and 
females,  presenting  very  beaiitiful  modifications  of  both 
structures  and  instincts  in  adaptation  to  their  very  differ- 
ent functions  and  mode  of  life.     Now  as  the  worker  has 
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no  offspring  its  acquired  characters  cannot  be  inlierited. 
The  evolution  of  the  worker  must  be  explained  as  the 
result  of  natural  selection,  preserving  those  queens  that 
produced  the  workers  best  adapted  to  the  needs  of  the 
species. 

If  such  complex  adaptations  as  the  mechanism  for 
cross  fertilization  in  orchids,  and  modifications  observed 
in  the  worker  of  the  honey-bee  have  arisen  through  the 
action  of  natural  selection  without  the  aid  of  the  inheri- 
tance of  modifications,  a  strong  presumption  is  raised  in 
favor  of  the  view  that  natural  selection  and  not  inlieri- 
tauce  of  acquired  characters,  has  been  the  prime  factor  in 
evolution  generally.  This  being  granted,  should  we  not 
return  to  the  position  taken  by  Darwin,  that  while  nat- 
ural selection  is  by  far  the  most  important  factor  in 
evolution,  it  has  been  aided  by  the  favorable  variations 
resulting  from  the  inheritance  of  acquired  adaptive  modi- 
fications? 

The  amount  and  kind  of  evidence  that  is  required  to 
prove  any  generalization  depend  upon  its  theoretical 
probability.  Now  if  we  accept  Darwin's  view  as  to  the 
inheritance  of  acquired  characters,  we  must  also  accept 
his  theory  of  heredity  or  some  theory  closely  allied  to  it. 
The  study  of  heredity,  however,  makes  it  clear  that  the 
only  theory  that  corresponds  with  what  is  known  of  the 
origin  of  the  germ  cells  and  the  subsequent  development 
of  the  embryo  utterly  fails  to  explain  the  inheritance  of 
acquired  characters.  If  acquired  characters  are  ever  in- 
herited, our  theory  of  heredity  must  include  some  form 
of  pangenesis  and  of  preformation.  But  the  only  theory 
that  agrees  with  the  facts  of  development  must  include 
the  contrary  principles  of  continuity  of  the  germ  plasm 
and  epigenesis.  This  makes  the  inheritance  of  acquired 
characters  seem  theoretically  improbable,  and  necessitates 
a  critical  examination  of  the  testimony  in  its  favor.  This 
evidence  may  be  classified  as  follows : 

1.  Indirect  evidence., 

(a)  Analogy  between  congenital  and  acquired  charac- 
ters. 

(J)  Apparent  uselessness  of  nascent  structures  observed 
in  fossils. 

(e)  Reflex  actions. 

(d)  Instinct, 

2.  Direct  evidence. 

Reported  cases  of  inherited  effects  of  (a)  use  or  disuse, 
of  (J)  climate,  and  of  (c)  food. 

3.  Experimental  evidence. 

(a)  Brown-Sequard's  experiments  on  guinea-pigs. 

(b)  Experiments  of  Hoffman,  CarriSre,  and  Buckman 
on  plants. 

It  will  be  most  convenient  to  take  up  this  evidence  in 
the  reverse  order.  Beginning  with  the  experimental  evi- 
dence, Brown-Sequard's  experiments  were  supposed  to 
show  that  epilepsy  induced  in  guinea-pigs  by  operation 
is  inherited  by  their  offspring.  But  Romanes  repeated 
these  experiments  as  carefully  as  possible,  and  his  results 
were  inconclusive. 

Carrifere  and  Buckman  were  able  to  produce  change  in 
plants  increasing  in  successive  generations,  by  growing 
them  on  different  soils.  But  here  the  principle  of  selec- 
tion was  employed,  and  it  is  impossible  to  say  how  far 
the  result  is  due  to  selection  and  how  far  to  the  inheri- 
tance of  acquired  characters.  It  is  also  to  be  remembered 
that  food  is  one  of  the  factors  in  the  environment  that 
may  affect  the  germ  plasm  directly.  It  is  possible, 
therefore,  that  the  changes  observed  in  the  succeeding 
generations  of  plants  may  be  due  to  the  new  constituents 
of  the  sap  affecting  the  germ  plasm  directly.  The  new 
characters  would  not  then  be  acquired  characters  in  the 
technical  sense,  but  true  congenital  variations.  More- 
over, these  experiments  are  offset  by  a  number  of  experi- 
ments made  by  careful  observers  especially  to  test  the 
question  of  inheritance  of  acquired  characters,  which 
have  given  purely  negative  results.  Fay  found  that 
when  both  parents  are  congenitally  deaf,  twenty-six  per 
cent,  of  the  children  arc  deaf.  When  one  parent  is  con- 
genitally deaf  and  one  has  acquired  deafness,  the  percen- 
tage of  deaf  children  is  6.5  per  cent.,  while  where  both 
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parents  have  acquired  deafness  it  is  only  2.3  per  cent., 
and  this  last  percentage  may  be  due  to  an  error  in  deter- 
mining whether  the  deafness  is  congenital  or  acquired. 

So  the  experimental  evidence,  which  should  be  expected 
to  give  the  most  conclusive  answer,  is  after  all  unsatis- 
factory. 

Tlie  direct  evidence  as  a  whole  is  worthless.  Most  of 
the  cases  have  been  reported  by  unscientific  persons  un- 
skilled in  exact  observation.  The  cases  in  which  there 
have  been  competent  observers  can  be  explained  as  well 
either  as  the  result  of  selection  of  congenital  variations 
or  as  the  result  of  the  direct  effect  of  environment  upon 
the  germ  plasm. 

It  is  the  indirect  evidence  that  offers  by  far  the  best 
cases  in  favor  of  the  inheritance  of  acquired  characters. 
In  the  first  place,  that  the  effects  of  use  and  disuse  of 
parts  and  the  effects  of  external  conditions,  climate,  food, 
etc,  are  inherited,  is  a  matter  of  common  belief.  We 
know  the  effects  of  these  causes  upon  the  individual,  and 
we  know  that  very  minute  individual  peculiarities  fre- 
quently are  inherited.  It  is  reasonable  to  suppose  then 
that  peculiarities  caused  by  external  conditions  are  inher- 
ited with  the  rest.  No  one  can  claim,  however,  that 
this  line  of  evidence  offers  more  than  a  presumption  in 
favor  of  the  inheritance  of  acquired  characters.  A  better 
line  of  Indirect  evidence  is  furnished  by  those  adaptations 
which  apparently  could  not  have  been  of  use  in  the  earlj' 
stages  of  their  evolution,  and  many  palaeontologists  be- 
lieve that  they  find  in  extinct  species  such  nascent  struc- 
tures and  that  these  prove  the  inheritance  of  acquired 
characters  to  be  the  prime  factor  in  evolution.  This  is 
regarded  as  especially  true  of  those  cases  in  which  a  high 
degree  of  co-adaptation  is  required.  Spencer,  for  exam- 
ple, presents  the  case  of  the  giraffe  as  a  form  undoubt- 
edly due  to  the  inherited  effects  of  functional  activity. 
For  as  he  rightly  says,  in  order  that  the  giraffe  may  carry 
his  long  neck,  the  forelegs  must  be  lengthened,  and  the 
hind  legs  shortened.  In  fact,  the  whole  shape  of  the 
body  has  to  be  altered,  involving  changes  in  a  great 
many  tissues  and  organs.  If  a  breeder  is  trying  to  pro- 
duce a  variety  having  a  new  combination  of  characters, 
he  selects  individuals,  some  having  one  character,  some 
another,  and  still  others  a  third,  and  so  on ;  and  by  caus- 
ing these  to  breed  together  finally  obtains  Individuals  in 
which  these  characters  are  all  combined.  The  Boston 
terrier  and  the  Plymouth  Rock  fowl  are  excellent  exam- 
ples of  such  a  blending  of  characters  by  artificial  selec- 
tion. 

Now  Spencer  argues  that  it  is  impossible  for  co-adapta- 
tion to  be  produced  by  an  analogous  process  in  nature, 
for  it  is  inconceivable  in  the  case  of  the  giraffe,  for  ex- 
ample, that  any  one  of  its  peculiarities  occurring  alone  in 
an  individual  could  be  of  sufficient  value  to  lead  to  the 
preservation  of  the  animal  by  natural  selection.  In  fact, 
some  peculiariries  without  the  others,  for  instance,  the 
long  heavy  neck  without  unusually  strong  shoulders  to 
support  it,  might  be  so  great  a  disadvantage  as  to  lead  to 
speedy  elimination.  In  order  that  the  giraffe  should  be 
produced  by  natural  selection,  according  to  Spencer  it 
would  be  necessary  for  all  of  the  co-ordinated  adaptations 
to  appear  at  the  same  time  and  in  a  large  number  of  in- 
dividuals. For,  in  the  first  place,  these  variations  could 
be  of  no  value  unless  all  were  present  and  co-ordinated; 
and  in  the  second  place,  unless  they  occurred  at  the  same 
time  m  a  large  number  of  individuals,  they  would  be  lost 
by  the  swamping  effect  of  intercrossing.  Moreover  they 
must  continue  to  vary  in  the  right  direction  in  a 'larg-e 
number  of  individuals.  All  of  this  Spencer  holds  to  be 
character    ^'    °"*  ^^'^  ^^^  °^  ^^^  inheritance  of  acquired 

A  new  variety  may  be  supposed  to  arise  in  one  of  two 
ways,  either  (1)  from  the  blending  of  a  series  of  adapta- 
tions each  in  Itself  of  selective  value,  or  (3)  by  the  co- 
adaptation  of  a  number  of  variations  each  so  slight  as  not 
alone  to  have  selective  value,  but  when  combined  with  the 
others  producing  a  form  sufficiently  superior  to  its  fel- 
lows to  be  preserved  in  the  struggle  for  existence.  Even 
Spencer  would  admit  that  the  first  method  is  easily  ex- 
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plained  by  natural  selection,  if  the  swamping  effect  of 
intercrossing  can  be  eliminated  by  some  mode  of  isola- 
tion. But,  if  new  forms  are  produced  in  tlie  other  way, 
by  co-adaptation  of  variations  in  themselves  not  of  selec- 
tive value,  as  Spencer  supposes  in  the  case  of  the  giraffe, 
natural  selection  is  not  so  easy  an  answer. 

These  phenomena  of  co-adaptation  present  one  of  the 
best  lines  of  evidence  that  has  ever  been  brought  forward 
in  support  of  the  theory  of  the  inheritance  of  the  effects 
of  use,  and  yet  it  does  not  seem  to  be  at  all  conclusive 
To  begin  with  the  case  of  tlie  giraffe,  it  would  seem 
that  the  development  of  this  species  from  an  antelope- 
like ancestral  form  may  be  explained  by  the  mingling  of 
adaptations  as  well  as  by  the  sudden  appearance  of  true 
co-adaptations.      Those   wlio  take   the   opposite   view 
while  insisting  upon  the  adaptive  value  of  functional 
modifications,  that  is,  characters  acquired  as  the  result  of 
the  use  of  parts,  seem  to  forget,  as  has  been  pointed  out 
by  C.  L.  Morgan  and  others,  that  purely  fortuitous,  or 
accidental,  congenital  variations  in  the  same  direction 
may  occur  at  the  same  time.     The  element  of  environ- 
ment that  has  led  to  the  evolution  of  the  giraffe  was  evi- 
dently the  need  of  reaching  high  foliage.     Now  in  order 
that  the  animal  shall  reach  this'  foliage  the  head  must  be 
raised  high  from  the  ground,  and  this  may  be  accom- 
plished by  lengthening  the  neck  or  by  lengthening  the 
fore-limbs,  or  by  lengthening  both  at  the  same  time.     At 
the  beginning,  therefore,  of  giraffe  evolution,  those  ani- 
mals which  varied  toward  greater  length  of  neck  and 
those  which  varied  toward  greater  length  of  fore-limb  or 
greater  height  of  shoulder  would  have  an  equal  chance 
of  surviving  in  the  struggle  for  existence,  provided  the 
muscles   necessary  for  carrying  this  inci'eased   weight 
were  equally   capable  of  heiiig  strengthened  by  e.rercise. 
These  individuals  would  breed  freely  together,  and  finally 
offspring  would  be  produced  having  both  neck  and  fore- 
limbs  longer  than  in  the  ancestral  form.     Again,   the 
effects  of  exercise  would  compensate  for  the  increased 
weight,  and,  again,  the  individuals  best  developed  would 
survive.     Now  we  know  practically  that  every  part  must 
have  varied  on  both  sides  of  the  average  character  of  the 
race.     A  large  number  of  individuals  inheriting  the  above 
characters  must  have  presented  congenital  variations  of 
the  co-operating  parts  of  the  body  of  the  same  character 
as  those  modifications  produced  in  the  others  b_y  func- 
tional activity.     Such  congenital  characters  might  occur 
separated,  some  in  one  individual,  some  in  another ;  but 
wherever  they  occur  the  animal  will  have  a  distinct  ad- 
vantage, for  so  much  will  be,  so  to  speak,  ready-made, 
and  just  so  much  less  to  be  developed  by  exercise.     Ton 
can  make  an  athlete  of  a  man  with  a  congenitally  strong 
back  and  weak  legs  more  quickly  than  you  can  make  one 
of  a  man  whose  back  and  legs  are  both  congenitally  weak. 
In  time,  by  careful  training,  the  two  men  might  become 
equally   strong,   but  in   natural  selection   time   counts. 
The  sooner  an  animal  can  hold  its  own  with  its  fellows, 
the  better  its  chance  for  surviving  to  produce  offspring. 
It  seems  to  us  then,  that  if  we  remember  tliaXfortni- 
tous,  congenital  variations  and  modif cations  (tne  to  func- 
tional actimty  may  be  of  the  same  chnriicter  and  may  occur 
side  by  side,  there  is  no  longer  any  difficulty  in  the  theory 
that  even  so  complicated  a  co-adaptation  as  is  presented 
by  the  giraffe  may  arise  by  blending  of  minor  congenital 
adaptations  and  therefore  may  be  explained  by  natural 
selection.     Moreover,  it  is  to  be  borne  in  mind  that  it  is  a 
fallacy  to  speak  of  any  one  character  as  being  selected. 
It  is  not  a  single  character  that  is  even  preserved  by  nat- 
ural selection,  but  it  is  the  individual  as  a  whole  that  is 
selected.     While  a  favorable  character  may  not  of  itself 
be  of  selective  value,  it  may  be  perpetuated  because  it 
occurs  combined  with  other  favorable  characters  either 
congenital  or  acquired,  all  so  blended  as  to  give  their  pos- 
sessor superior  advantages.     Individually  acquired  mod- 
ifications may,  therefore,  become  important  factors  in 
evolution, not  because  they  are  inherited,  but  because  by 
their  acquirement  the  individual  is  able  to  supplement 
the  deficiencies  in  its  congenital  characters.     And  when 
thus  supplemented   by  individually  acquired  adaptive 


modifications,  the  inheritable  congenital  characters  may 
be  preserved  by  natural  selection  and  continued  fi-om 
generation  to  generation,  until  by  the  operation  of  fortui- 
tous variation  and  natural  selection  the  acquired  modifi- 
cations are  replaced  by  congenital  characters  of  the  same 
kind.  So  we  may  have  two  forms  of  co-adaptation  ■  first 
co-adaptation  of  mingled  congenital  and  acquired  charac- 
ters, which  precedes  and  prepares  the  way  for  the  second 
co-adaptation  of  purely  congenital  characters. 

The  question  whether  co-adaptation  by  the  blending 
of  favorable  congenital  variations  really  occurs  in  nature 
IS  answered  best,  according  to  Romanes,  by  a  study  of 
reflex  actions  and  of  instincts.  Turning  now  to  the  evi- 
dence from  reflex  actions,  it  seems  to  us  that  Romanes 
has  been  unfortunate  in  selecting  this  line  of  evidence 
upon  which  to  pin  his  faith  in  the  occasUmnl  inheritance 
of  acquired  characters.  He  asks  what  use  an  animal  can 
have  for  lower  reflex  centres  when  the  higher  brain  cen- 
tres are  capable  of  originating  the  same  nervous  im- 
pulses. Now  no  one  who  has  ever  learned  to  dance 
to  swim,  or  to  ride  a  bicycle  will  fail  to  appreciate  tlie 
superiority  of  reflex  over  conscious  action.  No  one  can 
become  an  expert  swimmer  or  rider  until  the  movement 
is  of  the  nature  of  a  reflex,  although  the  higher  centres, 
the  rational  processes,  may  still  be  indispensable  in  case 
of  accident.  Romanes  argues  at  length  in  regard  to  the 
apparent  uselessness  of  many  reflexes,  together  witii  the 
completeness  of  the  mechanism  required,  and  the  conse- 
quent difficulty  of  explaining  them  by  natural  .selection, 
and  tiien  proceeds  to  show  that  "if  function  produces 
structure  in  the  race  as  it  does  in  the  individual,"  all  is 
easily  explained. 

Now,  in  the  first  place,  does  function  produce  struc- 
ture in  the  individual  ?  Function  may  be  said  to  produce 
size,  strength,  hardness,  flexibility,  and  the  like,  but  no 
case  is  on  record  where  new  muscles,  new  nerves,  or  any 
other  new  structure  has  been  produced  by  any  amount 
of  functioning.  Moreover,  how  can  a  structure  be  tlie 
result  of  a  function  when  the  function  arises  from  the 
activities  of  the  structure  in  question?  A  given  intelli- 
gent act  cannot  take  place  until  the  whole  neuro-museu- 
lar  mechanism  concerned  in  that  act  is  complete,  any 
more  than  if  it  were  a  reflex  ;  and  it  is  not  evident  how 
one  can  be  explained  by  gradual  development  any  better 
than  the  other.  (It  is  like  saying  that  a  man  can  make 
a  bicycle  by  riding  it. )  But  even  if  we  allow  that  a  re- 
flex mechanism  may  be  the  inherited  result  of  intelligent 
action,  this  action  must  have  been  of  a  great  deal  of  use 
to  have  been  repeated  often  enough  to  make  so  great  an 
impression  on  the  organism.  And  if  it  has  been  of  so 
great  use  it  may  well  have  had  a  selective  value,  and  its 
development  may  then  be  explained  by  variation  and 
natural  selection. 

It  would  seem,  therefore,  that  reflex  mechanisms  and 
actions  maybe  explained  best  by  the  principles  of  change 
of  function  and  natural  selection.  When  you  learn  to 
ride  a  bicycle,  or  better,  when  you  learn  to  swim,  you 
develop  a  new  set  of  reflexes,  but  no  new  sense  organs, 
nerves,  or  muscles,  only  the  old  ones  in  new  combina- 
tions. Now  the  study  of  the  morphology  of  the  nervous 
system  in  any  great  group  of  the  animal  kingdom  shows 
tiiat  a  change  of  function  in  different  parts  of  the  nervous 
system  is  just  what  has  taken  place  as  we  go  higher  in 
the  scale  of  organization ;  and  it  is  easy  to  see  how  any 
variation  toward  more  intimate  union  of  parts  habitually 
used  together  would  be  preserved  by  natural  selection 
until  their  interaction  would  be  so  easy  as  to  become  re- 
flex. 

Turning  to  instinct — if  we  regard  it  as  "hereditary 
habit,"  that  is,  if  we  suppose  it  to  contain  an  element  of 
transmitted  experience,  all  is  easily  explained.  The  sim- 
ple instincts  are  easily  explained  by  natural  selection, 
"  but  in  all  cases  where  instincts  become  complex  and  re- 
fined, we  seem  almost  compelled,  "according  to  Romanes, 
"to  accept  Darwin's  view  that  their  origin  is  to  be  sought 
in  consciously  intelligent  adjustments  on  the  part  of  an- 
cestors. "  He  cites  the  case  of  a  species  of  wasp  of  the 
genus  Sphex,  which  paralyzes  caterpillars  by  stinging 
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them  in  each  of  the  nine  minute  nerve  centres  before  de- 
positing them  in  the  colls  for  the  larva  to  feed  upon.  He 
regards  it  as  impossible  that  such  an  instinct  could  have 
arisen  by  natural  selection  unaided  by  originally  intelli- 
gent action.  In  regard  to  this  it  may  be  said  that,  if  the 
complicated  maternal  instinct  of  the  Sphex  wasp  is  an 
"inherited  habit,"  its  ancestors  must  not  only  have  pos- 
sessed great  industry,  but  also  a  very  remarkable  knowl- 
edge of  anatomy.  Moreover,  it  has  been  shown  very 
recently  (1898)  by  Mr.  and  Mrs.  Peckam  ("Instincts  and 
Habits  of  the  Solitary  Wasps  ")  that  the  instinct  of  Sphex 
is  not  so  exact  as  was  formerly  supposed.  Not  only  is 
there  a  great  deal  of  individual  variation  in  the  instinct 
of  tills  species,  but  there  is  a  gradation  from  this  through 
other  genera  to  those  having  much  simpler  instincts. 
They  have  shown  that  instinct  may  be  acted  upon  by 
natural  selection,  just  as  may  any  other  function  or 
structure. 

In  conclusion  it  may  be  said,  therefore,  that  in  the 
writer's  opinion,  while  acquired  characters  are  of  great 
importance  to  the  individual,  and  their  periodic  recur- 
rence in  successive  generations  may  be  necessary  in  the 
formation  of  co-adaptations  as  an  aid  to  natural  selection, 
the  inheritance,  of  acquired  characters  is  not  only  not  the 
prime  factor  in  evolution,  but  that  it  is  not  a  factor  in 
any  degree. 

Differential  fertility  appears  to  be  an  important  factor, 
being,  according  to  the  circumstances,  either  an  aid  or  a 
hindrance  to  evolution ;  preferential  mating  is  the  best 
explanation  of  the  origin  of  certain  secondary  sexual 
characters ;  and  some  form  of  isolation  must  be  present, 
or  else  divergent  evolution  is  impossible,  and  without 
isolation  it  would  be  impossible  to  explain  the  differen- 
tiation of  species  by  characters  of  less  than  selective 
value ;  but  the  chief  cause  of  organic  evolution  is  natu- 
ral selection,  or  the  survival  of  the  fittest  in  the  struggle 
for  existence.  Robert  Payne  Bigelow. 
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EVOLUTION  OF  MAN. -The  science  of  anthropology 
has  advanced  with  surprising  rapidity  since  the  discovery 
of  the  two  principles,  evolution  and  psychic  unity,  the 
latter  contributing  evidence  in  support  of  the  theory  of 
evolution  similar  to  that  furnished  by  the  homologies  of 
biology.  From  each  of  the  recognized  divisions  of  an- 
thropology evidence  has  been  accumulated  to  establish 
the  unity  of  the  human  species  and  to  warrant  the  as- 
sumption that  it  has  developed  from  the  original  mam- 
mal through  the  lemuroid  and  anthropoid  stages.  A  few 
zoologists  would  derive  man  direclly  from  the  lemurs, 
but  wliile  it  is  recognized  that  man  lias  many  chara(;ters 
in  common  with  the  half-apes  and  even  with  lower  forms, 
anthropologists  are  unanimous  in  deriving  him  from  a 
generalized  anthropoid  precursor.  The  phylogeny  of 
the  mammalian  group  is  given  in  the  preceding  article 
upon  Enihition,  so  that  we  may  devote  our  attention  here 
to  tlie  problems  involved  in  the  determination  of  man's 
immediate  ancestry.     We  shall  seek  such  evidence  as 
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may  be  found  within  the  human  group,  neglecting  argu- 
ment by  analogy,  which  can  never  be  wholly  convincing. 

I.  Somatology.— The  modern  science  of  physical  an- 
thropology interprets  the  data  supplied  by  embryology, 
ethnic  and  comparative  anatomy,  and  statistical  anthi'o- 
pometry  by  the  aid  of  the  theory  of  evolution  which 
alone  renders  them  comprehensible. 

1.  Embryology.— in  addition  to  the  indications  of  rela- 
tionship to  lower  animal  forms  there  are  many  marks  of 
phylogenetic  proximity  to  the  anthropoids  in  the  human 
foetus.  By  the  dictum  of  "  the  first  biogenetic  law  "  we 
interpret  the  greater  resemblance  of  the  young  of  anthro- 
poids and  man  to  mean  that  both  sprang  from  a  common 
ancestral  type.  Not  to  deal  too  exclusively  with  gen- 
eral statenients  let  us  review  a  few  of  the  more  salient 
facts. 

The  lanugo  of  the  foetus  recalls  the  hairiness  of  prim- 
itive man  and  his  immediate  ancestor,  a  condition  seen 
even  now  in  an  occasional  unfortunate  adult.  The  free 
projecting  tail  of  the  embryo  certainly  pertains  to  an 
earlier  form  than  the  anthropoid  but  not  necessarily 
earlier  than  the  lower  primates.  Again  it  is  to  be  noted 
that  this  character  sometimes  persists  in  human  beings 
until  maturity,  either  with  or  without  free  vertebrje. 
Until  the  very  end  of  the  nineteenth  century  rumors  of 
the  discovery  of  tribes  of  tailed  men  were  circulated 
from  time  to  time.  It  has  been  suggested  that  such 
fables  may  have  arisen  from  the  practice  of  wearing  a 
sort  of  caudal  appendage,  as  among  the  Sioux  Indians 
and  the  Nagas  of  Manipur.  The  theory  of  an  ontogenetic 
shifting  of  the  pelvic  girdle  is  generally  accepted,  reduc- 
ing the  number  of  presacral  vertebrae  from  the  number 
existing  in  most  of  the  anthropoid  families  and  from  the 
ancestral  condition.  The  presence  of  cervical  and  lum- 
bar ribs  in  the  embryo  recalls  the  type  prevailing  among 
the  anthropoids  where  the  orang  alone  has  as  few  as 
twelve  pairs.  The  shape  of  the  entire  thorax  in  the 
embryo  is  of  the  primary  type  seen  in  the  lower  apes. 
One  of  the  most  noticeable  simian  characters  to  be  seen 
in  the  embryo  is  the  proportionately  long  fore-arm  which 
in  the  embryo  of  two  and  a  half  months  equals  88.88  per 
cent,  of  the  length  of  the  humerus  as  compared  to  72  to 
73  per  cent,  in  the  adult  European,  78  or  79  in  the  adult 
negro,  and  90  to  94  in  the  chimpanzee.  The  os  centrale 
of  the  human  embryo  is  found  in  but  one  group  of 
anthropoids  among  adults,  though  it  occurs  in  most 
monkeys.  The  short  lower  limbs  of  the  fwtus  suggest 
the  adult  anthropoid  condition.  The  fibular  malleolus, 
much  less  important  than  the  tibial  in  apes,  is  less  de- 
veloped in  the  foetus  and  among  Australians  and  other 
low  races.  The  opposable  condition  of  the  great  toe  in 
fcetal,  and  even  infantile  life  is  an  often  cited  example  of 
the  retention  of  an  ape-like  character. 

Among  the  muscles  we  may  refer  to  the  condition  of 
the  pyramidalis  which  in  the  child  resembles  that  of  the 
apes  and  lower  mammals;  also  to  the  interossei  pedis 
muscles  which  in  the  human  embryo  are  distributed  as 
ill  some  of  the  lower  apes  and  in  lesser  degree  the  chim- 
panzee and  orang.  The  vermiform  appendix  is  propor- 
tionally larger  in  the  fatus. 

In  the  brain,  the  most  distinctivelv  human  of  all  the 
organs  of  the  body,  the  ontogenetic  changes  in  the  char- 
acter of  the  surface  and  the  disposition  of  the  vesicles 
repeat  phylogenetic  development  in  a  marked  degree 
Resemblance  between  the  young  of  the  two  groups  is 
nowhere  more  striking  than  in  tliis  organ.  Hints  of  the 
anthropoid  condition  are  not  numerous  in  the  sense 
organs  of  the  embryo,  but  in  the  external  ear  such  con- 
ditions are  fairly  prominent;  the  tip  shifts  downward 
and  not  until  the  eighth  month  does  the  human  ear  fold 
begin  to  roll  inward.  The  palatal  ridges  of  the  embryo 
(SIX  or  seven)  suggest  the  anthropoid  condition,  though 
they  are  rather  more  numerous  in  the  apes.  The  milk 
teeth  ot  man  and  anthropoids  are  closely  similar  and  the 
dental  formula:  are  identical  in  the  two  groups 

1  hese  are  a  few  of  the  more  important  characters  that 
point  to  an  anthropoid  ancestry.  They  are  but  a  fraction 
ot  the  number  of  characters  that  occur  in  the  human  em- 
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bryo  which  are  indicative  of  lower  stages  of  development, 
but  taken  altogether  they  lend  strong  support  to  the  evo- 
lutionary hypothesis. 

3.  Ethnic  and  Comparatim  Anatomy. — Together  with 
physiology  and  anthropometry  it  comprises  the  greater 
part  of  the  science  of  somatology  as  now  taught  in  our 
universities,  and  the  evidence  of  the  relationship  of  man 
to  the  anthropoids  is  rapidly  accumulating,  botli  from 
the  work  done  in  our  laljoratories  and  fi-om  that  accom- 
plished among  what  we  are  pleased  to  term  the  lower 
races,  though  it  must  be  understood  that  in  many  re- 
spects these  races  as  well  as  some  of  the  lower  animals 
exhibit  characters  of  decided  superiority.  We  may 
summarize  the  facts  as  follows :  Man  resembles  the  an- 
thropoids more  closely  than  do  the  latter  the  American 
monkeys.  In  other  words,  the  gap  between  the  human 
and  the  nearest  non-human  group  is  far  less  striking  than 
that  between  many  mammalian  groups.  Among  skeletal 
characters  we  find  that  the  spinous  processes  of  the  cer- 
vical vertebrae  are  simple  and  undivided  among  low 
races.  The  clavicle  and  the  scapula  are  proportionately 
longer  and  hence  more  simian  in  the  negro  than  in  the 
Caucasian.  The  arm  of  the  negro  exhibits  two  opposing 
characters :  it  is  higher  in  its  shorter  humerus  and  lower 
in  the  longer  radius  than  the  white ;  the  proportion  of 
the  radius  is  more  exaggerated  in  the  Veddahs  of  Ceylon. 
"With  a  slightly  shorter  femur  and  a  tibia  of  equal  length 
the  negro  possesses  lower  limbs  of  a  more  simian  type 
than  the  white.  In  the  torsion  of  the  humerus  the  black 
races  stand  midway  between  the  anthropoids  (130")  and 
Europeans  (164°).  The  condition  known  as  perforate 
humerus  or  the  occurrence  of  the  supratrochlear  foramen, 
which  is  most  frequent  in  Veddahs  and  Bushmen,  is  com- 
mon in  the  gorilla  and  the  orang.  Among  non-European 
races  it  is  not  the  blacks  alone  that  retain  the  ape-like 
prehensile  foot  beyond  the  period  of  infancy ;  many  East- 
ern peoples  possess  this  character,  notably  the  Japanese. 
However,  it  is  a  pincer  foot,  not  a  hand  foot. 

The  skull  continues  to  be  the  most  significant  portion 
of  the  skeleton  for  classificatory  purposes  notwithstand- 
ing some  contradictions  presented  by  single  characters. 
The  projecting  brows  of  the  gorilla  are  seen  in  certain 
prehistoric  crania  to  be  described  later  and  in  the  Mel- 
anesians  as  well  as  in  rare  instances  among  Caucasians. 
Many  human  groups  possess  the  flat  nose  of  the  anthro- 
poids. The  fusion  of  the  nasal  bones  that  is  normal  in 
apes  occurs  more  frequently  in  lower  races  than  in  higher. 
Australians,  Hawaiians,  and  others  have  no  shai-p  line  of 
demarcation  between  the  nasal  opening  and  the  maxilla 
beneath  it.  The  temporal  crest  assumes  a  simian  ap- 
pearance among  the  Oceanic  blacks.  The  meeting  of 
the  temporal  with  the  frontal  in  the  form  known  as 
pterion  in  K  is  most  frequent  in  the  Veddahs,  Australians, 
and  negroes;  in  anthropoids  it  is  seen  in  the  gorilla. 
Considerable  variation  in  the  foramina  of  the  skull  occur : 
the  parietal  are  more  frequently  wanting  in  the  higher 
races,  the  middle  lacerated  is  larger  in  Europeans  than 
in  lower  races  and  is  wanting  in  anthropoids.  The  pala- 
tine suture  of  certain  low  races  by  its  curved  and  irregu- 
lar course  resembles  that  of  the  apes.  The  form  of  the 
palate  among  low  races  often  resembles  the  U-shaped 
alveolar  arch  of  the  anthropoids  and  occurs  occasionally 
among  Caucasians  as  an  individual  variation.  The  teeth 
of  the  Australians  increase  in  size  backward  as  in  the 
apes.  The  New  Caledonians  not  rarely  develop  a  third 
pre-molar,  the  normal  condition  in  New  World  monkeys. 
The  shortened  inferior  maxillary  of  the  European  is 
causing  a  reduction  in  the  number  of  teeth  so  that  the 
upper  outer  incisors  are  sometimes  wanting  and  the  wis- 
dom teeth  as  well.  This  change  is  also  taking  place 
among  Amerinds.  We  have  observed  cases  of  suppressed 
third  molars  among  the  Esquimaux  and  all  stages  between 
rudimentary  third  molars  and  those  larger  than  the  first 
and  second  molars  among  other  Amerinds.  The  hyoid 
of  negroes  resembles  that  of  apes  more  closely  than  does 
that  of  Caucasians.  The  prognathism  of  the  ape  is  con- 
spicuous in  the  extinct  Kalangs  of  Java,  the  Akkas  and 
other  Africans 


The  only  well-marked  gap  existing  between  the  crania 
of  man  and  anthropoids  is  in  capaeitj^.  The  highest  re- 
corded capacity  for  the  latter  is  about  590  c.c.  while  the 
lowest  for  the  former  is  that  of  a  normal  Veddan  skull 
of  950  c.c.  While  the  methods  of  determining  cranial 
capacity  are  unsatisfactory,  and  the  results  of  difEerent 
observers  are  scarcely  comparable  one  with  another,  yet 
approximately  correct  averages  have  been  recorded  for 
most  human  groups  which  show  that  the  lowest  capacity 
exists  among  the  dwarf  races  of  Africa,  the  Veddahs  of 
Ceylon  and  their  neighbors,  the  Andamanese.  The  ques- 
tion of  capacity  is  the  most  interesting  one  concerning 
fossil  human  crania. 

3.  Variation. — Notwithstanding  the  potent  influence  of 
mixture  of  races,  the  constant  mingling  of  blood  owing 
to  coniiuest,  slavery,  or  friendly  alliance,  all  tending 
towai'd  uniformity  of  type,  the  human  body  is  in  the 
highest  degree  variable.  The  tendency  toward  uniform- 
ity has  produced  a  well-defined  species  with  varietal  dif- 
ferences within  the  group;  but  each  organ  of  the  body 
and  the  proportions  of  the  whole  varj^  to  such  a  degree 
that  the  examination  of  a  large  series  of  anthropometric 
data  cannot  but  cause  the  investigator  to  marvel  at  the 
continuance  of  the  human  type.  We  now  know  that 
the  black,  white,  yellow,  and  red  varieties  of  the  race 
perfectly  intergrade ;  hence  we  need  not  expect  by  such 
comparisons  as  have  been  made  in  the  preceding  para- 
graphs to  discover  differences  in  the  various  human 
groups  that  shall  equal  those  existing  between  this 
species  and  the  anthropoids  belonging  to  four  separate 
families. 

Even  in  the  size  of  brain  case,  the  range  of  normal 
variation  in  man  is  from  900  to  1,800  c.c.  while  the 
range  from  microcephalic  idiots  to  pathologic  mega- 
cephalic  skulls  is  from  350  to  8,500  c.c.  The  range  of 
variations  in  cranial  capacity  in  a  small  series  of  43 
Auvergnat  skulls  was  676  c.c.  The  range  from  the 
earliest  times  to  the  present  is  inconsiderable  and  incon- 
clusive. The  proportions  of  the  brain  case  are  fairly 
constant  within  the  tribe  but  not  in  the  larger  divisions 
of  the  species:  we  have  long-and-round-headed  Cau- 
casians, Mongolians,  negroes,  and  Amerinds,  with  all 
possible  intermediate  forms.  In  the  torsion  of  the  hu- 
merus, often  cited  as  a  good  zoological  character  separat- 
ing man  from  the  other  animals,  the  variation  is  from 
164°  in  Europeans  to  184°  in  Australians,  the  minimum 
being  at  least  seven  degrees  below  the  average  for  the 
gorilla,  less  than  the  gap  separating  the  lowest  anthropoid 
from  the  lower  apes  and  monkeys  which,  in  their  turn, 
are  lower  than  the  marsupials  and  others.  Independently 
of  the  normal  variation  in  the  length  of  the  humerus,  the 
difference  between  the  right  and  left  sides  sometimes 
amounts  to  3  cm.  The  other  long  bones  exhibit  a  cor- 
responding variability ;  indeed,  the  tibia  has  been  termed 
the  most  variable  long  bone  in  the  limbs  of  man.  The 
thickness  of  its  shaft  varies  from  forty  to  one  hundred 
per  cent,  of  the  antero-posterior  diameter  and  the  outline 
varies  from  almost  a  circle  through  oval,  triangular,  and 
quadrangular  forms.  Physiological  causes  are  supposed 
to  bring  about  the  platycnemic  or  fiattened  condition 
and  the  retroversion  of  the  head  as  well  as  various  de- 
grees of  curvature  of  the  shaft.  Examples  of  similar 
variations  might  be  multiplied  indefinitely  from  an  ex- 
amination of  other  parts  of  the  skeleton  and  of  the  other 
tissues,  particularly  the  muscles,  where  variation  becomes 
excessive,  and  we  yet  continue  in  our  laboratories  to  re- 
cord cases  of  "  new  muscles. " 

II.  Ethnology.— The  study  of  the  culture  of  liv- 
ing races  furnishes  little  evidence  in  favor  of  our 
thesis ;  although  it  is  true  that  in  the  Amerindian  di- 
vision the  Fuegians,  the  Seri  of  the  Gulf  of  California, 
and  perhaps  the  Botocudo  stand  out  little  above  the 
apes.  Subsisting  mainly  upon  raw  food  and  manufac- 
turing implements  and  weapons  of  the  simplest  sort 
they  are  not  industrially  much  superior  to  the  anthro- 
poid that  has  learned  to  preserve  the  conveniently 
shaped  stone  for  breaking  cocoanut  shells.  Among  the 
blacks,  the  Andamanese,  the  Veddahs,  some  Austrahans, 
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and  perhaps  a  few  other  groups  are  equally  savage  in 
culture. 

From  the  discoveries  of  recent  years  it  is  now  known 
that  the  earliest  migrations  peopled  the  earth  before  or 
shortly  after  the  transition  to  the  human  stage  of  de- 
velopment, so  tliat  the  several  native  cultures  have  been 
moulded  by  environment  and  acculturation  rather  than 
by  common  descent.  Naturally,  similar  environments, 
similar  conditions,  result  in  hke  products  which  are  termed 
ethnic  parallels,  and  the  phenomenon  is  known  as  psychic 
unity.  The  extreme  position  which  maintains  that 
"thinking  merely  goes  on  within  us"  governed  by  un- 
alterable laws  that  direct  every  race  througli  the  same 
phases  in  its  upward  struggles  has  been  abandoned  by 
most  anthropologists,  but  the  controversy  has  stimulated 
research  and  indicated  the  true  factors  governing  primi- 
tive cultural  development.  By  the  study  of  present-day 
savages  we  learn  of  those  of  prehistoric  times.  But 
again  we  are  not  forced  to  rely  solely  upon  analogy. 
Let  us  see  what  positive  evidence  is  available. 

III.  Prehistoric  Archeology. — From  the  Glacial 
gravels  of  Europe,  Asia,  and  Africa  have  been  taken 
flaked  stone  implements  of  a  rude  and  simple  sort  that 
marli  the  beginning  of  tlie  industrial  art  in  stone.  Ap- 
parently without  domestic  animals,  possessing  a  knowl- 
edge of  the  use  of  tire,  our  Pleistocene  ancestors  appeared 
in  Europe  at  least  as  early  as  the  Interglacial  epoch  and 
possibly  before.  Cultural  remains  are  fairly  abundant 
from  which  we  may  reconstruct  the  history  of  this  far- 
off  people,  but  of  skeletal  remains  but  few  have  been 
discovered.  Many  mistakes  have  been  made  in  the 
identification  of  more  modern  slieletons  as  of  Pleistocene 
provenance ;  however,  at  least  two  skulls  and  two  other 
inferior  maxillaries  are  referred  to  the  Chellian  or  earliest 
paleolithic  period ;  about  a  dozen  in  all  may  be  assigned  to 
the  Quaternary  epoch ;  and  these  are  in  but  a  fragmentary 
condition.  Obviously  the  attempt  to  reconstruct  the 
physical  type  of  the  earliest  known  inhabitants  of  Europe 
from  such  scanty  material  is  extremely  hazardous.  Nat- 
urally enough  the  most  minute  and  exhaustive  study  is 
made  of  these  specimens,  the  observer  usuallj'  bent  upon 
discovering  pithecoid  or  anthropoid  characters. 

The  human  remains  that  may  be  accepted  without 
controversy  are  the  skulls  from  Olmo,  near  Chiana  in 
Tuscany,  and  from  Egisheim  in  Alsace.  The  maxillaries 
are  those  from  the  cave  of  La  Naulette,  near  Furfooz  in 
Belgium,  and  the  fragment  from  the  Schipka  cave  in 
Moravia,  The  skulls  are  dolichoceplialic  but  not  at  all 
ape-like.  The  jaws  present  certain  low  characters  that 
are  not  uncommon  among  whites  at  the  present  day. 
One  of  the  most  widely  known  skulls  is  that  of  Neander- 
thal, Rhenish  Priissia,  which  cannot  be  proven  to  be  a 
genuine  Quaternary  relic,  and  even  if  it  be  such  no  great 
weight  can  be  attached  to  its  somewhat  simian  brows  and 
low  frontal  because  we  find  its  modern  counterpart  in 
men  of  no  inferior  intelligence,  as,  for  example,  Robert 
Bruce.  Possibly  such  individuals  are  to  be  accepted  as 
examples  of  reversion,  though  here  again  we  must  re- 
member that  normal  variation  about  a  mean  will  produce 
a  low  frontal  in  the  millionth  skull.  It  is  noteworth}' 
that  the  oldest  skulls  of  Europe  present  fairly  uniform 
proportions  of  breadth  to  length,  and  are  dolichocephalic. 
In  America  both  long  and  round  skulls  are  found  in 
Quaternary  strata,  showing  that  at  that  distant  day  differ- 
entiation had  proceeded  far  enough  to  establish  two  dis- 
tinct types.  At  Santos,  on  the  south  coast  of  Brazil,  was 
found  a  skull  tliat  resembles  the  Pithecanthropus  erectus 
of  Java.  It  is  somewhat  less  dolichocephalic  but  has  the 
same  marked  constriction  behind  the  orbital  region,  a 
characteristic  of  the  gibbon  skull.  Other  South  Ameri- 
can skulls  show  this  same  trait,  and  from  their  study  the 
conclusion  has  been  reached  that  man  is  more  closely  re- 
lated to  the  gibbon  than  to  any  other  anthropoid.  This 
conclusion  is  independently  reached  from  the  study  of 
the  skull  or  brain  cap  togetlier  with  two  molars  and  a 
femur  from  Trinil  in  northeastern  Java.  These  remains 
indicate  that  the  animal  to  which  they  belonged  was 
dolichocephalic,  had  a  cranial  capacity  of  about  1,000  c.c. 
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(average  for  Europeans  1,565  c.c),  was  tall,  and  walked 
erect.  This  creature  was  named  Pithecanthropus  erectus 
by  its  discoverer,  who  believes  that  it  represents  a  true 
transition  form  from  the  anthropoids  to  man  and  that 
continuity  in  the  upward  scale  of  development  has  been 
established  at  last.  The  skull  differs  from  the  ape's 
cranium  in  having  a  higher  vault,  in  being  devoid  of 
strong  crests  and  ridges,  and  in  having  an  occiput  arched 
like  that  of  man  though  somewhat  suggestive  of  that 
of  Hylobates.  Pithecanthropus  is  regarded  as  having 
descended  from  Anthropopithecus  sivalensis  of  the  Indian 
Miocene  which  with  Hylobates  stands  nearest  to  man  of 
all  the  anthropoids.  Pithecanthropus  comes  from  the 
Upper  Pliocene  or  Lower  Pleistocene,  hence  in  sequence 
of  time  stands  between  anthropopithecus  and  man.  The 
discussion  concerning  the  significance  of  this  fossil  is  not 
yet  closed  notwithstanding  the  fact  that  various  authori- 
ties announce  from  time  to  time  that  it  is ;  however,  the 
preponderance  of  opinion  is  in  favor  of  the  acceptance  of 
the  original  theory  that  pithecanthropus  is  a  true  transi- 
tion form. 

Both  in  the  New  World  and  in  the  Old  the  discussion 
yet  continues  concerning  the  length  of  the  last  Glacial  and 
the  Post-Glacial  period.  The  estimates  vary,  according 
to  the  method  or  the  prejudice  of  the  investigator,  from 
a  few  centuries  to  liundreds  of  thousands  of  years.  Could 
we  definitely  establish  the  existence  of  Tertiary  man  the 
period  of  human  occupation  would  be  immensely  in- 
creased. We  may  postulate  a  Tertiary  "precursor,"  a 
"  proanthropos, "  but  exhibit  one  of  his  bones  in  the 
broad  light  of  day  we  cannot.  Human  bones  have  been 
occasionally  found  buried  in  Tertiary  strata,  but  they 
have  been  shown  to  be  much  later  than  the  strata  in 
which  they  had  been  interred.  Artifacts  purporting  to 
be  of  the  Tertiary  epoch  are  announced  from  time  to  time, 
but  there  is  always  some  flaw  in  the  evidence :  they  are 
natural  flint  flakes  that  are  erroneously  supposed  to  be 
artificial,  worked  animal  bones  that  are  found  to  have 
been  gnawed  by  wild  beasts,  whale  bones  that  have  been 
grooved  by  the  teeth  of  sharks,  cracked  bones  that  are 
shown  to  have  been  naturally  broken,  and,  finally,  there 
is  often  doubt  as  to  the  exact  age  of  the  strata  them- 
selves. Again,  fraud  is  suspected,  as  in  the  case  of  the 
Calaveras  skull,  and  the  evidence  must  be  rejected. 
However,  no  valid  objection  to  the  existence  of  Pliocene 
or  even  Miocene  man  can  be  maintained.  The  hypothesis 
that  man  could  not  have  retained  his  specific  characters 
throughout  such  a  long  period  of  time  without  doing  vio- 
lence to  the  natural  laws  of  zoologic  development  seems 
untenable  when  we  see  how  slight  has  been  the  change 
in  other  animal  species,  for  example  the  lion,  that  was 
the  contemporary  of  the  European  cave-dwellers  of  early 
Quaternary  times,  as  compared  with  the  modern  species. 

Whether  man  lived  in  Europe  before  the  Interglacial 
period  is,  then,  an  unsolved  problem,  but  if  true  that 
he  first  appeared  on  that  continent  after  the  first  Glacier, 
we  know  next  to  nothing  of  the  length  of  time  that 
he  had  lived  in  more  tropical  regions.  The  now  sterile 
Sahara  was  once  a  well-watered  region,  as  is  shown  by 
the  terraced  valleys  worn  by  flo^\'ing  streams  and  by 
the  crocodiles  that  yet  survive  from  the  aquatic  period 
in  the  Ahaggar  Mountains.  There,  too,  we  find  picto- 
graphs  portraying  animals  that  no  longer  live  in  the 
region.  It  is  nearer  the  centre  that  archajologists  now 
regard  as  the  place  of  origin  of  the  entire  race.  That 
there  was  but  one  place  of  origin  is  no  longer  disputed  by 
any  competent  anthropologist,  and  this  centre  is  located 
in  either  the  northern  or  northeastei'n  part  of  Africa  or 
in  the  so-called  Lemuria,  the  region  now  occupied  by  the 
Indian  Ocean.  The  geologic  evidence  of  the  existence 
of  this  continental  area  is  indisputable ;  that  it  was  oc- 
cupied by  primitive  man  seems  probable  from  the  fact 
that  the  climatic  conditions  were  most  favorable  for  the 
welfare  of  a  naked  frugiverous  animal ;  it  is  within  the 
limits  of  this  area  that  the  most  primitive  fossil  form  has 
been  found ;  it  is  on  the  borders  of  this  area  that  the 
most  ape-like  human  beings  now  live;  and  on  the  eastern 
and  western  limits  of  this  zone  that  anthropoids  yet 
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flourish ;  it  is  on  the  northen  borders  of  this  area  that  tlie 
earliest  civilizations  have  arisen.  The  dispersion  from 
this  centre  must  have  taken  place  not  later  than  the  Old 
Stone  Age,  and  the  primary  divisions  of  mankind  were 
already  specialized  in  their  several  geographic  areas  be- 
fore the  development  of  any  distinctive  culture.  Paleo- 
lithic implements  are  regarded  as  very  much  the  same  in 
character  in  the  Eastern  and  Western  hemispheres,  but 
all  Neolithic  and  subsequent  artifacts  dMer  according  to 
the  locality  whence  they  come. 

Since  the  first  peopling  of  the  earth  there  seems  to  have 
been  little  migration  in  the  New  World,  Australia,  or  to 
any  significant  extent  in  Central  Africa.  These  countries 
have  produced  strongly  marked  varieties.  The  evidence 
is  rapidly  accumulating  to  show  that  the  Caucasic  division 
arose  in  Africa  in  the  region  of  the  Sahara  and  northward, 
and  not  in  Asia.  Two  or  three  land  bridges  then  spanned 
the  Mediterranean,  and  there  was  land  connection  to  the 
IBritisli  Isles,  so  that  no  obstacle  prevented  the  invasion 
of  Europe  or  the  migration  to  and  fro  of  the  tropic  and 
temperate  fauna  of  the  two  continents.  The  movements 
of  the  European  and  Asiatic  races  have  been  chiefly  with- 
in limits  of  similar  en  vironmental  conditions,  so  that  the 
extensive  migrations,  as  contrasted  with  the  limited  ones 
of  the  black  and  red  races,  have  not  apparently  interfered 
with  the  specialization  of  racial  types.  Indeed,  we  are 
discovering  that  the  principal  types  of  Caucasians  were 
already  specialized  in  Africa  before  the  migrations  to 
Europe  began. 

We  may  summarize  the  facts  so  far  as  known  concern- 
ing the  time  and  place  of  man's  origin  and  the  character- 
istics of  his  early  culture  as  follows :  Before  the  period 
of  proto-historic  Egyptian,  Mediterranean,  and  Eastern 
civilizations  there  was  an  epoch  during  which  imple- 
ments and  weapons  were  made  of  stone  and  were  smoothed 
and  polished.  At  a  yet  earlier  period  chipped  or  flaked 
flints  and  other  stones  were  used.  The  rudest  types  of 
these  come  from  strata  that  are  referred  to  the  Inter- 
glacial  period  of  Europe.  In  those  strata  human  artifacts 
cease;  there  also  occur  the  earliest  traces  of  human 
skeletal  remains.  These  remains  are  few  and  fragmen- 
tary, but  they  indicate  that  the  race  of  that  remote  epoch 
differed  but  little  in  physical  characters  from  that  of  to- 
day. The  order  of  succession  of  these  geologic  and  cul- 
ture periods  is  known,  their  duration  is  not.  The  place 
of  origin  is  provisionally  located  in  the  tropical  region 
north  of  the  Soudan  in  Africa  or  in  the  sunken  Lemuria. 
Paleontology  furnishes  but  one  bit  of  evidence  of  any 
value,  the  remains' from  Java.  No  other  skeletal  remains 
have  been  found  anywhere  that  can  be  regarded  as  be- 
longing to  any  generahzed  precursor  of  the  human  race. 
In  fact  only  a  few  fragments  of  fossil  ape  bones  have 
been  discovered.  Embryology  and  ethnic  and  compara- 
tive anatomy  combine  to  prove  the  theory  of  develop- 
ment from  a  generalized  primate  the  remains  of  which 
may  be  found  to-morrow  or  which  may  never  be  found. 
The  Pliocene  fossil-bearing  beds  of  the  lands  bordermg 
upon  the  Indian  Ocean  offer  the  most  proraismg  fields 
for  research  to-day.  The  problem  is  now  one  for  pale- 
ontology and  geology  to  settle,  biology  can  do  little 
mQi-e.  '  Frank  liussell. 

EXALGINE.— Exalgine  is  the  trade  name  of  methyl- 
acetanilid.  Its  chemical  formula  is  CoHsNCHsCsiHsO; 
it  is  formed  by  the  addition  of  the  methyl  group,  CHs. 
to  acetanilid,  CoHjNHCjHsO,  replacing  one  atom  of 
hydrogen.  ,  .,        ,    , 

It  occurs  as  beautiful  needle-shaped  crystals,  colorless, 
and  with  a  faintly  aromatic  odor  and  shghtly  pungent 
taste  It  is  almost  insoluble  in  cold  water,  slightly  soluble 
in  hot,  and  very  soluble  in  dilute  alcohol.  From  sixteen 
to  twenty  grains  may  be  dissolved  in  half  a  drachm  of  rec- 
tified spirit,  and  this  solution  may  be  diluted  with  two  or 
three  ounces  of  water  without  producing  any  precipita- 
tion Its  melting  point  is  100°  C. ,  and  it  may  be  heated  to 
its  boiling  point,  340°  or  250°  C,  without  causing  decom- 
Dosition  By  the  addition  of  soda  it  is  decomposed  and 
partially  converted  into  methylaniline.      Hydrochloric 


acid  causes  the  same  decomposition.  Exalgine  may  be 
distinguished  from  acetanilid,  phenacetin,  and  methace- 
tin  by  treating  two  grains  of  the  suspected  salt  with 
twenty  minims  of  hydrochloric  acid.  Phenacetin  re- 
mains undissolved ;  acetanilid  dissolves  but  separates 
again  in  crystals ;  methacetin  also  dissolves  and  gradu- 
ally colors  the  solution  reddish-brown  on  the  addition  of 
one  drop  of  nitric  acid.  Anotlier  test  for  the  presence  of 
phenacetin  or  acetanilid  is  to  treat  a  chloroform  solution 
with  ten  volumes  of  petroleum  ether;  if  either  of  these 
substances  is  present  a  turbid  mixture  is  formed.  The 
presence  of  methylaniline  and  otlier  compounds  of  the 
same  base  may  he  detected  by  the  irritating  fumes  pro- 
duced when  the  impure  salt  is  heated  with  alcoholic 
solution  of  potash  and  chloroform.  Its  purity  may  be 
further  tested  by  dissolving  in  nitric  acid,  which  forms 
a  colorless  solution;  when  heated  this  becomes  of  a 
briglit  yellow  color,  and  evolves  irritating  fumes, 

Methylacetanilid  was  discovered  in  1874  by  A.  W.  von 
Hofman,  Its  therapeutic  properties  were  studied  to  a 
certain  extent  by  Kahn  and  Hepp  during  their  researches 
upon  acetanilid  and  other  antipyretics,  but  it  was  not 
until  March,  1889,  that  Dujardin-Beaumetz  and  Bardet 
made  known  its  value  as  an  analgesic,  in  a  communica- 
tion to  the  French  Academy.  A  very  careful  series  of  ex- 
periments, both  physiological  and  clinical,  enabled  them 
to  indicate  its  therapeutic  qualities  with  a  marked  degree 
of  accuracy.  In  common  with  the  other  members  of  the 
aromatic  series  it  was  found  to  possess  antiseptic,  antipy- 
retic, and  analgesic  properties,  and  they  also  pointed  out 
that  its  action  on  the  nervous  system  should  make  it  of 
value  in  the  treatment  of  many  functional  diseases.  It  was 
as  an  analgesic  that  they  particularly  advocated  its  use ; 
the  addition  of  the  methyl  atom  to  acetanilid  had  intensi- 
fied this  action  without  affecting  its  antipyretic  proper- 
ties, but  it  was  found  that  a  dose  large  enough  to  produce 
antipyresis  was  accompanied  by  such  alarming  toxic 
symptoms  that  this  use  could  not  be  considered.  They 
advocated  its  employment  in  headache,  migraine,  neu- 
ralgia, neuroses  of  the  viscera,  the  pains  of  locomotor 
ataxia,  and  in  all  non-febrile  affections  accompanied  by 
pain.  The  dose  they  advised  was  from  gr.  iv.  to  gr.  vi. 
(0.25  to  0.40  gm.)  in  a  single  dose,  or  from  gr.  vi.  to  gr. 
xiss.  (0.40  to  0.75  gm.)  in  the  twenty -four  hours. 

In  Great  Britain  the  notice  of  the  profession  was  par- 
ticulariy  directed  to  the  value  of  this  remedy  by  Pro- 
fessor Fraser,  of  Edinburgh,'  who  gave  the  results  of  his 
experience  with  it  in  the  Royal  Infirmary.  The  remark- 
able point  in  Professor  Eraser's  paper  was  the  smallness 
of  the  dose  and  the  success  that  followed  its  use  in  such 
quantities.  The  usual  dose  was  half  a  grain  in  spiritu- 
ous solution,  repeated  three  or  four  times  a  day,  accord- 
ing to  the  return  of  the  pain.  In  some  cases  it  was  in- 
creased to  one  or  even  to  two  grains,  and  in  a  few  instances 
four  grains  were  given ;  the  largest  quantity  given  was 
fourteen  grains  during  the  twenty -four  hours.  In  the 
cases  of  neuralgia  and  angina  half- grain  doses  relieved 
the  pain  in  ten  or  fifteen  minutes,  and  in  one  hour  there 
was  perfect  ease,  which  lasted  for  from  three  to  nine  or 
ten  hours,  and  in  many  instances  a  complete  cure  was  ob- 
tained. In  sciatica  and  locomotor  ataxia  one  and  two 
grains  secured  the  same  freedom  '  from  suffering.  In 
cancerous  disease  and  in  the  pain  accompanying  an 
aneurism  the  success  was  less  marked,  and  it  was  in  these 
cases  that  the  larger  doses  were  given.  Dr.  Fraser  con- 
siders that  the  smaller  dose  is  the  proper  method  ot  ad- 
ministering the  drug,  and  that  all  its  virtues  may  thus  be 
as  readily  secured  as  with  the  larger  doses. 

Following  Dr.  Eraser's  paper  came  a  number  of  re- 
ports of  successful  results  with  half-  and  one-grain  doses 
by  Drs  Herschell,'  Farrar,*  Holden,^  Malouey,"  and 
many  others.  Further  experience  has  proved  exalgine 
to  be  an  analgesic  and  antispasmodic  of  much  value, 
which  although  not  in  very  general  use,  is  constantly  em- 
ployed It  is  of  service  in  all  pains  of  a  purely  neurotic 
origin,  and  by  many  it  is  thought  to  be  particularly  valu- 
able durin  a;  the  course  of  a  febrile  attack.  It  has  proved 
of  less  value  in  painful  conditions  due  to  organic  disease  or 
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mechanical  causes.  In  England  the  small  close  advocated 
hv  Eraser  appears  to  predominate,  but  m  other  European 
countries  and  in  America  the  larger  dose  of  four  grains 
is  generally  given.  ,^    •    • 

Exalgine  has  been  used  with  favorable  results  in  in- 
fantile troubles.  Dr.  Moncorvo^  publishes  his  experi- 
ence of  its  use  in  twenty-one  cases  of  children  ranging 
from  one  to  twelve  years  of  age,  in  which  it  was  given 
for  the  relief  of  pain.  He  considers  it  a  very  useful 
agent.  It  was  well  borne  in  every  case,  no  unfavorable 
symptoms  being  ever  noticed.  The  dose  commenced 
with  was  three-fourths  of  a  grain,  increased  in  some 
cases  to  five  grains.  In  one  case  choreic  symptoms  were 
present  and  were  improved. 

Its  use  in  chorea  has  been  reported  upon  by  Dr.  Hugo 
LOwenthal."  Thirty -five  cases  were  treated  with  doses 
of  three  grains,  given  usually  three  times  a  day  and 
never  exceeding  fifteen  grains  in  the  twenty-four  hours. 
The  effects  were  very  satisfactory.  The  mild  cases  were 
cured  quickly,  but  the  more  severe  ones  were  less  influ- 
enced and  required  more  time.  The  beneficial  effects 
of  the  treatment  were  most  marked  in  the  cases  in  which 
it  was  given  early  in  the  course  of  the  disease,  in  two 
cases  a  cure  being  efliected  in  eight  days.  A  favorable 
influence  over  the  mental  state  was  also  noticed ;  the  fear 
and  nervousness  were  lessened  and  the  intelligence 
brightened.  In  some  of  the  cases  in  which  it  was  ad- 
ministered for  a  prolonged  period,  nausea,  vertigo,  head- 
ache, and  other  distressing  symptoms  were  noticed. 

Unfortunately  the  occurrence  of  toxic  symptoms  is 
not  infrequent.  No  fatal  termination  has  yet  been  re- 
ported, but  the  condition  of  the  patient  sometimes  be- 
comes very  alarming  both  to  the  friends  and  to  the  phy- 
sician. The  toxic  disturbances,  liowever,  occur  long 
before  the  fatal  dose  is  reached.  Experiments  on  ani- 
mals have  shown  that  the  lethal  quantity  is  seven  and  a 
half  grains  for  each  two  pounds  of  the  weight  of  the  ani- 
mal, and  three  grains,  it  has  been  found,  will  give  rise  to 
severe  symptoms.  The  poisoning  arises  from  the  action 
of  the  drug  on  the  nervous  centres  as  well  as  from  the 
alteration  that  occurs  in  the  condition  of  the  blood.  The 
changes  in  the  blood  are  the  same  as  those  which  are  pro- 
duced by  all  aniline  compounds ;  that  is,  the  haemoglobin 
Is  altered  into  methsemoglobin  and  the  function  of  oxi- 
dation is  interfered  with.  The  patient  is  made  aware  of 
the  approach  of  the  toxic  action  by  a  sense  of  fulness  in 
the  head,  a  constriction  and  oppression  of  the  chest, 
dyspnoea,  vertigo,  dizziness,  numbness,  and  disturbances 
of  vision.  This  is  followed  by  a  rapid  pulse,  shallow  res- 
piration, and  all  the  sensations  of  death  with  symptoms 
of  asphyxia  and  collapse.  Unconsciousness  is  common 
in  the  severe  cases  of  poisoning;  convulsions  do  not  so 
frequently  occur. 

Generally,  very  large  quantities  are  given  before  any 
ill  efEects  are  noticed.  It  is  very  rarely  that  any  disturb- 
ance of  the  skin  takes  place,  but  cases  have  been  reported 
in  which  an  erythematous  rash  has  appeared  on  the  skin, 
and  in  some  instances  the  buccal  mucous  membrane  is 
also  affected.'  In  one  instance*  the  drug  was  continued 
for  seventeen  days,  in  gradually  increasing  doses,  and 
during  the  last  seven  days  eighteen  grains  were  admin- 
istered daily.  In  another  case'  thirty-six  grains  were 
given  within  nine  hours,  and  in  still  another '» twenty-four 
grains  within  two  hours.  The  ill  effects  of  the  drug 
generally  follow  its  prolonged  use  or  the  administration 
of  large  doses,  but  in  some  instances  quite  small  doses 
have  produced  very  alarming  effects.  An  instance"  is 
reported  in  which  two  doses  of  three  grains  each  caused 
all  the  serious  symptoms  of  poisoning,  and  another  in- 
stance is  known  in  which  two  doses  of  five  grains  each 
were  given  with  the  same  effect.  A  remarkable  case"' 
is  reported  in  which,  in  an  adult,  two  doses  of  one  and  two 
grains,  respectively,  produced  most  profound  prostration. 
The  symptoms  came  on  about  an  hour  after  the  adminis- 
tration of  the  last  dose,  while  the  patient  was  sitting  at  a 
table  engaged  in  a  game  of  cards.  He  first  complained  of 
a  fulness  in  the  head  and  suddenly  fell  prostrate  unable 
to  speak  or  move,  and  gasping  for  breath.     A  second  at- 
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tack  took  place  in  about  an  hour,  and  the  oppression  and 
dyspnoea  continued  for  several  hours.  In  another  in- 
stance a  dose  of  eight  grains  produced  alarming  symp- 
toms.'" 

Very  different  from  these  cases  are  those  in  which  very 
large  quantities  have  been  given  without  evil  conse- 
quences. Dr.  Churton"  reports  two  such  cases.  In 
the  refilling  of  a-  bottle  of  medicine  a  mistake  was  made 
by  which  a  solution  was  prepared  of  one  grain  to  a 
drachm,  instead  of  one  grain  to  the  ounce.  The  medicine 
was  given  as  usual,  four  grains  instead  of  half  a  grain 
being  contained  in  each  dose.  This  was  continued  for 
several  days,  and  during  the  last  twenty -four  hours  be- 
fore the  mistake  was  detected  the  patient  was  given  forty 
grains.  The  pulse  and  respiration  were  rapid,  and  the 
patient  complained  of  a  burning  sensation  in  the  stomach, 
but  no  other  effects  were  noticed.  The  second  patient 
was  given  twenty-four  grains  from  the  same  preparation, 
but  it  failed  to  produce  any  other  effect  than  slight  ver- 
tigo and  a  sense  of  being  "dazed,"  which  caused  her  to 
walk  unsteadily.  The  quality  of  the  drug  is  vouched  for, 
as  it  was  given  to  a  number  of  patients  with  satisfactory 
results,  and  small  doses  were  again  given  to  the  first  pa- 
tient, and  its  analgesic  action  was  secured. 

The  quality  of  the  drug  undoubtedly  affects  Its  action, 
and  in  many  Instances  explains  the  varying  results  that 
follow  its  use ;  but  certain  conditions  of  the  system  must 
exercise  a  decided  influence,  probably  by  promoting  the 
decomposition  of  the  drug  and  the  formation  of  more 
toxic  compounds.  Mr.  Bokenham"  dwells  upon  this 
point  in  his  remarks  upon  two  cases  of  poisoning  and 
suggests  that  some  condition  of  the  blood  preceding 
menstruation  may  assist  this  reaction.  The  activity  of 
the  action  is  also  influenced  by  the  time  of  its  ingestion. 
Professor  Eraser  and  others,  who  find  benefit  in  the  small 
doses,  always  recommend  that  it  should  be  given  on  an 
empty  stomach,  while  those  who  use  the  larger  doses 
advise  it  to  be  given  after  meals,  and  others  still  have 
remarked  that  the  toxic  symptoms  arise  when  it  has  been 
given  before  meals.  In  the  majority  of  cases  the  toxic 
symptoms  pass  away  ^^•ithout  requiring  any  assistance, 
but  when  the  depression  and  dyspnoea  are  severe,  stimu- 
lating remedies  must  be  used.  Alcohol  has  been  resorted 
to,  in  most  of  the  cases  of  poisoning,  with  apparent  benefit, 
and  hypodermic  injections  of  ether  have  also  been  em- 
ployed. In  the  cases  reported  by  Dr.  Jones*  marked 
relief  was  secured  by  the  use  of  strychnine  in  addition  to 
the  stimulants.  Two  minims  of  the  liquor  strychnin£e 
were  given  hypodermically  and  ten  minims  of  "tincture 
of  digitalis  by  the  mouth.  In  these  cases  the  inhalation 
of  nitrite  of  amyl  and  the  administration  of  nitroglycerin 
by  the  mouth,  in  doses  of  gr,  y^,  increased  the  cyanosis, 
showing  that  the  arterial  as  well  as  the  venous  blood  was 
altered. 

Upon  the  lower  animals  the  hypodermic  injection  of 
exalgine  produces  violent  epileptiform  convulsions,  sali- 
vation, fall  of  temperature,  dyspnoea.  The  blood  becomes 
dark  in  color  and  contains  an  abundance  of  methsemo- 
globin. 

The  following  conclusions  have  been  arrived  at  by 
jNIarandon  de  Montyel  ">  from  clinical  observations  on 
patients  in  whom  the  use  of  the  drug  had  been  pushed  to 
its  physiological  limits:  It  has  no  influence  on  digestion. 
If  the  stomach  is  empty  it  causes  an  increased  flow  of 
saliva,  a  bitter  taste,  and  a  sense  of  tightness  about  the  epi- 
gastrium. The  pulse,  respiration,  and  temperature  are 
lesscnefl  in  patients  without  convulsive  tendencies.  Ver- 
tigo, flashes  of  light,  and  ringing  in  the  ears  are  frequent. 
A  local  or  general  cyanotic  surface,  sensations  of  cold, 
numbness,  and  formication,  are  prominent  symptoms. 
The  action  of  the  drug  is  prompt  and  the  effects  are  re- 
covered from  promptly,  the  brain  being  the  first  organ 
affected  and  the  first  to  recover.  When  it  is  administered 
after  meals  its  physiological  action  is  less  marked. 

Beaumont  Small. 

1  British  Medical  Journal,  February  ITtb,  1890. 

=  Ihid.,  July  19tli,  1890. 

'  IhiiL,  September  37tli,  1890. 
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*  Ibid.,  October  18th,  1890. 

I  Bull.  G^n.  de  TMrap.,  May  SOth,  1891. 
« Berlin,  klin.  Wochen.,  March,  1893 

'  Squilib :  Ephemerls,  1899. 

9  British  Medical  Journal,  February  8th,  1892. 

'Medical  Press  and  Circular,  March  16th,  1893. 

II  The  Therapeutic  Gazette,  February,  1893. 
"  British  Medical  Journal,  July  12th,  1890. 
"  ItM.,  May  3d,  1890. 

"  Ibid.,  June  11th,  1898. 

>«  The  London  Lancet,  May  28th,  1893. 

"  La  Tribune  medicate,  June,  1892. 

EXAMINER,  MEDICAL.-The  State  of  Massachusetts, 
m  common  with  other  States  of  the  Union,  employed 
the  coroner's  inquest  as  the  official  mode  of  inquiry  in 
cases  of  deaths  from  sudden,  violent,  or  suspicious  causes 
from  the  early  history  of  the  colony  until  1877, 

In  consequence  of  corrupt  practices  wliich  had  become 
of  frequent  occurrence,  and  also  in  consequence  of  the 
inefficiency  of  the  existing  system,  and  of  the  inherent 
incongruity  of  an  office  requiring  expert  knowledge 
both  of  law  and  of  medicine,  a  persistent  movement  was 
made  by  the  Massachusetts  Medical  Society, '  ably  assisted 
by  T.  H.  Tyndale,  Esq.,  and  other  members  of  the  legal 
profession,  having  as  its  prime  object'  a  radical  change 
in  the  coroner  system.  This  movement  was  heartily  en- 
dorsed by  the  Massachusetts  Legislature  of  1877,  and  re- 
sulted in  the  enactment,  by  that  body,  of  the  following 
statutes,  which  constitute  in  the  main  the  law  now  in 
force  in  Massachusetts : 

Acts  of  1877.— [Chap.  200.]  An  Act  to  abolish  the 
office  of  Coroner  and  to  provide  for  Medical  Bkcaminations 
and  Inquests  in  cases  of  Death  by  Violence.  Be  it  enacted, 
etc.,  as  follows: 

"  Section  1 .  The  offices  of  coroner  and  special  coroner 
are  hereby  abolished. 

"  Sec.  3  The  governor  shall  nominate,  and  by  and 
with  the  advice  and  consent  of  the  council  shall  appoint, 
in  the  county  of  Suffolk  not  exceeding  two,  and  in  each 
other  county  not  exceeding  the  number  to  be  designated 
by  the  county  commissioners  as  hereinafter  provided, 
able  and  discreet  men,  learned  in  the  science  of  medicine, 
to  be  medical  examiners;  and  every  such  nomination 
shall  be  made  at  least  seven  days  prior  to  such  appoint- 
ment. 

"Sec.  3.  In  the  county  of  Suffolk  each  medical  ex- 
aminer shall  receive,  in  full  for  all  services  performed  by 
him,  an  annual  salary  of  three  thousand  dollars,*  to  be 
paid  quarterly  from  the  treasury  of  said  county ;  and  in 
other  counties  they  shall  receive  for  a  view  without  an 
autopsy,  four  dollars;  for  a  view  and  autopsy,  thirty 
dollars ;  and  travel  at  the  rate  of  five  cents  per  mile  to 
and  from  the  place  of  the  view. 

"Sec  4.  Medical  examiners  shall  hold  their  offices  for 
the  term  of  seven  years  from  the  time  of  appointment, 
but  shall  be  liable  to  removal  from  office  at  any  time  by 
the  governor  and  council  for  cause  shown. 

"  Sec.  5.  Each  medical  examiner,  before  entering  upon 
the  duties  of  his  office  shall  be  sworn,  and  give  bond,  with 
sureties  in  the  sum  of  five  thousand  dollars,  to  the  treas- 
urer of  the  county,  conditioned  for  the  faitliful  perform- 
ance of  the  duties  of  his  office.  If  a  medical  examiner 
neglects  or  refuses  to  give  bond  as  herein  required,  for 
the  period  of  thirty  days  after  his  appointment,  the  same 
shall  be  void  and  another  shall  be  made  instead  thereof. 

"  Sec.  6.  The  county  commissioners  in  each  county 
shall,  as  soon  as  may  be  after  the  passage  of  this  act, 
divide  their  several  coimties  into  suitable  districts  for  tlie 
appointment  of  one  medical  examiner  in  each  district 
under  this  act ;  and  when  such  division  is  made,  shall  at 
once  certify  their  action  to  the  secretary  of  the  Common- 
wealtli,  who  shall  lay  such  certificate  before  the  governor 
and  council ;  but  nothing  herein  shall  prevent  any  medical 
examiner  from  acting  as  such  in  any  part  of  his  county. 

"  Sec.  7.  Medical  examiners  shall  make  examinations 
as  hereinafter  provided,  upon  the  view  of  the  dead  bod- 
ies of  such  persons  only  as  are  supposed  to  have  come  to 
their  death  by  violence. 

*  This  sum  was  changed  to  lour  thousand  dollars  by  an  act  o(  1890. 


Sec.  8.  Whenever  a  medical  examiner  has  notice  that 
there  has  been  found,  or  is  lying  within  his  county,  the 
dead  body  of  a  person  who  is  supposed  to  have  come  to 
his  death  by  violence,  he  shall  forthwith  repair  to  the 
place  where  such  body  lies  and  take  charge  of  tlie  same ; 
and  if  on  view  thereof  and  personal  inquiry  into  the 
cause  and  manner  of  the  death  he  deems  a  further  ex- 
amination necessary,  he  shall,  upon  being  thereto  author- 
ized in  writing  by  the  district  attorney,  mayor,  or  select- 
men of  the  district,  city,  or  town  where  such  body  lies, 
in  the  presence  of  two  or  more  discreet  persons,  whose 
attendance  he  may  compel  by  subpoena,  if  necessary, 
make  an  autopsy,  and  then  and  there  carefully  reduce  or 
cause  to  be  reduced  to  writing  every  fact  and  circum- 
stance tending  to  show  the  condition  of  the  body,  and 
the  cause  and  manner  of  death,  together  with  the  names 
and  addresses  of  said  witnesses,  which  record  he  shall 
subscribe.  Before  making  such  autopsy  lie  shall  call 
the  attention  of  said  witnesses  to  the  position  and  ap- 
pearance of  the  body. 

"  Sec.  9.  If  upon  such  view,  personal  inquiry,  or  au- 
topsy he  shall  be  of  opinion  that  the  death  was  caused 
by  violence,  he  shall  at  once  notify  the  district  attorney 
and  a  justice  of  the  district,  police  or  municipal  court 
for  the  district  or  city  in  which  the  body  lies,  or  a  trial 
justice,  and  shall  file  a  duly  attested  copy  of  the  record 
of  his  autopsy  in  such  court,  or  with  such  justice,  and  a 
like  copy  with  such  district  attorney ;  and  shall  in  all 
cases  certify  to  the  clerk  or  registrar  having  the  custody 
of  the  records  of  births,  marriages,  and  deaths,  in  the 
city  or  town  in  which  the  person  deceased  came  to  his 
death,  the  name  and  residence  of  the  person  deceased,  if 
known,  or  a  description  of  his  person,  as  full  as  may  be 
for  identification,  when  the  name  and  residence  cannot 
be  ascertained,  together  with  the  cause  and  manner  in 
and  by  which  the  person  deceased  came  to  his  death. 

"Sec  10.  The  court  or  trial  justice  shall  thereupon 
hold  an  inquest,  which  may  be  private,  in  which  case 
any  or  all  persons  other  than  those  required  to  be  present 
by  the  provisions  of  this  chapter  may  be  excluded  from 
the  place  where  the  same  is  held ;  and  said  court  or  trial 
justice  may  also  direct  the  witnesses  to  be  kept  separate, 
so  that  they  cannot  converse  with  each  other  until  they 
have  been  examined.  The  district  attorney,  or  some 
person  designated  by  him,  may  attend  the  inquest  and 
may  examine  all  witnesses.  An  inquest  shall  be  held  in 
all  cases  of  death  by  accident  upon  any  railroad ;  and  the 
district  attorney  or  the  attorney-general  may  direct  an 
inquest  to  be  held  in  the  case  of  any  other  casualty  from 
which  the  death  of  any  person  results,  if  in  his  opinion 
such  inquest  is  necessary  or  expedient. 

"Sec  11  The  justice  or  district  attorney  may  issue 
subpoenas  for  witnesses,  returnable  before  such  court  or 
trial  justice.  The  persons  served  with  such  process 
shall  be  allowed  the  same  fees,  and  their  attendance  may 
be  enforced  in  the  same  manner,  and  they  shall  be  sub- 
ject to  the  same  penalties,  as  if  served  with  a  subpcena 
in  behalf  of  the  Commonwealth  in  a  criminal  prosecution 
pending  in  said  court,  or  before  said  trial  justice. 

"Sec.  13.  The  presiding  justice  or  trial  justice  shall, 
after  hearing  the  testimony,  draw  up  and  sign  a  report 
in  which  he  shall  find  and  certify  when,  where,  and  by 
what  means  the  person  deceased  came  to  his  death,  his 
name  if  known,  and  all  material  circumstances  attending 
his  death ;  and  if  it  appears  that  his  death  resulted  wholly 
or  in  part  from  the  unlawful  act  of  any  other  person,  he 
shall  further  state,  if  known  to  him,  the  name  of  such 
person  and  of  any  person  whose  unla^vf  ul  act  contributed 
to  such  death,  which  report  he  shall  file  with  the  records 
of  tlu'  superior  court  in  the  county  wherein  the  inquest 
is  held. 

"Sec  13.  If  the  justice  finds  that  murder,  manslaugh- 
ter, or  an  assault  has  been  committed,  he  may  bind  over, 
as  in  criminal  prosecutions,  such  witnesses  as  he  deems 
necessary,  or  as  the  district  attorney  may  designate,  to 
appear  and  testify  at  the  court  in  which  an  indictment 
for  such  offence  may  be  found  or  presented. 
"  Sec  14.  If  a  person  charged  by  the  report  with  the 
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commission  of  any  offence  is  not  in  custody,  the  justice 
shall  forthwith  issue  process  for  his  apprehension,  and 
such  process  shall  be  made  returnable  before  any  court 
or  .magistrate  having  jurisdiction  in  the  premises,  who 
shall  proceed  therein  in  the  manner  required  by  law ;  but 
nothing  herein  shall  prevent  any  justice  from  issuing 
such  process  before  the  finding  of  such  report,  if  it  be 
otherwise  lawful  to  issue  the  same. 

"Sec.  15.  If  the  medical  examiner  reports  that  the 
death  was  not  caused  by  violence,  and  the  district  at- 
torney or  the  attorney-general  shall  be  of  a  contrary 
opinion,  either  the  district  attorney  or  the  attorney-gen- 
eral may  direct  an  inquest  to  be  held  in  accordance  with 
the  provisions  of  this  act  notwithstanding  the  report,  at 
which  inquest  he,  or  some  person  designated  by  him, 
shall  be  present  and  examine  all  the  witnesses. 

"Sec.  16.  The  medical  examiner  may,  if  he  deems  it 
necessary,  call  a  chemist  to  aid  in  the  examination  of  the 
body,  or  of  substances  supposed  to  have  caused  or  con- 
tributed to  the  death,  and  such  chemist  shall  be  entitled 
to  such  compensation  for  his  services  as  the  medical  ex- 
aminer certifies  to  be  just  and  reasonable,  the  same  being 
audited  and  allowed  in  the  manner  herein  provided.  The 
clerk  or  amanuensis,  if  any,  employed  to  reduce  to  writ- 
ing the  results  of  tjie  medical  examination  or  autopsy 
shall  be  allowed  for  his  services  two  dollars  per  day. 

"  Sec.  17.  When  a  medical  examiner  views  or  makes 
an  examination  of  the  dead  body  of  a  stranger,  he  shall 
cause  the  body  to  be  decently  buried ;  and  if  he  certifies 
that  he  has  made  careful  inquiry,  and  that  to  the  best  of 
his  knowledge  and  belief  the  person  found  dead  is  a 
stranger,  having  no  settlement  in  any  city  or  town  of 
this  Commonwealth,  his  fees,  with  the  actual  expense  of 
burial,  shall  be  paid  from  the  treasury  of  the  Common- 
wealth. In  all  other  cases  the  expense  of  the  burial 
shall  be  paid  by  the  city  or  town,  and  all  other  expenses 
by  the  county,  wherein  the  body  is  found. 

"  Sec.  18.  When  services  are  rendered  in  bringing  to 
land  the  dead  body  of  a  person  found  in  any  of  the  har- 
bors, rivers,  or  waters  of  the  Commonwealth,  the  medical 
examiner  may  allow  such  compensation  for  said  services 
as  he  deems  reasonable,  but  this  provision  shall  not  en- 
title any  person  to  compensation  for  services  rendered  in 
searching  for  such  dead  body. 

"  Sec  19.  In  all  cases  arising  under  the  provisions  of 
this  act,  the  medical  examiner  shall  take  charge  of  any 
money  or  other  personal  property  of  the  deceased  found 
upon  or  near  the  body,  and  deliver  the  same  to  the  per- 
son or  persons  entitled  to  its  custody  or  possession ;  but 
if  not  claimed  by  such  person  within  sixty  days,  then 
to  a  public  administrator,  to  be  administered  upon  ac- 
cording to  law. 

"Sec.  30.  Any  medical  examiner  who  shall  fraudu- 
lently neglect  or  refuse  to  deliver  such  property  to  such 
person  within  three  days  after  due  demand  upon  him 
therefor  shall  be  punished  by  imprisonment  in  the  jail  or 
house  of  correction  not  exceeding  two  years,  or  by'a  fine 
not  exceeding  five  hundred  dollars. 

"Sec.  21.  The  medical  examiner  shall  return  an  ac- 
count of  the  expenses  of  each  view  or  autopsy,  including 
his  fees,  to  the  county  commisioners  having  jurisdiction 
over  the  place  where  the  examination  or  view  is  held  or 
in  the  county  of  Suffolk  to  the  auditor  of  the  city  of 
Boston,  and  shall  annex  thereto  the  written  autlioritv 
under  which  the  autopsy  was  made.  Such  commission- 
ers or  auditor  shall  audit  such  accounts  and  certify  to  the 
treasurer  of  the  Commonwealth,  or  the  treasury  of  the 
county  as  the  ca,se  may  be,  what  items  therein  are 
deemed  ]ust  and  reasonable,  which  shall  be  paid  bv  such 
treasurer  to  the  person  entitled  to  receive  the  same. 

.^'Irfl"^-  :-^'-  ^T  *H®  P^nsoses  of  the  appointment  and 
qualification  of  medical  examiners  and  the  action  of  tlie 
county  commissioners  herein  provided  for  this  act  shall 
take  effect  upon  its  passage,  and  shall  take  full  effect  on 
the  first  day  of  July  next."  [Approved  May  9th  1877  1 
(Sections  22  23,  and  24,  pertaining  to  the  vicarious 
functions  of  the  coroner,  when  actini  as  a  sheriff,  and 
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also  to  certain  verbal  corrections  in  other  statutes,  are 
omitted.) 

The  principal  features  in  the  foregoing  act,  which 
constitute  the  chief  difference  between  the  medical  ex- 
aminer system  of  Massachusetts  and  the  coroner  system, 
are  the  following ; 

1.  The  separation  of  the  medical  from  the  legal  duties 
involved  in  the  investigation  of  the  cau.se  of  death,  the 
former  being  entrusted  to  medical  officers  ("able  and  dis- 
creet men,  learned  in  the  science  of  medicine  ")  (Sections 
3-9,  16-31,  Acts  of  1877,  Chapter  200;  and  the  latter  to 
properly  qualified  legal  magistrates.  Sections  10-14). 

2.  The  abolition  of  the  coroner's  office,  and  also  of  the 
jury  (Sections  1  et  seq.). 

3.  The  limitation  of  the  number  of  medical  officers 
(Sections  2,  6). 

This  law  is  the  result  of  a  successful  attempt  to  intro- 
duce into  a  New  England  commonwealth,  imbued  with 
a  traditi(mal  adherence  to  old  and  firmly  established 
customs,  the  plan  of  continental  Europe  modified  and 
adapted  to  a  republican  form  of  government. 

In  Rhode  Island  a  somewhat  similar  statute  was  en- 
acted, providing  for  the  appointment,  by  the  governor, 
of  medical  examiners  in  twenty-four  districts,  for  a  term 
of  six  years. 

The  town  councils  also  elect  "suitable"  persons  as 
coroners  for  three  years,  and  each  coroner  can  appoint 
a  deputy.  The  coroner  may  take  ante-mortem  state- 
ments. The  expenses  of  the  medical  examiners  are  re- 
turnable to  the  State  auditor  and  are  paid  by  the  State. 
The  records  of  medical  examiners  are  returnable  to  the 
State  board  of  health  and  are  published  by  the  board. 

In  Connecticut  the  coroner  and  his  jury  still  exist,  but 
the  coroner  may  appoint  a  medical  examiner  in  each  town. 
The  medical  examiner  pays  fifty  cents  to  each  person 
who  first  reports  a  death  by  violence.  The  medical  ex- 
aminer may  hold  an  inquest  in  certain  instances. 

As  may  be  seen  by  an  examination  of  Section  8  of  the 
present  law  of  Massachusetts,  the  medical  officer  takes 
the  initiative  steps  in  the  investigation  of  each  case  re- 
quiring the  exercise  of  his  duties.  This  method  of  pro- 
cedure rests  upon  the  assumption  of  a  natural  sequence  in 
the  investigation  of  all  cases  of  death  by  violence.  "  The 
inquest  is  held  by  the  court,  and  is  the  inquiry  into  the 
facts  outside  tlie  body;  the  examination  is  made  by  the 
(medical)  examiner,  and  it  leads  the  way  to  the  inquest." 
"  The  purpose  of  the  law  is  the  detection  of  crime ;  its 
method,  the  division  of  functions  among  those  properly 
qualified  to  perform  them. "  = 

Financially,  the  medical  examiner  system  has  also 
proved  successful.  Comparing  the  cost  of  coroner's  in- 
quests and  views  in  Massachusetts  for  three  years  under 
the  old  law  (1874,  1875,  and  1876)  with  the  cost  of  similar 
inquiries  under  the  new  law  for  a  like  period  (1878,  1879, 
and  1880),  as  nearly  as  could  be  ascertained,  the  result 
was  for  the  former  period,  .§63,713.04;  and  for  the  latter 
$54,509.31;  leaving  a  difference  of  89,303.73  in  favor  of 
the  medical  examiner  system,  notwithstanding  an  increase 
of  population  between  tlie  two  periods  of  at  least  one 
hundred  thousand,  and  a  consequent  increase  in  the 
amount  of  work  doue.^ 

The  average  expense  of  the  medical  examinations 
ranged  from  a  maximum  of  813.08  each  in  1886  to  a  mini- 
mum of  §11.68  each  in  1890. 

When  considered  as  a  per  capita  tax  upon  the  popula- 
tion the  expense  of  conducting  the  medical  examiner 
system  is  shown  to  be  far  less  than  that  of  the  coroner 
system. 

The  budget  brought  before  the  Board  of  Estimate  of 
New  -iork  City  in  January,  1898,  contained  an  item 
ot  S'.,:S9,0o0  for  coroners  in  the  five  boroughs,  in  an  esti- 
mated population  of  about  three  and  one-half  millions  or 
seven  cents  jipr  capita  of  the  population  for  the  cost  of 
the  coroner  system.  '  In  the  same  year  in  Massachusetts 
under  the  Medical  Examiner  System,  the  cost  was  less 
than  $40,000  in  a  population  'of  about  two  and  t^vo- 
third  millions,  or  less  than  one  and  one-half  cents  per 
capita,  for  conducting  all  examinations  extending  over 
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more  than  8,000  square  miles  of  territory.     The  court 
expenses  were  included  in  tliis  sum.  ° 

The  chief  causes  of  this  diminution  in  expense  are  the 
abolition  of  the  coroner's  jury,  and  the  decrease  in  the 
number  of  inquests.  In  the  three  years  specified  under 
the  old  law,  there  were  held,  in  three  counties  in  Massa 
chusetts,  one  hundred  and  twenty-four  inquests.  In 
three  years,  under  the  new  law,  with  a  larger  population 
the  number  of  inquests  held  in  the  same  counties  was  but 
seventy-flve. 

Under  the  old  law  the  ratio  of  inquests  to  cases  of  all 
sorts  examined  throughout  the  whole  State  was  about 
forty  per  cent.  Under  the  medical  examiner  law  the 
ratio  has  not  been  more  than  twenty -two  per  cent.  "  The 
reasons  for  this  change  may  be  found  in  the  appoint- 
ment, to  fill  the  offices  formerly  held  by  coroners,  of  men 
whose  education  necessarily  fits  them  for  the  work  which 
they  are  expected  to  perform.  Under  the  old  law  a  man 
found  dead,  even  without  the  least  suspicion  of  violence, 
as  in  simple  cases  of  heart  disease  or  apoplexy,  would  in 
all  probability  be  reported  to  the  village  coroner,  pro- 
vided the  most  common  hypostatic  marks  of  post-mortem 
discoloration  were  observed  by  a  bystander,  and  inter- 
preted by  him  as  significant  of  a  violent  death.  Hence 
the  coroner  sets  in  motion  the  cumbrous  machinery  of 
his  office.  In  the  first  place  he  sends  for  a  constable. 
The  constable  summons  a  jury.  The  witnesses  come 
next;  and  last  of  all,  the  nearest  physician  is  summoned, 
whose  evidence  finally  shows  that  the  man  died  a  natural 
death.  Under  the  working  of  the  present  law  the  order 
of  procedure  is  reversed.  The  medical  officer  first  views 
the  body,  and  in  a  case  like  that  just  cited  he  simply 
reports  it  as  a  view.  If,  however,  he  believes  there  is 
reasonable  suspicion  of  violence,  as  revealed  by  the  evi- 
dence shown  him  from  an  external  examination  of  the 
body,  and  a  personal  inquiry  of  the  witnesses,  and  also 
by  an  autopsy,  if  that  be  requisite,  the  case  is  then  re- 
ported to  the  proper  authorities  for  inquest. "  ' 

After  the  medical  examiner  law  had  been  in  operation 
for  a  period  of  seven  years  and  a  half,  the  Legislature  of 
1885  carefully  considered  certain  measures  which  were 
proposed  for  the  further  improvement  of  the  existing 
law.  These  were :  the  reporting  of  cases  to  some  cen- 
tral authority  who  should  be  entrusted  with  the  compila- 
tion, classification,  and  publication  of  the  returns  of  the 
medical  examiners ;  the  proper  remuneration  of  medical 
witnesses  at  autopsies ;  and  a  provision  for  more  definite 
authority  for  making  autopsies  on  the  bodies  of  persons 
found  dead. 

The  first  of  these  duties  had  been  performed  very  effi- 
ciently for  seven  years  by  the  Massachusetts  Medico- 
Legal  Society,  an  association  having  as  its  object  "to 
elevate  the  official  character  of  the  medical  examiner, 
and  to  assist  him  in  the  discharge  of  his  duties ;  to  collect 
and  utilize  such  facts  as  have  a  medico-legal  value ;  and 
to  excite  a  general  interest  in  the  subject  of  forenfiic 
medicine,  and  to  promote  its  successful  cultivation. "  * 

The  transactions  of  this  society  form  a  valuable  con- 
tribution to  the  literature  of  forensic  medicine.  It  was 
desirable,  however,  that  the  State  should  have  the  super- 
vision of  the  reports  of  its  medical  officers,  since  it  could 
by  statutory  enactment  require  a  complete  report  from 
each  examiner,  a  measure  which  was  clearly  impossible 
in  a  voluntary  association.  The  following  is  the  sub- 
stance of  the  amendments  enacted  in  1885 : 

[Chap.  379.]  An  Act  relating  to  Medical  Examiners. — 
Be  it  enacted,  etc.,  as  follows: 

"Sec.  1.  Sectionnineof  chapter  twenty-six  of  the  Pub- 
lic Statutes  is  amended  to  read  as  follows :  Section  9.  In 
the  county  of  Suffolk  each  medical  examiner  shall  receive 
from  the  treasurer  of  the  county,  in  full  for  all  services 
performed  by  him,  a  salary  of  three  thousand  dollars  a 
year,  and  the  associate  medical  examiner  a  salary  of  five 
hundred  dollars;  but  if  the  said  associate  medical  ex- 
aminer serves  in  any  year  more  than  two  months,  at 
the  request  of  either  medical  examiner  he  shall,  for  such 
service  in  excess  of  two  months,  be  paid  at  the  same  rate 
as  such  medical  examiner,  and  such  compensation  shall 


be  deducted  from  the  salary  of  the  medical  examiner  in 
whose  stead  he  serves.  The  medical  examiners  in  other 
counties  shall  receive  fees  as  follows:  For  a  view  with- 
out an  autopsy,  five  dollars;  for  a  view  and  autopsy, 
thirty  dollars ;  and  for  travel,  at  the  rate  of  ten  cents  a 
mile  to  and  from  the  place  of  view. 

"  Sec.  3.  When  a  medical  examiner  deems  it  necessary 
to  have  a  physician  present  at  an  autopsy  as  one  of  the 
witnesses,  as  provided  in  section  eleven  of  chapter 
twenty-six  of  the  Public  Statutes,  such  physician  shall 
bo  allowed  five  dollars  for  his  services.  Other  witnesses 
required  by  law  to  be  present  at  an  autopsy  shall  be  al- 
lowed two  dollars  each. 

"Sec.  3.  Medical  examiners  are  to  transmit  copies 
of  the  records  of  all  deaths  investigated  by  them  to 
the  Secretary  of  the  Commonwealth,  annually,  before 
March  1st 

"Sec.  4.  Fees  for  returning  such  copies,  twenty  cents 
each  for  first  twenty  entries  and  ten  cents  for  each  sub- 
sequent entry.  Penalty  for  refusal  or  neglect  ten  to 
fifty  dollars. 

"  Sec.  5.  Secretary  to  provide  blank  book  for  records. 

"Sec.  6.  Secretary  to  collect  returns  and  tabulate 
them  and  report  to  general  court. 

"  Sec.  7.  Medical  examiners  to  report  all  autopsies  to 
the  district  attorneys,  and  affirm  their  necessity." 

The  present  number  of  medical  examiners  is  seventy- 
three,  being  about  one  to  each  38,000  of  the  population. 
Boston  has  two,  with  an  associate  who  acts  in  the  absence 
of  either  of  the  others.  Each  one  of  the  larger  cities  has 
also  one  medical  examiner,  who  also  acts  in  the  neigh- 
boring towns.  The  remainder  are  distributed  with  a  fair 
degree  of  uniformity  throughout  the  State. 

By  an  act  of  1898  provision  was  made  for  the  appoint- 
ment of  one  associate  examiner  in  each  district. 

The  following  statistics  relative  to  the  operation  of 
this  law  are  quoted  from  the  registration  reports  of 
Massachusetts,  for  the  years  1885  to  1899  inclusive: 

Total  Deaths,  and  Deaths  by  Sexes,  Investigated  Under  the 
Medical  Examiner  Laws  in  Massachusetts,  1885-1899,  To- 
gether WITH  the  Number  of  Autopsies  Made. 
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In  the  following  table  the  same  deaths  are  classified  by 
the  modes  of  death : 

Summary  of  Cases  Investigated  in  Massachusetts  Under  the 
Medical  examiner  Laws,  by  Methods  of  Death. 


Years. 

HOMI- 
CIDE. 

SUICIDE. 

ACCIDENT 

OR  Neg- 
ligence. 

Natural  and 
Unknown 

Causes 
Including 

Alcoholism. 

S 

s 

1 

55 

g 

1 

1 

a 

2; 

S3 

a 

3 

z, 

4i 

1885 

1886 

1887 

1888 

45 
47 
52 
52 

3.5 
3.4 
3.3 
3.2 

181 
157 
173 
190 

14.2 
11.4 
11.1 
11.5 

567 
678 
748 

785 

44.4 
49.2 
48.1 
47.5 

485 
496 
583 
624 

37.9 
36.0 
37.5 
37.8 

1,278 
1,378 
1,556 
1,651 
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SCMMARY  OF  CASES  INVESTIGATED  I^  MASSACHUSETTS  UNDER  THE 
MEDICAL     EXAMINER    LAWS,     BY     METHODS     OF     DEATH.  -  Con- 

tinued.  


Natural  and 

ACCIDENT 

Unknown 

HOMI- 

Suicide. 

OR  Neg- 

Causes 

CIDE. 

ligence. 

Including 
Alcoholism. 

Tears. 

d 
o 

a 

D 

8 

i 

s 

1 

S 

nf 

d 

fe 

0^ 

S^ 

p 

Zi 

31 

Zi 

P- 

2 

p- 

z 

P. 

1889 

.11 

199 

12.0 

792 

47.9 

612 

37.0 

1,6,54 

1890 

3.T 

2.(1 

19ft 

11.1 

862 

4K.6 

680 

38.3  H- 

1,773 

1891 

fid 

.S2 

187 

10,2 

886 

47.1 

727 

39.5 

1,840 

1893 

72 

3?, 

m 

12,4 

974 

44.1 

890 

40.3 

2,210 

1893 

76 

34 

390 

13.1 

976 

43.9 

879 

39.6 

2,221 

1891 

68 

3,1 

27(1 

12.5 

975 

45.2 

846 

39.2 

2,1.59 

1895 

7+ 

3.2 

281 

12.1 

1,019 

44.0 

943 

40.7 

2,317 

1896 

74 

31 

318 

13.2 

1,043 

43.1 

982 

40.6 

2,416 

1897 

70 

31 

285 

12.5 

961 

42.2 

963 

42.2  + 

2,279 

1898 

79 

29 

331 

12.5 

1,194 

45.1 

1,044 

39.4 

2,648 

1899 

57 


912 

2.3 
3.1 

319 

13.0 
12.2 

1,001 

48.7 

1,072 

36.0 

2,449 

Total  . , 

3.651 

13,440 

45.1 

11,826 

39.6 

29,829 

It  is  a  sufficient  comment  upon  this  law  that  more 
than  40,000  cases  of  sudden,  suspicious,  and  violent 
deaths  have  been  investigated  under  its  authority,  and 
in  a  far  more  satisfactory,  intelligent,  and  economical 
manner  than  could  have  been  possible  under  the  old 
regime.  Sarmiel  W.  Abhott. 
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EXAMINING  AND    LICENSING    BOARDS.— There  is 

no  national  authority  in  the  United  States  that  can  pre- 
scribe standards  for  degrees  or  for  license  to  practise  the 
professions.  Each  State  makes  its  own  professional 
laws.  As  a  result  there  are  almost  as  many  standards  as 
there  are  political  divisions.  The  desirability  of  uniform 
standards  throughout  the  country  for  admission  to  pro- 
fessional practice  is  recognized  generally,  but  varying 
conditions  as  to  density  of  population,  educational  ad- 
vantages, and  generaWevelopment  make  it  impracticable 
to  hope  for  the  attaimnent  of  tliis  end  for  some  time  to 
come.  Conditions  are  such  that  some  States  cannot 
maintain  the  standards  demanded  elsewhere,  otliers  can- 
not afford  to  lower  theirs,  but  needless  multiplication  is 
unfortunate.  Instead  of  a  separate  standard  for  almost 
each  political  division,  two  or  at  most  three  should  answer 
for  all.  In  the  first  group  should  come  the  strongest 
States,  and  the  standards  maintained  by  these  States 
would  act  as  a  stimulus  to  weaker  political  divisions. 

Thirty  years  ago  the  public  had  little  protection  from 
Incompetency  in  professional  practice.  The  bar  is  said 
to  have  been  at  its  lowest  ebb.  JEedical  laws  were  crude 
and  largely  inoperative.  In  several  States  only  were 
there  any  acts  designed  to  control  the  practice  of  phar- 
macy and  dentistry.  There  was  no  law  whatever  re- 
stricting the  practice  of  veterinary  medicine.  There  has 
been  extraordinary  progress,  specially  in  tlie  last  decade, 
in  restrictive  professional  legislation,  and  in  the  admis- 
sion and  graduation  requirements  of  professional  schools 
throughout  the  United  States.  In  medicine  all  political 
divisions  except  Alaska  now  have  examining  and  licens- 
ing boards.  In  view  of  these  facts  the  growth  in  profes- 
sional students  is  remarkable.  Prom  1888  to  1899  the 
increase  was  as  follows :  theology  24  per  cent. ,  law  334 
per  cent.,  medicine  84  per  cent.,  dentistry '380  per 
cent.,  pharmacy  31  per  cent.,  veterinary  medicine  17  ner 
cent.  ^ 

Power  to  Confer  Degrees.— Lovf  standards  in  many  pro- 
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fessional  schools  are  due  to  a  failure  to  subject  the  degree- 
conferring  power  to  strict  state  supervision.  In  New 
York  and  Pennsylvania  the  laws  now  prevent  an  abuse 
of  the  power  to  confer  degrees.  In  Massachusetts  and 
Vermont  bodies  formed  under  the  general  corporation 
acts  are  prohibited  from  conferring  degrees.  In  Ohio 
and  Nebraska  the  statutes  require  only  the  nominal  en- 
dowment of  S.5,000  for  a  degree-conferring  institution 
In  other  States  and  Territories  as  a  rule  any  body  of  men 
may  form  an  educational  corporation  with  power  to  con- 
fer" degrees  "  without  any  guaranty  whatever  that  the 
privilege  will  not  be  abused." 

This  matter  has  been  under  discussion  recently  in 
various  educational  bodies,  and  there  is  a  strong  sent! 
ment  in  favor  of  a  strict  supervision  by  the  State  of  the 
degree-conferring  power. 

Preliminary  General  Education  for  Degrees. — In  New 
York,  high  standards  in  preliminary  general  education 
are  demanded  both  for  degrees  and  for  licenses,  and  m 
each  case  the  question  of  attainments  is  determined  by  a 
central  authority,  the  University  of  the  State  of  New 
York.  As  a  rule  in  other  States  medical  schools  conduct 
their  own  entrance  examinations,  and  the  tests  are  often 
mere  matters  of  form,  even  though  the  standards  may 
appear  satisfactory  on  paper.  In  1898  31  percent,  of  the 
students  of  medicine  in  the  United  States  held  either  B.  A. 
or  B.S.  degrees  as  compared  with  53  per  cent,  of  those 
in  theology  and  39  per  cent,  of  those  in  law. 

Preliminary  Oeneral  Education  for  Licenses. — In  New 
York  State  a  preliminary  general  education  equivalent 
to  graduation  from  a  four  years'  high-school  course  after 
a  completed  eight  years'  elementary  course  is  prescribed 
by  statute  as  the  minimum  standard  for  license  to  prac- 
tise medicine.  This  standard  approximates  that  required 
in  continental  Europe.  New  Hampshire  and  Ohio  have 
similar  requirements,  but  they  are  not  so  rigidly  enforced. 
California  makes  the  requirements  "  in  no  particular  less 
than  those  prescribed  by  the  Association  of  American 
Medical  Colleges."  Wisconsin  requires  the  elementary 
education  necessar}'  for  admission  to  the  junior  year  in- 
cluding one  year  of  Latin.  The  statutes  of  Delaware, 
Maryland,  New  Jersey,  and  Pennsylvania  prescribe  a 
"  common-school  education. "  Louisiana  demands  a  "  fair 
primary  education,"  Maine  a  standard  of  preliminary 
education  approved  by  the  medical  board.  The  rules  in 
Vermont  prescribe  a  high-school  course;  in  Maine  a  good 
English  education;  in  Illinois  and  Iowa  less  than  one 
year  of  high-school  work;  in  Virginia  "evidence  of  a 
preliminary  education. "  In  remaining  political  divisions 
laws  and  rules  are  either  silent  in  this  respect  or  so  in- 
definite as  to  be  of  little  value. 

Length  of  Professional  Courses. — The  following  table 
shows  great  progress,  specially  since  1885,  in  the  adop- 
tion of  higher  standards  for  graduation. 


Four 

Three 

Two 

One 

Not 

years. 

years. 

years. 

year. 

stated. 

Medical  schools,  1875 

0 

3* 

72 

5 

0 

1885  .. 

0 

5 

103 

0 

0 

1897 

99 

49 

0 

2 

0 

1898 

103 

42 

0 

0 

6+ 

"       1899 

141 

10 

2 

1 

♦Distinction  between  medical  schools  with  two-  and  three-year 
courses  not  certain.       +  Including  three  medical  preparatory  schools. 

Infiuerice  of  Medical  S<irieties.—ln  1839  the  New  York 
State  Medical  Society  resolved  that  teaching  and  licens- 
ing ought  to  be  separated  as  far  as  possible.  In  1837  the 
same  view  had  been  advocated  in  Philadelphia.  Further 
discussion  led  to  a  call  for  a  convention  of  delegates  from 
all  medical  schools  and  societies  in  the  United  States. 
The  convention  was  held  in  New  York  in  1846,  and  from 
it  sprang  the  American  Medical  Association. 

Results  of  examinations  show  the  importance  of  sep- 
arating teaching  and  licensing.  Under  the  New  York 
laws,  for  example,  6,349  physicians  have  been  examined, 
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of  whom  1,879  or 21. 7  per  cent.,  were  rejected.  In  these 
statistics  each  candidate  who  fails  is  counted  as  often  as 
examined,  but  nevertheless  so  large  a  per  cent,  of  rejec 
tions  is  astonishing  in  view  of  the  fact  that  admission  to 
licensing  examinations  presupposes  the  preliminaiy  edu- 
cation required  by  statute  and  also  graduation  with  a  de- 
gree from  a  registered  medical  school.  Including  those 
unable  to  meet  the  requirements  for  admission  to  licens- 
ing examinations,  more  than  30  per  cent,  of  all  appli- 
cants have  failed  to  secure  licenses. 

The  following  societies  have  exercised  an  important 
influence  in  promoting  higher  standards :  Association  of 
American  Medical  Colleges  (1890),  American  Institute  of 
Homoeopathy  (1844),  National  Confederation  of  Eclectic 
Medical  Colleges  (1871),  Southern  Medical  College  Asso- 
ciation (1892).  The  first  and  fourth  of  these  societies 
prescribe  for  admission  to  medical  schools  a  preliminary 
general  education  equivalent  to  one  year  in  a  high  school; 
the  second  and  third  demand  work  equivalent  to  about 
two  years  in  a  high  school.  All  prescribe  four  courses 
of  lectures  in  different  years  as  a  condition  for  an  M.D. 
degree,  though  they  give  an  allowance  of  one  year  to 
graduates  of  reputable  literary  colleges  and  of  other 
professional  schools.  All  tend  to  improve  facilities  for 
teaching,  dissection,  and  clinics.  These  societies  regis- 
tered in  1900  72,  71,  6,  and  11  medical  schools  respec- 
tively. 

The  American  Academy  of  Medicine  (1876)  and  the 
National  Confederation  of  State  Medical  Examining  and 
Licensing  Boards  (1891)  should  also  be  mentioned.  The 
former  of  these  societies  has  emphasized  since  1884  the 
importance  of  a  proper  preliminary  education,  a  graded 
professional  course,  and  a  state  licensing  examination; 
the  latter  has  recommended  a  four  years'  high-school 
course  for  admission  to  medical  schools  or  an  alternative 
examination  representing  somewhat  less  than  three  years 
of  high-school  work. 

Medical  Sects. — -As  commonly  understood,  regular  phy- 
sicians have  no  distinctive  theory  or  practice;  liom- 
oeopaths  treat  diseases  with  drugs  that  excite  in  healthy 
persons  symptoms  similar  to  the  morbid  condition  treated; 
eclectics  make  use  of  what  they  regard  as  specific  reme- 
dies, chiefly  botanical;  physiomedicalists  use  only  botan- 
ical remedies,  discarding  those  which  are  poisonous.  In 
practice  these  distinctions  are  not  always  observed. 

In  addition  to  the  medical  sects  to  which  detailed  ref- 
erence is  made,  a  number  of  pathiea  flourish  in  many 
States  unmolested  under  such  names  as  osteopath,  vita- 
path,  electropath,  hydropath,  divine  healer,  magnetic 
healer,  Christian  scientist,  faith  curist,  mind  curist,  sun 
curist,  etc.  Men  and  women  without  preliminary  or 
professional  training  treat  diseases  under  these  or  similar 
systems  to  such  an  extent  that  the  health  of  the  people  is 
endangered.  These  so-called  systems  are  followed  with 
Impunity  in  many  States  in  what  seems  to  be  open  viola- 
tion of  laws  restricting  the  practice  of  medicine.  This  is 
due  largely  to  the  fact  that  so  many  statutes  lack  specific 
definitions  as  to  what  constitutes  the  practice  of  medi- 
cine, and  without  these  definitions  the  conviction  of  such 
practitioners  cannot  be  secured  through  the  courts. 

Osteopathy  was  "  discovered  "  in  1874.  It  is  based  on 
the  theory  that  "a  natural  flow  of  blood  is  health"  and 
that  th6  bones  may  be  "  used  as  levers  to  relieve  pressure 
on  nerves,  veins,  and  arteries."  Oseteopathy  is  now 
recognized  by  law  in  California,  Connecticut,  Indiana, 
Kansas,  Ohio,  Iowa,  Michigan,  Missouri,  Montana,  Ne- 
braska, North  and  South  Dakota,  Tennessee,  Vermont, 
and  Wisconsin.  Practice  of  "the  system,  method,  or 
science  of  osteopathy  "  is  restricted  to  licensed  physicians 
and  to  graduates  of  "  a  legally  chartered  and  regularly 
conducted  school  of  osteopathy."  The  use  of  drugs  and 
operations  in  "  major  or  operative  surgery  "  are  not  per- 
mitted in  the  practice  of  osteopath)'. 

In  Georgia,  Kentucky,  Nebraska,  New  Jersey,  New 
Mexico,  Montana,  and  West  Virginia  there  are  stringent 
laws  against  non-medical  practitioners.  In  some  other 
States,  like  Illinois,  they  receive  such  legal  protection 
that  any  person  may  treat  "  the  sick  or  suffering  by  men- 


tal or  spiritual  means,  without  the  use  of  any  drug  or 
material  remedy."  Under  these  conditions  any  person 
in  Connecticut,  Maine,  Massachusetts,  and  New  Hamp- 
shire is  free  to  practise  "  the  sun  cure,  mind  cure,  hyp- 
notism, magnetic  healjng,  Christian  science,  etc. "  The 
greater  part  of  New  England  seems  to  be  on  about  the 
same  footing  in  this  respect  with  the  Cherokee  nation, 
Indian  Territory,  where  entire  liberty  is  given  to  "  en- 
chantments in  any  form."  In  striking  contrast  Hawaii 
inflicts  heavy  fines  on  any  person  convicted  of  an  attempt 
to  cure  "another  by  practice  of  sorcery,  witchcraft, 
anaana,  hoopiopio,  hoounauna,  hoomanamana,  etc." 

There  is  much  misunderstanding  in  this  country  re- 
garding the  duty  of  the  state  in  relation  to  the  health  of 
the  people.  It  does  not  consist  in  discriminating  between 
schools  or  systems  of  medicine,  but  in  requiring  without 
prejudice  or  partiality  of  all  who  seek  a  license  to  prac- 
tise for  gain  on  the  lives  of  fellow-beings  a  minimum 
preliminary  and  professional  training. 

Midwifery. — ^Special  tests  for  certificates  of  registration 
as  midwives  are  required  in  Arizona,  Connecticut,  Dis- 
trict of  Columbia,  Illinois,  Indiana,*  Iowa,  Louisiana, 
Missouri,  New  Jersey,  Ohio,  Texas,  Utah,  Wyoming. 

In  the  following  political  divisions  the  provisions  of 
the  medical  practice  acts  do  not  apply  to  women  engaged 
in  the  practice  of  midwifery :  Alabama,  Arkansas,  Flor- 
ida, Georgia,  Idaho,  Kentucky,  Maine,  Maryland,  Mis- 
sissippi, Montana,  New  Mexico,  North  Carolina,  Rhode 
Island,  South  Carolina,  Tennessee,  Vermont,f  Virginia, 
Washington,  West  Virginia. 

In  other  political  divisions,  though  there  are  some 
special  provisions  for  certain  localities,  the  general  acts 
regulating  the  practice  of  medicine  make  no  reference 
whatever  to  the  practice  of  midwifery  by  women. |  It 
would  seem,  therefore,  that  these  laws  restrict  the  prac- 
tice of  midwifery  to  licensed  physicians.  Nevertheless 
a  large  proportion  of  the  children  in  these  political  divi- 
sions are  brought  into  the  world  by  ignorant  midwives, 
and  as  stated  by  Dr.  M.  J.  Lewi,  of  New  York,  many 
women  are  physical  wrecks  through  their  incompetence. 
Practically  the  conditions  in  political  divisions  where  the 
laws  seem  to  restrict  the  practice  of  midwifery  to  licensed 
physicians  are  little  better  than  in  political  divisions 
where  the  practice  of  midwifery  by  women  without  a 
license  is  authorized  by  statute.  There  will  probably  be 
little  change  for  the  better  till  the  midwife  receives  legal 
recognition  and  the  practice  of  midwifery  is  regulated 
by  definite  statutory  provisions. 

Early  Legislation. — The  earliest  law  relating  exclu- 
sively to  physicians  was  passed  by  Virginia  in  1639,  but 
like  the  later  act  of  1736  it  was  designed  mainly  to  regu- 
late their  fees.  The  act  of  1736  made  concessions  to 
physicians  who  held  university  degrees.  In  only  two  of 
the  thirteen  colonies  were  well-considered  laws  enacted 
to  define  the  qualifications  of  physicians.  The  General 
Assembly  of  New  York  in  1760  decreed  that  no  person 
should  practise  as  physician  or  surgeon  in  the  citj^  of 
New  York  till  examined  in  physic  and  surgery  and  ad- 
mitted by  one  of  his  majesty's  council,  the  judges  of  the 
supreme  court,  the  king's  attorney-general  and  the  mayor 
of  the  city  of  New  York.  Such  candidates  as  were  ap- 
proved received  certificates  conferring  the  right  to  prac- 
tise throughout  the  whole  province,  and  a  penalty  of  £5 
was  prescribed  for  all  violations  of  this  law.  A  similar 
act  was  passed  by  the  General  Assembly  of  New  Jersey 
in  1773. 

In  1840  laws  had  been  enacted  by  the  legislatures  of 
nearly  all  the  States  to  protect  citizens  from  the  impo- 
sition of  quacks.  Between  1840  and  1850,  however,  most 
of  these  laws  were  either  repealed  or  not  enforced  as  a 
result  of  the  cry  that  restrictions  against  unlicensed  prac- 
titioners were  designed  only  to  create  a  monopoly. 


*  Either  examination  or  approval  of  diploma. 

t  Tliose  practising  midwifery  without  a  certificate  cannot  enforce 
collection  of  fee,  but  tUs  does  not  apply  to  the  practice  of  midwifery 
by  women  in  the  town  or  locality  in  which  they  reside. 

t  In  Nebraska,  North  and  South  Dakota  the  practice  of  "  medicine, 
surgery,  or  obstetrics  "  without  a  license  is  prohibited. 
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Synopsis  of  Requirements  to  1902.— In  the  following 
political  divisions  medical  diplomas  do  not  now  confer 
the  right  to  practise  medicine,  an  examination  being  re- 
quired in  all  cases:  Alabama,  Arizona,  California,  Con- 
necticut, Delaware,  District  of  Columbia,  Florida,  Geor- 
gia, Hawaii,  Idaho,  Illinois,  Indiana  (after  January 
1st,  1905),  Indian  Territorjr,  Cherokee  and  Choctaw  na- 
tions, Iowa,  Louisiana,  Maine,  Maryland,  Massachusetts, 
Minnesota,  Mississippi,  Missouri,  Montana,  New  Hamp- 
shire, New  Jersey,  New  York,  North  Carolina,  North 
Dakota,  Ohio,  Oregon,  Pennsylvania,  Tennessee,  Texas, 
Utah,  Vermont,  Virginia,  Washington,  West  Virginia, 
Wisconsin, 

The  following  require  for  admission  to  the  licensing 
examination : 
Alabama,  requirements  of  State  Medical  Association. 
Arizona,  diploma  from  recognized  medical  school. 
California,   diploma  from   legally  chartered    medical 
school,  requiring  in  no  particular  less  than  the  Associ- 
ation of  American  Medical  Colleges. 
Connecticut,  diploma  from  reputable  medical  school. 
Delaware,  competent  common-school  education,  diplo- 
ma from  legally  incorporated  medical  school. 

District  of  Columbia,  diploma  of  school  authorized  by 
law  to  confer  M.  D.  degree. 
Florida,  diploma  from  recognized  medical  school. 
Georgia,    diploma    from    legally    organized    medical 
school. 
Idaho,  diploma  from  legally  chartered  medical  school. 
Illinois,  less  than  one  year  of  high-school  work,  diplo- 
ma from  approved  medical  school. 
Indiana,  diploma  from  reputable  medical  school. 
Indian  Territory,  Cherokee  nation,  diploma  from  rep- 
utable medical  school;  Choctaw,  one  term's  attendance 
at  reputable  medical  school. 

Iowa,  less  than  one  year  of  high-school  work,  diploma 
from  recognized  medical  school. 

Louisiana,  fair  primary  education,  diploma  of  recog- 
nized medical  school. . 

Maine,  diploma  of  reputable  medical  school  maintain- 
ing an  approved  standard  of  preliminary  education  and 
medical  instruction. 

Maryland,  common-school  education,  diploma  from 
legally  incorporated  medical  school. 

Minnesota,  four  full  courses  of  lectures  at  recognized 
medical  school. 

Montana,  diploma  from  legally  chartered  medical 
school. 

New  Hampshire,  full  high-school  course,  diploma  from 
regularly  organized  medical  school. 

New  Jersey,  common-school  education,  diploma  from 
legally  incorporated  medical  school. 

New  York,  four  years'  high-school  course  or  its  equiv- 
alent, diploma  from  registered  medical  school. 

North  Carolina,  diploma  from  medical  school  in  good 
standing. 
North  Dakota,  three  six  months'  lecture  courses. 
Ohio,  full  high-school  course  or  its  equivalent,  diploma 
from  legally  chartered  medical  institution. 

Pennsylvania,  common-school  education,  diploma  from 
legally  chartered  medical  school. 

Utah,  diploma  from  chartered  medical  school  in  good 
standing. 

Vermont,  high-school  course  or  equivalent  and  diplo- 
ma from  a  United  States  medical  school. 

Virginia,  evidence  of  a  preliminary  education,  diploma 
from  medical  school. 

Washington,  diploma  from  authorized  medical  school 
having  at  least  a  three  years'  graded  course. 

Wisconsin,  elementary  education  equivalent  to  admis- 
sion to  junior  year  of  a  credited  high-school. 

The  following  require  the  licensing  examination  only 
Hawaii,  Massachusetts,  Mississippi,  Oregon  Tennessee 
Texas,  West  Virginia. 

The  following  require  approval  of  medical  diploma  by 
duly  qualified  boards:  Kentucky,  Nebraska,  South  Da- 
kota ;  diploma  must  evidence  four  full  courses 
The  following  require  either  approval  of  medical  diplo-  | 
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ma  or  examination  by  State  or  other  duly  qualified  boards : 
Arkansas,  Colorado,  Indian  Territory  (Creek  nation),  Kan- 
sas, Michigan,  Nevada,  Now  Mexico,  Oklahoma,  Rhode 
Island,  South  Carolina,  Wyoming. 

The  following  requiring  either  approval  of  medical 
diploma  or  examination,  admit  to  examination  on:  Ar- 
kansas, a  good  literary  education ;  Kansas,  four  periods 
of  study  of  six  months  each;  Nevada,  five  years'  prac- 
tice in  the  State  just  prior  to  act  or  diploma  from  a 
reputable  school  without  the  United  States ;  Oklahoma, 
full  course  of  lectures.  Rhode  Island  approves  diplomas 
of  schools  that  require  for  matriculation  a  high-school 
diploma  or  its  equivalent,  and  for  graduation  four  regular 
courses  in  four  different  years ;  Alaska  has  no  law.  In 
Cuba,  the  Philippines,*  and  Porto  Ricof  the  require- 
ments are  in  process  of  transition. 

The  following  political  divisions  have  mixed  examin- 
ing boards,  that  is,  the  boards  are  composed  of  represen- 
tatives of  the  several  schools  of  medicine:  Alabama, 
Arizona,  Arkansas,  California,  Colorado,  Hawaii,  Idaho, 
Illinois,  Indian  Territory,  Indiana,  Iowa,  Kansas,  Ken- 
tucky, Maine,  Massachusetts,  Michigan,  Minnesota, 
Mississippi,  Missouri,  Montana,  Nebraska,  Nevada,  New- 
Jersey,  New  Mexico,  North  Carolina,  North  Dakota, 
Ohio,  Oklahoma,  Oregon,  Rhode  Island,  South  Carolina, 
South  Dakota,  Tennessee,  Utah,  Virginia,  Washington, 
West  Virginia,  Wisconsin,  Wyoming. 

The  following  have  separate  examining  boards  for  each 
recognized  school  of  medicine:  Connecticut,  Delaware, 
District  of  Columbia,  Florida,  Georgia,  Louisiana,  Mary- 
land, New  Hampshire,  New  York,  Pennsylvania,  Texas, 
Vermont. 

Alaska  has  no  examining  board. 

James  Russell  Parsons,  jr. 

EXCELSIOR  SPRING.— Onondaga  County,  New  York. 

Post-Oppicb. — Syracuse.  This  spring  is  located  in 
the  city  of  Syracuse.  It  was  analyzed  by  Charles  A. 
Goessman  in  1868,  with  the  following  result : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  carbonate 15.24 

Calcium  sulphate 36.45 

Sodium  chloride 584  53 

Alumina! 

Silica       \  1-03 

Sodium  sulphate 13  le 

Magnesium  chloride 17'69 

Masne.sium  bromide !l5 

Total 668  24 

Carbonic  acid  gas  present. 

This  analysis  indicates  a  very  potent  saline  water, 
with  diuretic  and  slightly  aperient  properties. 

James  E.  Crook. 

EXCOCCURIA.     See  Eiip/iorbiacea-. 

EXERCISE,  PHYSICAL.     See  Training,  Physical. 

EXOPHTHALMIC  GOITRE.    See  the  Appendix 

u^i'^'^J^''"^''^'^''"^  ai"e  medicines  that  are  used  in  catar- 
rhal affections  of  the  larynx,  trachea,  and  bronchi  to 
modify  secretion  and  facilitate  the  removal  of  morbid 
products. 

Until  recently  our  know  ledge  of  their  use  was  founded 
entirely  on  careful  clinical  observations.  It  had  been 
observed  that  certain  remedies  ameliorate  cough  and 
increase  expectoration  in  the  eariy  stage  of  acute  inflam- 

wrote  lemem'^er  'Ith  ^'^SX  \''h»';^-.T^"'c'''5'  ?°™™r  in  the  Philippines 
Dractlcp  ,fnT^nvern'=  .V*"*'  '>«)  Spanish  law  as  to  admission  to 
Sable  mll?^e«PhA„i''i  general  this  requires  a  diploma  from  a 
Ih^reoTan  e^'IfiSfnltton"''  "  ""'™'^'"'  °'  '"""^  P™*«^''°°  »'■  ">  "«" 
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mations  of  the  air  passages.  Most  of  them,  when  given 
in  large  doses,  produce  nausea  and  vomiting,  and  a  not- 
able depression  of  the  general  circulation.  They  were 
therefore  called  depressant,  sedative,  or  naiiseant  expec- 
torants. Other  remedies  had  been  found  to  ameliorate 
cough  and  diminish  expectoration  in  the  latter  stage  of 
acute  catarrhs,  and  in  chronic  catarrhs  attended  by  copi- 
ous secretion.  In  large  doses  many  of  them  cause  local 
irritation,  with  more  or  less  excitement  of  the  general 
circulation.  Hence  they  were  called  stimulinit  expecto- 
rants. The  recent  experiments  of  Rossbach  have  con- 
firmed the  theory,  founded  on  clinical  observation,  that 
some  expectorants  increase  and  others  diminish  secretion. 
They  have  rendered  our  knowledge  more  precise,  and, 
besides,  have  established  the  important  fact  that  some 
expectorants  cause  a  diminution  of  the  vascularity  of  the 
respiratory  mucous  membrane. 

Depressant  or  Sedative  Expectorants. — Apomor- 
phiiuB  Hydrochloras. — Soon  after  apomorphine  came  into 
vogue,  clinicians  observed  that  it  exerts  a  very  decided 
influence  in  catarrhal  inflammations  of  the  air  passages. 
In  a  short  time  after  its  administration  is  begun  expectora- 
tion is  efliected  more  easily,  and  the  sputa  become  more 
copious  and  less  viscid.  Usually  these  effects  occur  with- 
out any  noteworthy  nausea,  or  this  is  observed  only 
after  the  first  dose. 

According  to  the  experiments  of  Rossbach,  the  expec- 
torant action  of  apormorphine  is  due  to  augmented  ac- 
tivity of  the  mucous  follicles ;  for  it  caused  a  very  de- 
cided increase  of  the  quantity  of  mucus  of  the  exposed 
tracheal  mucous  membrane,  when  the  nerves  passing  to 
the  trachea  had  been  divided,  and  all  the  large  blood- 
vessels supplying  this  organ  had  been  ligated. 

In  expectorant  doses,  apomorphine  does  not  diminish 
the  appetite,  nor  cause  diarrhoea. 

Apomorphine  is  indicated  in  catarrhal  affections  of  the 
larynx,  trachea,  and  bronchi,  when  only  small  quantities 
of  viscid  mucus  are  secreted;  hence,  especially  in  the 
early  stage  of  bronchitis,  when  dry,  sibilant  rales  are 
heard,  and  when  coughing  occurs  frequently,  and  is  at- 
tended by  little  or  no  expectoration. 

Trustworthy  observers  state  that  they  have  obtained 
more  speedy  and  more  decided  success  from  apomorphine 
than  from  all  other  means  in  bronchitis,  tracheitis,  laryn- 
gitis, phthisis,  and  the  stage  of  resolution  of  pneumonia. 
Rossbach  employed  it  in  pseudo-membranous  croup  with 
excellent  results,  the  membranous  exudation  becoming 
detached  and  expelled. 

Apomorphine  is  contraindicated  in  the  above-named 
affections  when  moist  rSles  are  heard  and  expectoration 
is  copious.  It  should  never  be  given  when  the  bronchial 
tubes  are  overloaded  with  secretions  which  are  not  ex- 
pectorated from  want  of  strength. 

When  a  cough  is  frequent  and  very  severe,  and  little 
mucus  is  secreted,  as  shown  by  the  scanty,  viscid  sputum, 
morphine  may  be  combined  with  the  apomorphine,  if  the 
latter  do  not  speedily  ameliorate  the  cough.  Morphine 
does  not  prevent  the  action  of  apomorphine.  The  com- 
bination simultaneously  increases  secretion  and  lowers 
the  excitability  of  the  respiratory  centre. 

No  fixed  rules  can  be  given  as  to  the  dose  of  apomor- 
phine, on  account  of  the  diflierences  in  susceptibility  to 
its  action,  and  the  great  variations  in  extent  and  intensity 
of  the  catarrhal  inflammations  of  the  air  passages.  For 
adults,  from  gr.  ss.  to  gr.  i.  in  twenty -four  hours  is  usu- 
ally sufficient;  but  sometimes  from  gr.  iss.  to  gr.  ij.  are 
required.  Doses  of  gr.  -^  to  gr.  \  may  be  given  every 
two  or  three  hours.  To  children  apomorphine  may  be 
given  in  doses  of  gr.  ^  to  gr.  ^,  according  to  their  age 
At  the  age  of  one  year  the  single  dose  may  be  gr.  ^V-  ^^^ 
this  may  be  increased  by  the  gr.  -j^  for  each  additional 
year,  so  that  at  the  age  of  two  years  the  dose  will  be 
gr.  tT>  at  thi-ee  years  gr.  -^,  and  so  on.  It  may  be  pre- 
scribed as  follows:  I?  Apomorph.  hydrochlor.,  gr.  ss.-i. ; 
acid,  hydrochlor.  dil.,  gtt.  x. ;  aq.  destill.,  1  iss.  M. 
Sig  •  One  teaspoonful  every  two  or  three  hours.  The 
acid  is  added  to  prevent  the  change  o^'  color,  which  rap 
idly  takes  place  if  no  acid  is  added,  and  the  medicme  is 
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not  dispensed  in  a  dark  bottle.  A  syrup  may  be  added, 
01-,  if  desirable,  each  dose  may  be  taken  in  sweetened 
water.  Morphine  may  be  added  to  the  apomorphine, 
as  in  the  following  formula;  IJ  Apomorph.  hydrochlor., 
gr.  ss.-i. ;  morph.  hydrochlor.,  gr.  ss.  ;  acid,  hydrochlor. 
dil.,  gtt.  X.;  aq.  destill.,  J  iss.  M.  Sig.:  One  teaspoon- 
ful every  two  or  three  hours. 

Ipecacuanha. — This  medicine  is  frequently  employed 
in  catarrhal  afl'ections  of  the  air  passages,  especially  in 
the  early  stages,  when  cough  is  seveie  and  expectoration 
scanty.  It  acts  most  rapidly  when  given  in  such  doses 
as  produce  nausea.  As  the  activity  of  the  mucous  glands 
becomes  increased  during  nausea,  it  has  generally  been 
held  that  ipecacuanha  acts  by  increasing  secretion,  but 
that  this  takes  place  only  when  nauseating  doses  are 
used.  But  it  is  frequently  observed  that  the  symptoms 
of  broncho  tracheal  catarrh  become  ameliorated  by  doses 
which  do  not  produce  notable  sickness. 

The  action  of  ipecacuanha  is  due  to  the  alkaloid  eme- 
tine, which  it  contains  in  small  and  variable  quantities. 

Rossbach  found  that  emetine  causes  a  decided  increase 
of  the  mucus  of  the  trachea,  without  augmenting  the 
quantity  of  blood  in  the  mucous  membrane.  The  in- 
crease of  secretion  also  took  place  when  the  nerves  going 
to  the  trachea  had  been  divided,  showing  that  it  results 
from  a  direct  action  on  the  mucous  glands  or  on  the 
secretory  nerves. 

Ipecacuanha  is  indicated  in  acute  and  chronic  catarrhs 
of  the  air  passages  attended  with  scanty  and  viscid  ex- 
pectoration. It  is  the  expectorant  generally  employed  in 
the  bronchial  inflammations  of  very  young,  very  old,  and 
feeble  patients,  and  is  especially  applicable  when  these 
affections  present  more  or  less  fever,  a  dry  skin,  soreness 
of  the  chest,  oppressed  breathing,  painful  cough,  viscid 
sputum,  and  dry  rSles. 

The  dose  of  ipecacuanha  varies  from  gr.  ss.  to  gr. 
i j . ,  on  account  of  the  variable  quantity  of  emetine  that 
it  contains,  and  the  differences  in  intensity  and  extent  of 
the  catarrhal  inflammations.  If  small  doses  do  not  speed- 
ily cause  a  decided  change  in  the  expectoration,  larger 
ones  should  be  given,  so  as  to  induce  slight  nausea. 
The  syrup  and  wine  of  ipecacuanha  are  given  in  doses  of 
TTl  x.  to  TTl  xl. 

Antinionii  et  Potassu  Tartras. — Tartar  emetic  is  a  very 
depressing  expectorant.  When  administered  in  small 
doses,  gr.  ^V  to  gr.  |,  at  intervals  of  several  hours,  it 
usually  produces  no  immediate  effects ;  but  after  several 
doses  have  been  taken  a  decided  action  on  the  heart  and 
secretions  becomes  manifest,  the  heart's  action  becoming 
slower  and  feebler,  and  the  secretions  of  the  mucous 
membranes  and  skin  decidedly  augmented.  After  sev- 
eral days,  if  the  medicine  is  continued,  very  marked 
debility  ensues. 

Tartar  emetic  is  held  to  be  serviceable  in  severe  forms 
of  bronchitis  occurring  in  robust  individuals.  It  is 
especially  indicated  when  there  are  present  dyspnoea, 
flushed  face,  full  and  strong  pulse,  soreness  of  the  chest, 
with  little  or  no  secretion,  as  shown  by  the  dry,  sibilant 
rales  heard  on  auscultation.  On  account  of  its  depress- 
ing action,  which  is  most  evident  in  weakly  persons,  it 
is  not  a  suitable  remedy  for  debilitated,  very  young,  or 
very  old  patients.  It  is  contraindicated  in  catarrhs  of 
the  air  passages  complicated  with  severe  disorders  of  the 
alimentary  canal. 

Tartar  emetic  is  usually  administered  in  doses  of  gr. 
yV  every  two  or  three  hours.  1}  Antim.  et  potass,  tart., 
gr.  i. ;  syr.  althit^oB,  |  ss. ;  aq.  destill.,  |  i.  M.  Sig.:  One 
teaspoonful  every  two  hours.  Sometimes  minute  doses 
are  given  at  very  short  intervals,  as  by  dissolving  one 
grain  in  five  or  six  ounces  of  water,  and  directing  a 
teaspoonful  of  the  solution  to  be  taken  every  ten  minutes 
until  nausea  ensues.  As  soon  as  this  takes  place,  a 
marked  increase  of  secretion  and  expectoration  occurs, 
with  decided  relief  of  the  soreness  of  the  chest  and 
dyspnoea.  The  wine  of  antimony,  containing  1  part  in 
250  parts,  is  given  in  doses  of  ill  x.  to  th,  xl.  It  is  one 
of  the  ingredients  of  the  compound  mixture  of  glycyrrliiza, 
which  is  given  in  doses  of  a  tablespoonful. 
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Lohelia  is  used  as  an  expectorant  wlien  bronchial  ca- 
tarrli  is  complicated  with  spasmodic  contraction  of  the 
bronchial  tubes,  or  when  a  severe  cough  is  attended  with 
difficult  breathing,  abundant  sibilant  rSles,  and  viscid 
sputum.  From  its  utility  in  such  cases  it  has  been  in- 
ferred that  it  increases  secretion,  and  at  the  same  time 
relaxes  the  bronchial  muscles.  In  spasmodic  asthma  it 
is  frequently  employed  with  much  benefit.  But  it  usu- 
ally fails  to  produce  any  marked  effect,  unless  given  so 
as  to  cause  nausea.  The  dose  varies  from  gr.  i.  to  gr. 
v.,  as  an  expectorant.  Of  the  tincture  (1  in  5)  the  dose 
is  HI  V.  to  Tti,  XXV.,  and  of  the  vinegar  (1  in  10)  double 
these  quantities. 

Pilocarpine.— T\\\9,  alkaloid  was  found,  in  the  experi- 
ments of  Rossbach,  to  cause  a  very  profuse  secretion  of 
watery,  transparent  mucus  from  the  trachea  and  bronchia, 
so  that  moist  rSles  could  be  heard  over  all  parts  of  the 
thorax.  Trials  of  the  remedy  in  cases  of  bronchitis  were 
attempted,  but  the  action  on  the  salivary  and  sweat 
glands,  and  on  the  heart,  was  so  disagreeable  to  the  pa- 
tients that  they  refused  to  persevere  in  its  use.  The 
ordinary  therapeutic  use, of  this  medicine  has  occasionally 
been  followed  by  pulmonary  cedema. 

Alkalies. — It  has  been  frequently  observed  that  bron- 
chial catarrhs  improve  during  the  internal  use  of  alkalies. 
Usually,  expectoration  takes  place  more  I'eadily,  and  the 
sputum  is  less  adhesive.  Hence  it  has  been  inferred  that 
alkalies  increase  the  bronchial  secretion  and  render  it 
more  fluid. 

The  results  of  Rossbach's  experiments  are  at  variance 
with  this  view.  After  exposing  the  tracheal  mucous 
membrane  of  cats,  he  injected  into  a  vein  2  gm.  of 
carbonate  of  sodium.  The  mucous  membrane  rapidly 
became  pale,  presenting  a  peculiar  grayish-white  color, 
and  the  secretion  of  mucus  gradually  diminished,  and 
soon  ceased  completely.  As  this  result  was  unexpected, 
the  experiment  was  often  repeated,  but  the  same  phenom- 
ena uniformly  took  place.  Rossbach  was  unable  to  de- 
termine the  cause  of  the  arrest  of  secretion.  That  it  was 
not  due  to  the  anaemia  was  evident  from  the  fact  that 
even  more  decided  anaemia,  produced  by  irritating  the 
nerves  distributed  to  the  trachea,  did  not  diminish  the 
secretion  of  mucus.  The  local  application  of  solutions  of 
carbonate  of  sodium,  containing  from  one  to  two  per 
cent, ,  caused  no  obvious  change  in  the  appearance  of  the 
mucous  membrane. 

The  experiments  of  Rossbach  confirm  the  clinical  ob- 
servation that  increased  alkalinity  of  the  blood  modifies 
the  secretion  of  mucus,  although  they  contradict  the 
theory  that  it  becomes  increased.  Perhaps  it  will  be 
found  hereafter,  as  suggested  by  Brunton,  that  the  modi- 
fication of  secretion  depends  upon  the  quantity  of  alkali 
administered,  small  doses  increasing  and  large  ones  di- 
minishing the  secretion. 

If  further  observation  should  show  that  the  action  of 
alkalies  is  the  same  in  man  as  in  Rossbach's  experiments, 
it  would  follow  that  alkalies  might  be  used  in  all  stages 
of  bronchial  inflammation,  and  that  they  would  be  service- 
able not  merely  to  modify  secretion,  but  to  diminish  the 
hypersemia,  the  chief  morbid  phenomenon  of  the  disease. 

Stimulant  Expectorants.— ^wonoHzi  Chloridum.— 
No  medicine  is  more  frequently  employed  in  bronchial 
catarrhs  than  this  salt.  It  is  held  to  be  suitable  when  no 
fever  is  present,  and  expectoration  is  difficult  on  account 
of  viscidity  of  the  secretion,  and  to  be  useless  when  the 
sputum  is  abundant  and  easily  coughed  up. 

In  observations  on  himself,  Wibmer  found  a  very  de- 
cided increase  of  the  bronchial  mucus  after  doses  of  gr 
vnj.  to  gr  XV,,  taken  hourly.  Other  careful  observers 
also  noticed  an  augmentation  of  the  bronchial  secretion 
from  Its  use.  The  experiments  of  Rossbach  seem  to  show 
a  different  mode  of  action.  Under  the  influence  of  the 
salt  the  tracheal  mucous  membrane  became  ansemic  and 
the  secretion  of  mucus  gradually  ceased.  The  utility  of 
chloride  of  ammonium  in  catarrhs  of  the  air  passages  may 
therefore  depend  upon  a  favorable  modification  of  the 
vascularity  of  the  mucous  membrane,  not  merely  upon  a 
change  of  the  quantity  of  the  secretion. 
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Chloride  of  ammonium  Is  indicated  in  bronchitis  after 
the  fever  has  subsided.  When  secretion  is  very  viscid,  it 
is  frequently  combined  with  ipecacuanha,  or  with  minute 
doses  of  tartar  emetic.  To  adults  it  is  given  in  doses  of 
gr.  V.  to  gr.  X.  every  two  or  three  hours.  B  Ammon. 
chlor.,  3ij.  to  3iv, ;  ex,  glycyrrh.,  I  ss.  to  3  i. ;  aq. 
destill.,  I  iv.  M.  Sig. .  One  tablespoonful  every  three 
hours.  The  extract  of  liquorice  of  this  prescription 
renders  the  taste  of  the  salt  less  disagreeable.  If  slight 
elevation  of  temperature  exist,  or  if  dry  rSles  be  heard, 
ipecacuanha  may  be  added,  or,  in  robust  subjects,  tartar 
emetic  as  follows:  R  Ammon,  chlor.,  3iv. ;  ex.  gly- 
cyrrh., 3  ss. ;  syr.  ipecac,  3ij.  to  3  iv. ;  aq.  destill.  ad 
1  iv.  M.  Sig. .  One  tablespoonful  every  three  hours. 
^  Ammon.  chlor.,  3iv. ;  antim.  et  potass,  tart.,  gr.  ss. 
to  gr.  i. ;  ex.  glycyrrh.,  3  ss. ;  aq.  destill.,  §  iv.  il, 
Sig, :  One  tablespoonful  every  three  hours. 

Amnwnii  GarboiuiK. — This  salt  is  employed  in  bron- 
chitis, catarrhal  pneumonia,  and  croupous  pneumonia, 
when  the  fever  has  subsided  or  abated,  and  the  general 
condition  of  the  patient  requires  the  use  of  stimulant 
remedies.  It  is  held  to  act  on  the  mucous  glands  of  the 
air  passages,  thus  increasing  the  quantity  of  mucus  and 
rendering  it  more  fluid.  At  the  same  time  it  stimulates 
the  respirator}'  centre  when  given  in  tolerably  large 
doses,  and  thus  augments  the  efficiency  of  the  expulsive 
efforts.  The  recent  re,searcheson  the  physiological  action 
of  this  salt  have  fully  confirmed  the  theory  held  in  the 
early  part  of  the  last  century  that  it  possesses  great  utility 
in  pulmonary  affections,  because  it  stimulates  the  nervous 
system,  and  hence  enables  debilitated  patients  more 
readily  to  cough  up  accumulated  masses  of  mucus. 

Usually  it  is  given  to  adults  in  doses  of  gr.  v.  to 
gr.  x.  every  two  or  three  hours.  On  account  of  its  pun- 
gency it  is  combined  in  prescriptions  with  gum  arable 
and  sugar  or  liquorice.  R  Ammon.  carb.,  3ij.  to  3iv. ; 
pulv.  acaciae,  sacch.  albi,  aa  3ij.;  aq.  menth.  pip.  ad 
I  iv.     M.     Sig. :  One  tablespoonful  every  three  hours. 

Aqua  Ammonim  and  Spiritvs  Ammoniai  Aroi/mtieiis,  in 
appropriate  doses,  may  be  used  as  stimulant  expectorants, 
to  increase  secretion  and  excite  the  respiratory  centre. 

Scilla. — Squill  is  perhaps  more  frequently  used  than 
any  other  expectorant  in  the  advanced  stage  of  acute 
bronchitis  and  in  chronic  bronchitis,  especially  when 
secretion,  though  not  scanty,  is  tenacious,  and  hence 
expectorated  with  difficulty.  The  investigations  on  the 
physiological  action  of  squill  have  not  fully  explained  its 
expectorant  action,  no  special  modification  of  secretion 
of  mucus  having  been  observed.  But  they  have  conclu- 
sively established  that  squill  modifies  the  action  of-  the 
heart  in  the  same  manner  as  digitalis,  rendering  its  con- 
tractions slower  but  more  forcible.  The  general  blood 
pressure,  therefore,  becomes  increased,  and  the  circulation 
in  the  respiratory  mucous  membrane  accelerated.  It  is 
hence  quite  probable  that  catan-hal  symptoms  subside  as 
the  result  of  the  improved  pulmonary  circulation.  The 
fact  frequently  observed  that  squill  "is  most  effectual  in 
bronchial  catarrhs  with  obstructive  heart  disease,  strongly 
supports  this  view. 

Squill  is  usually  administered  in  the  form  of  the  syrup, 
in  doses  of  n  xx,  to  m  xl.  every  two  or  three  liours. 
It  is  often  combined  with  ipecacuanha  and  camphorated 
tincture  of  opium  when  secretion  is  scanty  and  the  cough 
severe,  R  Syr,  scillae,  syr,  ipecac,  tinct.  opii  camph., 
aa  1  i,     M,     Sig, ;  One  teaspoonful  every  three  hours. 

Seiief/a.— The  use  of  senega  as  an  expectorant  is  based 
upon  careful  clinical  observation,  although  it  has  been 
found  to  cause  cough  and  expectoration  of  mucus  in 
healthy  pei'sons.  Experience  has  shown  that  it  is  most 
useful  in  the  second  stage  of  acute  bronchitis,  in  chronic 
bronchial  catarrh,  and  in  pneumonia  in  the  stage  of  reso- 
lution, when  the  symptoms  indicate  that  the  bronchial 
tubes  contain  large  quantities  of  secretion.  It  is  held  to 
be  especially  serviceable  when  the  sputa  are  muco-puru- 
lent  and  the  power  to  expectorate  is  small. 

The  use  of  senega  in  bronchitis  and  pneumonia  is  in- 
dicated by  the  presence  of  numerous  moist  rSles,  puru- 
lent or  muco-purulent  expectoration,  and  oppression  of 
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the  chest.  It  should  not  be  administered  as  long  as  the 
temperature  is  much  above  the  normal.  It  is,  however, 
doubtful  whether  senega  tends  to  increase  fever,  as  It  has 
been  found  experimentally  that  saponin,  which  appears 
to  be  identical  with  the  active  principle  of  senega,  lowers 
the  temperature. 

The  preparations  of  senega  most  frequently  used  are 
the  fluid  extract  and  the  syrup,  in  doses  of  ti),  x.  to  ni  xx. 
and  3  i.  or  ij.,  respectively. 

Olexim  TerebintMnrp. — It  has  frequently  been  observed 
that  oil  of  turpentine  diminislies  tlie  sputum  in  various 
forms  of  bronchitis  with  profuse  secretion,  and  lessens 
the  offensive  odor  of  the  expectoration  in  fa?tid  bronchitis 
and  pulmonary  gangrene.  That  it  really  lessens  the 
amount  of  secretion  in  bronchial  catarrlis  was  conclusi\'ely 
shown  by  Jlirgensen  (Ziemssen's  "Handbuch,"  Bd.  v., 
p.  183),  who  in  numerous  cases  carefully  measured  the 
quantity  of  sputum,  and  constantly  found  a  diminution. 
The  clinical  observations  have  been  fully  confirmed,  and 
the  mode  of  action  of  oil  of  turpentine  plausibly  explained 
by  the  investigations  of  Rossbach.  In  carefully  con- 
ducted experiments  he  found  that  the  oil  exerts  a  very 
decided  influence  on  the  mucous  membrane  of  the  air 
passages.  When  a  current  of  air  which  had  passed 
through  oil  of  turpentine,  so  as  to  become  loaded  with 
it,  was  applied  to  a  part  of  the  mucous  membrane,  the 
secretion  of  mucus  gradually  diminished,  and  finally 
ceased,  and  the  membrane  became  very  dry.  A  watery 
solution  containing  from  one  to  two  per  cent.,  dropped 
upon  the  mucous  membrane,  caused  an  immediate  in- 
crease of  secretion  and  notable  anaemia. 

Oil  of  turpentine,  when  taken  internally,  is  partly 
eliminated  by  the  respiratory  mucous  membrane.  In 
passing  through  the  membrane  it  doubtless  exerts  an 
irritant  or  stimulant  action  on  the  blood-vessels,  in  con 
sequence  of  which  they  contract.  This  contraction  of 
the  vessels  is  soon  followed  by  absorption  of  exudation 
and  lessened  activity  of  the  mucous  glands.  The  decided 
improvement  observed  in  the  odor  of  the  sputum  in  fcetid 
bronchitis  and  pulmonary  gangrene  is  doubtless  attrib- 
utable to  the  antiseptic  power  of  oil  of  turpentine,  by 
which  it  arrests  the  process  of  decomposition  in  the  secre- 
tions. Rossbach  supposes  that  its  antipyretic  action,  its 
property  of  slowing  respiration,  and  its  depressing  effect 
on  sensory  nerves  may  contribute  to  its  therapeutic  utility. 

Oil  of  turpentine  is  indicated  in  all  forms  of  bronchitis 
with  free  secretion,  but  especially  when  the  expectora- 
tion is  profuse,  muco-purulent,  and  foetid. 

It  is  usually  given  in  doses  of  gtt.  v.  to  gtt.  xx.  every 
two  or  three  hours.  Frequently  it  is  administered  in 
emulsion,  as  follows:  I?  Olei  terebinth.,  3  i.  ;  vitellum 
oviunius;  syr.  aurant.,  1  ss.  ;  aq.  cinnam.  ad  1  iv.  M. 
Sig. :  One  tablespoonful  every  three  hours.  Jilrgensen 
administers  the  oil  in  doses  of  about  twelve  drops  six 
times  daily  in  several  ounces  of  milk.  If  the  oil  is  taken 
in  capsules,  a  small  quantity  of  milk  may  be  drunk  after 
each  one,  in  order  to  prevent  irritation  of  the  stomach. 

Terpin  Hydrate,  CoH.eSHjO,  is  a  hydrate  of  oil  of 
turpentine  that  often  forms  when  the  oil  is  in  contact 
with  a  small  quantity  of  water  for  some  time.  On  a 
large  scale  it  is  obtained  by  mixing  oil  of  turpentine  with 
alcohol  and  nitric  acid.  It  is  in  the  form  of  large  color- 
less crystals,  having  no  odor  and  only  a  very  slight 
aromatic  taste.  It  dissolves  in  350  parts  of  water  at  15° 
C,  in  33  parts  of  boiling  water,  and  in  10  parts  of  alcohol. 

Terpin  hydrate  was  introduced  by  R.  Lepine,  of  Lyon, 
as  an  effective  remedy  for  chronic  bronchitis.  He  had 
used  it  in  several  hundred  cases,  and  had  observed  that 
doses  of  0.3  to  0.6  (gr.  iij.  to  gr.  ix.)  daily  rendered 
the  sputa  less  tenacious  and  more  copious,  and  facilitated 
expectoration.  In  cases  of  bronchorrhoea  larger  doses, 
1.5  (gr.  xxij.)  daily,  lessened  the  quantity  of  sputum. 
Such"  doses  also  increased  the  action  of  the  kidneys,  but, 
when  these  organs  were  normal,  never  caused  albumin- 
uria or  hsematuria. 

The  observations  of  Lepine  have  been  corroborated  by 
a  number  of  clinicians  in  large  hospitals.  Thus  Germain 
See  found  terpin  hydrate  very  effective  in  catarrhal  affec- 


tions of  the  respiratory  mucous  membrane,  the  morbid 
secretion  grad\ially  diminishing  under  its  prolonged  use. 
In  catarrhal  forms  of  phthisis,  he  observed  that  the 
muco-purulent  secretion  le.s.Kencil  and  often  entirely 
ceased.  He  employed  it  also  to  arrest  the  haemoptysis 
of  the  early  stage  of  phthisis,  and  held  it  to  act  more 
rapidly  than  ergotin. 

Dr.  Manass(^  of  Berlin,  found  terpin  hydrate  very 
useful  in  whooping-cough,  of  which  he  treated  forty-one 
eases,  varying  in  age  from  nine  months  to  twelve  years. 
Every  case  was  carefully  observed,  the  frequency  and 
severity  of  the  paroxysms  being  noted  daily.  To  chil- 
dren under  one  year  of  age  he  sometimes  gave  as  much 
as  1.5  (gr.  xxij.)  daily,  and  never  observed  any  injuri 
ous  action  on  the  digestive  or  urinary  apparatus.  And 
in  no  case,  when  8.5  to  3.0  dail}'  were  given  to  older 
children,  did  the  urine  become  albuminous  or  bloody. 
As  a  rule,  in  four  or  five  days  the  paroxysms  were  less 
numerous  and  always  less  severe.  The  bronchial  catarrh, 
which  was  present  in  most  cases,  diminished  more  rapidly 
than  usual,  and  finally  disappeared  entirely.  All  the 
cases  treated  with  terpin  hydrate  leeovered.  The  medi- 
cine was  given  in  the  form  of  powder  as  follows: 

^  Terpini  hydrat.  5.0-10.0  (gr.  Ixxv.  to  gr.  cl.).  Div. 
inpart.  oequal.  No.  X.     S.  :  One  powder  three  times  daily. 

The  following  tormulte  have  been  recommended : 

1}  Terpini  hydrat.  3.0  (gr.  xlv.);  sacch.  alb.,  niucil. 
acacise,  aa  q.  s.  M.  ft.  pil.  No.  xxx.  S. :  One  to  four 
pills  three  times  daily.  ^  Terpin.  hydrat.  3.0  (gr. 
XXX.):  spiritus  (alcohol),  aq.  dest.,  syr.  menthaj  pip.,  aa 
50.0  (  3  xiij.).  M.  S. .  One  tablespoonful  from  three  to 
six  times  daily. 

Copaiba. — Although  the  action  of  this  agent  on  the 
mucous  membrane  of  the  air  passages  has  not  been  in- 
vestigated experimentally,  it  seems  highly  probable  that 
it  is  analogous  to  that  of  oil  of  turpentine.  Numerous 
careful  observers  liave  found  it  useful  in  chronic  and  in 
foetid  bronchitis,  and  some  of  them  state  that  it  is  equalled 
by  no  other  medicine  in  catarrhs  attended  with  profuse 
expectoration.  It  is  usually  given  in  emulsion  in  doses 
of  til  X.  to  TTi  XX.  from  three  to  six  times  daily. 

Pix  Liquida, — Tar  seems  to  be  useful  in  chronic  ca- 
tarrh of  the  bronchi  and  in  phthisis,  when  copious  secre- 
tion is  taking  place.  It  often  lessens  the  expectoration, 
eases  the  cough,  and  diminishes  the  oppression  of  the 
chest.  Usually  it  is  administered  in  the  form  of  the 
officinal  syrup,  of  which  the  dose  is  3  i.  to  3  iv.  The 
following  formula  was  recommended  by  Adrian:  'S, 
Picis  liq.,  vitell.  ovor.,  aa  35.0;  glycerini,  50.0.  M. 
Sig. :  One  or  two  teaspoonfuls  from  three  to  six  times 
daily. 

Eiicalyptol. — This  volatile  oil  has  recently  gained  some 
repute  in  bronchorrhoea  and  fostid  bronchitis.  It  is  a 
powerful  antiseptic.  Taken  internally,  it  is  eliminated 
by  the  kidneys  and  the  lungs,  and  seems  to  act  upon  the 
respiratory  mucous  membrane  in  the  same  manner  as  oil 
of  turpentine.  It  is  administered  in  doses  of  gtt.  v.  to 
gtt.  XV.  in  capsules  or  emulsion. 

Orindelia  has  lately  been  strongly  recommended  in 
spasmodic  and  catarrhal  affections  of  the  bronchial  tubes, 
and  in  whooping-cough.  According  to  some  of  the  pub- 
lished reports,  in  some  instances  "  it  acts  like  a  charm, 
instantly  controlling  the  cough,  and  relieving  the  tickling 
in  the  throat  and  bronchial  tubes. "  The  fluid  extract  is 
given  in  doses  of  ^1  x.  to  "ni  Ix. 

Ammoniacum,  benzoic  add,  myiTh,  balsam  of  Peru, 
balsam  of  tolu,  garlic,  and  sanguinaria  have  been  em- 
ployed in  bronchial  catarrhs  with  good  effects.  They 
are,  however,  at  the  present  time,  rarely  prescribed. 

Morphine  and  Atropine. —These  alkaloids  are  so 
useful  in  diseases  of  the  air  passages,  and  so  frequently 
administered  simultaneously  with  some  of  the  expecto- 
rants, that  a  very  brief  consideration  of  their  mode  of 
action  is  here  appropriate. 

Atropine  is  in  constant  use  in  phthisis  to  arrest  night 
sweats.  Many  observers  have  noticed,  during  its  admin- 
istration, a  decided  lessening  of  expectoration  and  cough. 
This  effect  was  usually  ascribed  to  an  action  on  the  vagi 
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in  the  lungs,  and  on  the  mucous  glands,  which  were 
supposed  to  become  affected  in  the  same  manner  as  the 
sweat  glands.  In  experiments,  Rossbach  observed  that 
atropine  acts  very  strongly  upon  the  tracheal  mucous 
membrane.  He  invariably  found  that  the  membrane, 
which  had  been  secreting  normally  and  was  very  moist, 
became  absolutely  dry.  Gradually  very  decided  hyper- 
aemia  supervened ;  yet  no  secretion  occurred  for  an  hour 
or  longer,  and  afterward  returned  very  slowly  and  feebly. 
The  persistence  of  the  dryness,  notwithstanding  the  hy- 
peremia, proved  that  atropine  acts  on  the  mucous  glands 
or  secretory  nerves.  It  is  therefore  an  appropriate 
remedy  in  bronchial  and  pulmonary  diseases,  when  the 
cough  depends  upon  copious  secretion  in  the  trachea  and 
bronchial  tubes. 

Morphine  lessens  cough  in  two  ways — by  diminishing 
secretion,  and  by  lowering  the  excitability  of  the  respir- 
atory centre. 

Rossbach  observed  that,  normally,  after  removal  of  the 
mucus  from  the  tracheal  mucous  membrane,  about  twenty 
seconds  passed  before  the  membrane  was  again  completely 
moist.  But  after  subcutaneous  injections  of  morphine, 
the  membrane  did  not  become  equally  moist  before  the 
lapse  of  from  eighty  to  one  hundred  seconds. 

Cough  may  be  very  readily  produced  by  slightly  irri- 
tating the  normal  mucous  membrane  of  the  larynx  and 
trachea,  especially  near  the  bifurcation  of  the  bronchi. 
An  hour  after  injecting  morphine,  Rossbach  found  that 
only  very  severe  irritation  produced  cough,  while  gentle 
irritation  had  no  effect. 

When  used  simultaneously,  both  alkaloids  act,  lower- 
ing the  excitability  of  the  respiratory  centre  and  notably 
lessening  secretion.  In  chronic  catarrhs,  emphysema, 
and  phthisis,  with  copious  expectoration,  they  have  been 
found  of  great  utility.  In  phthisis,  when  the  expectora- 
tion comes  from  cavities,  no  very  marked  diminution  can 
bo  produced. 

As  a  rule,  the  two  alkaloids  should  be  prescribed  sepa- 
rately— atropine  to  be  taken  only  in  the  evening,  between 
six  and  ten  o'clock;  and  morphine,  in  very  small  doses, 
during  the  day. 

0(?ej/i(!.— Codeine  has  recently  come  into  use  as  a 
means  of  allaying  cough.  According  to  numerous  re- 
ports, it  is  generally  as  effectual  as  morphine  or  the  prep- 
arations of  opium.  Often  it  has  been  observed  that  the 
cough  of  mild  forms  of  bronchitis  ceased  in  a  few  days. 
But  its  principal  advantage  is  that  it  does  not  depress 
the  functions  of  the  alimentary  canal.  The  use  of  mor- 
phine is  usually  followed  by  a  diminution  of  appetite, 
and  often  by  constipation.  Codeine,  while  it  allays  the 
cough,  does  not  interfere  with  the  appetite,  or  with  the 
normal  action  of  the  bowels.  This  has  been  especially 
observed  in  phthisis,  in  which  codeine  was  found  to 
mitigate  the  cough  without  lessening  the  desire  for  food. 
"When,  to  test  the  difference  in  action,  Dover's  powder 
was  given  to  patients  that  had  been  taking  codeine,  the 
appetite,  which  had  improved  under  the  use  of  codeine, 
diminished  again,  showing  the  decided  superiority  of 
codeine.  It  has  been  found  to  be  very  useful  in  the 
bronchitis  of  children,  and,  'in  appropriate  doses  has 
been  given  to  infants,  without  any  unpleasant  effects. 

Codeme  should  therefore  be  preferred  to  morphine  in 
all  cases  of  severe  cough  in  which  it  is  necessary  to 
mamtam  a  good  appetite,  as  in  bronchial  catarrhs  com- 
plicating chronic  wasting  diseases,  in  children  and  in 
persons  subject  to  constipation.  Especially,  should  code- 
ine be  preferred  to  morphine  to  relieve'  the  cough  of 
phthisis;  for  If  the  means  used  to  mitigate  this  torment- 
ing symptom  interfere  with  digestion  and  nutrition 
little  hope  of  saving  life  can  be  entertained 

rhe  salts  of  codeine  commonly  used  are  the  sulphate 
phosphate,  and  hydrochloride.  They  all  readily  dissolve 
in  water,  and  are  usually  prescribed  in  aqueous  solution 
with  a  small  quantity  of  syrup,  or  together  with  sugar 
m  the  form  of  powder.  The  dose  for\dults  is  gr.  i  to 
gr  t;  for  infants,  gr.  ^V;  and  for  children  three  or  four 
years  of  age,  gr.  ^  to  gr.  A,  from  three  to  five  t  mes 
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Heroine,  a  derivative  of  morphine — diacetyl  morphine 
—is  rapidly  coming  into  use  as  a  cough  remedy.  It  isa 
white  powder,  having  a  bitter  taste,  not  easily  soluble  in 
water,  but  readily  soluble  in  water  acidulated  with  a 
few  drops  of  acetic  acid.  Its  salt,  heroine  hydrochloride, 
is  soluble  in  two  parts  of  water. 

Heroine  was  introduced  in  1898  by  Prof.  H.  Dreser,  of 
Elberfeld.  In  experiments  upon  animals  Dreser  had 
found  that  heroine  notably  slows  the  respiratory  process 
and  renders  it  deeper.  He  administered  it  in  doses  of 
0.01  to  patients  having  cough  and  found  it  to  give 
much  relief. 

Harnack  in  experiments  upon  dogs  observed  also  no- 
table slowing  of  respiration,  but  it  became  decidedly 
weaker ;  hence  he  concluded  that  heroine  is  more  poison- 
ous than  morphine  and  should  not  be  given  in  doses 
larger  than  0.005.  Strubbe  experimented  upon  dogs, 
cats,  and  rabbits,  and  obtained  results  agreeing  essen- 
tially with  those  of  Dreser.  Sartissen,  on  the  contrary, 
found  the  respirations  shallower,  although  slower. 

Numerous  clinical  observations  of  the  action  of  heroine 
have  been  made  in  hospitals  and  in  private  practice,  and 
with  nearly  uniformly  good  results.  Perhaps  the  most 
careful  observations  are  those  of  Brauser,  made  in  Ziems- 
sen's  clinic.  In  eighty  cases  an  accurate  record  was 
kept,  and  control  trials  were  made  with  simple  sugar, 
codeine,  and  morphine.  The  cases  treated  embraced 
phthisis,  acute  and  chronic  bronchitis,  croupous  pneu- 
monia, pleuritis,  cardiac  dyspnoea,  and  patients  having 
pain  from  other  causes.  In  the  great  majority  of  the 
cases  heroine  promptly  lessened  the  cough.  Usually  this 
result  followed  when  0.005  was  given  in  the  morning 
and  at  noon,  and  0.01  in  the  evening.  In  most  cases  the 
respirations  were  slowed,  often  from  five  to  eight  in  a 
minute,  sometimes  only  two  or  three.  In  the  same  pa- 
tients sometimes  the  respirations  were  lessened,  some- 
times uninfluenced.  In  about  one-third  of  the  cases  no 
change  in  the  frequency  of  respiration  could  be  observed, 
especially  in  cases  not  presenting  any  marked  accelera- 
tion. This  occurred,  however,  also  when  the  respiratory 
process  was  greatly  accelerated,  especially  in  pneumonia. 
In  some  cases  of  cardiac  dyspnoea  the  action  of  heroine 
was  notably  beneficial,  the  breathing  becoming  slower 
and  more  nearly  normal. 

Prom  these  and  numerous  other  cases  Brauser  con- 
cluded that  heroine  acts  as  promptly  and  effectually  as 
morphine  in  relieving  cough,  and  that  it  is  very  useful 
in  dyspnoea,  though  not  certain,  giving  decided  relief  in 
only  about  two-thirds  of  the  cases  treated. 

Floret  observed  that  heroine  when  given  together  with 
apomorphine  produced  disagreeable  effects— vertigo  and 
headache.  In  phthisis,  when  not  far  advanced,  the  com- 
bination of  heroine  and  duotal  (heroine  0.005-0.01 ;  ductal 
0.5,  given  four  times  daily)  was  followed  by  general  im- 
provement and  a  notable  retrogression  of  the  objective 
symptoms.  Samuel  Niekleg. 

EXPECTORATION.     See  Sptitum. 

EXPERT  MEDICAL  EVIDENCE.-In  the  last  few 
years  the  medical  expert  witness  has  figured  prominently 
in  many  celebrated  criminal  and  civil  actions.  At  first 
his  evidence  was  received  by  the  court  and  jury  with  the 
deference  and  respect  which  honesty,  intelligence  and 
learning  always  inspire.  But  in  more  recent  times  many 
things  have  conspired  to  place  the  medical  expert  witness 
on  a  much  lower  plane  than  he  formerly  occupied  The 
principal  reasons  for  this  degeneration  may  be  found  in 
the  seeming  partisanship  of  some  of  those  who  take  the 
stand  as  experts ;  the  employment  of  witnesses  who  are 
qualified  neither  by  education  nor  by  experience  to  act  as 
experts;  and  the  opinion,  which  has  become  impregnated 
in  the  public's  mind,  owing  to  the  methods  of  procedure 
followed  by  the  attorneys  in  the  case,  that  the  most  able 
experts  can  be  hired  to  swear  to  diametrically  opposite 
conditions  of  facts.  All  of  these  things  together  have 
operated  to  prejudice  the  people,  and  consequently  the 
jurors,  against  the  introduction  of  medical  expert  evi- 
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dence.  Indeed  in  more  than  one  instance  talesmen  liave 
been  rejected  as  jurors  because  of  their  avowed  disbelief 
in,  and  determination  to  reject,  all  expert  evidence. 

Medical  expei't  evidence  should,  theoretically,  often 
be  of  inestimable  service  in  that  it  is  perhaps  the  only 
way  in  which  certain  facts  vital  in  importance  can  be 
brought  to  the  attention  of  the  jury,  and  the  relation  of 
these  facts  to  the  case  explained.     A  medical  expert  is 
one  who  by  study  and  experience  has  become  especially 
learned  or  skilled  in  some  branch  of  medical  science  and 
whose  judgment  and  opinions  therefore  are  sounder  tlian 
those  of  the  average  physician.     It  is  of  the  greatest  im- 
portance, therefore,  that  one  who  poses  as  an  expert 
should  actually  be  qualified  to  act  as  such.    Attorneys  are 
not  always  careful  in  the  selection  of  their  medical  wit- 
nesses, either  from  ignorance  or  because  they  cannot  or 
will  not  pay  the  fees  which  the  expert  generally  demands, 
and  they  often  call  to  the  stand  physicians  of  excellent 
general  knowledge  but  who  are  not  at  all  prepared  to 
meet  the  ingenious  questions  of  a  skilful  cross  examina- 
tion.   Again,  the  fault  is  with  the  physician  who,  tempted 
either  by  the  pecuniary  reward  for  his  services  or  by  the 
opportunity  of  achieving  a  certain  degree  of  notoriety, 
places  himself  in  a  position  which  his  limited  knowledge 
and  experience  are  inadequate  to  support.     His  answers 
to  questions  clearly  show,  to  the  expert  at  least,  that  he 
does  not  possess  an  intimate  knowledge  of  his  subject, 
and  when  confronted  by  an  expert  witness  there  often 
follows  a  flat  contradiction  of  opinion.     Tlie  evidence  of 
the  medical  witness,  like  the  evidence  of  any  other  wit- 
ness, is  addressed  to  the  jurors  and  is  for  their  considera- 
tion.    They  do  not  always  know  who  are  experts  and 
who  are  not;  so  generally  regard  all  the  medical  wit- 
nesses as  possessing  the  same  degree  of  skill  and  ability. 
They  cannot,  of  course,  be  expected  to  detect  the  ig- 
norance on  the  part  of  a  medical  witness  which  is  so 
apparent  to  the  expert.     They  simply  recognize  the  con- 
tradictions which  necessarily  arise  in  a  conflict  between 
ignorance  on  the  one  hand  and  knowledge  on  the  other ; 
and  confusion  of  mind  and  doubt  naturally  follow.     For 
this  reason  medical  evidence  is  sometimes  completely 
ignored  by  the  jurors  and  falls  greatly  in  public  estima- 
tion.    The  medical  witness  should  never  allow  himself 
to  act  in  the  dual  role  of  witness  and  associate  counsel. 
The  spectacle  is  seen  at  nearly  every  trial  of  prominence, 
and  in  many  others,  of  one  or  more  physicians  sitting  close 
to  counsel,  taking  copious  notes  of  the  evidence,  formu- 
lating questions  to  be  used  in  direct  and  cross  examina- 
tions,  looking  up  references  and  in  reality  conductmg 
the  medical  part  of  the  prosecution  or  defence,  and  then 
when  their  turn  comes  taking  their  place  m  the  witness 
chair  to  act  as  experts.     Associate  medical  counsel  is 
often  of  valuable  assistance.     No  matter  how  skilful  an 
attorney  may  be  or  how  thoroughly  he  has  studied  his 
case  a  well-trained  medical  mind  can  point  out  to  him 
many  features,  and  give  him  many  suggestions  which 
would  otherwise  escape  him.     A  counsel  often  strength- 
ens his  case  by  the  help  of  a  medical  associate  and  the 
employment  of  a  physician  as  such  is  perfectly  proper 
from  every  standpoint.     But  for  such  a  one  to  take  the 
stand  as  a  witness  stamps  him  as  a  partisan  to  the  jury. 
It  cannot  help  but  regard  him  as  a  biassed  witness,  who 
comes  prepared  to  figlit  for  "his  side  "  of  the  case.     The 
influence  of  his  testimony  is,  of  course,  much  less  than 
that  of  the  witness  who  confines  himself  to  his  duties  as 
a  witness  only.     It  is,  of  course,  incumbent  on  a  phy- 
sician who  purposes  to  act  as  an  expert  witness  to  point 
out  the  medical  aspects  of  the  case  to  counsel  and  to 
suggest  such  questions  for  the  direct  examination  as  will 
enable  him  to  express  his  investigations,  deductions,  and 
opinions  in  his  own  way  and  to  his  best  advantage.     He 
may  also  with  propriety  suggest  the  general  course  ot 
the  direct  and  cross  examination  of  other  experts,  but 
further  than  this  he  should  not  go  and  cannot  go  without 
seriously  compromising  himself  as  an  unbiassed  witness. 
Even  the  construction  of  hypothetical  question  which 
generally  terminates  the   expert  witnesses    direct  ex- 
amination, should  not  be  performed  by  him.     He  may 


point  out  to  counsel  the  medical  facts  which  should  be 
incorporated  in  the  question.  But  should  the  fact  be 
elicited  from  the  witness  that  he  was  the  author  of  the 
question  he  has  just  replied  to,  the  force  of  his  answer  is 
lost  and  his  value  as  a  witness  is  greatly  diminished. 

It  generally  appears  to  the  public,  particularly  in  no- 
torious trials,  that  a  certain  numljcr  of  experts  called  by 
one  side  swear  positively  and  diametrically  opposite  to 
the  experts  called  by  the  other  side.  It  is  this  feature 
which  has  culled  down  so  much  and  so  unfavorable  criti- 
cism upon  the  medical  expert  witness  and  upon  the  value 
of  expert  testimony  in  general.  A  great  deal  has  been 
written  and  much  thought  given  to  the  formation  of  a 
plan  by  which  medical  expert  testimony  can  be  employed 
withoiit  the  objectionable  features  which  now  mar  it 
and  yet  preserve  the  constitutional  rights  of  the  prosecu- 
tion or  defence.  It  is  not  a  simple  question  for  solution, 
and  none  of  the  methods  which  have  so  far  been  ad- 
vocated seems  to  fulfil  all  the  requirements  of  the  case. 
The  fault  lies  mainly  with  the  attorneys  and  not  with  the 
experts.  It  seems,  at  first  glance,  as  if  the  experts  on 
one  side  flatly  contradict  the  experts  on  the  other. 
This  may  be  the  case  in  some  instances,  for  two  minds 
working  upon  the  same  assumption  may  come  to  differ- 
ent conclusions.  But  it  is  not  generally  so,  at  least,  in 
medicine.  In  trials,  as  they  are  conducted  at  the  present 
time,  there  is  no  possible  chance  for  an  agreement  of  the 
experts.  The  witnesses  for  the  two  sides  are  not  asked 
to  give  opinions  based  upon  the  same  assumptions;  each 
counsel  has  his  own  hypothetical  question  which  differs 
from  that  of  his  opponents  as  night  differs  from  day. 
They  are  based  upon  absolutely  different  assumptions  of 
facts,  and  the  answers  given  are  in  accordance  with  the 
assumption  in  each  question.  Should  the  opposing  coun- 
sel exchange  hypothetical  questions,  the  answer  of  every 
expert  witness  would  be  changed  also. 

The  expert  opinions  are  of  no  value  at  all  unless  the 
assumptions  contained  in  the  hypothetical  question  are 
proved  to  be  true.  If  the  jury  believes  the  assumptions 
in  one  hypothetical  question," then  the  expert  opinions 
based  thereon  are  worthy  of  consideration;  otherwise 
not.  If  these  points  were  generally  understood,  it  would 
be  comprehended  that  the  seeming  clashing  of  expert 
opinions  is  in  reality  nothing  of  the  sort,  but  that  the 
opinions  given  are  nearly  what  they  claim  to  be,  honest 
answers  to  ab.solutely  different  questions. 

Another  feature  which  stands  in  the  way  of  obtaining 
the  best  expert  evidence  is  the  purposeful  and  wilful 
interference  with  which  one  attorney  in  the  action  foils 
every  attempt,  to  the  best  of  his  ability,  of  the  expert 
called  by  his  opponent  to  obtain  those  details  of  the  case 
which  are  requisite   for  the  establishment   of  a  sound 
medical  opinion,  while  every  facility  is  freely  granted 
for  every  investigation  his  own  experts  desire  to  make. 
Thus  a  man  on  trial  for  murder  pleads  insanity.     The 
experts  called  by  his  counsel  have  frequent  interviews 
with  the  accused,  and  on  these  occasions  he  talks  freely 
and  openly  and  submits  willingly  to  any  examination 
they  may  desire.     The  relatives  and  friends  communicate 
the  family  history,  the  personal  history,  and  any  other 
facts  which  may  be  of  service  to  the  examiner,  and  he 
comes  into  court  well  informed  in  every  detail  of  the 
medical  features  of  the  case.     But  how  is  it  with  the  ex- 
pert called  by  the  state?    Has  he  had  an  equal  chance 
for  rendering  a  truthful  solution  of  the  question?     He 
certainly  has  not.     When  he  interviews  the  accused  he  is 
not  welcomed.     The  prisoner  sees  in  him  a  man  who  is 
to  assist  in  taking  his  life  and  therefore  gives  as  little 
information  as  he  can.     He  is  often  carefully  coached  as 
to  the  replies  he  is  to  make  to  certain  questions,  and  the 
friends  and  relatives  either  give  no  infoi-mation  at  all  or 
else  give  that  which  is  either  false  or  misleading.     As  a 
rule  the  examiner  obtains  but  little  more  information 
than  can  be  derived  from  a  study  of  the  physical  synip- 
toms   which  in  many  cases  is  absolutely  msufiicient  tor 
a  satisfactory  diagnosis.     These  defects  in  the  present 
system  of  expert  medical  evidence  are  frankly  admitted 
by  both  physicians  and  lawyers,  and  any  method  by  ^\'  Inch 
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an  unbiassed  and  uncontradicted  expert  opinion  could 
be  obtained  without  infringing  upon  personal  rights, 
would  be  gladly  welcomed  by  both  professions.  The 
plan  most  constantly  urged  is  the  appointment  of  a  board 
of  experts  commissioned  by  the  court  to  make  a  physical 
or  mental  examination,  or  both,  as  the  case  may  be,  and 
then  to  report  the  result  of  its  findings  to  the  court  and 
jury.  This  seems  simple,  and  no  doubt  it  would  prove 
to  be  a  most  satisfactory  method  if  the  question  could  be 
ended  then  and  there.  But  it  would  not  end  there.  A 
party  to  an  action  lias  a  right  to  call  any  witness  whose 
testimony  will  tend  to  prove  his  allegations.  Should  the 
report  of  the  commission  of  experts  be  adverse  to  liis  in- 
terests he  may  call  his  own  experts,  who  may  not  agree 
with  the  commission  and  then  there  is  the  same  old  story 
of  expert  against  expert. 

A  most  simple  and  effective  method  and  one  which, 
while  it  preserves  the  rights  and  liberties  of  all  the  parties 
concerned,  would  result  in  more  harmonious  expert  evi- 
dence, is  the  following :  Each  party  to  the  controversy 
shall  select  such  expert  or  experts  as  they  may  desire. 
When  this  has  been  accomplished  to  the  satisfaction  of 
both  parties,  it  shall  be  obligatory  that  every  examination 
of  the  plaintiff  or  defendent,  as  the  case  may  be,  shall  be 
made  in  the  presence  of  all  the  experts  together  and  shall 
be  participated  in  by  all  the  experts.  And  that  at  each 
examination  counsel  for  both  parties  shall  be  present, 
and  an  official  stenographer  who  shall  report  verbatim 
what  was  said  and  also  what  ■*\'as  done  by  each  examiner 
in  the  line  of  his  examination,  and  that  a  copy  of  the  re- 
port of  each  examination  shall  be  furnished  to  each  coun- 
sel and  to  the  court  to  be  used  by  counsel  on  the  direct 
and  cross  examination  of  each  expert;  and  that  all  infor- 
mation relating  to  the  question  supplied  to  or  acquired  by 
any  expert  shall  be  furnished  to  every  other  expert.  By 
this  means  all  the  experts  will  have  an  equal  knowledge 
of  the  case  and  each  will  liave  everj^  opportunity  for 
forming  a  correct  opinion.  The  stenographer's  report, 
showing  each  expert's  complete  examination,  in  the 
hands  of  counsel  will  do  more  to  secure  a  unanimity  of 
opinion  than  anything  else  could  do. 

When  everything  has  been  said,  however,  and  the 
question  has  been  considered  from  all  its  standpoints,  it 
must  be  admitted  that  expert  medical  testimony,  which 
should  be  a  valued,  scientific,  and  honored  method  of  as- 
sisting justice  to  know  the  truth,  has  been  prostituted  by 
those  attorneys  who  are  willing  to  use  any  means  to  save 
a  client  or  secure  a  verdict,  and  by  physicians  who  are 
willing  to  lend  themselves  for  siich  a  purpose.  The 
medical  expert  should  be  regarded  as  a  scientist,  and  ex- 
pert evidence  should  be  received  by  court  and  jury  with 
respectful  consideration.  It  is  the  medical  expert  him- 
self who  is  to  blame.  When  he  recognizes  this  fact  the 
remedy  will  quickly  follow.  The  medical  profession  is 
respected  everywhere  but  in  the  courts.  Let  it  be  seen 
to  that  it  is  respected  there  also. 

Graeme  M.  Hammond. 

EXTRA-UTERINE  PREGNANCY.-By  extra-uterine 
pregnancy  we  mean  those  instarices  in  which  the  fertilized 
ovum  is  arrested  somewhere  in  its  course  from  the  ovary 
to  the  uterus  and  there  undergoes  development.  The 
term  ectopic  gestation  has  a  somewhat  broader  meaning 
than  extra-uterine  pregnancy,  and  has  reference  not  only 
to  such  cases  as  mentioned  above,  but  also  to  those  in- 
stances in  which  the  pregnancy  occurs  in  some  abnormal 
diverticulum  of  the  uterus. 

Until  as  recently  as  1883  the  condition  was  of  interest 
chiefly  from  its  pathological  standpoint ;  and  few  or  even 
no  cases  were  recognized  clinically.  But  from  that  dale 
at  w  uch  time  Tait  operated  on  his  first  case  of  ruptured 
tubal  pregnancy,  the  clinical  interest  in  the  affection  has 
been  markedly  increasing,  as  is  shown  by  the  decided  in- 
crease in  the  literature  on  the  subject  and  the  apparent 
increase  m  the  frequency  of  the  condition 

PREQDENCY.-Before  extra-uterine  pregnancy  came  to 
be  recognized  clinically  and  at  autopsy,  observers  «'ere 
much  misled  as  to  its  frequency ;  and  consequently  such 
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statements  as  that  made  by  Hennig,  in  1876,  to  the  effect 
that  the  affection  is  so  rare  that  the  directors  of  large  ob- 
stetrical clinics  might  never  see  a  case  of  it,  were  not  to 
be  wondered  at.  On  the  other  hand,  the  data  now  avail- 
able might  readily  lead  one  to  suppose  that  the  frequency 
has  markedly  increased  since  that  time.  Thus,  for  ex- 
ample. Parry,  in  1876,  was  able  to  collect  only  five  hun- 
dred cases  that  had  been  reported  up  to  that  time,  while 
in  1892  Schrenck  collected  six  hundred  and  ten  cases 
which  had  been  reported  in  the  five  previous  years. 

This  apparent  increase  in  frequency  has  also  been  noted 
in  the  experience  of  individual  operators  and  in  single 
clinics.  The  increase,  as  a  matter  of  course,  is  more  ap- 
parent than  real;  it  is  due  unquestionably  to  our  im- 
proved methods  of  diagnosis  and  greater  knowledge  of 
the  subject. 

ETioLOGy. — So  many  theories  have  been  advanced  to 
explain  the  occurrence  of  extra-uterine  pregnancy  that  it 
is  impossible  to  make  any  very  definite  statements  as  to 
its  etiology.  J.  Whitridge  Williams,  after  a  most  ex- 
haustive review  of  the  literature,  gives  the  following 
classification,  which,  although  somewhat  complicated,  is 
probably  the  best  which,  in  the  present  state  of  our  knowl- 
edge, can  be  offered.  He  divides  the  etiological  theories 
into  four  groups; 

I.  Conditions  loMch  Interfere  Mechanieally  with  tM 
Downward  Passage  of  the  Orum. — (a)  Peritoneal  adhe- 
sions. This  is  one  of  the  earliest  explanations  for  the. oc- 
currence of  extra-uterine  pregnancy  and  is  still  held  by 
many  to  be  the  principal  one.  The  adhesions  act  either  by 
directly  compressing  the  lumen  of  the  tube,  or  by  inter- 
fering with  its  muscular  action ;  both  of  which  condi- 
tions are  sometimes  verified  at  operation  or  at  autopsy. 

(b)  Tubal  polypi,  projecting  into  the  cavity  of  the 
tube  and  therefore  impeding  the  downward  passage  of 
the  ovum,  have  been  found  by  certain  operators.  Wil- 
liams in  his  analysis  is  of  the  opinion  that  only  a  few  of 
the  cases  in  which  this  condition  was  stated  to  have  been 
the  cause  are  at  all  convincing,  and  he  agrees  with  Ahl- 
feld  in  thinking  that  In  many  cases  the  "  tubal  polypi " 
are  merely  decidual  ingrowths,  the  result  rather  than  the 
cause  of  the  extra-uterine  pregnancy. 

(c)  Tumors  of  the  tube  wall  and.  in  some  instances 
tumors  of  adjacent  organs  have  been  said  to  play  a  simi- 
lar part  by  compressing  the  lumen  of  the  tube. 

{d)  Salpingitis.  The  suggestion  was  made  by  Schroe- 
der  and  Tait  that  inflammation  of  the  lining  of  the  tube 
so  damaged  the  cilia  of  the  mucous  membrane  that  a 
downward  current  Avas  no  longer  produced  and  conse- 
quently no  obstacle  was  offered  to  the  entrance  of  the  sper- 
matozoon into  the  tube.  This  view  presupposed  that 
fertilization  normally  took  place  in  the  uterus  and  that 
the  ciliary  currents  favored  a  meeting  of  the  male  and 
female  cells  at  the  fundus.  We  know  now,  however, 
that  the  currents  throughout  the  utero-tubal  tract  run  in 
the  same  direction,  viz. ,  from  above  downward,  tljat  the 
spermatozoon  has  to  work  against  the  stream  from  the 
time  it  enters  the  internal  os,  and  that  as  fertilization 
normally  takes  place  in  the  tube  all  pregnancies  are  pri- 
marily tubal.  Microscopic  examination,  furthermore, 
has  not  confirmed  the  view  put  forward  by  Schroeder 
and  Tait,  for  in  these  cases  of  tubal  pregnancy  ciliated 
epithelium  is  usually  found  covering  the  mucosa. 

(e)  Obstruction  by  twin  ova.  The  comparative  fre- 
quency of  the  coexistence  of  extra-  and  intra-uterine  preg- 
nancy has  led  certain  observers  to  suggest  the  possibility 
of  the  mutual  interference  of  twin  ova  as  a  cause  for 
tubal  pregnancy. 

(/)  Ffftal  twisting  of  the  tube.  While  the  Fallopian 
tube  in  adult  life  is  a  comparatively  straight  canal,  that 
of  the  fo'tus  is  a  convoluted  one.  These  convolutions 
may  persist  in  adults,  and  may  then  stand  in  causative 
relation  to  certain  forms  of  tubal  disease,  notably  extra- 
uterine pregnancy. 

_  {(I)  Diverticula  of  the  lumen  of  the  tube.  The  occa- 
sional presence  of  these  diverticula  was  demonstrated  by 
Williams  in  1891,  and  he  at  that  time  suggested  that  they 
might  be  shown  to  act  as  a  causative  factor  in  certain  cases 
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of  tubal  pregnancy.  While  he  is  still  of  the  opinion  that 
such  a  state  of  affairs  may  exist,  he  admits  that  he  has 
been  misled  by  some  of  his  specimens  in  which  lie  found 
the  fertilized  ovum  lying  outside  of  an  apparently  intact 
tubal  lumen.  Since  Peters  has  demonstrated  in  the  ute- 
rus that  the  ovum  burrows  down  beneath  the  epithelium, 
which  finally  closes  to  form  an  intact  surface  over  it, 
there  is  reason  to  believe  that  the  same  thing  occurs  in 
the  tube;  thus  explaining  the  fact  that  in  early  cases  of 
tubal  pregnancy  the  ovum  may  be  entirely  outside  of  the 
lumen  of  the  tube. 

ill)  Puerperal  atrophy  of  the  tube.  Dl'ihrssen  has  re- 
ported cases  of  extra-uterine  pregnancy  which  have  oc- 
curred in  an  incredibly  short  time  after  labor,  in  some 
instances  even  while  the  mothers  were  nursing  their  chil- 
dren. In  these  instances  he  considers  the  cause  to  be  a 
puerperal  atrophy  of  the  tube  which  interferes  with  its 
peristalsis.  In  one  case  operated  upon  by  the  author  this 
factor  may  have  been  present.  The  pregnancy  probably 
began  six  weeks  after  the  birth  of  a  dead  child,  and  tubal 
rupture  took  place  six  weeks  later. 

(i)  External  migration  of  the  ovum,  which  is  qiiite  a 
common  occurrence  in  extra-uterine  pregnancy,  has  been 
given  as  a  causative  factor  by  some  investigators,  they 
holding  that  the  fertilized  ovum  in  its  transit  thi'ougii 
the  peritoneal  cavity  attains  such  a  size  that  its  trans- 
mission tlirough  the  opposite  tube  is  an  impossibility. 

II.  Abnormal  Conditions  Resulting  from  Inflannnatory 
Diseases  of  the  Tubes,  Ovaries,  and  Pelvic  Peritoneum. — 
Mention  has  already  been  made  of  the  part  that  the  ab 
sence  of  cilia  is  supposed  to  play  in  the  causation  of  extra- 
uterine pregnancy  and  little  need  be  added  to  this  state- 
ment. Most  cases  of  tubal  pregnancy  will  reveal  a  his- 
tory of  pre-existing  inflammatory  trouble,  and  it  is  the 
rule  to  find  some  other  abnormality  besides  the  pregnant 
tube  at  operation  or  autopsy.  This  has  given  rise  to  the 
statement  that  an  inflammatory  condition  of  the  pelvic 
organs  is  the  principal  cause  of  extra-uterine  pregnancy, 
but,  imfortunately  for  the  correctness  of  this  statement, 
actual  examinations,  at  operation  or  at  autopsy,  show 
that  such  an  inflammatory  condition  is  not  present  in  all 
cases.  On  the  other  hand,  the  fact  that  tubal  pregnancy 
occurs  repeatedly  in  women  suffering  from  gonorrhoea 
certainly  favors  the  above  statement. 

III.  Physical  and  Developmental  Conditions  which  Favor 
Decidual  Formation  in  the  2\<Jes.— This  theory  was  orig- 
inated by  J.  C.  Webster,  who  was  not  satisfied  with  the 
numerous  etiological  views  that  had  been  advanced.  He 
recalls  the  fact  that  as  the  uterus  and  tubes  are  both  de- 
veloped from  the  same  embryonic  structure,  the  Milllerian 
ducts,  there  is  no  reason  why  the  ovum  should  not  be  im- 
planted upon  the  upper  as  well  as  upon  the  lower  portion 
of  the  tract.  Normally,  the  lower  portion  of  this  duct 
becomes  differentiated' from  the  upper,  so  that  in  the 
latter  the  conditions  are  not  such  as  to  favor  the  formation 
of  a  decidua.  Abnormally,  on  account  of  some  develop- 
mental anomaly  or  reversion  to  an  earlier  type,  the  con- 
dition of  the  tubal  mucosa  is  such  that  a  decidua  can  form, 
and  in  such  instances  we  can  get  an  extra-uterine  im- 
plantation of  the  ovum.  This  view  has  been  adopted  by 
a  number  of  observers,  but,  as  is  readily  seen,  it  is  based 
upon  a  theoretical  rather  than  upon  a  practical  basis. 

Other  observers,  among  whom  may  be  mentioned 
Moericke  and  Fehling,  have  elaborated  Webster's  idea  in 
that  they  claim  that  the  occurrence  of  extra-uterine  preg- 
nancy is  a  reversion  to  an  earlier  type,  brought  about  by 
poor  hygienic  conditions.  The  former  authority,  basmg 
his  conclusions  upon  a  large  number  of  gynecological 
patients  who  were  under  his  care  in  Chili,  states  that  ex- 
tra-uterine pregnancy  is  a  very  rare  occurrence  among 
them,  whereas  at  the  Clinic  in  Stuttgart  it  was  observed 
quite  frequently.  He  attributes  this  marked  difference 
to  the  fact  that  the  Chilian  women  lead  an  outdoor  life, 
while  those  of  Stuttgart  are  subjected  to  very  poor  hy- 
gienic surroundings. 

External  migration  of  the  ovum,  the  frequency  ot 
which  in  extra-uterine  pregnancy  has  already  been  re- 
ferred to   has  led  Sippel  to  put  forth  a  view  that  is  more 


or  less  closely  allied  to  that  of  Webster.  Sippel  claims 
that  it  is  necessary  for  a  certain  leiigtli  of  time  to  elapse 
between  fertilization  and  decidual  formation.  Thus,  when 
external  migraticm  occurs,  the  ovum  is  delayed  in  reaching 
the  genital  trad ,  and  then  finds  in  the  tube  conditions 
favorable  for  the  formation  of  a  decidua.  This  view  is 
an  interesting  one,  but  is  purely  theoretical. 

IV.  Conditious  of  Die  Ucum  wh;irh,  'may  Favor  its  Arrest 
in  the  Tube. — A  few  years  ago,  when  tlie  general  opinion 
was  that  the  uterine  and  tubal  epitlielium  was  converted 
into  syncytium,  Strassman  was  of  the  opinion  that  as 
the  ovum  entered  tlic  tuBe  covered  by  the  cells  of  the 
membrana  granulosa,  it  could  not  become  attached  to 
the  syncytium  of  the  tube  until  this  layer  of  granulosa 
cells  had  disappeared;  but  if  the  layer  of  granulosa  was 
diminished  in  amount,  or  if  for  any  reason  it  was  absent, 
the  naked  ovum  came  into  direct  contact  with  the  syncy- 
tially  changed  tubal  mucosa  and  there  became  attached, 
while  normally  the  layer  of  granulosa  prevented  this  oc- 
currence until  the  ovum  had  reached  the  uterus.  This 
view  is  no  longer  tenable,  for  opinion  is  now  unanimous 
that  the  tubal  and  uterine  epithelium  does  not  undergo 
this  change, — i.e.,  into  syncytium, — but  that  the  latter 
is  derived  from  the  foetal  ectoderm. 

It  is  therefore  veiy  evident  that  there  is  no  lack  of 
theories  as  to  the  causation  of  extra-uterine  pregnancy. 
The  mechanical  theories  must  be  given  a  certain  amount 
of  consideration,  but  they  are  open  to  the  objection  that 
while  mechanical  obstacles  are  frequently  present,  the 
existence  of  extra-uterine  pregnancy  is  of  comparative 
rarity.  On  the  other  hand,  recent  experimental  work  on 
animals — ligation  of  the  tubes  and  uterine  cornua — has 
failed  to  cause  extra-uterine  development  of  the  ovum, 
after  the  animal  under  consideration  has  been  put  to  the 
male.  Thus  these  experimenters  believe  that  the  sup- 
posed extra-uterine  pregnancy  in  the  lower  animals  is 
really  uterine,  the  mistake  being  due  to  confounding 
the  tubes  and  uterine  horns  with  one  another.  Tubal 
diverticula  may  play  an  important  part,  and  in  some 
cases  undoubtedly  exist;  but  this  again  cannot  hold 
good  for  all  cases.  The  same  may  be  said  of  inflamma- 
tory conditions. 

We  had  best  close  this  portion  of  the  subject  by  quot- 
ing from  Williams,  who  summarizes  as  follows:  "The 
etiology  of  extra-uterine  pregnancy  is  not  a  simple  matter, 
and  there  is  no  universal  cause  for  all  cases.  Careful  study 
of  the  specimen  and  of  the  patient's  history  will  give  us  a 
satisfactory  explanation  for  its  occurrence  in  the  majority 
of  cases,  but  in  a  small  number  we  cannot  account  for 
the  production  of  the  affection,  and  its  cause  wilf  remain 
to  us  as  great  a  problem  as  to  our  predecessors." 

Classification. — The  fertilized  ovum  may  be  arrested 
at  any  point  between  the  ovary  and  uterus.  We  may  thus 
distinguish  between  ovarian  and  tubal  pregnancy  accord- 
ing as  the  development  occurs  in  either  of  these  organs. 
To  these  two  forms  some  add  a  third,  viz.,  abdominal 
pregnancy ;  but  there  is  considerable  doubt  as  to  whether  a 
primary  implantation  can  take  place  on  the  peritoneum 
and  thus  give  rise  to  this  form  of  pregnancy. 

Oca  rian  Pregnancy.— Ovanun  pregnancy  was  first  de- 
scribed early  in  the  seventeenth  century,  and  in  the  eigh- 
teenth was  pretty  generally  recognized.  In  1835  Velpeau 
made  the  statement  that  many  of  the  cases  described  as 
ovarian  pregnancy  were  open  to  objections,  and  he  took 
the  rather  radical  view  that  none  of  the  cases  reported  gave 
to  him  conclusive  evidence  as  to  their  ovarian  origin. 
Observers  in  general  agreed  with  him,  and  at  present  there 
are  few  who  believe  in  the  existence  of  ovarian  preg- 
nancy. 

There  is  evidence,  however,  that  the  condition  undoubt- 
edly does  exist,  although  very  rarely  ;  and,  since  Spiegel- 
berg  reported  a  case  of  this  nature  in  1878,  we  are  in  pos- 
session of  certain  criteria  by  which  an  ovarian  pregnancy 
can  be  recognized.  Spiegelberg  demands  that  the  follow- 
ing conditions  bo  noted  before  we  can  make  a  diagnosis  of 
a  given  extra-uterine  pregnancy  being  ovarian :  (1)  The 
tube  on  the  affected  side  must  be  intact.  (2)  The  foetal 
sac  must  occupy  the  position  of  the  ovary.     (3)  It  must 
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be  connected  with  the  uterus  hy  the  utero-ovarian  liga- 
ment. (4)  Definite  ovarian  tissue  must  he  demonstrated 
in  its  walls.  When  judged  hy  these  criteria  it  is  clearly 
seen  that  many  of  the  cases  reported  as  ovarian  preg- 
nancy will  be  found  wanting.  Williams,  in  discussing 
these  points  brought  out  by  Spiegelberg,  calls  attention 
to  the  fact  that  in  certain  cases  of  tubal  apd  broad-liga- 
ment pregnancy,  the  ovary  may  be  so  flattened  out  as  ap- 
parently to  occupy  a  portion  of  the  sac  wall,  and  for  this 
reason  he  suggests  that  the  fourth  condition  be  so  modified 
as  to  read :  "  Definite  ovarian  tissue  must  be  demonstrated, 
not  at  a  single  point  in  the  sacrwall,  but  at  several  points 
a  considerable  distance  from  each  other. " 

Williams  has  carefully  reviewed  the  hterature  of  ovarian 
pregnancy  in  the  past  hundred  years  and  has  applied  the 
above  criteria  to  the  reported  cases.  The  results  of  his 
analysis  show  that  only  four  cases  can  be  classified  as 
positite  caMS,  eleven  cases  as  highly  pjvbable,  and  twenty 
as  fairly  probable ;  thus  clearly  demonstrating  that,  al- 
though ovarian  pregnancy  undoubtedly  does  exist  as  a 
primary  condition,  it  is  of  the  greatest  rarity.  He  also 
shows  that  one-half  of  the  positive  or  probable  cases 
reached  full  term,  indicating  that  the  ovarian  tissue  can 
more  readily  accommodate  itself  to  the  increase  in  size 
of  the  growing  ovum  than  can  the  tube. 

In  ovarian  pregnancy  rupture  with  formation  of  a 
secondary  abdominal  pregnancy  can  occur,  or  the  case 
may  go  to  term  and  the  formation  of  a  lithopaedion  be 
the  result. 

Tubal  Pregnancy. — When  the  ovum  is  arrested  in  the 
Fallopian  tube  and  develops  there,  we  have  what  is 
known  as  a  tubal  pregnancy ;  this  is  by  far  the  most  fre- 
quent variety  of  extra-uterine  pregnancy.  According 
as  the  arrest  of  the  ovum  occurs  in  the  various  portions 
of  the  tube  we  can  distinguish  between  ampullar,  isthmic, 
and  interstitial  pregnancy,  the  relative  frequency  being 
in  the  order  named. 

Tait's  idea  was  that  the  invariable  fate  of  a  tubal  preg- 
nancy was  rupture  into  the  peritoneal  cavity,  and  that 
this  rupture  always  occurred  not  later  than  the  twelfth 
week.  Further  investigation,  however,  has  proven  this 
view  to  be  an  erroneous  one,  and  that  many  cases  termi- 
nate at  a  much  earlier  period,  in  what  is  known  as  tubal 
abortion,  or  that  in  rare  instances  the  tube  may  so  ac- 
commodate itself  to  the  growing  ovum  that  the  case  may 
go  on  to  term. 

Tubal  abortion  was  thought  to  be,  until  quite  recently, 
a  pathological  curiosity,  but  in  1887  AVerth  called  atten- 
tion to  the  fact  that  it  was  not  infrequent  for  the  ovum 
to  be  extruded  through  the  fimbriated  end  of  the  tube 
into  the  peritoneal  cavity.  Attention  having  been  di- 
rected to  the  fact,  it  is  now  generally  believed  that  this  is 
the  most  frequent  termination  of  tubal  pregnancy,  and  in 
the  last  three  years  statistics  collected  by  Martin,  Orth, 
Mandl,  Schmidt,  and  others  show  that  seventy-eight  per 
cent,  of  the  cases  end  in  tubal  abortion  as  against  twenty- 
two  per  cent,  rupturing  into  the  peritoneal  cavity. 
Martin  indeed  considers  that  abortion  is  the  general  rule 
and  says  that  rupture  occurs  only  in  those  cases  in  which 
abortion  is  prevented  by  closure  of  the  fimbriated  end 
of  the  tube. 

The  abortion  which  occurs  in  the  tube  is  in  a  measure 
analogous  to  that  which  takes  place  in  the  uterus.  The 
liability  to  hemon-hage  is  increased  owing  to  the  imper- 
fect development  of  the  decidua.  The  maternal  vessels 
ai-e  opened  up  by  the  downgrowth  of  fcetal  ectoderm  or 
trophoblast,  and  the  hemorrhage  loosens  the  einbrvo  from 
Its  attachment  to  the  tube  wall.  If  the  separation  is 
complete,  the  ovum  is  forced  thi-ough  the  fimbriated  ex- 
tremity and  the  abortion  can  be  designated  as  "complete  " 
On  the  other  hand,  if  the  separation  of  the  ovum  is  onlv 
partial  the  hemorrhage  continues  and  the  ovum  remains 
m  the  tube;  here  the  abortion  is  "incomplete  " 

It  is  probable  that  two  factors  act  in  the  expulsion  of 
the  ovum— VIZ.,  the  actual  contraction  of  the  muscular 
walls  of  the  tube  and  the  force  from  behind  furnriied  by 
the  blood  clot.  If  the  abortion  is  complete,  hemorrhage 
will  be  profuse;  but  if  the  ovum  it-  -  -  '      '         ■ 
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it  may  bo  converted  into  a  "  fleshy  mole, ''  similar  to  those 
observed  in  uterine  abortions. 

What  has  been  just  gone  over  has  served  in  the  last 
few  years  markedly  to  change  the  views  that  were  held 
as  to  the  causation  of  pelvic  hsematocele  and  hsemato- 
salpinx.  Opinion  is  now  pretty  general  that  both  of 
these  conditions  are  secondary  results  of  tubal  pregnancy. 
In  the  first  instance  the  blood  flowing  through  the  fim- 
briated end  forms  a  clot  in  the  neighborhood  of  the  ovary, 
and  in  the  second  the  hemorrhage  occurs  into  the  tubal 
lumen  and  the  blood  remains  there. 

Rupture  into  the  Peritoneal  Gamty.- — As  has  already 
been  stated,  rupture  in  this  manner  is  not  so  common  as 
was  thought  by  Tait.  When  it  does  occur  the  preg- 
nancy is  usually  situated  at  some  distance  from  the  fim- 
briated end  of  tlie  tube — ^either  at  the  isthmus  or  in  the 
interstitial  portion.  If  it  is  situated  at  the  isthmus,  rup- 
ture usually  takes  place  within  the  first  twelve  weeks 
of  the  pregnancy,  and  not  infrequently  during  its  first 
month;  but  if  it  is  situated  in  the  interstitial  portion 
rupture  occurs  later,  for  this  portion  of  tlie  tube,  being 
surrounded  by  uterine  muscularis,  more  readil}'  responds 
to  the  influence  of  pregnancy  and  allows  the  ovum  to  at- 
tain a  larger  size. 

Rupture  may  occur  spontaneously  or  may  be  brought 
about  by  violence ;  the  most  frequent  form  of  violence 
being  a  rough  vaginal  examination.  The  writer  recalls 
a  case  in  charge  of  a  friend  in  which  death  from  hemor- 
rhage took  place  twelve  hours  after  a  vaginal  examina- 
tion ;  the  diagnosis  of  extra-uterine  pregnancy  had  not 
been  made.  When  rupture  occurs  spontaneously  it 
usually  follows  some  exertion  on  the  part  of  the  pa- 
tient. 

The  underlying  causes  of  rupture  are  twofold,  viz., 
(a)  overdistention  of  the  tube  by  the  growing  ovum  and 
(A)  perforation  of  the  tube  wall  by  the  chorionic  villi, 
which  grow  down  rapidly  between  the  muscle  fibres  and 
not  infrequently  penetrate  to  the  peritoneal  coat.  The 
foetal  ectoderm  or  trophoblast  proliferates  and  causes  a 
certain  amount  of  degeneration  of  the  muscle  fibres  and 
connective  tissue  of  the  tube  wall.  If  then,  as  frequently 
happens,  a  maternal  blood-vessel  be  opened,  the  rapid 
discharge  of  blood  into  the  tube  will  cause  its  overdis- 
tention and  rupture. 

Rupture  usually  takes  place  in  the  neighborhood  of 
the  placental  site,  and  hemorrhage  and  discharge  of  the 
ovum  will  occur  either  into  the  peritoneal  cavity  or  be- 
tween the  folds  of  the  broad  ligament,  depending  on  the 
original  site  of  implantation  of  the  placenta. 

When  rupture  occurs  into  the  peritoneal  cavity,  as  a 
rule  the  entire  ovum  is  extruded ;  but  if  the  wound  be  a 
small  one,  there  may  be  profuse  hemorrhage  without  the 
ovum  being  discharged.  In  either  case,  however,  the 
hemorrhage  is  profuse  and  the  patient  will  show  marked 
signs  of  collapse— or  will  die  before  relief  can  be  obtained. 
In  the  event  of  an  operation  or  if  a  fatal  issue  should  not 
take  place,  the  result  will  depend  upon  the  amount  of 
damage  which  has  been  done  to  the  ovum. 

If  the  entire  ovum  escapes  into  the  peritonea]  cavity  its 
death  is  inevitable,  and,  unless  the  foetus  is  beyond"  the 
third  month,  absorption  of  the  entire  product  of  concep- 
tion is  the  rule.  The  o!d  view  that  in  such  a  case  the  pla- 
centa may  become  attached  to  some  neighboring  organ  and 
thus  form  vascular  connections  is  now  scarcely  tenable ; 
but  if  the  foetus  alone  escape  from  the  tube  and  the  pla- 
centa remains  in  aitu,  the  effect  of  the  rupture  on  the 
pregnancy  will  vary  according  to  the  amount  of  damage 
done  to  the  placenta.  In  those  cases  in  which  the  greater 
portion  of  the  placenta  remains  attached,  the  fatus  will 
go  on  to  term  as  a  secondary  abdominal  pregnancy,  and 
if  the  original  tubal  wound  has  been  a  small  one  the  pla- 
centa will  develop  in  a  sac  formed  by  the  remains  of  the 
tulie;  but  if  the  rent  were  large  and  close  to  the  margins 
of  the  placenta,  this  organ  will  overgrow  its  tubal  at- 
tachments and  become  adherent  to  some  neighborino- 
organ,  viz.,  uterus,  pelvic  floor,  or  intestines.  Most  oS- 
servers  agree  that  further  growth  of  the  foetus  after 
escape  from  the  tube  is  impossible  unless  it  is  surrounded 
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by  the  amnion.     There  are,  however,  exceptions  to  this 
rule. 

Rupture  between  tlie  folds  of  the  broad  ligament  takes 
place  in  a  few  cases  through  that  portion  of  the  tube 
wall  ■which  is  not  covered  by  peritoneum,  and  here  the 
tubal  contents  will  pass  downward  into  that  space 
which  is  situated  between  the  broad  ligament  and  its 
peritoneal  covering.  This  is  considered  the  most  favor- 
able termination  of  an  extra-uterine  pregnancy  and  usu- 
ally results  in  the  death  of  the  ovum  and  the  formation 
of  a  broad-ligament  hoematoma.  More  rarely  the  preg- 
nancy may  go  on  to  term  in  this  situation ;  and  in  such 
a  case  it  is  evident  that  the  placenta,  being  attached  to 
the  unruptured  portion  of  the  tube  wall,  will  lie  at  the 
superior  part  of  tlie  gestation  sac,  whicli  condition  has 
given  rise  to  the  erroneous  idea  that  the  placenta  may  be 
attached  to  some  remote  organ  such  as  the  liver  or  the 
diaphragm.  In  such  a  case  the  pregnancy  is  entirely 
outside  of  the  peritoneal  cavity,  and  the  condition  has 
been  spoken  of  as  a  broad-ligament  or  extraperitoneal 
pregnancy.  The  gestation  sac  here  has  been  known  to 
rupture,  and  a  secondary  abdominal  pregnancy  is  then 
the  result. 

The  intimate  relation  that  exists  between  these  preg- 
nancies and  the  rectum  renders  them  more  prone  to  in- 
vasion by  intestinal  bacteria,  and  if  suppuration  should 
occur  the  proximity  to  the  bladder  explains  the  discharge 
of  foetal  bones,  etc.,  by  way  of  the  urethra — an  occurrence 
which  has  been  noted  in  such  instances. 

Wilhams  and  others  are  of  the  opinion  that  the  fre- 
quency of  this  form  of  pregnancy  has  been  overestimated, 
as  Williams  has  observed  it  only  once  in  about  forty  cases. 

Abdominal  Pregnancy. — There  is  at  present  httle  doubt 
in  the  minds  of  most  operators  that  tliose  cases  which 
were  thought  to  be  primary  abdominal  pregnancies  have 
turned  out  to  be  only  secondary  abdominal  pregnancies, 
i.e.,  secondary  to  a  pre-existing  tubal  pregnancy,  and 
there  is  uncertainty  as  to  the  possibility  of  the  existence 
of  a  pregnancy  primarily  abdominal.  Recent  work  by 
Zweifel,  Martin,  and  others,  has  shown  that  the  fertilized 
ovum  can  become  implanted  upon  that  thin  strip  of  tubal 
tissue  which  extends  from  the  fimbriated  extremity  of 
the  tube  to  the  ovary,  the  fimbria  ovarica.  It  is  readily 
seen,  however,  that  such  cases  are  not  abdominal  but  in 
reality  tubal  in  origin,  which,  when  we  bear  in  mind  the 
fact  that  small  structures  covered  by  ciliated  epithelium 
have  been  found  in  the  wall  of  the  gestation  sac  of  many 
cases  described  as  primary  abdominal  pregnancy,  mate- 
rially weakens  the  theory  as  to  the  possibility  of  such  a 
form  of  extra-uterine  pregnancy  existing.  If,  for  exam- 
ple, an  ovum  became  implanted  upon  this  portion  of  the 
tube,  the  placenta  would  very  rapidly  overgrow  the  very 
narrow  limits  of  the  fimbria  ovarica  and  give  one  the  im- 
pression that  the  pregnancy  were  primarily  abdominal. 
Williams,  in  his  discussion  of  this  part  of  the  subject, 
says  that,  of  the  cases  thus  far  described,  not  a  single  one 
appears  to  him  to  furnish  sufficient  evidence  to  justify 
its  being  considered  primarily  abdominal.  Nevertheless, 
in  view  of  the  fact  that  decidual  formation  has  been  noted 
in  the  sub-peritoneal  connective  tissue,  the  possibihty  of 
such  a  thing  cannot  be  denied. 

Pate  of  the  Fcetus  in  Extra-Uterine  Pregnancy. 
—Attention  has  already  been  called  to  the  fact  that  when 
small  embryos  are  extruded  into  the  peritoneal  cavity 
absorption  is  the  rule.  This  fact  is  made  manifest  by 
the  circumstance  that  one  rarely  succeeds  in  finding  any 
trace  of  the  foetal  body  in  the  blood  clots  which  fill  the 
peritoneal  cavity  after  tubal  rupture.  Absorption  fre- 
quently takes  place  within  the  gestation  sac  inside  of  the 
tube,  and  when  we  cut  into  such  a  tube  it  is  by  no  means 
unusual  to  find  a  shapeless  mass  hanging  to  the  umbilical 
cord,  or  even  no  trace  of  embryonic  body  at  all,  while  the 
cord'simply  hangs  free  in  the  amniotic  cavity. 

Such  a  termination,  however,  is  impossible  when  the 
fcetus  has  reached  a  certain  size ;  it  then  undergoes  one 
of  the  following  changes :  mummification,  suppuration, 
conversion  into  a  lithopa;dion  or  into  adipocere.  In  the 
first  of  these  conditions  the  fluid  portions  of  the  embryo 


are  absorbed  and  the  foetus  becomes  converted  into  a  dry, 
mummified  mass,  nothing  remaining  but  the  bones,  cov- 
ered by  a  shrivelled  skin.  When  suppuration  takes 
place,  as  is  quite  common  in  cases  of  broad-ligament 
pregnancy,  the  sac  first  suppurates  and  the  process  then 
extends  to  the  fostus.  The  patient,  under  these  circum- 
stances, shows  marked  signs  of  sepsis,  and,  unless  the 
pus  is  evacuated  by  operation  or  by  rupture,  she  will  die. 
Rupture  into  the  bladder  or  rectum  is  not  an  uncommon 
termination  in  such  instances. 

In  a  small  number  of  cases  neither  of  the  above  changes 
takes  place,  but  the  foetus  and  membranes,  by  a  deposition 
of  lime  salts  within  them,  become  converted  into  a  cal- 
careous mass  or  lithopaedion.  A  structure  of  this  char- 
acter has,  in  certain  instances,  been  carried  by  the 
mother  for  years,  giving  no  trouble  except  when  it 
blocks  the  pelvis  and  forms  an  obstacle  to  normal  labor. 
Kilchenmeister  has  carefully  reviewed  the  literature  of 
this  portion  of  the  subject  and  divides  lithopaedia  into 
three  classes:  (1)  Calcification  limited  to  tlie  foetal  mem- 
branes (lithokelyphos);  (3)  both  fcetus  and  foetal  mem- 
branes partially  calcified  (lithokelyphopoedion);  and  (3) 
calcification  limited  entirely  to  the  foetus  (lithopsedion). 

The  last  possible  termination — conversion  into  adipo- 
cere— occurs  only  rarely.  Here  the  foetus  is  transformed 
into  a  greasy  yellow  mass ;  the  material  is  thought  to  be 
an  ammoniacal  soap. 

Anatomical  Considerations. — It  has  been  the 
privilege  of  the  writer  to  examine  most  of  the  sections  of 
the  specimens  of  Williams,  also  to  read  the  manuscript  of 
his  as  yet  unpublished  article  on  extra-uterine  pregnancy. 
In  the  present  section,  therefore,  I  shall  quote  somewhat 
fully  from  his  report. 

Stntctiire  of  the  Sac  Wall  in  Tubal  Pregnancy. — If  one 
is  lucky  enough  to  get  a  specimen  of  early  unruptured 
tubal  pregnancy,  one  finds  that  the  tube  is  the  seat  of  a 
fusiform  swelling  about  1  or  2  cm.  from  its  uterine  end. 
Sections  through  a  pregnancy  at  this  age  show  that  the 
sac  wall  is  made  up  of  the  muscularis  of  the  tube.  The 
individual  muscle  cells,  however,  do  not  seem  to  be  in- 
creased in  number  but  spread  apart  by  oedema.  There 
is  marked  dilatation  of  the  arteries  and  veins  in  this 
situation,  particularly  in  the  neighborhood  of  the  placental 
site,  and  there  may  be  some  hemorrhage  into  the  lumen 
of  the  tube.  Later,  one  will  notice  marked  degenerative 
changes  in  the  tube  wall  in  the  neighborhood  of  the 
chorionic  villi,  so  that  at  this  period  the  sac  wall  consists 
of  a  tissue  closely  resembling  fibrin.  The  thickness  of 
the  tube  wall  diminishes  as  the  pregnancy  advances,  and 
the  muscular  elements  appear  to  have  diminished  in  num- 
ber. If  the  case  reach  term  the  sac  wall  will  be  found 
to  be  composed  almost  entirely  of  connective  tissue  with 
here  and  there  a  muscle  fibre,  indicating  that  the  muscu- 
laris of  the  lube  has  not  the  same  tendency  to  proliferate 
under  the  influence  of  pregnancy  as  has  that  of  the  uterus. 

It  is  not  possible  to  make  definite  statements  as  to  the 
part  played  by  the  ovary  in  the  formation  of  the  sac  wall 
of  an  ovarian  pregnancy.  Maybe  if  an  early  specimen 
could  be  obtained  the  entire  sac  wall  would  be  found  to 
consist  of  ovarian  tissue.  The  diagnostic  value  of  the 
presence  of  ovarian  tissue  in  the  sac  wall  of  pregnancies 
thought  to  be  ovarian  has  already  been  referred  to,  and 
it  is  evident  that  positive  statements  cannot  be  made  as 
to  the  ovarian  origin  of  the  pregnancy  unless  ovarian  tis- 
sue can  be  demonstrated  in  several  parts  of  the  sac  wall 
more  or  less  remote  from  one  another. 

The  condition  of  the  fimbriated  end  of  the  tube  varies: 
if  tubal  abortion  has  taken  place,  it  is  of  course  patent; 
while  if  abortion  has  not  occurred  it  may  or  may  not  be 
opened.  The  relation  of  the  lumen  of  the  tube  to  the 
pregnancy  is  also  a  subject  of  variation.  In  certain  in- 
stances it  can  be  traced  into  both  ends  of  the  fatal  sac, 
while  in  others  it  is  apparently  completely  shut  ofl'.     ^ 

Decidva.— It  has  long  been  known  that  the  uterine 
mucosa  under  the  influence  of  extra-uterine  pregnancy 
becomes  converted  into  decidua  just  as  it  does  m  uterine 
pregnancy,  and  the  statement  is  usually  made  that  its 
structure  is  the  same  under  both  conditions.     However, 
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recently  observers  such  as  Williams,  Dobbert,  and  Tussen- 
broek  have  pointed  out  that  there  exist  certain  differences 
in  the  structure  of  the  two  membranes.  For  example, 
in  uterine  pregnancy  the  spongy  layer  of  the  decidua  is 
not  so  well  developed  as  in  extra-uterine  pregnancy,  and 
in  the  former  there  is  a  portion  of  decidua  lying  under 
the  spongy  layer  that  maintains  the  appearance  of  the 
normal,  non-pregnant  mucosa.  In  extra-uterine  preg- 
nancy the  vessels  are  markedly  enlarged  and  lie  near  the 
surface  of  the  decidua,  their  rupture  accounting  for  the 
uterine  hemorrhage  so  frequent  in  this  condition. 

Soon  after  the  death  of  the  foetus  the  uterine  decidua 
is  cast  off,  either  as  a  whole  or  in  small  pieces,  a  phe- 
nomenon said  to  possess  considerable  diagnostic  impor- 
tance. 

Decidua  Vera  in  the  Tube. — The  opinion  of  all  of  the 
earlier  writers  on  extra-uterine  pregnancy  was  that  a 
definite  decidua  vera  was  developed  in  the  pregnant 
tribes.  In  1891  Bland  Sutton  denied  its  existence,  and 
since  then  there  have  been  many  conflicting  statements 
regarding  it.  If  one  expects  to  find  a  distinct  decidual 
membrane  in  the  pregnant  tube  analogous  to  that  found 
in  the  uterus  one  will  be  disappointed,  as  it  does  not  occur 
as  such ;  but  beyond  any  possible  doubt  changes  take  place 
in  the  connective-tissue  stroma  cells  of  the  tubal  folds 
by  which  they  are  converted  into  cells  morphologically 
similar  to  the  decidual  cells  in  the  uterus.  This  change 
does  not  take  place  throughout  the  entire  length  of  the 
tube,  but  only  in  discrete  patches,  and  undoubtedly  a 
groat  part  of  the  tissue  which  has  been  described  as  de- 
cidual is  in  reality  foBtal  ectoderm.  In  the  specimens  of 
Williams  the  decidual  changes  are  beautifully  shown  and 
the  distinct  transition  from  a  connective-tissue  to  a  de- 
cidual cell  can  be  traced. 

The  view  that  a  decidua  forms  in  the  tube  has  been 
materially  strengthened  by  the  discovery  of  analogous 
changes  in  the  opposite  non-pregnant  tube,  so  that  at 
present  we  cannot  deny  that  a  decidua  vera  is  formed, 
although  not  to  the  same  extent  as  in  the  uterus.  The 
specimens  of  Williams  also  show  that  the  columnar  epi- 
thelium of  the  tube  becomes  flattened  out  just  as  it  does 
in  the  uterus. 

Decidua  SeroUna  and  Reflexa. — From  what  has  just 
been  said,  it  is  evident  that  the  decidua  serotina  does  not 
reach  the  same  state  of  development  in  the  tube  that  it 
does  in  the  uterus,  and  undoubtedly  that  which  has  so 
frequently  been  described  as  serotina  is  nothing  more 
than  a  mass  of  foetal  ectoderm  or  "  Zellschicht. "  Careful 
examination,  however,  at  the  point  of  attachment  of  the 
ovum  will  enable  one  to  differentiate  between  three  va- 
rieties of  cells,  viz.,  syncytium,  "Zellschicht,"  and  true 
decidual  cells. 

The  same  may  be  said  of  the  reflexa— «'.«.,  while  un- 
doubtedly present  it  never  reaches  the  same  stage  of  de- 
velopment that  it  does  in  the  uterus.  Its  existence  has 
been  denied  by  many,  but  if  one  examines  a  carefully 
prepared  intact  specimen,  one  finds  a  thin  layer  of  tissue 
separating  the  ovum  from  the  lumen  of  the  tube  This 
band  of  tissue  is  usually  covered  on  its  outer  side  by  flat- 
tened tubal  epithelium;  it  contains  few  if  any  true 
typical  decidual  cells.  The  cells  in  this  situation  can  be 
Identified  with  "Zellschicht"  cells,  and  as  pregnancv  ad- 
vances marke;!  degenerative  changes  in  them  are  seen 
10  occur. 

This  appearance,  particulariy  in  eariy  pregnancv  has 
ed  to  a  number  of  difilerent  explanations:  for  examnr 
hat  two  tubal  folds  had  growA  over  the  ovum  oXt 
H,e  pregnancy  had  taken  place  in  an  accessory  tube  lu 
men  The  question  has  lately  been  entirely  cleared  ud 
by  the  monograph  of  Peters,  in  which  he  describes  a 
young  ovum  in  the  uterus  (certainly  the  earliest  one  a. 
jet  described)  m  which  the  reflexa  has  not  yet  cWd 
over  tlie  ovum.  Peters  is  of  the  opinion  that  the  ovum 
burrows  beneath  the  epithelium  of  the  eadomeWum 
which  then  closes  over  it,  and  there  is  everv  reason  o 
believe  that  the  same  process  occurs  on  the  tibe 
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formation  of  the  decidua,  the  structure  of  the  placenta 
in  tubal  pregnancy  does  not  differ  materially  from  that 
in  uterine  pregnancy.  The  chorionic  villi,  not  being 
separated  from  the  muscularis  and  vessels  by  a  thick 
layer  of  serotina,  invade  more  deeply  and  quickly  the 
tube  wall  and  open  up  the  vessels,  thus  accounting  for 
the  hemorrhage  and  early  tubal  abortion.  The  villi 
themselves  present  practically  the  same  appearance  in 
extra-  as  in  intrauterine  pregnancy,  their  stroma  is  made 
up  of  a  loose  mucoid  connective  tissue,  and  in  early  cases 
one  can  distinguish  two  layers  of  epithelium — "Zell- 
schicht "  and  syncytium.  When  a  villus  comes  in  con- 
tact with  the  serotina  its  behavior  is  the  same  in  the  tube 
as  in  the  uterus;  viz.,  there  is  marked  proliferation  of 
the  "  Zellschicht "  at  the  point  of  contact,  resulting  in  the 
formation  of  a  "cell  node."  If  abortion  does  not  occur 
at  an  early  period,  a  definite  intervillous  circulation  is 
established,  the  intervillous  spaces  being  lined  with  syn- 
cytium just  as  in  uterine  pregnancy.  The  old  view  that 
in  certain  instances  the  placenta  continues  to  grow  after 
the  death  of  the  fretus  is  now  scarcely  tenable. 

Symptoms. — The  symptoms  of  an  early  unruptured 
extra-uterine  pregnane}'  are  by  no  means  characteristic, 
and  frequently  one  has  no  idea  of  the  existence  of  the 
condition  until  rupture  takes  place  and  the  patient  is  in 
a  state  of  collapse. 

The  patient  usually  considers  that  she  is  beginning  an 
ordinary  uterine  pregnane}',  and  has  the  usual  subjective 
symptoms  of  that  condition.  There  is  not  uncommonl}' 
some  pain  in  one  or  the  other  ovarian  regions,  but  usually 
of  so  slight  significance  as  not  to  alarm  either  the  patient 
or  her  friends.  Menstrual  suppression,  while  not  the  rule, 
sometimes  occurs.  Statistics  show  that  the  menses  persist 
in  about  forty-three  per  cent,  of  the  cases. 

If  the  foetus  dies  at  an  early  period — i.e.,  before  rupture 
or  tubal  abortion — there  is  usually  a  discharge  of  blood 
from  the  uterus.  This  may  be  mistaken  for  the  return 
of  a  delayed  menstrual  period  or  an  early  abortion. 

In  the  majority  of  cases  the  first  indication  of  anything 
being_ wrong  is  the  occurrence  of  a  sharp,  lancinating 
pain  in  the  ovarian  region,  followed  soon  by  signs  of 
collapse.  When  collapse  occurs  it  is  usually  the  result 
of  intraperitoneal  hemorrhage,  either  from  a  rent  in  the 
tube  wall  or  from  the  fimbriated  extremity  after  tubal 
abortion,  and  it  is  readily  seen  how,  unless  immediate 
relief  be  obtained,  the  collapse  may  become  deeper  and 
deeper  and  the  individual  finally  bleed  to  death  into  her 
peritoneal  cavity.  On  the  other  hand,  the  hemorrhage 
may  not  be  of  suflScient  extent  to  be  fatal,  and  here  the 
result  will  be  a  retro-uterine  hajmatocele. 

If  the  hemorrhage  is  severe  the  symptoms  are  those 
of  collapse— weak,  rapid  pulse,  subnormal  temperature 
pallor,  etc.,— while  in  those  cases  in  which  the  hemor- 
rhage IS  shght  and  is  followed  by  the  formation  of  an 
haimatocele,  we  have  a  general  improvement  of  the  symp- 
toms. The  present  opinion  is  that  by  far  the  majority  of 
pelvic  hasmatoceles  are  the  result  of  an  extra-uterine 
pregnancy. 

Hc-ematocele  usually  is  the  result  of  tubal  abortion  and 
not  of  tubal  rupture,  and  according  as  the  hematocele 
occupies  the  greater  part  of  the  pelvis  or  forms  a  smaller 
mass  on  the  region  of  the  fimbriated  end  of  the  tube  we 
can  differentiate  between  diffuse  and  solitary  pelvic 
hoematoceles.  In  the  former  case  adhesions  of  the  pelvic 
viscera  are  necessary  to  prevent  the  escape  of  the  blood 
mto  the  general  peritoneal  cavity,  but  not  in  the  case  of 
the  after,  for  according  to  Sanger  the  solitary  hn?matocele 
IS  the  result  of  a  gradual  dripping  of  blood  from  the 
fimbriated  end  of  the  tube.  The  formation  of  an  hemato- 
cele is  almost  always  a  favorable  termination  for  extra- 
uterine pregnancy,  for  in  this  way  the  acute  hemorrhage 
IS  checked.  However,  cases  have  been  reported  in  which 
the  hemorrhage  at  the  centre  of  the  mass  continues  finally 
causing  Its  rupture  into  the  peritoneal  cavity  and  death 
Another  unfavorable  termination  of  haematocele  is  sud- 
puration.  ' 

Occasionally  the  patient  does  not  succumb  to  the  first 
loss  of  blood,  and  here,  if  the  placenta  is  not  entirely 
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separated  from  its  attachment  to  the  tube  wall,  a  secondary 
abdominal  pregnancy  will  result.  In  such  a  case  the 
ordinary  symptoms  of  pregnancy  will  continue,  possibly 
with  an  abnormal  amount  of  paiu. 

In  a  small  number  of  cases  rupture  may  occur  between 
the  folds  of  the  broad  ligament,  and  further  development 
go  on  only  to  rupture  again  into  the  peritoneal  cavity  ; 
then  the  fa?tus  becomes  abdominal  while  the  placenta 
remains  between  the  folds  of  the  broad  ligament.  Term 
may  be  reached  in  sncli  an  instance. 

When  a  patient  with  a  secondary  abdominal  pregnancy 
reaches  term,  wliat  is  known  as  false  or  spurious  labor 
sets  in,  during  which  there  are  distinct  contractions  similar 
to  those  occiirring  in  tlie  early  stages  of  normal  labor. 
The  contractions,  however,  are  not  of  the  gestation  sac, 
for  this  structure  contains  so  few  muscle  fibres  that  its 
contraction  is  a  matter  of  impossibility ;  but  the  contract- 
ing organ  is  the  uterus.  False  labor  continues  for 
several  days  and  during  that  time  the  child  dies.  After 
foetal  death  the  placental  circulation  becomes  obliterated ; 
the  foetal  sac  shrinks  anil  becomes  closely  applied  over 
the  body  of  the  child,  whicli  then  undergoes  one  of  the 
changes  above  mentioned.  The  abdomen  here  of  course 
becomes  smaller,  a  symptom  which  is  usually  noticed  by 
the  patient. 

In  certain  instances  the  extra-uterine  pregnancy  may 
exist  at  the  same  lime  as  an  intra-uterine  one.  Parry 
pointed  out  the  frequency  of  this  occurrence  and  found 
that  it  occurred  22  times  in  500  cases.  To  his  22  cases 
Williams  has  recently  added  others,  making  the  present 
number  of  reported  cases  49.  Parry  called  the  condi- 
tions "combined  pregnancy."  More  rarely  twin  extra- 
uterine pregnancy  has  been  noted,  and  in  very  rare  cases 
both  foetuses  were  in  the  same  tube. 

Repeated  tubal  pregnancy  has  been  observed  and  re- 
ported in  a  number  of  instances.  Williams  has  collected 
a  total  of  sixty -six  such  cases  in  which  the  diagnosis  lias 
been  confirmed  at  operation  or  autopsy.  This  phenom- 
enon has  been  utilized  by  certain  observers  to  explain 
points  in  the  etiology  of  the  affection.  The  anatomical 
findings,  however,  have  not  been  uniform,  and  little  in- 
formation has  been  gained  from  this  source. 

Diagnosis. — The  symptoms  of  an  early  unruptured 
extra-uterine  pregnancy  are  so  uncertain  that  they  render 
a  diagnosis  at  this  stage  almost  an  impossibility.  Tait 
made  the  statement  that  it  was  impossible  to  make  a 
diagnosis,  and  most  operators  agree  with  him.  In  rare 
cases  a  diagnosis  of  the  condition  is  made,  but  it  is  al- 
most the  rule  that  after  such  a  diagnosis  the  operator 
finds  the  mass  in  question  to  be  either  an  inflamed  tube 
or  a  small  ovarian  cyst. 

The  diagnosis  would  be  based  upon  the  following 
symptoms :  A  patient  who  had  been  sterile  for  some  time 
thinks  herself  pregnant,  having  the  usual  subjective 
symptoms,  with  possibly  an  abnormal  amount  of  pain  in 
the  ovarian  region.  If  such  a  patient  were  the  subject 
of  a  tubal  pregnancy,  on  examination  the  uterus,  would 
be  found  to  be  enlarged  and  somewhat  soft  and  boggy, 
and  off  to  one  side  tliere  would  be  a  small  pulsating  (?) 
tumor  roughly  the  size  of  the  supposed  pregnancy.  But 
as  has  already  been. said,  it  is  common  to  find  after  such 
a  diagnosis  (?)  that  the  mass  is  of  other  than  the  sus- 
pected nature.  Taylor  has  called  attention  to  the  fact 
that  the  pregnant  tube  may  prolapse  into  the  cul-de-sac 
of  Douglas  and  give  one  the  impression  of  a  retroflexed 
pregnant  uterus— a  statement  proven  by  the  fact  that 
several  cases  have  been  reported  in  which  rupture  of 
the  tube  followed  an  attempt  to  replace  that  which  was 
thought  to  be  the  fundus. 

According  to  Williams,  Veit  in  Germany  m  1883  and 
Janvrin  in  this  country  in  1888  were  the  first  to  confirm 
by  abdominal  section  the  diagnosis  of  unruptured  tubal 
pregnancy.  This  state  of  affairs  is  very  rare,  the  writer 
never  having  seen  a  case  in  a  considerable  experience  as 
resident  obstetrician  in  the  Johns  Hopkins  Hospital,  and 
he  knows  of  only  one  case  in  the  hands  of  a  colleague 
(Upham,  of  Columbus,  Ohio). 

If  the  foetus  die  before  rupture  of  the  tube  a  diagnosis 


is  still  very  difficult,  such  cases  usually  being  taken  for 
uterine  abortion  associated  with  an  inflanmiatory  tubal 
mass.  The  source  of  error  is  that  when  the  foetus  dies 
the  uterine  deeidua  is  cast  off  in  shreds  giving  the 
appearance  of  the  discharge  of  a  normally  implanted 
ovum. 

Most  observers  believe  that  the  discharge  of  a  more  or 
less  complete  decidual  cast  of  the  uterine  cavity  is  an  in- 
fallible sign  of  extra-uterine  pregnancy.  The  fallacy  of 
this  sign  is  shown,  however,  by  the  fact  that,  relying  on 
this  sign  alone,  some  operators  (Griffith  and  Dolan)  have 
opened  the  abdomen  ordy  to  find  it  free  from  abnormal- 
ity, or  that  the  supposed  extra-uterine  pregnancy  had 
been  simulated  by  a  small  ovarian  cyst. 

It  has  been  advised  that  the  uterus  be  curetted  for 
diagnostic  purposes,  the  presence  of  deeidua  on  the 
scrapings  affording  conclusive  evidence  as  to  the  existence 
of  extra-uterine  pregnancy ;  but  as  the  deeidua  may  have 
been  cast  off  early  in  the  pregnancy,  the  discharge  being 
considered  by  the  patient  to  be  a  menstrual  period,  the 
uncertainty  of  this  procedure  is  obvious. 

A  probable  diagnosis  after  death  of  tlie  fostus  and  be- 
fore rupture  can  be  made  in  some  cases  by  a  careful 
sifting  of  the  history  of  the  case  and  by  an  examina- 
tion of  the  patient.  For  example,  she  thinks  herself 
pregnant;  she  has  discharged  shreds  of  tissue  which 
may  have  been  decidual.  If  now  an  enlarged  uterus  is 
found  with  a  small  mass  on  one  side  corresponding  in 
size  to  the  supposed  duration  of  the  pregnancy,  a  fairly 
probable  diagnosis  can  be  made. 

At  the  occurrence  of  rupture  or  of  tubal  abortion  with 
intraperitoneal  hemorrhage,  the  symptoms  are  so  char- 
acteristic that  an  almost  certain  diagnosis  can  be  made 
even  without  an  examination.  The  patient  may  or  may 
not  have  given  the  above  history  when  suddenly,  with  a 
sharp  attack  of  pain  iii  the  ovarian  region,  she  goes  into 
a  condition  of  collapse,  with  weak  rapid  pulse,  pallor, 
subnormal  temperature,  etc.  Vaginal  examination  here 
usually  reveals  but  little,  as  the  patient  is  too  sensitive  to 
allow  a  thorough  exploration.  A  crepitating  sensation 
may  be  imparted  to  the  examining  finger  in  the  cul-de-sac, 
due  to  pressure  upon  recently  clotted  blood.  With  the 
above  symptoms  the  diagnosis  of  ruptured  tubal  preg- 
nancy is  practically  a  certaintJ^  and  if  not  speedily  re- 
lieved by  operation  the  patient  will  die.  If  she  recover 
from  the  collapse  the  probabilities  are  that  a  tubal  abor- 
tion has  taken  place  and  that  the  hemorrhage  has  been 
checked  by  the  formation  of  a  pelvic  haematocele. 

As  tubal  rupture  may  occur  very  early  in  pregnancy, 
even  before  the  patient  has  thought  herself  pregnant,  one 
should  always  regard  collapse  with  signs  of  intraperi- 
tonal  hemorrhage  as  strong  probabilities  in  favor  of 
ruptured  extra-uterine  pregnancy ;  and  in  such  a  case 
only  by  acting  promptly  can  the  life  of  the  patient  be 
saved. 

If,  as  is  often  the  case,  she  is  not  seen  until  after  primary 
rupture,  examination  will  reveal  a  large  tumor  filUng 
the  posterior  portion  of  the  pelvis,  and  an  exploratory 
puncture  through  the  posterior  vaginal  fornix  will  render 
the  diagnosis  certain. 

In  cases  in  which  the  foetus  has  survived  the  damage 
done  at  the  time  of  primary  rupture  and  has  continued  to 
develop  in  the  abdominal  cavity  or  in  a  gestation  sac, 
the  diagnosis  is  not  usually  made,  because  our  attention 
is  not  directed  to  the  fact  of  early  rupture,  and  it  is  not 
until  false  labor  sets  in  that  our  suspicions  arise  as  to  the 
child's  not  being  in  the  uterine  cavity.  If  careful  ex- 
amination be  made,  however,  the  condition  should  offer 
little  difficulty;  the  child  is  found  to  be  more  easily 
palpable  than  normal,  its  movements  give  the  mother  a 
certain  amount  of  pain,  and  by  bimanual  examination 
the  uterus  is  found  to  be  practically  normal  in  size.  If 
an  hfematocele  has  formed  between  the  folds  of  the  broad 
ligament,  the  mass  will  lie  largely  in  the  small  pelvis  and 
the  uterus  will  be  pushed  over  to  one  side. 

When  an  ex  tra-  and  an  intra-uterine  pregnancy  occur  to- 
gether and  have  reached  term,  the  diagnosis  of  twins  has 
usually  been  made,  and  it  is  not  until  the  cause  of  delay 
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in  the  birth  of  the  second  ciiild  is  investigated  that  its 

extra-uterine  existence  is  noted.  ,t„^i„o 

TwATUB^i.— BeforeEupture.— When  mexU-a.-nteTme 

preenanoy  is  diagnosed  before  rupture  it  must  be  re- 
garded as  a  malignant  growtli  and  removed  by  laparotomy 
Is  soon  as  possible.  This  procedure  cannot  be  too  urgently 
advised,  for  until  it  is  removed  the  patient  is  m  imminent 
danger  of  a  fatal  rupture.  All  methods  which  have  as 
theiJ  end  the  destruction  of  the  foetus,  such  as  electricity 
or  the  injection  of  medicinal  substances,  are  to  be  strongly 
condemned ;  for,  as  we  know,  even  the  death  of  the  child 
does  not  preclude  the  possibility  of  rupture  of  the  tube. 
However,  from  what  has  already  been  said,  it  is  apparent 
that  such  a  line  of  treatment  will  rarely  be  thought  of 
owing  to  the  uncertainty  of  diagnosis  at  this  time. 

After  liupture.— Although  laparotomy  was  advised 
some  years  ago  for  the  removal  of  a  ruptured  tube, 
operators  were  not  willing  to  accept  this  plan  of  treat- 
ment until  Tait  demonstrated  the  ease  with  which  the 
diseased  tube  could  be  removed  and  hemorrhage  checked 
This  method  is  now  almost  universally  employed,  and  all 
of  us  can  recall  numerous  instances  in  which  life  has  been 
saved  by  it.  . 

The  diagnosis  of  ruptured  tube  and  intraperitoneal 
hemorrhage  once  having  been  made  by  the  very  char- 
acteristic symptoms  already  discussed,  the  abdomen  must 
immediately  be  opened  (unless  the  degree  of  collapse  is 
so  great  that  the  patient  is  moribund  when  first  seen). 
Then  immediately  afterward  long  clamps  are  to  be  passed 
down  into  the  pelvis  and  applied  on  both  sides  of  the 
tubal  mass.  This  will  at  once  check  all  hemorrhage,  and 
the  injured  tube  can  be  excised  without  unnecessary 
haste.  If  the  peritoneal  cavity  is  filled  with  clotted 
blood  which  obscures  the  field  of  operation,  the  clamps 
must  be  applied  by  the  sense  of  touch  alone. 

An  excellent  method  of  counteracting  the  effect  of  the 
loss  of  blood  is  by  the  infusion  of  normal  salt  solution. 
This  can  be  done  during  the  operation  and  the  infusion 
allowed  to  run  into  the  submammary  subcutaneous  tissue 
or  injected  directly  into  the  circulation. 

In  tubal  abortion  some  operators  have  made  the  at- 
tempt to  save  the  afEected  tube.  The  advisability  of  such 
an  attempt  appears  to  be  of  doubtful  nature,  as  it  has  not 
been  proven  that  the  tube  once  afEected  ever  regains  its 
functional  activity. 

Operation  through  the  vagina  has  lately  been  advised 
and  even  now  has  many  adherents.  As  it  has  many 
obvious  disadvantages,  it  is  mentioned  here  only  to  be 
condemned.  Among  the  disadvantages  may  be  men- 
tioned the  small  field  of  operation  in  the  vaginal  method 
as  compared  to  the  large  one  in  the  abdominal,  and  the 
frequent  necessity  of  having  to  open  the  abdomen  to 
arrest  hemorrhage  which  has  been  started  in  the  vaginal 
operation. 

Hmmatocde. — It  has  been  shown  that  the  majority  of 
cases  of  pelvic  hsematocele  undergo  spontaneous  cure  and 
rarely  require  operation.  Thorn  reports  157  cases,  in  only 
6  of  which  was  operation  thought  necessary,  the  rest  hav- 
ing been  treated  by  careful  watching  and  rest  in  bed .  The 
total  mortality  here  was  only  six-tentlis  of  one  per  cent. 
Pehling  has  reported  91  cases,  treated  in  a  similar  manner, 
without  a  single  death.  A  disadvantage  of  the  method, 
however,  is  that  it  is  extremely  slow  and  the  patients 
have  to  remain  many  weeks  in  bed. 

On  the  other  hand,  there  are  certain  conditions  which 
render  operation  imperative  in  cases  of  hsematocele :  such 
indications  as  rapid  increase  in  the  size  of  the  tumor, 
signs  of  suppuration,  or  pressure  on  important  organs! 
AVhen  such  conditions  are  present  the  hematocele  is  best 
attacked  by  way  of  the  vagina.  An  incision  is  made 
through  the  posterior  vaginal  wall,  the  clot  is  evacuated, 
and  the  cavity  is  at  once  packed  with  stei-ile  gauze  This 
usually  gives  most  excellent  results,  but  all  operators 
agree  that  it  is  frequently  necessary  to  open  the  abdomen 
in  order  to  check  liemorrliage  that  cannot  be  controlled 
by  the  pack;  therefore  one  should  always  have  the  ab- 
domen prepared  for  a  laparotomy  before  making  the  va- 
ginal incision. 


Treatment  during  the  Latter  Months  of  Pregnaney.— 
Occasionally  in  the  latter  half  of  pregnancy  we  shall  find 
the  fcetus  enclosed  in  a  large  tubal  or  ovarian  sac ;  more 
commonly,  however,  the  foetus  has  escaped  through  the 
rent  in  the  tube  wall  and  we  have  to  deal  with  a  second- 
ary abdominal  pregnancy  in  which  the  placenta  is  at- 
tached to  the  pelvic  floor  while  the  fcetus  lies  free.  In 
such  cases,  as  there  is  always  danger  of  a  secondary 
rupture,  prompt  laparotomy  is  indicated.  If  the  child 
is  within  a  few  weeks  of  viability  some  have  advised  _a 
waiting  policy,  thus  giving  the  child  a  chance  that  it 
would  not  iiave  were  immediate  operation  done.  If  such 
a  course  be  decided  upon  the  dangers  to  the  mother 
should  always  be  explained  to  the  family. 

As  to  the  best  method  of  operating  in  such  cases,  un 
questionably  the  ideal  procedure  is  to  open  the  abdomen 
and  remove  the  entire  gestation  sac ;  but  frequently,  on 
account  of  adhesions  to  neighboring  organs,  such  a  course 
is  inadvisable,  and  here  the  sac  should  be  incised,  care 
being  taken  to  avoid  wounding  the  placenta  if  possible. 
Then  the  child  should  be  removed  and  the  edges  of  the 
sac  should  be  stitched  to  the  margins  of  the  abdominal 
wound,  the  cavity  being  packed  with  gauze  and  the  pla- 
centa allowed  to  come  away  piecemeal.  This  entails  a 
longer  convalescence,  but  on  the  whole  is  better  than  en 
dangering  the  life  of  the  patient  by  attempting  to  remove 
an  adherent  placenta.  In  certain  cases  this  plan  cannot 
be  carried  out,  and  then  the  entire  sac  must  be  removed 
no  matter  how  serious  the  procedure  may  seem. 

When  the  fojtus  dies  the  danger  to  the  mother  materially 
diminishes,  for,  when  the  fatal  circulation  ceases,  the 
hemorrhage  from  the  placental  site  is  not  so  much  to  be 
feared.  If  a  diagnosis  of  the  death  of  the  child  be  made, 
operation  should  be  deferred  for  a  short  time  in  order  to 
favor  closure  of  the  maternal  blood  spaces  and  separation 
of  the  placenta;  it  being  understood,  however,  that  im- 
mediate operation  may  be  necessary  at  any  time. 

George  11'.  Dohhin. 

EXUDATION,  PATHOLOGICAL.— One  of  the  chief 
phenomena  of  inflammation  is  the  passage  of  a  portion 
of  the  fluid  and  cellular  constituents  of  the  blood  from 
the  blood-vessels  into  the  tissue  spaces  or  out  upon  one 
of  the  free  surfaces  of  the  body.  This  process  is  known 
as  exudation,  and  the  fluid  and  cells  which  have  left  the 
vessels  as  an  exudate.  Exiidittiim  is  distinguished  from 
transudation  in  that  it  is  always  a  part  of  an  inflammatory 
process,  while  the  latter  term  is  commonly  restricted  in 
its  application  to  an  increase  in  the  formation  of  lymph 
not  due  to  inflammation,  but  dependent  upon  changes  in 
blood  pressure,  alterations  in  the  blood,  or  in  the  vessel 
wall  which  favor  an  increased  lymph  production  (oedema). 
Exudates  differ  from  tranxiidates  in  their  higher  albumen 
content,  higher  specific  gravit}-  (1.016-1.025),  and  their 
greater  richness  in  cellular  elements.  Transudates  have 
a  low  specific  gravity  (1.006-1.008,  rarely  reaching  1.012), 
contain.but  few  cells,  and  differ  but  little  in  their  com- 
position from  that  of  normal  lymph,  their  albumen  con- 
tent being  ver}'  slight,  sometimes  lower  and  sometimes 
slightly  higher  than  that  of  lymph.  Exudates  are  usu- 
ally turbid  from  the  large  number  of  leucocj'tcs  contained 
in  them,  while  transudates  are  usually  clear  or  but  slightly 
cloudy. 

The  source  of  both  the  fluid  and  the  cellular  constitu- 
ents of  exudates  is  the  blood,  and  the  escape  of  these  from 
the  vessels  is  due  to  some  alteration  in  the  vascular  walls 
which  forms  an  essential  part  of  the  inflammatory  proc- 
ess. Evidences  of  this  alteration  are  seen  in  the  dilata- 
tion of  the  vessels,  the  increased  I'esistance  offered  to  the 
blood  current  with  consequent  slowing  of  the  circulation, 
the  increased  adhesion  of  the  cellular  elements  of  the 
blood  to  the  vessel  wall,  and,  most  important  of  all,  the 
increased  permeability  of  the  walls.  The  composition  of 
the  exudftle  is  Ihcrefiire  dependent  upon  the  degree  of 
pathological  alteration  as  well  as  upon  the  peculiar  prop- 
erty of  the  aflecteil  vessel.  The  greater  the  injury  the 
greater  the  exudate  and  the  amount  of  albumen  and 
cellular  elements  contained  in  it.     Moreover,  since  the 
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properties  of  the  blood-vessel  walls  differ  in  different 
regions  of  the  body,  the  character  of  inflammatory  exu- 
dates in  different  parts  will  also  vary;  thus  the  albumen 
content  of  pericardial  and  pleural  exudates  is  higher  as 
a  rule  than  that  of  peritoneal.  Exudates  differ  further 
in  the  proportionate  amounts  of  the  various  blood  ele- 
ments contained  in  them.  In  one  case  the  exudate  may 
be  almost  entirely  fluid  with  a  very  small  number  of  cells 
(serous  exudate) ;  in  another,  the  leucocytes  may  be  so 
numerous  as  to  give  the  exudate  a  more  or  less  thick, 
creamy  appearance  (purulent  exudate) ;  or  the  escaped 
fluid  may  contain  large  amounts  of  fibrinogen  and  fibrin 
ferment  (fibrinous  exudate).  Further,  many  red  blood 
cells  may  escape  by  rhexis  or  diapedesis  (hemorrhagic 
exudate),  or  large  numbers  of  blood  plates  may  be  present 
in  the  exudate.  Combined  characteristics  exist,  so  some 
exudates  may  be  properly  styled  sero-flbrinous,  sero-puru- 
lent,  flbrino-purulent,  etc.  Besides  the  blood  constituents 
inflammatory  exudates  also  contain  tissue  debris,  fluids 
arising  from  cellular  liquefaction  and  degeneration,  etc. 
The  Ingh  proportion  of  albumen  in  many  exudates  is  due 
partly  to  proteids  derived  from  cellular  destruction.  In 
exudates  there  may  be  contained  also  poisons  arising 
from  tissue  destruction  or,  in  infective  inflammations, 
from  the  growth  of  micro-organisms ;  the  bacteria  tliem- 
selves,  and  cells  arising  from  the  proliferation  of  fixed 
cells  of  the  tissue,  may  likewise  be  present. 

The  various  problems  regarding  the  manner  of  escape 
of  the  exudate  from  the  blood-vessels  have  offered  abun- 
dant scope  for  investigation  and  speculation,  and  a  survey 
of  the  various  theories  evolved  to  solve  these  problems 
forms  one  of  the  most  interesting  historical  chapters  in 
the  development  of  pathology.  The  existence  of  patho- 
logical exudates  was  very  early  recognized.  Rokitansky 
believed  that  they  arose  from  an  increased  permeability 
of  the  wall  of  the  vessels  due  to  thinning  from  overdis- 
tention.  Vogel,  Paget,  and  others  explained  their  forma- 
tion as  being  due  to  an  increased  attraction  between  the 
tissues  and  the  elements  of  the  blood.  Virchow  distin- 
guished two  kinds  of  exudates:  one  the  result  of  me- 
chanical pressure  in  the  vessels,  pressed -out  blood  serum; 
the  second  as  nutritive,  the  result  of  an  increased  attrac- 
tion between  the  tissues  and  blood  constituents.  The 
cellular  portion  of  the  exudate  he  believed  to  originate 
from  a  proliferation  of  the  tissue  cells  in  the  inflamed 
area. 

Dutrochet  in  1843  and  Waller  in  1846  first  observed  the 
migration  of  leucocytes  from  the  vessels,  but  these  obser- 
vations were  forgotten  until  Cohnheim  in  1867  rediscov- 
ered the  phenomenon.  This  observer  atflrmed  that  the 
passage  of  leucocytes  from  the  vessels  formed  the  essen- 
tial feature  of  inflammatory  exudation ;  that  the  cells  in 
inflamed  areas  did  not  arise  from  the  tissue  cells;  and  he 
explained  the  origin  of  the  fluid  portion  of  the  exudate 
as  due  to  a  molecular  change  in  the  vessel  wall.  This 
view  was  opposed  by  many,  notably  Strieker,  who  held 
that  the  greater  part  of  the  cells  In  inflammatory  exu- 
dates were  not  leucocytes  but  new  cells  arising  out  of 
the  inflamed  tissue,  pus  cells  therefore  taking  their  origin 
from  connective-tissue  cells. 

Heitzmann  believed  also  that  the  cells  of  the  exudate 
were  not  leucocytes,  but  were  embryonic  cells  arising 
from  the  softened  or  dissolved  intercellular  substance. 
More  recently  Grawitz  has  taken  a  similar  position,  in 
that  he  declares  the  cells  of  the  exudate  to  arise  from  so- 
called  "  slumbering  cells  "  in  the  intercellular  substance 
of  connective  tissue  which  under  normal  conditions  are 
not  visible.  The  views  of  Strieker,  Heitzmann,  and 
Grawitz  find  little  acceptance  at  the  present  time,  the 
almost  universally  accepted  opinion  being  that  the  chief 
part  of  the  cells  of  inflammatory  exudates  at  least  arises 
from  the  blood. 

Heidenhain  explains  the  formation  of  lymph  as  a  proc- 
ess of  secretion  on  the  part  of  the  cells  of  the  vessel 
walls  and  not  as  a  pure  filtration  process.  Pathological 
stimulation  of  this  process  or  alterations  in  the  vascular 
walls  will  change  the  amount  and  character  of  this  secre- 
tion    A  portion  of  the  fluid  of  exudates  at  least  must 


be  regarded  as  being  of  the  nature  of  a  pathological  cell 
secretion.  According  to  Arnold,  Thoma,  and  Engelmann 
the  formation  of  the  exudate  is  due  chiefly  to  cluinges  in 
the  lines  of  cement  substance  lying  between  the  endothe- 
lial cells  of  the  vessel  wall.  Through  distention  of  the 
vessel  the  cement  substance  may  be  so  thinned  as  to  form 
small  openings  through  which  both  fluid  and  cellular 
elements  escape.  Other  writers  hold  that  the  escape  of 
the  leucocytes  is  not  due  to  alterations  in  the  vascular 
walls  but  to  chemotactic  influences  acting  from  outside 
of  the  vessels  and  causing  the  cells  to  pass  through  the 
wall. 

At  the  present  time  the  exact  nature  of  the  process  by 
which  exudates  are  formed  cannot  be  said  to  be  definitely 
fixed.  The  most  commonly  accepted  view  is  that  the 
chief  part  of  the  fluid  and  cellular  elements  comes  from 
the  blood,  and  that  both  pathological  secretion  and  al- 
terations in  the  wall,  as  well  as  chemotaxis,  play  parts  in 
the  formation  of  the  exudate.  The  escape  of  the  leuco- 
cytes is  considered  an  active  process  brought  about  by 
means  of  their  amoeboid  power  in  response  to  chemotactic 
stimuli.  In  the  very  earliest  stages  of  the  inflammatory 
process  the  cells  of  the  exudate  are  wholly  leucocytes; 
later,  tissue  proliferation  begins  and  a  part  of  the  cells  of 
the  exudate  may  thus  be  derived  from  tissue  cells. 

Recently  much  attention  has  been  given  to  the  closer 
study  of  the  leucocytes  found  in  exudates.  Lubarsch 
divides  the  cells  of  inflammatory  exudates  into  ha;motog- 
enous  wandering  cells  and  histogenic  wandering  cells, 
in  the  former  case  descendants  of  immigrated  cells,  in 
the  latter  arising  from  fixed  connective-tissue  cells.  The 
relative  proportion  of  these  cells  varies  in  different  forms 
of  inflammation,  and  in  different  stages  of  the  same 
form;  but  the  immigration  of  leucocytes  forms  the  most 
prominent  feature  of  the  majority  of  inflammations. 
Until  recently  it  was  affirmed  that  the  migrating  leuco- 
cytes were  chiefly  polynuclear  forms  and  that  these  only 
possessed  the  power  of  active  movement.  Welch,  Coun- 
cilman, and  others  have  shown  that  lymphoid  cells  may 
also  migrate,  a  fact  which  was  formerly  denied.  The 
so-called  plasma  cell  also  appears  to  play  an  important 
role  in  nlany  exudates,  particularly  those  of  chronic,  in- 
flammation. This  cell  is  now  believed  by  the  majority 
of  writers  to  be  of  hsematogenous  origin,  most  probably 
a  form  of  lymphocyte.  It  is  characterized  by  a  proto- 
plasm staining  blue  with  methylene  blue,  an  eccentri- 
cally placed  nucleus,  a  perinuclear  clear  space,  and  a 
nucleus  possessing  a  number  of  coarse  particles  of  chro- 
matin arranged  on  the  inner  surface  of  the  nuclear  mem- 
brane. Plasma  cells  occur  in  large  numbers  in  the  cellu- 
lar exudate  of  chronic  inflammations,  particularly,  as 
Councilman  has  shown,  in  the  interstitial  nephritis  of 
scarlatina.  This  observer  believes  that  they  are  lym- 
phocytes which  migrate  as  such  or  as  plasma  cells  from 
the  blood,  and  multiply  outside  of  the  vessels  in  response 
to  chemotactic  stimuli.  It  would  appear,  then,  that  there 
are  selective  chemotactic  stimuli;  part  influencing  the 
migration  of  lymphoid  and  plasma  cells,  part  the  poly- 
nuclears  or  other  varieties  of  leucocytes.  Some  exudates 
contain  large  numbers  of  eosinophiles  and  mast  cells,  but 
the  significance  of  such  occurrence  is  not  yet  known. 

Wieniarski  confirms  the  assertion  of  Korczynski  and 
Wernicki  that  lymphocytes  predominate  in  exudates  not 
due  to  malignant  disease  or  showing  a  tendency  to  be- 
come purulent.  When  neutrophile  polynuclears  pre- 
dominate the  exudate  is  caused  either  by  malignant  dis- 
ease or  by  pus-forming  agents.  According  to  these 
observers  the  presence  of  eosinophile  cells  and  red  blood 
cells  in  exudates  is  without  significance.  In  pleural  and 
peritoneal  transudates  the  cells  are  almost  exclusively 
lymphocytes ;  in  pleural  exudates  of  serous  nature  they 
are  also  lymphocytes;  the  predominance  of  polynuclears 
always  indicating  a  purulent  process  in  case  no  malig- 
nant disease  is  present.  In  one  case  in  which  but  few 
leucocytes  were  present  in  the  exudate,  but  these  all 
polynuclears,  a  purulent  exudate  developed  later ;  in  an- 
other case  in  which  6,330  lymphocytes  were  present  in  a 
cubic  millimetre  of  the  exudate  the  inflammation  did  not 
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become  purulent  in  character.  The  same  facts  apply 
also  to  peritoneal  exudates.  In  serous  pleural  exudates 
the  number  of  lymphocytes  varies  from  370  to  9,270  per 
cubic  millimetre,  in  transudates  from  60  to  300.  In  peri- 
toneal transudates  even  smaller  numbers  of  lymphocytes 
are  usually  present.  During  the  absorption  of  exudates 
the  number  of  leucocvtes  increases ;  during  fibrinous  exu- 
dation they  are  found  in  smaller  numbers.  Much  work 
yet  remains  to  be  done  along  this  line,  as  many  important 
problems  regarding  the  fate  of  the  migrated  cells  have 
yet  to  be  settled. 

The  fluid  and  cellular  exudates  from  the  vessels  collect 
first  around  these,  but  soon  spread  into  the  lymph  spaces 
of  the  neighboring  tissues  forming  an  infiltration.  If 
the  exudate  is  very  abundant  the  neighboring  healthy 
tissue  may  be  infiltrated  to  such  an  extent  that  it  may  be 
damaged  and  the  inflammatory  pi-ocess  spread.  The 
tissue  elements  may  absorb  a  portion  of  the  exudate,  and 
become  swollen  or  vacuolated;  or  all  of  the  tissues  may 
become  dissolved  in  the  exudate.  If  fibrinogen  and 
fibrin  ferment  are  present,  coagulation  may  take  place 
either  before  or  after  liquefaction  of  the  affected  tissue 
takes  place.  Open  spaces  in  the  tissues,  such  as  the  lung 
alveoli,  may  become  filled  with  the  exudate;  if  the  in- 
fiammation  involves  a  body  surface  the  exudate  may 
either  collect  in  one  of  the  body  cavities  or  be  discharged 
from  a  fi'ee  surface. 

The  first  pathological  changes  which  find  expression 
in  the  formation  of  a  pathological  exudate  are  vascular 
phenomena  which  are  due  either  to  irritation  or  paralysis 
of  the  vaso-motor  system,  or  to  a  direct  action  upon  the 
walls  of  the  vessels  themselves,  the  result  in  either  case 
being  a  dilatation  of  the  vessel.  This  change  may,  how- 
ever, take  place  without  tlie  production  of  an  exudate, 
but  it  always  precedes  exudate  formation  when  the  latter 
occurs.  Following  the  dilatation  of  the  vessel  there  is  a 
slowing  of  the  blood  stream  and  with  this  a  marginal  col- 
lection of  the  leucocytes  along  the  vessel  wall ;  and  finally 
diapedesis  of  the  cellular  elements  takes  place  simultane- 
ously with  the  passing  out  of  the  fluid  portion  of  the  ex- 
udate. The  passage  of  the  leucocytes  is  an  active  proc- 
ess, accomplished  by  means  of  amoeboid  movement,  and 
is  only  an  increased  degree  of  a  process  which  takes  place 
to  a  limited  extent  normally  (wandering  cells).  The  cause 
of  the  increased  diapedesis  of  leucocytes  in  inflammation 
is  probably  partly  chemotaxis  and  partly  changes  in  the 
vessel  wall.  According  to  Arnold  and  Thoraa  the  leuco- 
cytes pass  through  the  endothelial  cement  substance 
which  is  stretched  and  thinned  by  the  distention  of  the 
vessel.  The  leucocyte  first  sends  a  process  through  the 
thinned  portion  of  the  wall,  and  through  the  opening 
thus  made  the  remainder  of  the  cell  body  slips  after. 
Through  the  opening  formed  in  this  manner'the  red  blood 
cells  and  fluid  elements  of  the  blood  may  also  pass. 

The  passage  of  a  serous  exudate  into  a  body  cavity, 
as  the  pleural  or  peritoneal,  is  spoken  of  as  a  serous  effu- 
sion. Serous  exudates  on  mucous  membranes  are  styled 
catarrhs ;  localized  collections  of  fluid  beneath  the  horny 
layer  of  the  skin  are  blisters,  vesicles,  bidlae,  or  blebs. 
The  serous  infiltration  of  tissue  spaces  is  an  inflanmiatory 
ffidema.  On  mucous  surfaces  serous  exudates  may  con- 
tain a  large  percentage  of  mucin  derived  from  mucous 
degeneration  of  the  epithelium  (mucous  catarrh);  or  a 
loosening  of  the  epithelium  into  the  exudate  may  occur 
(desquamative  catarrh).  If  flakes  of  fibrin  are  formed 
m  the  exudate  it  may  be  styled  sero-fibrinous ;  if  the 
number  of  leucocytes  is  so  great  as  to  make  the  fluid 
slightly  turbid,  sero-pui-ulent. 

Fibrinous  exudates  occur  either  upon  mucous  or  serous- 
surfaces,  into  the  lung  alveoli,  or  into  tissue  spaces  On 
mucous  membranes  they  form  whitish  or  grayish  croup 
ous  or  diphtheritic  membranes  which  are  either  looselv 
or  tirmly  adherent  to  the  tissues  beneath.  These  mem- 
branes are  made  up  chiefly  of  granular  or  tibro-granular 
fibrin,  occasionally  in  coarse  bands  or  hyaline  masses  In 
fibrinous  effusions  large  masses  of  stringy  fibrin  may  float 
in  the  exudate,  while  the  serous  surface  may  be  cfvered 
with  a  thick  layer  of  stringy  fibrin,  or  in  mild  cases  only 
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small  strings  or  flakes  may  be  scattered  over  the  surface. 
In  the  lung  the  alveolar  spaces  may  be  completely  filled 
with  a  network  of  fine  fibrin  fibrillae  enclosing  leucocytes, 
red  blood  cells,  and  desquamated  epithelial  cells  in  its 
meshes.  In  the  kidneys  fibrillar  or  hyaline  fibrin  may 
be  found  in  the  tubules.  In  the  follicles  of  the  spleen 
and  lymph  glands  the  spaces  between  the  cells  may  be 
filled  with  a  fibrinous  exudate.  The  intercellular  spaces 
in  tubercles  are  also  commonly  filled  with  an  exudate  of 
fibrin.  According  to  Neumann  the  fibrinous  material 
found  in  certain  inflammations  of  serous  membranes  is 
not  an  exudate,  but  the  result  of  a  "fibrinoid  degenera- 
tion "of  the  superficial  connective  tissue  of  the  mem- 
brane. This  theory  is  not  supported  by  the  actual  find- 
ings, and  has  not  been  generally  accepted. 

If  the  inflammatory  exudate  contains  a  large  number 
of  leucocytes,  but  not  in  a  sufficient  number  to  cover  up 
the  structure  of  the  tissue,  it  is  spoken  of  as  a  small-celled 
infiltration.  When  the  leucocytes  in  the  exudate  are  so 
numerous  as  to  give  it  a  white  or  creamy  appearance  it 
is  called  pus;  such  an  exudate  on  mucous  membranes 
is  a  purulent  catarrh;  in  the  body  cavities  a  purulent 
effusion  or  empyema.  Purulent  vesicles  are  styled  pus- 
tules; deep-seated  purulent  exudates,  abscesses.  Sero- 
purulent  exudates  may  infiltrate  the  tissues  (purulent 
oedema).  Fibrin  is  a  very  frequent  accompaniment  of 
purulent  exudates  (fibrino-purulent  exudate);  and  the 
inflammations  of  serous  membranes  usually  produce  ex- 
udates of  this  kind.  Usually  with  an  increase  of  pus 
formation  the  amount  of  fibrin  decreases  and  the  fibrin 
masses  present  in  the  exudate  begin  to  dissolve.  Fibrin 
coagula  infiltrated  with  leucocytes  become  white  and 
friable.  The  presence  of  large  numbers  of  red  blood 
cells  (hemorrhagic  exudate)  and  blood  plates  is  found 
usually  in  association  witli  fibrinous  exudation,  but  they 
may  also  be  present  in  serous  inflammations. 

The  exciting  causes  of  pathological  exudation  are  those 
of  inflammations  in  general.  Serous,  serofibrinous,  and 
fibrinous  exudates  may  be  caused  by  thermal  and  chem- 
ical means;  butaremost  frequently  due  to  infection  with 
the  Diplococcus  pneumonia;.  Bacillus  diphtherife,  and 
the  Streptococcus  pyogenes.  Purulent  exudates  may 
also  be  caused  by  chemical  action,  but  are  most  fre- 
quently the  result  of  infection  by  the  Streptococcus  pyo- 
genes, the  staphylococci,  gonococcus,  etc.  After  the 
causes  which  have  produced  them  cease  to  operate  exu- 
dates are  discharged  from  the  body,  absorbed,  organized, 
or  under  certain  conditions  encapsulated  and  calcified. 
In  the  processes  of  repair  and  organization  it  is  possible 
that  the  exudate  may  serve  as  a  source  of  nutriment  for 
the  new-formed  tissue  cells. 

The  significance  of  pathological  exudations  is  practi- 
cally that  of  inflammation  in  general.  The  old  view,  and 
the  one  still  commonly  accepted  by  clinicians,  is  that  they 
are  essentially  harmful.  From  the  pathological  side, 
however,  inflammation  must  be  regarded  as  a  reaction  on 
the  part  of  the  body  to  local  injuries,  having  for  its  pur- 
pose protection  and  repair.  Though  both  protective  and 
reparative  measures  may  be  imperfectly  carried  out  and 
even  many  times  in  themselves  cause  further  damage,  it 
must  be  granted  that  inflammation  is  essentially  an  at- 
tempt at  self-preservation.  In  this  attempt  the  constitu- 
ents of  the  exudate,  both  cellular  and  fluid,  play  the 
chief  part.  The  leucocytes  of  the  exudate  act  as  phago- 
cytes and  as  sources  of  bactericidal  and  antitoxic  sub- 
stances, or  may  oven  furnish  nutriment  to  formative 
tissue.  The  fluids  of  the  exudate  likewise  possess  im- 
portant germicidal  and  antitoxic  powers;  they  serve 
further  as  diluting  and  irrigating  agents;  and  may  also 
carry  nutriment  to  the  newly  forming  cells.  Even  fibri- 
nous exudates  may  serve  a  beneficial  purpose  in  limiting 
the  action  of  bacteria.  ^Masses  of  leucocytes  may  also 
form  mechanical  barriers  to  the  spread  of  germ  gro'wth. 

In  the  exudate  we  therefore  find  the  means  of  counter- 
acting or  destroying  harmful  agents,  neutralizing  their 
poi.sons,  protecting  the  organism,  and  aiding  in  healing. 
But  in  the  ultempt  to  fulfil  these  functions  exudates 
may  in  themselves  create  new  conditions  that  may  damage 
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the  body.  The  pressure  upon  tlie  brain  of  meningeal 
exudates,  the  disturbance  of  respiration  and  heart's  ac- 
tion by  pleural  and  pericardial  effusions,  the  closure  of 
the  glottis  from  inflammatory  infiltration,  etc.,  are  ex- 
amples of  the  imperfect  adaptation  of  the  process,  which 
though  in  the  main  intended  to  be  beneficial  may  often 
overreach  its  aim. 

{See  ulso  Inflammation.)  Aldred  Scoit  Wnrifiin. 

EYE.— General  Arrangement.— Tlie  eyeball  (see 
Fig  1952)  is  a  spheroidal  expansion  attached  to  the 
end  of  the  optic  nerve,  optically  equivalent  to  a  cam- 

conjunotiva 
lachrymal  caruncle 


which  regulates  the  admission  of  light  through  a  central 
aperture,  the  pupil;  an  inner  one,  percipient  in  char- 
acter, formed  of  nervous  elements  and  called  the  retina. 

The  rays  of  light  that  pass  through  the  pupil  are 
focussed  dioptrically  by  the  refractive  action  of  a  clear, 
lenticular  body,  the  rrystaUiiie  lens,  which  is  set  behind 
the  iris  and  divides  the  cavity  of  the  eyeljall  into  two 
compartments  or  chambers:  the  aqueovs  chamber,  situated 
in  front  and  containing  a  watery  fluid  called  the  iiqimns 
humor,  and  the  vitreous  chamber  behind,  containing  the 
semifluid  ntreous  humor  or  body.  The  aqueous  chamber 
is  subdivided  by  the  iris;  the  space  in  front  of  that  cur- 


posterior  chamber 


vorticose  vein 


Scale  of  millimetres. 
Fig.  19.52. — Diagram  of  Horizontal  Section  of  Eyeball  Drawn  to  an  Accurate  Scale.    (Flemminff.) 


era  obscura  and  filled  with  fluid  or  semifluid  contents. 
It  has  three  concentric  envelopes  or  coats :  an  outer  one, 
protective  in  character,  formed  of  fibrous  tissue,  called 
the  sclera  behind,  where  it  is  white  and  opaque,  and  the 
cornea  in  front,  where  it  is  clear  and  transparent ;  a  mid- 
dle one,  nutritive  in  character,  composed  of  vascular 
tissue  intermingled  with  pigment,  called  the  choroid  be- 
hind, in  front  assisting  to  form  the  iris  or  diaphragm 

anterior  pole       scleral  sulcus 


nasal  side  - 


meridional  I 
directions  f 


optic  nerve 


equator 


temporal  side 


J  equatorial 
I  directions 


posterior  pole 


FIG.  1953. 


-Diagram  of  Right  Eye,  as  Seen  from  Above,  to  Illustrate 
Terms  of  Orientation. 


tain  being  known  as  the  anterior  chamber,  that  between 
it  and  the  lens  as  the  •posterior  chamber. 

In  describing  the  eye  terms  applicable  to  a  spheroid  are 
used  (see  Figs.  1953  and  1954).  The  antero-posterior  di- 
ameter is  termed  the  axis,  the  ends  of  that  diameter  the 
poles.  The  equator  is  a  line  on  the  surface  equidistant 
from  these  poles ;  circles  and  dii'ections  parallel  to  it  are 


equatorial  directions 


temporal  aspect 


superior  aspect 

.,--  vertical  meridian 


horizontal  meridian 


\ 

inferior  aspect 


-  nasal  aspect 


sclera 


Fig.  1954.— Diagram  of  Right  Eye,  as  Seen  from  Before,  to  Illustrate 
Terms  of  Orientation. 
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termed  equatorial.  Circles  drawn  from  pole  to  pole  are 
termed  meridians,  directions  along  these  are  meridional. 
Any  half  of  the  ocular 
globe  is  called  a  liemi- 
spliere,  any  fourth  a  quad- 
ran  t.  The  lateral  aspects 
of  the  globe  are  distin- 
guished as  temporal  and 
nasal. 

The  eyeball  is  not  a 
perfect  sphere.  Its  an- 
tero  -  posterior  diameter 
averages  24.3  mm.,  its 
transverse  diameter  33.6 
mm. ,  and  its  vertical  di- 
ameter 23.3  mm.  The  radius  of  curvature  of  the 
cornea  is  considerably  less  than  that  of  the  sclera  and 
a  slight  groove,  the  scleral  sulcus,  separates  the  two 


the  angles  or  canthi  of  the  eye.     The  external  angle  is 
sharp,  the   internal   rounded,    forming   a  slight   recess 


Frc. 


195.5.  —  The    Eyeball 
pared  with  a  Sphere. 


Com- 


FiG.  1957.— A  Myopic  or  Short-sighted  Eye.  Parallel  rays,  a  b,  converge 
before  reaching  the  retina.  Rays  must  be  divergent  In  order  to  locus 
there. 

known  as  the  lachrymal  bay.  It  is  here  that  are 
found  passages  for  the  removal  of  the  lachrymal 
fluid  (Fig.  1963).  Two  small  openings,  the  puncta 
lachrymalia,  lead  into  the  short  lachrymal  ducts 
which  discharge  through  the  nasal  duct  into  the 
inferior  meatus  of  the  nose.  With  horizontally  di- 
rected vision  the  upper  lid  impinges  slightly  upon 
the  cornea,  the  lower  falls  near  its  inferior  edge; 
when  looking  upward  a  strip  of  sclera  is  visible 
below.  The  axis  of  the  palpebral  opening  is 
slightly  higher  at  the  outer  angle,  but  when  the 
eyes  are  closed  (Fig.  1964)  the  outer  angle  de- 
Fio.  1956.— An  Emmetropic  or  Normal  Eye.  Parallel  rays,  a  b,  are  fooussed  scends. 
upon  the  retina:  while  divergent  rays,  as  those  proceeding  from  the  point  c,  The  lids  are  lined  by  a  thin  epithelial  membrane, 
come  to  a  locus  6e/iiHri  the  retina,  as  at  D.  tlie  conjunctiva,  which  extends  from  them   over 

„.     ,„  ^,      ^    ,  the  anterior  surface  of  the  ball  (Fig.  1965).     The 

(see  Fig.  1955).  Individual  variations  may  lead  to 
visual  defects.  An  examination  of  the  annexed  fig- 
ures (Figs.  1956,  1957,  and  1958)  will  show  that  a 
lengthening  of  the  axis  of  the  ball  may  cause  the 
rays  from  distant  objects  to  focus  in  front  of  the  ret- 
ina, while  a  shortening  of  that  axis  may  focus  them 
behind  it.  The  average  weight  of  the  eyeball  is 
about  7  gm.,  its  specific  gravity  about  1.077.  At 
birth  its  weight  as  compared  with  the  rest  of  the 
body  is  as  1 :  419;  at  maturity  it  is  as  1 : 4,833. 

Relations.— The  eye  is   placed  just'  within  the 
margin  of  the  pyramidal  cavity  of  the  orbit,  16  to  18 

ram.  from  the  optic  foramen  (Figs.  1959  and  1960),    „,„  ,„„     .  „  .     ,        „      , 

usually  a  little  nearer  to  the  uncer  margin  and  to  i.}^T*t  Hypermetropic  or  Far-sighted  Eye.  Parallel  rays  converge 
the  temporal  side,  though  equSanHrom  the  uj  ''«'^»'»  «>"e'"'a.  Rays  must  be  con.erae»t  in  order  to  focus  there.'* 
per  and  lower  walls  at  the 
equator  (Fig.  1961).  It  fills 
about  one-fifth  of  the  cav- 
ity, the  remainder  being  oc- 
cupied by  the  ocular  ves- 
sels, nerves  and  muscles, 
the  lachrymal  gland  and  the 
bulbar  fascia,  loose  orbital 
fat  lying  in  the  interstices. 
The  edge  of  the  orbit  re- 
treats somewhat  on  the  tem- 
poral side  so  that  the  eye- 
ball is  there  somewhat  more 
accessible  for  operation. 

In  front  the  eye  is  pro- 
tected by  two  movable  folds 
of  integument,  the  eyelids, 
or  palpebrm,  which,  when 
open  (Fig.  1962)  form  an 
aperture  known  as  the  ric- 
tus palpelyrarum  or  palpe- 
bral opening  that  exposes 
nearly  the  whole  of  the  cor- 
nea and  a  considerable  por- 
tion of  the  sclera.  About 
30  mm.  in  length  and  13  to 
15  mm.  high,  it  is  curved 


optic  nerve 


eyeball 


malar  bone 


j  sphenoid 
bone 


nasal  septum 
internal  carotid  artery 


above  and  below,  uniting   „,„  ,.„    „,^ 
internally  and  externally  at   ^"'-  1859--™e 


chiasma 


optic  nerve 
"external  rectus 
internal  rectus 
internal  carotid  artery 


Eyes  and  Optic  Nerves  Seen  from  Above  after  Removal  of  the  Root  of  the  Orbit.    Aa 
Axis  of  Orbit ;  AE,  axis  of  eye. 
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place  of  reflection  is  known  as  the  forni.r  of  the  conjunc- 
tiva and  is  situated  13  mm.  from  the  upper  lid,  9  mm. 


of  that  cavity,  it  is  known  as  the 


supraorliital  nerve 


levator  palpebrfe 
:      rectus  sup. 


occipito-frontalis 

orbicularis   pal- 
pebrarum 

eyebrow 

septum  orbltale 


—    septum  orbltale 
, inferior  oblique 


inferior  rectus 


capsule  of  Tenon 


eyebrow  ^ 


Fig.  I960.— Sagittal  Section  ol  the  Visual  Apparatus  Through  the  Summit  of 
the  Cornea  and  the  Optic  Foramen.     (Merkel.) 

from  the  lower  one  when  the  eyes  are 
open.  Its  distance  from  the  cornea  is  10 
mm.  above,  8  mm.  below,  14  mm.  at  the 
outer  angle,  and  7  mm.  at  the  inner  angle 
(Testut). 

Within  the  orbit  a  thin  aponeurotic 
sheet,  the  bulbar  fascia  or  capsule  of 
Tenon,  separates  the  eyeball  from  the 
orbital  fat  (Fig.  1966).  '  This  invests  the 
posterior  part  of  the  ball  with  two  lay- 
ers, one  closely  adherent  to  the  sclera  and 
sometimes  called  the  episdera,  the  other 
■  reflected  over  the  orbital  contents.  The 
two  layers  are  united  by  fine  trabeculoe, 
and  there  is  between  them  a  loose  la- 
cunar interval,  the  periscleral  space,  that 
communicates  with  the  perineural  space 
of  the  optic  nerve.  Processes  from  the 
bulbar  fascia  invest  the  structures  that 
pass  to  the  eyeball.  Those  that  extend 
upon  the  ocular  muscles  are  of  consid- 
erable surgical  importance.  Extensions 
also  pass  to  the  fornix  of  the  conjunc- 
tiva, to  the  eyelids,  and  to  the  edges 
of  the  orbit.     As  the  latter  assists  to 

supraorbital  nerve 
levator  palpebro8       |  superior  rectus 
supratrochlear  nerve  i 
superior  oblique       , 


retain  Ihe  content 

orbital  septvm. 

Devulopment, — ^The  percipient  ])()rtion  of  the 
eye  is,  like  the  essential  part  of  otlier  organs  of 
sense,  derived,  either  directly  or  indirectly,  from 
the  ectoderm.  In  its  .simplest  form,  as  seen  in  in- 
vertebrates, it  consists  niei-ely  of  tegumentary  cells, 
forming  eye  spots  or  retinas,  surrounded  by  pig- 
ment and  communicating  by  filamentous  processes 
with  nervous  ganglia.  Often,  by  a  thickening  of 
the  epidermis,  one  or  more  lenses  are  developed  in 
connection  with  tliese. 

In  vertebrates  the  ectodermal  integument  becomes 
infolded  to  form  the  central  nervous  system,  and 
the  development  of  the  eye  is  more  complicated. 
In  Amphioxus  there  appears,  toward  the  close  of 
the  embryonic  period,  on  the  swollen  anterior  end 
of  the  simple  tube  that  forms  its  ceuti'al  nervous 
system,  a  pigmented  spot  that  is  believed  to  repre- 
sent an  eye.  To  tliis  spot  rays  of  light  pass  through 
the  pellucid  jelly  that  covers  the  animal  externally, 
and,  arrested  by  the  pigment,  excite  directly  the 
cells  of  tlie  neural  tube  and  apparently  impart  an 
obscure  sensation  of  vision.  In  this  primitive  form, 
tlierefore,  vision  appears  to  be  a  direct  function  of 
a  specialized  portion  of  the  central  nervous  system. 
An  examination  of  the  visual  organs  of  higher 
vertebrates,  including  man,  shows  that  here  too  the 
essential  element  was  primitively  a  portion  of  the 
central  nervous  sj-stem  which,  extending  peripher- 
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orb.-pal.  sulcus 
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""s            ^  infrapal.  sulcus 
infer,  orbito-pal.  sulcus 

infratroch.  nerve 
internal  rectus 


maxillary  sinus 


Inferior  rectus        supramaxillary  nerve 
Fig.  1961.— Frontal  Section  of  the  Eyeball  in  the  Orbit. 
Vol.  IV.— 5 


Fig.  1963.— The  Eye  as  Seen  with  Lids  Open.     (Toldt.) 


ally,  became  separated  and  associated  with 
other  elements  to  form  a  complicated  appa- 
ratus. The  retina  may  be  regarded  as  a 
specialized  portion  of  the  cortex  of  the 
brain,  the  optic  nerve  as  a  fibre  tract,  tlie 
lens  as  an  epithelial  invagination,  the  cor- 
nea, sclera,  choroid,  and  contents  of  the 
eyeball  as  connective-tissue  derivatives. 

In  the  human  embryo  of  three  weeks 
(corresponding  to  the  chick  of  two  or  three 
days)  the  central  nervous  system  is  also 
tubular,  being  formed  by  the  approxima- 
tion and  gradual  concrescence  of  the  edges 
of  a  groove.  The  area  that  is  to  form  the 
retina  lies  at  first  along  the  outer  edges  of 
the  groove,  in  the  region  known  as  the 
neural  crest,  from  which  also  originate  the 
cells  for  the  sensory  nerves.  The  retinal 
cells  differ  from  the  latter  in  that,  as  the 
edges  of  the  groove  fold  over  to  form  the 
tube,  they  are  gradually  drawn  in  until 
they  lie  along  the  sides  of  the  cavity  (Fig. 
1967,  A,  B,  C,  D). 


—  temporal  muscle 
_  lachrymal  gland 
-  external  rectus 

—  inferior  oblique 


(Merkel.) 
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lachrymal  1 

papillae  with  I 

puncta  I 

lachrymaliaj 


supenor 
laf  hrymal 
duct 


The  ocular  vesicles  in  their  outward  growth 
soon  reach  the  epithelium  or  ectoderm  of  the 
side  of  the  head  which,  at  the  place  of  contact, 
becomes  thickened  and  cupped.  This  cup- 
ping or  invagination  continues  until  another 
vesicular  structure  is  formed,  the  lenticular 
vesicle,  from  which  develops  the  crystalline 
lens.  The  intrusion  of  the  lens  upon  the 
growing  end  of  the  ocular  vesicle  causes  the 
latter  to  assume  a  shape  like  that  of  a  thin 
hollow  rubber  ball  with  a  marble  somewhat 
smaller  in  size  pressed  against  its  surface 
(Fig.  1970).  Because  of  this  change  of  form 
it  is  henceforth  called  the  optic  cup  (second- 
ary ocular  vesicle).  The  successive  changes 
are  shown  diagrammatically  in  Figs.  1971  to 
1975.  The  edge  of  the  ctip  is  the  future 
margin  of  the  pupil ;  its  walls  are  double,  the 
inner  or  retinal  layer  being  much  thicker 
than  the  outer  one  in  which  pigment  is  de- 
posited; they  are  at  this  stage  deficient  be- 


lower  margin  of  orbit 


inferior  ('      infraorbital 
oblique  muscle )  foramen 


Fig.  1963.— The  Lachrymal  Passages. 


ant.  edge  of  eyelid  show-  j. 
Ing  exit  of  cilia         ) 
intermarglnal  sul. 


openings  of  Mei- 1 


bomian  glands 


outer  angle 


outer  commissure 


This  peculiar  displacement  of  the  cells  of  the 
retinal  area  is  made  possible  by  delay  in  the 
concrescence  of  the  edges  of  the  groove.  If 
this  occurs  prematurely  the  Icetus  develops  but 
a  single  orbital  cavity,  a  teratologinal  phenom- 
enon known  as  cyclopia,  which  differs  accord- 
ing to  the  stage  at  which  union  takes  place. 
If  early,  the  two  retinas  may  be  fused  together 
to  form  a  single  eye ;  somewhat  later,  the  two 
are  imperfectly  united ;  still  later,  two  eyes  ex- 
ist in  a  single  median  orbit. 

At  the  period  we  are  considering  the  neural   infer,  fornix  of 

upper  1 
eyelid  1  tarsal 


orbital  part 


sup.  orbito-palpebral  sulcus 
eyebrow 


Pinguecula 

papilla  lachrymalls 

lachry. caruncle 


J  inner  angle  and 
I  lachrymal  bay 


plica  semilunaris 


cornea 


bulbar  conjunctiva 
palpebral  conjunctira 


limbus  of  cornea 


I  inner 
/  angle 


FIG.  1965.— Widely  Opened  Eye  of  an  Elderly  Person ;  Lower  Lid  Everted. 

low  where  growth  is  less  rapid  and  a  fissure  is  thus 
formed,  known  as  the  choroidal  cleft,  through  which 


mtrapalpebral 
1  sulcus 

rima  palpebrarum 
ower  eyelid 


FIG.  1964.— Eyelids  of  Right  Eye  when  Closed. 


tube  shows  at  its  cephalic  end  three  bulbar  enlargements 
the  primary  cerebral  vesicles.  It  is  from  the  anterior  of 
these,  the  forebrain,  that  are  formed  the  parts  immedi- 
ately concerned  with  vision:  the  retinal  areas,  the  optic 
nerves,  the  corpora  geniculata,  and  the  optic  thalami 
Ihe  torebrain  now  widens  out  laterally,  formins  two 
hollow  protrusions,  whose  bulbar  extremities,  containing 
the  retina  areas,  are  called  the  primary  ocular  vesicles 
the  constricted  pedicles,  from  which  the  optic  nerve.s  are 
formed,  being  known  as  the  optic  stalks.     The  cavity 

brain  (PiSl96TT9T9f'''  '''^''^  ^'"^  *'^'  °^  '''^  ''''- 
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o^H  <?  T??''*,'**'  Section  of  the  Eye,  showing  the  Bulbar  Fascia 
ana  its  Attachments,  a,  Prolongation  of  bulbar  fascia ;  6,  levator 
polpebra);  c,  rectus  superior;  ri,  perineural  space;  e,  e',  septum 
prbitale;  /,  tendon  of  levator;  g,  tai-sus  superior;  h,  cornea:  i. 
tarsus  inferior ;  fc,  Inferior  rectus  muscle ;  I,  inferior  oblique  muscle- 
m,  prolongation  of  bulbar  fascia.  "iuai-ic  ■ 
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wandering  mesenchymal  cells  penetrate  between  the  ret- 
ina and  the  lens  to  form  the  vitreous  body.  The  inter- 
val between  the  layers  is  soon  obliterated.  The  central 
artery  of  the  retina  enters  the  cleft  back  of  the  cup, 
upon  the  optic  stalk,  thus  becoming   finally   enclosed 


median  fls8ure 


retinal  area 


lens  vesicle 


Fig.  1967.— Diagrams  showing  the  Displacement  of  the  Eetlnal  Cells 
and  their  Eelatlon  to  the  First  Cerebral  Vesicle.  (Dejenne.)^ 
and  B  show  the  early  development  of  the  first  pnmitive  cerebral 
vesicle ;  C,  the  primitive  ocular  vesicle ;  D,  the  secondary  ocular 
vesicle  and  the  lens  vesicle. 

within  the  optic  nerve.  The  cleft  closes  early  but  a 
trace  of  it  may  often  be  found  in  the  adult.  If  the  clos- 
ure is  incomplete  the  ocular  defect  known  as  coloboma 
occurs,  causing  distortion  of  the  pupil  or  a  defect  of  tlie 
visual  field;  „    ,  ,  .     , 

The  retina  develops  like  a  part  of  the  cerebro-spinal 
axis.     Spongioblasts   and  neuroblasts  arise    in    it,   the 


former  developing 
into  the  supporting 
tissue  of  tlie  retina 
or  fibres  of  Mliller, 
of  which  the  ex- 
panded bases  form 
the  internal  limit- 
ing membrane,  the 
distal  arboi'escent 
extremities  tlie  ex- 
ternal limiting 
membrane  in  which 
spaces  are  left 
which  eventually 
enclose  the  rods 
and  cones.  The 
neuroblasts  appear 
first  in  the  area 
centralis,  afterward 
extending  peripher- 
ally as  far  as  the 
ora  serrata.  Be- 
yond this,  in  the  retinal  layer  of  the  ciliary  region  and 
the  iris,  spongioblasts  alone  occur.  The  neuroblasts 
develop  axis-cylinder  processes  that  grow  inward  along 
the  optic  stalk,  gradually  obliterating  its  cavity  and 
constituting  the  optic  nerve.     The  percipient  elements 


8.— Brain  of  Hu- 

Embryo  of  about 
Fifteen  Days.  (His.)  A, 
Ocular  vesicle  ;  if,  first 
secondary  vesicle,  or 
vesicle  of  lerebral  hemi- 
sphere ;  Z,  thalamen- 
cephalon  or  second  sec- 
ondary vesicle ;  M,  midbrain  ; 
between  mid-  and  tilndbrain;  Hh,  fourth 
secondary  vesicle;  N,  fifth  secondary 
vesicle ;  Ob,  otic  vesicle ;  iJ/,  fourth  ven- 
tricle; Nli,  neck  curvature :  Br,  pons  cur- 
vature; Pm,  mammillary  process;  Tr, 
infundlbulum. 


I,  isthmus 


H-b 


Fig.  1969.— Dorsal  View  of  Head 
of  Chick  of  Fllty-eight  Hours. 
(Mlhalkovics.)  Lam.  term,. 
Lamina  terminalls ;  F.b.,  fore- 
brain  ;  Opt.  v.,  ocular  vesicle ; 
M.b.,  midbrain ;  H,  heart. 


Fig.  1970.— Model  showing  Re- 
construction of  the  Optic  Cup. 
(Hortwig.)  p.  Outer  wall  of 
cup,  which  becomes  the  pig- 
mented layer  of  the  retina ;  r, 
its  Inner  wall,  which  becomes 
the  retina :  s,  temporary  space 
between  the  two  walls;  v, 
vitreous  chamber  ;  /,  lens ;  ch, 
choroid  fissure;  op,  hollow 
stalk  of  cup  which  becomes 
the  optic  nerve. 


(rods  and  cones)  are  the  last  to  develop,  not  appearing 
until  the  fifth  month  in  man  and  after  birth  in  kittens 
and  rabbits. 

In  its  early  stages  the  lenticular  vesicle  is  propor- 
tionately larger  than  at  birth,  filling  the  cavity  of  the 
optic  cup  so  that  there  is  but  little  space  left  between  it  and 


anterior  cerebral  vesicle 


ocular 
vesicle 

FIG.  1971. 


-Section  of  Head  of  Chick, 
(Duval.) 


Second  Day  of  Incubation. 
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the  retina.  Its  cells  are  soon  arranged  in  a  single  layer, 
those  on  its  outer  aspect  remaining  cubical  and  forming 
the  so-called  lens  epithelium;  while  those  on  the  inner  or 

anterior  cerebral  vesicle 


lens    j. 
vesicle  f 


ocular  I 
vesicle  f 


Fig.  1973.— Further  Development  ot  Eetina 
and  Lens.  The  lens  vesicle  Is  still  attached 
to  the  epidermis.  (Duval.) 


Fig.  1972. -Section  o£  Head  of  Chick,  Third  Day    ot    Incuhation. 
(Duval.) 

retinal  aspect  become  greatly  lengthened  and  form  the  lens 
fibres  (Fig.  1976).  By  this  process  the  cavity  of  the  vesicle 
is  finally  obliterated.  At  the  equator  or  edge  of  the  lens 
there  is"  a  transition  region  where  proliferation  is  most 
active.  The  lens  increases  in  size  by  the  addition  of 
successive  layers 
of  fibres  which  ex- 
tend from  the  an- 
terior to  the  pos- 
terior  surface. 
The  structureless 
capsule  of  the  lens 
is  now  believed  to 
be  a  product  of 
the  cells  them- 
selves and  not  of 
mesoblastic  o  r  i- 
gin. 

Besides  the  cap- 
sule proper  the 
lens  is  invested 
during  fatal  life 
by  a  vascular 
membrane,  the  tti- 
nica  msculosa  len- 
tis.  The  vessels 
that  supply  this  are  derived  from  the  hyaloid  artery,  a 
branch  of  the  central  artery  of  the  retina,  and  from  the 
long  and  short  ciliary  arteries  that  supply  the  iris  (Fig, 
1977).  The  supply  is  especially  great  around  the  equa- 
tor of  the  lens  where  proliferation  is  active.  The  por- 
tion of  tills  mem- 
brane that  lies  in 
front  of  the  lens 
stretches  over  the 
pupil  or  mouth  of 
the  optic  cup,  and 
is  known  as  the 
pupillary  m  e  m- 
brane.  "  The  tu- 
nica vasculosa  be- 
gins to  disappear 
about  the  se\'cnth 
month,  but  ves- 
tiges often  remain 
after  birth. 
_  Around  the  op- 
tic cup  and  the 
lens  the  meso- 
derm forms  ii  com- 
plete investment 
in  which  two  lay- 
ers may  be  distin- 
guished: an  inner, 


Fig.  1974.— Further  Development  of  Eetina 
and  Lens.  The  lens  vesicle  has  become  en- 
tu-ely  detached  and  lies  at  the  entrance  to 
the  optic  cup.  The  inner  layer  to  the  optic 
cup  has  begun  to  thicken. 


more  vascular  one,  which  becomes  the  choroid  coat,  the 
choroidal  part  of  the  iris  and  the  pupillary  membrane ; 
and  an  outer,  less  vascular  one,  which  forms  the  sclera 


conjunctiva     _ 


vitreous  body 


lens  . 


retina 


pigmented  I 
layer     f 


Fig.  197.5.— Further  Development  of  the  Retina  and  Lens.  The  pos- 
terior wall  of  the  lens  has  begun  to  thicken ;  the  external  layer  of 
the  optic  cup  is  charged  with  pigment.  (Duval.) 

and  cornea.     In  front  of  the  lens  a  cleft  appears  which 
enlarges  to  become  the  aqueous  chamber  (Fig.  1978). 

The  eyes  have  first  a  lateral  position  like  those  of  fishes, 
but  the  growth  of  the  superior  maxillary  and  nasal  proc- 
esses causes  them  to  assume  their  adult  situation.  At 
first  the  cornea  is  entirely  uncovered,  the  lids  develop  as 
folds  of  integument. 
The  nasal  duct  is  formed  in  the  fold  between  the 
superior  maxillary  and  nasal 
processes  by  the  canalization 
of  a  cord  of  infolded  ectoder- 
mic  cells. 

The  Outer  or  Fibrous  Coat. — 
Analogous  to  the  dura  mater 
of  the  brain,  this  tunic  com- 
pletely invests  the  eyeball 
except  where  penetrated  by 
vessels  and  nerves.  It  is 
composed  of  fibrous  tissue 
irregularly  arranged  behind, 
producing  the  white,  opaque 
sclera,  more  regularly  in 
front,  forming  the  clear, 
transparent     cornea.      It     is 


Fig.  1976.— Final  Stages  of  De- 

nfortreSfnsn^elicJatS  very  scantily  supplied  with 
wholly  disappears.  (Duval.)  vessels  and  nerves,  but  has 
numerous  lymph  channels 
that  appear  to  afford  it  nutrition.  Associated  with  these 
and  lying  in  the  interstices  of  the  tissue  are  various 
specific  forms  of  corpuscles.  The  density  and  hardness 
of  the  coat  efficiently  protect  the  eye  and  contribute  to 
its  shape,  which  essentially  depends,  however,  upon  the 
tension  produced  by  the  enclosed  contents. 

The  (ScZ«)'ffl.— Four-fifths  of  the  surface  of  the  eyeball 

papillary  membrane 
iris. 


long  ciliary  I 
artery        I 

short  ciliary  I    _ 
artery        I"" 
capsular    I    _ 
membrane  (  * 


vitreous  body 


Fig.  197; 


hyaloid  artery 
-The  Vascular  Tunic  of  the  Lens  in  the  Foetus. 


(Kollman.) 


68 


REFERENCE  HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


Eye, 

Eye. 


is  formed  by  the  dense,  opaque  structure  known  as  the 
"white  of  the  eye."    Its  dead  white  appearance  is  due 


conjunctiva-  -  - 


outer  layer  optic  cup  - 
inner  layer  optic  cup- 

cornea- 

anterior  chamber . 

pupillary  membrane  - 

lens- 


>  hyaloid  artery 


FIG.  1978.— Formation  of  the  Anterior  Chamber. 

to  the  interference  of  light  occasioned  by  the  irregularly 
interwoven  bundles  of  its  fibres.     In  children  and  the 
darker  races  the  underlying  pigment  shows  through  it 
slightly,    giving    it    a    bluish 
cast.     In  old  persons  it  is  yel- 
lowish from  the  deposit  of  fat 
within  it. 

Two  principal  openings  oc- 
cur in  the  sclera;  one  in  front, 


viz. :  a  posterior  ciliary  scl,  arranged  about  the  optic 
nerve  (Fig.  1979),  together  with  those  for  the  long  ciliary 
vessels  and  nerves  lying  a  short  distance  farther  for- 
ward; a  middle  set,  comprising  tiie  vorticose  veins ;  and 
an  antiTior  ciliary  set  a  short  distance  l)ehind  the  corneo- 
scleral junction. 

The  sclera  attains  its  maximum  thickness  of  about  1 
mm.  in  the  vicinity  of  the  optic  nerve  entrance  where  it 
is  required  to  support  the  most  sensitive  part  of  the 
retina.  It  grows  gradually  thinner  forward  until,  just 
behind  the  insertion  of  the  recti  muscles,  it  is  but  0.35 
mm.  thick.  The  tendons  of  those  muscles  reinforce  it 
to  some  extent  and  at  the  corneo-scleral  junction  it 
measures  0.60  mm. 

The  recti  muscles  are  inserted  by  means  of  flattened 
expansions  that  blend  intimately  with  the  sclera.  The 
adjoining  sketch  (Fig.  1980)  shows  that  their  insertions 
follow  a  spiral  line  running  at  a  distance  of  5  mm.  from 
tlie  corneal  margin  for  the  rectus  internus,  to  8  mm.  for 
the  rectus  superior.     The  oblique  muscles  are  inserted  in 


Fis.  1979.— Posterior  View  ol  Eight  Eye, 
showing  Entrance  ol  Optic  Nerve.  CTes- 
tut.)  J4,  Nasal  side;  B,  temporal  side; 
1,  vertical  meridian  ;  2,  horizontal  meri- 
dian ;  3,  optic  nerve ;  4,  4,  ciliary  vessels 
and  nerves;  4'  4',  long  ciliary  arteries;  5, 
5',  superior  vorticose  veins ;  6,  6',  inferior 
vorticose  veins. 


Fig.  1980.— Insertion  of  the  Ocular  Muscles  upon  the  Sclera  ot  the  Eight  Eye.  Drawn  from  the 
determinations  of  Fuchs.  A .  View  from  above :  J?,  from  nasal  side ;  C,  from  below  ;  X>,  from 
temporal  side ;  E.  from  the  front ;  F,  from  behind ;  a,  rectus  superior  ;  b,  rectus  inferior ;  c, 
rectus  internus ;  d,  rectus  externiis ;  c.  obliquus  superior ;  /,  obhquus  mferior ;  E  E,  equator ; 
.rx,  axis.    In  F,  y  ,y,  horizontal  meridian  ;  xx,  vertical  meridian. 


where  the  transpar- 
ent cornea  is  set 
into  it  like  the 
crystal  of  a  watch 
into  its  frame,  the  fibres  of  the  two  mutually  interblend- 
ing;  one  behind,  where  the  optic  nerve  enters  at  the  so- 
called  02}tic  canal  (optic 
foramen,  porus  opticus). 
Strictly  speaking  the 
sclera  is  not  wholly  de- 
ficient in  the  latter  situa- 
tion, as  it  is  represented 
by  a  perforated  sheet  of 
connective  tissue,  the  la- 
mina cribrosa,  through 
which  the  fibres  of  the 
optic  nerve  pass.  The 
canal  is  situated  about  3 
mm.  from  the  posterior 
pole  on  the  nasal  side  and 
1  mm.  below  the  horizon- 
tal meridian.  Since  the 
fibres  of  the  optic  nerve 
lose  their  medullary 
sheaths  as  they  pass  for- 
ward, the  canal  contracts 
funnel-wise  from  without 
inward,  terminating 
within  in  a  crest-like 
ridge,  the  pecien  sclerce. 
Other  perforations  for 
vessels  and  nerves  occur, 


the  posterior  hemisphere,  their  lines  of  insertion  being 
diagonal  to  the  meridians.  The  striated  fibres  of  the  in- 
ferior oblique  are  inserted  directly  upon  the  sclera  with- 
out the  intervention  of  a  tendon. 

The  density  of  the  sclera  is  considerable,  its  weight 
being  at  least  one-sixth  that  of  the  entire  eye. 


Interfascial 


Vessel  surround- 
ed by  lym- 
phatic sbeath. 


Lamina  fusca. 


Lamina  vascu- 
losa. 


Basilar  I&mlna. 


clera. 


Vessel. 


5^^^^—  Choriocaplllaris. 


Fig.  1981.— Transverse  Section  of  the  Sclera  and  Choroid.    (Testut.) 
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The  sclera  is  a  typica;!  connective-tissue  structure,  be- 
inff  composed  of  wliite  fibrous  tissue  with  a  few  yellow 
ellstic  fibres  intermingled  (Fig.  1981).  On  boihng  it 
yields  gelatin.  The  bundles  are  in  all  parts  of  it  irreg- 
ularly arranged,  though  equatorial  bands  are  more  com- 
mon near  the  oorneo-scleral  junction.  The  interstitial 
spaces  are  small  and  cleft  like.  In  their  walls  are  found 
fixed  cells,  the  scleral  corpuscles,  in  their  cavities  wander- 
ing leucocytes.  Pigmented  connective-tissue  cells  occur, 
especially  in  the  deeper  layers,  where  their  aggregation 
gives  a  dark-brown  color  to  the  tissue,  called  ior  this 
reason  the  lamina  fmca.     Perivascular  and  perineural 


post,  limiting  layer- 


FIG  1982.— Transverse  Section  of  Cornea  Slightly  Magnified.    (Ger- 
lach.) 

lymph  channels  extend  from  the  periscleral  space  into 
the  tissue  along  the  interpenetrating  vessels  and  nerves 
and  communicate  with  a  lymph  space,  the  periehoroidal 
space,  that  occurs  between  the  sclera  and  the  choroid.  It 
is  mostly  by  the  lymphatic  circulation  that  the  sclera  is 
nourished,  as  its  blood-vessels  are  very  few. 

Near  the  corneo-scleral  junction  there  occurs  an  equa- 
torially  extending  channel  called  the  scleral  sinus  or  canal 


IiG.  1983.  — Section  through 
the  Anterior  Portion  of  the 
Cornea  of  the  CaU.  (Wal- 
deyer.)  a,  Flattened  epi- 
thelial cells ;  b,  prickle  cells ; 
c,  polymorphous  cells;  d, 
basal  layer  of  club-shaped 
cells;  e,  anterior  limiting 
membrane;  /  and  g,  sub- 
stantia propria  of  cornea. 


Fig.  1984.- Isolated  Cells  from  the 
Corneal  Conjunctiva.  (Waldeyer.) 
A,  From  the  basal  layer ;  B,  poly- 
morphous cells;  C,  prickle  cells; 
D,  flattened  cells ;  Di,  plane  view ; 
Dj,  side  view ;  JBJ,  young  cells  from 
the  middle  layers;  Bi,  cell  under- 
going division;  Bj,  cells  with 
one  nucleus;  £3,  multinucleate 
cells. 


of  Schlemm,  that  is  now  considered  to  be  of  a  venous 
character.  It  is  probably  by  this  avenue  that  the  aque- 
ous humor  is  removed  from  the  eye  and  the  proper  in- 
terchange of  fluids  effected.  It  appears  to  have  no  direct 
communication  with  the  chambers,  and  the  action  of  re- 
moval must  be  by  intercellular  filtration  (Leber). 
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The  nerves  supplying  the  sclera  are  few  in  number  and, 
are  derived  from  the  ciliary  nerves. 

The  Om-nea.— This  is  also  a  connective-tissue  structure 
formed  of  superposed  and  anastomosing  lamellae,  closely 


Fio.  1986.— Section  through  Human  Cornea.  (Waldeyer.)  1,  Con- 
junctival epithelium ;  3,  anterior  limiting  membrane ;  3,  substantia 
propria ;  4,  posterior  limiting  membrane ;  5_,  endothelial  layer ;  a, 
fibres  from  anterior  limiting  membrane  entering  substantia  propria : 
b,  fibres  cut  transversely  and  fasciculi ;  c,  corneal  corpuscles ;  cL, 
fasciculi  cut  lengthwise  and  therefore  appearing  homogeneous ;  e,  c, 
comeo-scleral  junction. 

applied  to  each  other  and  with  no  substance  intervening 
that  can  vary  the  refractive  force  of  its  fibres.  Although 
composed  of  many  different  units — epithelium,  limiting 
membranes,  successive  layers  of  connective  tissue,  lymph 
channels,  corpuscles  and  nerves — all  have  the  same  index 
of  refraction  and  the  membrane  is  perfectly  transparent. 
A  slight  disturbance  tending  to  derange  its  mechanical 
adjustment,  such  as  compression  or  other  strains,  the  ab- 
sorption of  fluids,  etc.,  at  once  beclouds  it. 

The  history  of  its  development  shows  that  its  layers 
may  be  classified  according  to  their  sources :  (1)  conjunc- 
tival, forming  the  exterior  layer  of  epithelium,  derived 
from  the  ectoderm ;  (2)  scleral,  forming  the  main  portion 
of  the  structure  together  with  its  anterior  limiting  mem- 
brane, derived  like  the  sclera  from  the  mesoderm  (mes- 
enchyme) ;  (3)  cJioroidal,  forming  the  endothelium  lining 
the  anterior  chamber  together  with  the  posterior  limiting 
membrane,  also  of  ectodermic  origin  but  correlated  with 
the  middle  tunic  of  the  eye. 

Set  like  a  window  in  the  frame  of  the  sclera  its  outline 
is  slightly  elliptical,  its  horizontal  diameter  being  11.6 
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mm.,  while  its  vertical  one  is  but  11  mm.     The  outer 
and  inner  surfaces  are  unequally  curved,  the  inner  one 


Fig.  1986.— Section  of  Human  Cornea  Stained  with  Chloride  of  Gold, 
showing  the  Corneal  Corpuscles  and  Nerve  Endings.    (Waldeyer.) 

having  nearly  the  curvature  of  a  sphere  with  a 
radius  of  6  mm.,  while  the  outer  one  has  that  of  an 
ellipsoid  with  a  horizontal  radius  of  7.8  mm.,  and 
a  vertical  one  of  7.7  mm.,  even  greater  variations 
being  frequently  observed.  The  surfaces  therefore 
are  not  parallel,  and  the  thickness  of  the  cornea 
varies  from  1.1  mm.  at  its  periphery  to  0.9  at  the 
ocular  axis.  It  attains  its  permanent  dimensions 
early;  its  weight  averages  180  mgm.,  one-fortieth 
that  of  the  entire  eve;  and  its  specific  gravity  is 
1.076  (Davy).  Its  index  of  refraction  is  1.3533, 
that  of  distilled  water  being  1.3358  (Krause).  When 
boiled  it  yields  a  form  of  chondrin  instead  of  gelatin 
as  does  the  sclera.    Its  percentage  of  water  is  73.75. 

The  main  substance  of  the  cornea  is  a  lamellated  con- 
nective tissue  lined  both  without  and  within  by  clear 
structureless  limiting  membranes,  then  clothed  without 
by  the  epithelium  of  the  conjunctiva,  within  by  the 
endothelium  of  the  anterior  chamber.  Thus  there  are 
five  varieties  of  tissue  to  be  considered  (Fig.  1983). 

The  corneal  conjunctiva  is  an  epithelium  correspond- 
ing with  that  of  the  general  surface  of  the  body,  but 
having  fewer  layers  of  cells  and  no  corneous  layer.  The 
deeper  cells  are  expanded  at  the  base  and  show  signs  of 
mitotic  division  (see  Figs.  1988, 
1984).  Those  of  the  middle  layer 
("prickle  cells")  are  surrounded 
by  Intercellular  passages  that 
permit  the  circulation  of  lymph. 

The  anterior  limiting  mem- 
brane (Bowman's  membrane,  an- 
terior elastic  lamina)  is  a  clear 
anhistous  sheet  that  lines  the 
cornea  under  the  conjunctiva 
up  to  near  the  margin,  send- 
ing down  into  the  deeper 
layers  fibres  of  a  similar 
character.  It  behaves  with 
reagents  like  the  spiral  fibres 
that  encircle  connective-tis- 
sue bundles,  not  dilating 
when  treated  with  acetic 
acid,  and  resembles  the  sub- 
epithelial basement  layer  of 
many  membranes. 

The  proper  tissue  of  the  cornea 
presents  from  sixty  to  sixty -five 
lamellffi  (Fig.  1985)  composed  of 
flattened  bundles  of  white  fibrous 
tissue  arranged  nearly  at  right  an- 


gles to  each  other.  Between  these  is  an  intricate  system 
of  interfascicular  spaces  or  lymph  lacunse  connected  with 
each  other  by  fine  canals  and  containing  fixed  cells,  the 
corneal  corpuscles  (Fig.  1986).  These  have  a  resemblance 
to  the  osteoblasts  of  bone  in  that  t)iey  occupy  interstitial 
spaces  and  apparently  send  fine  branching  processes  along 
delicate  canals  that  communicate  with  other  spaces.  Wan- 
dering cells  are  also  found  in  the  passages  of  the  cornea. 
At  the  corneal  margin  these  passages  communicate  with 
similar  ones  in  the  sclera. 

The  posterior  limiting  membrane  (membrane  of  Des- 
cemet,  of  Demours,  of  Duddell,  posterior  elastic  lamina) 
is  also  an  anhistous  layer  but  apparently  quite  different 
in  character  and  origin  from  the  anterior  limiting  mem- 
brane. Its  increase  with  age,  and  certain  irregularities 
found  on  its  surface  lead  to  the  conclusion  that  it  is 
produced  by  the  endothelial  cells  which  it  supports.  At 
the  margin  of  the  cornea  it  becomes  thickened  into  a 
ring-like  zone,  the  (innular  ligament,  beyond  which  it 
can  be  traced  over  to  the  insertion  of  the  iris,  as  a  series 
of  distinct  bundles  of  fibres,  the  pectinate  liga/ment,  sepa- 
rated by  minute  clefts,  the  spaces  of  Fontana  (Fig.  1987). 


Fig.  1987.— Meridional  Section  Showing  the  Connection  Between  the 
Cornea  and  the  Middle  Coat  of  the  Eye.  (Testut.)  a,  Posterior 
limiting  layer;  b,  annular  ligament;  e,  scleral  flhres;  (J,  ciliary 
Bhres ;  e,  posterior  fibres  forming  the  pectinate  Ugament :  /,  Fon- 
tana's  space ;  9,  scleral  sinus ;  fi,  meridional  fibres  of  the  ciliary 
muscle ;  i,  annular  flbres  of  same ;  Jc,  ciliary  process ;  J,  iris ;  m, 
cornea ;  n,  angle  of  the  iris ;  0,  sclera ;  p,  scleral  vein. 

The  endothelium  that  forms  the  posterior  boundary  of 
the  cornea  is  a  flattened  single  layer  of  cells  similar  to 
those  usually  Uhing   serous  cavities.     It  is  continuous 


Fig.  1988.— The  looped  Marginal  Plexus  at  the  Periphery  of  the  Cornea.    (Waldeyer.) 
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over  the  acute  peripheral  portion  of  the  anterior  chamber 
(Icnown  as  the  angle  of  the  ms)  with  tlie  endothelium 
lining  the  anterior  surface  of  the  iris. 

In  the  healthy  cornea  there  are  no  blood-vessels,  except 
just  at  the  margin  where  vessels  from  the  sclera  form 
a  looped  network  (Fig.  1988).  Notwithstanding  this 
wounds  of  the  cornea  heal  rapidly,  nutrition  bemg 
afforded  by  the  copious  supply  of  lymph. 

The  nerves  that  supply  the  cornea  are  derived  from 
the  anterior  ciliary  set  which   form,   near  the  corneo- 


pigmented  vascular  membrane  that  extends  from  the 
optic-nerve  entrance  as  far  as  the  boundaries  of  the  visual 
retina  where  it  is  limited  by  a  crenulate  line  called  the 
m-a  serrata ;  (3)  the  ciliary  choroid,  or  ciliary  body,  a 
thickened  portion  containing  muscular  fibres  and  vascular 


Sclera— 


b     chorioidea. .      4  ^^S 


Fio.  1989.— Nerve  Plexuses  of  the  Cornea,  (Testut.)  1, 1,  Two  affer- 
ent nerve  trunks ;  2,  deep  stroma  plexus ;  3,  subepithelial  plexus ; 
4,  intra^epithelial  plexus ;  a,  cornea  proper :  &,  anterior  limiting 
membrane ;  c,  anterior  epithelium. 

scleral  junction,  a  close-meshed  plexus,  thepfei'?(s  annu- 
laris, from  which  sixty  to  eighty  nerves,  containing  both 
meduUated  and  non-medullated  fibres,  pass  to  the  cornea, 
two-thirds  going  toward  the  anterior  surface.  They 
soon  lose  their  medullary  sheaths  and  form  a  second 
plexus,  the  deep  stroma  plexus  (primary  plexus,  funda- 
mental plexus)  (Fig.  1989).  Reaching  the  anterior  limit- 
ing membrane,  perforating  fibres  from  this  plexus  pene- 
trate that  layer  and  unite  to  form  a  third  or  subepithelial 
plexus  from  which  again  fibres  pass  between  the  epithe- 
lial cells,  forming  a  fourth,  or  intra-epithelial  plexus. 
Prom  this  as  well  as  from  the  subepithelial  plexus  ter- 
minal filaments  are  given  off  on  which  are  formed  end 
organs  shaped  like  rounded  bulbs,  hooks,  loops,  and 


FIG.  1990.— Branched  Cells  ol  the  Choroid. 

platelets.  So  rich  is  this  supply  that  it  appears  prob- 
able that  every  epithelial  cell  is  in  actual  contact  with  a 
nerve  fibre  or  its  terminal. 

The  mm  or  Vascular  Coat.—Considered  from  an 
embryologieal  point  of  view  this  coat  is  properiv  divided 
mto  four  regions:  (1)  The  choroid  proper,  comprising  the 
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Fio.  1991.  —Section  of  the  Human  Choroid.     (BBhm  and  von  Davidofl. ) 

plexuses ;  (3)  the  choroidal  part  of  the  iris,  comprising  the 
greater  portion  of  the  colored  curtain  which  is  stretched 
in  front  of  the  lens ;  (4)  the  corneal  choroid,  comprising 
the  corneal  endothelium  lining  the  anterior  chamber  and 
its  product,  the  posterior  limiting  membrane.  These 
last  have  already  been  described. 

This  coat  generally  offers  a  marked  contrast  to  the 
other  two  by  its  vascular  and  pigmented  character,  and 
has  been  compared  to  the  pia  mater  of  the  brain.  Its 
function  is  essentially  nutritive,  and  it  supplies  the  fluids 
that  fill  the  eyeball  and  preserve  its  tension.  It  is  soft, 
yielding,  and  easily  torn  or  injured. 

The  Choroid  Proper. — This  portion  of  the  middle  coat, 
covering  about  two-thirds  of  the  eyeball,  is  a  loose, 
vascular,  extensible  tunic  about  0.1  mm.  in  thickness 
at  the  optic-nerve  entrance,  thinning  gradually  to  about 
half  that  at  the  ora  serrata.  It  is  imperfectly  separated 
from  the  sclera  by  the  suprachoroidal  space,  intervening 


Fig.  1993.— The  Choroid  Viewed  from  its  Outer  Surface.     (Merkel.) 

bands  of  fibrous  tissue  as  well  as  numerous  perforating 
vessels  and  nerves  uniting  the  two.  Its  inner  surface 
is  smooth  and  closely  applied  to  the  pigmented  layer 
of  the  retina. 

Its  color,  depending  on  the  pigment  deposited  in  its 
cells  and  the  amount  of  blood  in  its  vessels,  is  a  dark  or 
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reddish-brown,  somewhat  lighter  in  the 
old  than  in  the  young. 

The  general  substance  or  stroma  of 
the  choroid  is  composed  of  interwoven 
trabeculoe  of  connective  tissue,  both 
white  and  elastic,  supporting  a  large 
number  of  blood-vessels  and  contain- 
ing many  irregularly  branched,  pig- 
mented cells  (Pig.  1990).  The  outer 
layer,  being  more  loosely  woven  and 
containing  fewer  vessels,  is  known  as 
the  lamina  supracfioroidea ;  that  next 
to  it,  containing  the  largest  vessels,  is 
the  lamina  ranenli>sii- ;  the  next  layer 
having  an  extremely  rich  network  of 
capillaries  is  the  kimiim  choiincnpil- 
laris ;  while  the  anhistous  limiting 
membrane  that  sei)arates  this  from  the  retina  is 
lamina  basalis  (Pig.  1991). 

While  the  suprachoroidea  is  not  itself  remarkably  rich 
in  vessels  and  nerves,  its  loose  tissue  affords  an  avenue 
by  which  they  I'eadily  penetrate  to  their  ultimate  destina- 


FiG.  1994.— The  raplllary  Network  of  tSe  Choroid,  a,  Near  the  optic-nerve  entrance;  6, 
about  the  equator  of  the  eyeball ;  c,  near  the  ora  serrata.  The  veins  are  striated  lonpritu- 
dinally,  the  arteries  transversely,  the  capillaries  are  black.  The  latter  are  only  halt  as 
broad  as  they  ought  to  be. 


the 


tapetum  that  causes  the  metallic  sheen  observed  in  the 
eyes  of  many  lower  animals  under  certain  conditions  oi 
reflected  light. 

The  ehoriocapillaris  or  membrane  of  Ruysch  (Pig. 
1994)  is  a  close-meshed  network  of  capillaries,  so  close, 
in  fact,  that  the  space  occupied  by  the  vessels  is  greater 
than  tlie  intervals  between  them.  This  appears  to  be 
required  for  the  nourishment  of  the  closely  contiguous 
percipient  layer  of  the  retina,  i.e.,  the  rods 
and  cones,  to  which  the  proper  arteries  of 
the  retina  do  not  penetrate.  The  vorticose 
veins  begin  in  this  layer  b}^  capillary  whorls, 
sometimes  called  the  stars  of  Winsloio  (Fig. 
1995). 

The  basilar  lamina,  also  known  as  the 
vitreous  membrane,  or  the  membrane  of 
Bruch,  is  structureless  or  nearly  so,  and  ap- 
pears to  be  analogous  to  the  basement  mem- 
brane of  epithelium. 

The  long  and  short  ciliary  nerves  send 
vaso-motor  twigs  to  the  choroid,  and  lym- 
phatics gather  fluid  from  its  numerous  in- 
terspaces. 

The  Viliarii  Body. — Tlie  wavy  line  of  the 
ora  serrata  marks  the  limit  of  the  layer  of 
rods  and  cones  of  the  retina  and  of  its 
trophic  layer,  the  ehoriocapillaris  (Fig. 
1995).  From  this  line  to  the  border  of  the 
iris  curtain  the  middle  tunic  of  the  eye  is 
marked  by  linely  radiate  striae  resembling 
cilia,  hence  the  name  that  has  been  ap- 
plied to  this  i-egion.    The  posterior  portion, 


Fig  1993  —Partially  Diagrammatic  Representation  of  the  Course  of 
the  Vessels  in  the  Choroid.  (Leber.)  CTi,  choroid;  J",  iris;  JMc, 
ciUary  muscles;  Pc,  ciliary  processes;  Of,  ciliary  nng;  O,  optic 
nerve  entrance ;  Ah.  short  posterior  ciliary  artenes ;  M,  long  pos- 
terior ciliary  arteries ;  An,  anterior  ciliary  arteries :  Cim,  greater 
arterial  circle  of  iris ;  Ft),  vorticose  veins ;  r,  r,  recurrent  arteries. 

tions.  The  long  ciliary  arteries  and  nerves  lie  almost 
wholly  in  this  layer  in  their  transit  forward  to  supply 
the  iris  and  neighboring  structures  (Fig.  1992). 

The  arteries  of  the  lamina  vasculosa  (Fig.  1993)  are 
derived  mainly  from  the  short  ciliary  set  that  penetrate 
the  ball  by  about  twenty  small  branches  in  the  vicinity 
of  the  optic  nerve.  The  main  vessels  of  this  layer  are, 
however,  the  vorticose  veins,  from  four  to  eight  large 
trunks  formed  by  convergmg  whorls  of  vessels.  They 
are  usually  arranged  in  a  nearly  symmetrical  manner  m 
four  sets  nearly  ninety  degrees  apart,  and  penetrate^  the 
sclera  obliquely  near  the  equator.  Owing  to  this  oblique 
penetration  their  discharge  is  liable  to  be  interfered  with 
by  pressure  from  without,  particularly  fi-om  the  action 
of  the  ocular  muscles.  In  the  deepest  part  of  this  lamina 
are  found  wavy  bundles  of  elastic  tissue,  a  vestige  of  the 


Fig.  1995.— The  Origin  of  the  Choroidal  Veins.  (Arnold.)  ^^1, 1,  One 
of  the  larger  veins ;  2,  2,  communicating  veins ,  A  i.  Stars  ol 
Winslow,"  or  vortical  whorls  of  capillaries  by  which  the  veins  arise 
from  the  choriocapillary  layer. 
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comparatively  smooth,  is  known  as  the  dliary  ring  or 
orbiculus  ciliaris;  the  anterior  portion,  thickened  and 
plicated  in  a  meridional  direction,  is  known  as  the  eoromt 
radiata.     Between  these  and  the  sclera,   in  the  more 
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orbiculus  ciliaris 
corona  radiata 
ciliary  process 

iris 
pupil 


Fig.  1996.— The  Ciliary  Body  as  Seen  from  Behind.    X  3. 

superficial  portion  of  the  middle  coat,  lies  an  annular 
hand  of  muscular  tissue,  known  collectively  as  the  cili- 
ary muscle. 

The  ciliary  ring,  about  4  mm.  broad,  is  formed  of 
nearly  straight,  unbranched  vessels  for  conveying  blood 
either  forward  to  the  corona  radiata  or  backward  to  the 
vorticose  veins,  united  by  a  loose  stroma  like  that  of 
other  portions  of  the  middle  coat.  The  ba.silar  layer  is 
continued  forward  and  is  even  somewhat  thickened. 

The  corona  radiata  is  the  zone  lying  between  the  mar- 
gin of  the  ciliary  ring  and  the  outer  margin  of  the  iris. 
It  dei'ives  its  name  from  the  radiate  arrangement  of  its 
characteristic  features,  the  ciliary  processes,  club-shaped 
plications  from  3  to  3  mm.  in  lengtli  and  0.12  mm.  wide, 
that  lie  in  a  meridional  direction  (Fig.  1997).  They  re- 
semble the  glomeruli  of  the  kidney  in  containing  convo- 
luted blood-vessels,  and  doubtless  assist  in  the  production 
of  the  aqueous  humor.  The  suspensory  ligament  of  the 
lens  (zonula  ciliaris)  extends  backward  over  them  as  far 
as  the  ora  serrata,  some  of  its  fibres  springing  directly 
from  the  stroma  of  the  processes.  A  marked  interval 
separates  the  corona  from  the  iris. 

The  ciliary  muscle  (Fig.  1998)  occupies  a  zone  6  to  7 
mm.  in  width  and  triangular  in  meridional  section,  reach- 
ing a  maximum  thickness  of  0.8  mm.  It  takes  its 
origin  fiom  the  annular  ligament  and  the  sclera  in  the 
neighborhood  of  the  scleral  sinus  and  is  inserted  upon 
the  stroma  of  the  middle  coat  in  the  region  of  the 
ciliary  body  and  beyond.  Its  most  superficial  fibres  are 
directed  meridionally  and  constitute  the  tensor  choroidea 
of  Brlicke;  those  next  succeeding  approach  more  and 
more  a  radial  direction  as  they  get  deeper;  and  the  deep- 
est of  all  are  arranged  equatorially,  constituting  the  com- 
pressor lentis  of  H.  Miiller.  The  oiBce  of  the  muscle  is 
to  draw  the  choroid  forward  and  thus  relax  the  suspen- 
sory ligament  of  the  lens,  which,  being  no  longer  held 
tense,  assumes  a  more  convex  shape  suitable  for  the  refrac- 
tion of  diverging  rays  from  objects  near  at  hand  In 
myopic  eyes  the  circular  fibres  are  fewer  in  number  or 
iSsfd.'^^'^"  '"  hypermetropic  eyes  they  are  greatly 

Many  ancient  anatomists  (Eustachius,  Scheiner  Plem- 
pius,  Descartes)  suspected  that  this  structure  wm  mus- 
cular, but  the  first  to  demonstrate  it  from  actualmTcro- 
scopic  examination  appears  to  have  been  an  AniTrican 
oculist  William  Clay  Wallace  of  New  York  City  who 
1835.  published  in  the  American  Jourmd  of  Science's 
rD^[ancrs,"r;L;°°  '^^  ^— odauon  oAt^t 

"At  the  base  of  the  ciliary  processes,  upon  the  inner 
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surface  of  the  choroid  coat,  there  is  a  range  of  muscular 
fibres.  In  the  sheep  the  fibres  of  the  upper  portion  run 
transversely  to  the  ciliary  processes ;  those  of  the  lower 
portion  run  parallel  to  them." 

Brilcke,  to  whom  the  credit  of  the  discovery  of  the 
meridional  fibres  is  usually  given,  did  not  describe  the 
muscle  until  1846,  and  H.  Miiller,  usually  credited  with 
the  discovery  of  the  equatorial  fibres,  published  first  in 
1855. 

The  muscle  is  supplied  by  the  long  ciliary  nerves  from 
the  nasal  branch  of  the  ophthalmic  and  by  the  short  ciliary 
from  the  ciliary  ganglion.  These  form  within  the  sub- 
stance of  the  muscle  a  ring-like  plexus,  the  ciliary  plexus 
(orbiculus  gangliosus),  from  which  pass  fibres  of  appar- 
ently motor  function,  ending  free  between  the  muscle  cells, 
vasomotor  fibres,  and  also  sensory  fibres  with  terminal 
end  organs.  Some  of  the  latter  are  believed  to  impart  an 
accurate  appreciation  of  the  contraction  of  the  muscle. 

The  Iris. — This  colored  diaphragm,  pierced  with  its 
central  aperture,  the  pupil,  hangs  freely  but  not  quite 
vertically  in  the  aqueous  chamber,  its  outer  or  ciliary 
border  attached  just  behind  the  corneo-scleral  junction, 
and  its  free  or  pupillary  border  resting  a  little  anterior 
to  the  other  upon  the  lens.  Behind,  its  tissue  is  continu- 
ous with  that  of  the  ciliary  body,  in  front  with  that  of 
the  pectinate  ligament  and  the  angle  of  the  iris. 

Its  diameter  is  from  10  to  12  mm.,  its  thickness  0.4  mm. 
when  lax,  increasing  to  double  tiiat  amount  when  con- 
tracted. The  pupil,  slightly  eccentric  toward  the  nasal 
side,  varies  from  1  to  8  mm.  in  diameter,  according  to  the 
state  of  contraction  of  the  iridial  muscles. 

It  will  be  remembered  that  the  pupillary  border  of  the 
iris  forms  the  edge  of  the  optic  cup,  which  here  doubles 
back  upon  itself  and  becomes  invested  by  the  vascular, 
mesodermal  layer  that  produces  the  choroid.  Hence  the 
iris  is  composed  of  two  genetically  distinct  portions :  a 
retinal  one,  secondarily  derived  from  the  ectoderm,  be- 
longing to  the  optic  cup  proper ;  and  a  choroidal  one 
mesodermic  in  origin  (Fig.  1999).  Since  the  retinal  por- 
tion contains  no  percipient  elements  it  will  be  convenient 
to  consider  all  together. 

Viewed  closely,  the  anterior  surface  will  be  seen  to 
present  two  concentric  zones,  pupillary  and  ciliary,  sepa- 


FiO.  1997.— Injected  Ciliary  Processes  Viewed  from  Behind.    (Sap- 
8®Z"' »''  ^'  Venous  plexuses  composing  the  bulk  of  the  proJecHona ; 
'  5',  ™erent  trunks  tributory  to  the  vorticose  veins ;  i.  4,  venous 
radicles  from  the  Iris.    X  40. 


rated  by  a  festooned  line,  the  lesser  arterial  circle,  that 
indicates  the  former  attachment  of  the  pupillary  mem- 
brane (Figs.  2000  and  2001).  Both  zones  are  marked  by 
radial  striae,  caused  by  vessels  and  nerves:  those  of  the 
pupillary  zone  being  fine  and  close,  radii  minores;  those 
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of  the  ciliary  zone  larger,  radii  tnajores.  Tlie  pupillary 
border  shows  a  thin  black  line  slightly  beaded  where  the 
striae  reach  it.  In  the  pupillary  zone  there  are  found 
between  the  striae  minute  clefts  that  penetrate  the  stroma 
and  communicate  with  lymph  spaces.  The  ciliary  zone 
is  furrowed  by  concentric  ridges  that  indicate  where 
folds  are  formed  during  dilatation. 

Pigmented  cells  scattered  through  the  stroma  impart 


Hon  folds)  are  increased  in  number.  The  color  of  the 
posterior  surface  is  normally  uniform  and  dark  from  the 
pigmented  retinal  epithelium. 

In  minute  structure  the  iris  consists  of  a  choroidal  por- 
tion, composed  of  a  loose  stroma  condensed  both  exter- 
nally and  internally  to  a  boundary  membrane  and  clothed 
also  anteriorly  with  the  endothelium  of  the  anterior 
chamber,  and  of  a  retinal  portion,  composed  of  two  layers 
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FIG.  1998.-Meridianal  Section  of  a  Portion  ot  the  Anterior  Part  ot  the  Eyeball.    (Toldt.) 


color.  When  these  are  scanty  the  pigment  of  the  pos- 
terior epithelium  shows  through,  producing  the  color 
characteristic  of  blue  or  gray  eyes  according  to  the 
thickness  of  the  translucent  stroma.  The  stroma  pig_ 
ment  is  scattered  in  flecks,  producing  various  tints  of 
green  yellow,  or  brown  which  when  very  deep  is  called 
black.'  In  albinos  pigment  is  absent  even  in  the  posterior 
epithelium  and  the  iris  appears  reddish  from  the  hue  of 
its  blood-vessels.  . 

The  posterior  surface  (Fig.  3002)  presents  a  series  ot 
radial  ridges  out  by  concentric  lines  into  rectangular 
spaces      Within  the  pupillary  zone  these  ridges  {contrac- 


of  pigmented  cells  corresponding  to  the  doubled  margin 
of  the  optic  cup. 

The  anterior  epithelium,  clear  and  transparent,  is  like 
that  lining  the  posterior  surface  of  the  cornea. 

The  anterior  boundary  layer  is  composed  of  delicate 
interlacing  bundles  essentially  similar  to  the  connective 
tissue  of  the  stroma. 

The  stroma  is  much  like  that  of  the  choroid,  being 
composed  of  numerous  vessels  and  nerves  united  by  loose 
connective  tissue,  with  interstitial  lymph  spaces  and 
muscular  fibres.  The  latter  are  condensed  near  the  pu- 
pillary margin  to  an  annular  band,  the  sphincter  pupillm, 
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while  an  imperfect  layer  of  radially  arranged  bundles 
stretcliing  from  the  sphincter  to  the  pectinate  ligament 
constitutes  the  dilatator  piipilln'.  The  long  controversy 
regarding  the  existence  of  these  fibres,  which  are  very 
difficult  to  demonstrate  in  the  pigmented  iris,  may  now 


Fig.  1999.— Meridional  Section  through  the  Pupillary  Zone  of  the 
Human  Iris,  a.  Pupillary  border  formed  ol  epithelium,  arranged  in 
head-like  processes  ;  1,  anterior  limiting  layer;  3,  stroma  or  vascular 
layer ;  3,  pigmented  epithelium,  continuous  hehind  with  the  retina ; 
4,  sphincter  pupillse. 

be  regarded  as  settled.  The  sphincter  appears  to  be  con- 
trolled by  the  oculo-motor  nerve,  the  dilatator  by  the 
sympathetic. 

Tlie  posterior  boundary  laj'er  is  a  continuation  of  the 
basilar  lamina  of  the  choroid  and  like  it  is  a  very  thin 
structureless  membrane  formed  by  condensation  of  the 
connective  tissue  of  the  stroma. 

The  epithelium  of  the  retinal  portion  of  the  iris  is  in 
two  layers,  of  which  the  outer  is  composed  of  fusiform 
cells,  the  inner  of  columnar  cells.  Botli  of  these  are 
densely  crowded  with  pigment. 

A  vascular  network,  the  greater  arterial  circle  (Fig. 
2003),  formed  by  branches  of  the  anterior  and  long  ciliary 
arteries,  lies  at  the  ciliary  border  of  the  iris  between  the 
two  portions  of  the  ciliary  muscle.  From  this  arterioles 
pass  radially  toward  the  pupil  and  on  reaching  the  sphinc- 
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Fie.  2000.-Segment  of  Anterior  Surfaee^of  Ms  with  Pupil  Contracted. 

ter  unite  in  another  anastomosis,  the  lesser  arterial  circle 
from  which  are  given  off  vessels  that  supply  the  nunH 
lary  zone  and  the  pupillary  membrane  ot^  fa  tariife." 

76 


Venules  from  these  networks  pass  radially  outward  and 
finally  discharge  into  trunks  that  reach  the  vorticose 
veins. 

There  are  abundant  lymph  spaces  within  the  stroma 
of  the  iris,  but  no  lymphatic  vessels  properly  speaking. 


■  pupillary  zone 


■r. 


>-  smooth  part 


folded  part 


marginal  part 


Fig.  2001.-  Segment  of  Anterior  Surface  of  Iris  with  Pupil  Dilated. 
X  aj.    (Fuchs.) 

The  nerves  of  the  iris  are  derived  from  the  ciliary 
plexus.  Their  fibres,  as  they  proceed  toward  the  pu- 
pillary border,  form  a  coarse  meshwork  from  which  are 
derived  motor  nerves  with  ultimate  filaments  that  sup- 
ply muscle  cells,  vaso-motor  nerves,  and  sensory  nerves 
that  lie  immediately  under  the  anterior  endothelium. 

The  limcr  or  Aerwus  Coat. — Being  formed  from  the 
duplicate,  invaginated 
layers  of  the  optic  cup, 
originally  an  outgrowth 
from  the  brain,  the 
structure  of  this  coat 
bears  some  analogy  to 
that  of  the  cerebral  cor- 
tex. As  the  ventricles 
of  the  brain  are  lined 
with  epithelium  (epen- 
dyma),  so  the  lining  of 
the  cavity  of  the  optic 
vesicle,  originally  con- 
tinuous with  '  them, 
retains  an  epithelial 
character.  By  the  in- 
vagination of  the  optic 
cup  this  cavity  becomes 
obliterated,  but  the 
boundary  lining  remains 
as  the  two  outer  layers 
of  the  ret  ina.  The  outer- 
most of  these  is  a  single 
layer  of  highly  pig- 
mented epithelium;  the 
inner  one  becomes,  for  a 
region  extending  from 
the  (iptic-nerve  entrance 
to  the  ora  serrata,  a 
highly  specialized 
neuro-epithelium  rein- 
forced l)y  a  large  num- 
ber of  nervous  elements, 
while  over  the  ciliarv  ^ig.  2003. -segment  of  Posterior  Sur- 
reo-ion  and  Ihp  iris  It  tnn  f?ce  of  IrlSj  Medium  Dilatation  of 
iL^iuu  ana  me  Ills  11  too       Pupil.    x  25.    CPuchs.) 
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IS  reduced  to  a  single  layer  of  simple  epitlielium,  non- 
pigmented  in  the  former,  pigmented  in  the  latter  region. 

We  may  therefore  distinguish  three  retinal  regions;  (1) 
The  retina  proper,  or  percipient  retina;  (3)  the  ciliary 
retina;  and  (3)  the  iridian  retina.  The  last  has  already 
been  described. 

The  Retina  Proper  is  a  smooth  tunic  that  covers  the 
posterior  two-thirds  of  the  interioi-  of  the  eyeball,  reach- 
ing to  about  5  mm.  from  the  attachment  of  the  iris. 
When  the  interior  of  the  eye  is  viewed  by  the  ophthal- 
moscope it  appears  reddish  from  the  blood-vessels  that 
ramify  in  the  innermost  layers.  Its  thickness  varies 
from  0.4  mm.  behind  to  half  that  near  the  ora  serrala. 
Its  outer  epithehal  layer  is  deeply  pigmented,  the  re- 
mainder perfectly  transparent  unless  deprived  of  light, 
when  it  assumes  a  purplish  hue  due  to  a  diffused  color 
ing  matter  known  as  the  visual  purple.  Its  transparency 
ceases  after  death  and  sometimes  during  life  from  patho- 
logical causes.  It  is  also  normally  obscured  where  the 
fibres  of  the  optic  nerve  enter — the  optic  disc,  and  in  an 
elliptical  area  lying  in  the  optical  axis — the  yelloir  spot. 

The  optic  disc  (optic  papilla,  porus  opticus),  situated 
1  mm.  below  the  horizontal  meridian  and  3  mm.  to  the 
nasal  side  of  the  vertical  meridian,  is  nearly  cir- 
cular ia  form  with  a  diameter  of  from  1.4  to  1.7  mm. 
As  the  optic  fibres  pass  through  the  lamina  cribrosa  they 
s 


Fig.  2003.— Arteries  ot  the  Iris.  (Sappey.)  1, 1,  long  posterior  ciliary 
arteries ;  2,  3,  their  branches  of  bifurcation  ;  4,  recurrent  arteries 
destined  for  the  choroid ;  5,  5,  6,  6,  anterior  ciliary  arteries  anasto- 
mosing with  the  long  ciliary  to  form  the  greater  arterial  circle  of  the 
iris ;  7,  the  lesser  arterial  circle  ot  the  iris. 

lose  their  medullary  sheaths  and  diverge,  causing  a  de- 
pression near  the  centre  of  the  disc,  termed  the  excava- 
tion. The  myelin  of  the  deep  fibres  shining  through  its 
transparent  surface  gives  a  whitish  appearance  to  the 
disc  and  the  free  edges  of  the  sclera  and  choroid  are  seen 
as  boundary  rings.  The  central  artery  of  the  retina  en- 
tering at  the  excavation  ramifies  upon  its  surface.  There 
being  no  percipient  elements  in  this  area  it  is  insensible 
to  light,  and  is  hence  sometimes  called  the  punctum 
Cfficum  or  blind  spot. 

The  yellow  spot  (macula  lutea,  spot  of  Sommering) 
is  a  reddish-brown  area  nearly  circular  in  form,  about  3 
mm.  in  diameter.  Near  its  centre  it  has  a  depression 
termed  the  central  fovea  (fovea  centralis),  0,02  to  0.4  mm. 
in  diameter,  which  is  the  seat  of  the  most  acute  vision. 
The  percipient  elements  have  here  a  special  arrangement 
which  will  be  hereafter  explained. 

The  retina  being  the  only  sense  organ  directly  derived 
from  the  cerebral  cortex,  .shows  combined  within  it  struc- 
tures usually  widely  separated.  Its  cells  are  arranged 
in  three  layers  that  communicate  with  each  other  in  a 
chain-like  series;  (1)  collective,  comprising  the  neuro- 
epithelium  of  the  rods  and  cones  that  receive  the  primary 
impulses  leading  to  vision ;  (2)  transmittive,  bipolar  cells 
sometimes  collectively  called  the  ganglion  of  tlie  retina; 


(3)  liminal,  large  multipolar  cells  lying  near  the  inner 
surface  of  the  retina  and  sending  fibres  braiuward 
through  the  optic  nerve. 

Similar  members  e.xist  in  other  sense  organs;  thus,  in 
the  organs  of  common  sensation  we  have:  (1)  the  epithe- 


pigmented  layer 


neuro-epithelial  layer 


layer  of  bipolar  cells 


layer  of  multipolar 


Fig.  2004.~Scbema  Showing  the  Arrangement  of  the  Structural  Ele- 
ments of  the  Retina.  A,  Fibre  of  Miiller ;  B,  nerve  and  epithehal 
cells.  1,  Membrana  limitans  interna;  2,  layer  of  nerve  fibres:  3, 
ganglionic  layer,  4,  inner  molecular  layer ;  5,^nne^  nuclear  layer ; 
6,  outer  molecular  layer ;  7,  outer  nuclear  layer ;  8,  membrana 
limitans  externa ;  9,  layer  ot  rods  and  cones ;  lU,  pigmentary  layer. 

hum  surrounding  the  nerve  terminal  in  the  skin ;  (3)  the 
cells  of  the  spinal  ganglia,  conveying  the  impulses  to  the 
nervous  centres ;  (3)  the  cells  of  the  receptive  nuclei  in  the 
spinal  cord  or  the  medulla  oblongata. 

Besides  the  elements  of  the  retina  already  mentioned, 
which  are  doubtless  the  main  apparatus  by  which  visual 
sensations  are  conveyed,  there  are  certain  associative  cells 
that  probably  serve  to  correlate  and  co-ordinate  the  action 
of  the  separate  neural  chains. 

All  these  may  be  considered  active  elements.  There 
are  also,  in  the  central  nervous  system,  certain  passive 


Fig.  200.5.— Cells  of  Pigment  Epithelium  from  the  Human  Retina. 
(Max  Schultze.)  a,  Surface  view ;  b,  side  view  sbowing  fringe-like 
processes  that  extend  toward  the  layer  of  rods  and  cones ;  c,  a  cell 
to  which  the  outer  portions  of  some  rods  are  attached. 

or  sustentacular  elements.  These,  known  in  other  re- 
gions as  neuroglia  cells,  are  in  the  retina  called  the  fibres 
of  Miiller. 

The  retina  is  often  described  as  consisting  of  from  nine 
to  eleven  layers.  Tliere  seems  to  be  no  good  I'eason  for 
this,  as  some  of  the  appearances  described  as  layers  are 
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caused  by  the  intermingling  processes  of  cells,  while 
others  the  so-called  limiting  membranes,  are  expansions 
from  the  supporting  cells  or  fibres  of  Mfiller.     Morpho- 


FIG.  2006.— Sections  of  Frog's  Eetlna  Showing  the  Action  of  Light  upon  the  Pigment  Cells,  and  upon 
the  Rods  and  Cones,  (von  Gendesen— Stort).  A,  From  a  frog  which  had  been  liept  in  the  darlt 
for  some  hours  before  death ;  B,  from  a  frog  which  had  been  exposed  to  light  just  before  being 
killed.  Three  pigment  cells  are  shown  in  each  section.  In  A  the  pigment  is  collected  toward 
the  nucleated  part  of  the  cell,  In  B  it  extends  nearly  to  the  basis  of  the  rods.  In  A  the  rods, 
outer  segments,  were  colored  red  Cthe  detached  one  green),  in  B  they  had  become  bleached. 
In  A  the  cones,  which  in  the  frog  are  much  smaller  than  the  rods,  are  mostly  elongated,  in  B 
they  are  all  contracted. 

logically  speaking  there  are  but  four  layers,  the  three 

already  mentioned  and  the  external  layer  of  pigmented 

epithelium.     The  accompanying  diagram  presents  both 

the  older  and  the  more 
recent  nomenclature 
(Pig.  2004).  The  layers 
will  be  described  in  suc- 
cession from  without  in- 
ward. 

The  pigmented  layer 
comprises  the  entire 
outer  lamella  of  the  op- 
tic cup,  the  part  not  in- 
vaginated  in  the  course 
of  its  development,  and 
is  composed  of  a  single 
layer  of  tesselated  poly- 
gonal cells  (Fig.  2005), 
whose     protoplasm     is 
crowded    with    colored 
granules  (the  fuscin 
of    Kulme),   which 
have    the    form  of 
minute    crystals 
with  long  axes  per- 
pendicular   to    the 
retinal     surface. 
They  are  somewhat 
more  deeply  colored 
near  the  ora  sei  rata. 
The   outer   surface 
of    the    cells,    ap- 
plied to  the  basilar 
lamina  of  the  cho- 
roid, is  smooth  and 


rods  and  cones  which  are  applied  directly  against  it.  Ex- 
periments have  shown  that  the  distribution  of  the  color- 
ing matter  in  these  cells  varies  with  exposure  to  light, 
for  during  prolonged  darkness  it 
^  is  withdrawn  into  the  cell  bodies, 

while  after  the  stimulus  of  light 
it  descends  like  a  curtain  into  the 
fringe  between  the  rods  and  cones 
(Fig.  2006).  The  visual  purple 
found  in  the  outer  segments  of 
the  rods  appears 
to  be  derived 
from  the  pig- 
mented layer. 

The    n  e  u  r  0- 
epithelial  layer, 
or  layer  of  vis- 
ual cells  proper, 
comprises    two 
distinct   ele 
ments,   the    rod 
cells     and     the 
cone  cells  (Fig. 
2007),   set   in    a 
framework   (ex- 
ternal    limiting 
membrane) 
formed  by  proc- 
esses   from    the 
fibres  of  Milller, 
and     projecting 
into    the   pig- 
mented     fringe 
already    de- 
scribed.      These 
cells  are  bipolar  in  form,  having  ellip- 
tical cell  bodies  (rod  and  cone  granules) 
with    large    nuclei  surrounded    by   a 
small    amount    of    protoplasm    from 
which    processes    extend    radially    in 
either    direction.      The   outer   one   of 
these  expands  into  the  peculiar  bacil- 
lary  forms    known   as    the   rods  and 
cones;   the  inner  one   extends  Inward 
for  a  short  distance  and  ends  either  in 
a  rounded   knob  (rod  cells)  or  an  ex- 
panded foot  (cone  cells)  embraced  by 
the  filamentous  terminals  of  the  gan- 
glion cells  of  the  next  layer. 

The  bodies  of  the  rod  cells,  which  lie  at  various  levels, 
show  when  stained  under  favorable  conditions  dark  and 
light  bands.  The  rods  themselves  are  divided  into  two 
nearly  equal  segments:  an  outer,  cuticular,  doubly  re- 
fracting one,  and  an  inner,  protoplasmic  singly  refracting 
one ;  the  former  being  cylindrical,  staining  but  slightly 


! 


FIG.  2008.— A  Bod 
and  a  Cone  from 
the  Human  Ret- 
ina. ;,  Situation 
of  the  membrana 
llmitans  externa. 


-Neuro-epithelium  of    the 


Fig.  20n7 
Human  Retina.  (Max  Schultze.)  Ho,T^iri  „f  ,  j 
6,  Arborescent  proce.sses,  forming  devoid  ot  pigment ; 
the  appearance  known  as  the  "ex-  the  inner  surface  is 
ternal  molecylar  layer";  7,  nuclei 
ot  the  epithelial  cells,  forming  the 
"external  nuclear  layer";  8,  grill- 
work  formed  by  processes  of  the 
fibres  of  Miiller,  forming  the  "  mem- 
brana llmitans  externa"  ;  9,  special- 
ized processes  of  the  epitheUum, 
forming  the  layer  of  rods  and  cones. 


B. 


not  well  defined,  for 
it  consists  of  fringe- 
like filaments  '  loaded 
with  pigment  that  ex- 
tend down  between  the 
outer    segments    of  the 


Fig.  2009.— Distribution  of   the   Rods  and  Cones.    -1,  From  the  peripheral 


portion  of  the  retina ;  JJ,  from  the  region  of  the  macula  lutea. 

and  having  a  tendency  to  break  up  into  superimposed 
discs;  the  latter  slightly  elliptical  in  outline,  staining 
readily  and  showing  at  its  outer  end  a  fibrillated  area 
called  the  ellipsoid,  more  apparent  In  the  lower  animals 
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than  in  man  (Fig.  3008).  The  outer  segments  are  purplish- 
red  m  tint,  owing  to  the  diffusion  through  them  of  visual 
purple  or  rhodopsin,  the  peculiar  coloring  matter  of  the 
retma,  which  quickly  bleaches  in  the  presence  of  light. 


Via.  2010.- 


-Radlatlon  ol  the  Optic  Nerve  Fibres  upon  the  Retina.    (Michel.)   A,  Optic 
disc ;  B,  macula  lutea. 


The  bodies  of  the  cone  cells  (Fig.  3007)  are  contiguous 
to  their  bacillary  processes  or  cones.  The  latter  also  have 
an  outer  and  an  inner  segment.  The  outer  segment, 
apparently  similar  in  intimate  structure  to  that  of  the 
rods,  is,  however,  much  shorter,  ending  in  a  blunt 
point.  The  inner  one,  thick  and  flask-shaped,  contains 
also  an  ellipsoid.  During  prolonged  darkness  the  cones 
appear  to  stretch  outward  toward  the  pigmented  layer 
(Pig.  3006).     They  do  not  contain  rhodopsin. 

The  distribution  of  the  rods 
and  cones  varies  in  different 
parts  of  the  retina  and  in  dif- 
ferent animals  (Fig.  3009). 
In  the  central  fovea,  the  re- 
gion of  the  most  acute  vision, 
cones  only  are  found,  but 
from  this  point  forward  the 
proportion  of  rods  gradually 
increases,  until  at  the  ora 
serrata  cones  are  almost  whol- 
ly absent.  It  is  estimated  by 
Krause  that  there  are  in  the 
retina  about  seven  million 
cones,  or  seven  to  each  fibre 
of  the  optic  nerve,  and  that 
the  number  of  rods  is  about 
130,000,000.  While  in  fishes 
the  rods  far  exceed  the  cones 
in  number,  in  birds  and  rep- 
tiles the  reverse  is  the  case, 
lizards  possessing  cones  alone. 

In  the  layer  of  bipolar  cells 
the  characteristic  elements 
are  fusiform  with  protoplas- 
mic processes  that  surround 
the  inner  terminals  of  the  vis- 
ual cells.  They  may  there- 
fore be  distinguished  as  rod 


bipolars  and  cone  bipolars  according  as  they  are  related 
to  the  rod  or  to  the  cone  cells.  The  rod  bipolars  have 
protoplasmic  processes  with  vertical  arborizations,  em- 
bracing from  three  to  twenty  bases  of  rod  cells,  and 
long  axis-cylinder  processes  that  penetrate 
centrally  as  far  as  the  bodies  of  the  multipo- 
lar cells,  around  which  they  ramify.  The  cone 
bipolars  have  protoplasmic  processes,  with 
horizontal  arborizations  that  interblend  with 
twigs  from  the  feet  of  several  cone  cells, 
probably  including  also  in  their  contact  area 
some  of  the  terminations  of  the  rods.  Their 
axis-cylinder  processes  are  much  shorter  than 
those  of  the  rod  bipolars  and  terminate  on  five 
different  and  quite  determinate  levels  by 
blending  with  the  ascending  processes  of  the 
cells  of  the  next  layer. 

The  layer  of  multipolar  cells  consists  of 
large,  irregularly  oval  elements  with  proto- 
plasmic processes  that  intertwine  with  arbor- 
escences  of  cells  from  the  outer  layers,  and 
whose  axis-cylinder  processes  turn  toward 
the  optic  disc  and  become  fibres  of  the  optic 
nerve  (Fig.  3010).  The  cells  of  this  layer  are 
classified  according  to  the  arrangement  of 
their  protoplasmic  processes:  (1)  monostrati- 
fied,  those  whose  processes  ramify  in  but  one 
level;  (3)  multistratified,  those  whose  proc- 
esses ramify  in  more  than  one  level ;  (3)  dif- 
fuse, those  whose  protoplasmic  arborescences 
are  not  limited  to  definite  levels. 

At  two  different  levels  of  the  retina  asso- 
ciative cells  are  found :  (1)  in  relation  to  the 
rod  and  cone  cells;  (3)  in  relation  to  the 
layer  of  bipolar  cells  (Pig.  3011).  The  first 
class  run  parallel  to  the  layers  of  the  retina 
and  hence  are  often  called  horizontal  cells, 
three  varieties  of  which  are  distinguished: 
one  small,  flattened,  stellate,  cone  associativea, 
connecting  cone-terminals  with  each  other; 
another  larger  and  placed  somewhat  deeper,  rod  associa- 
tives,  connecting  by  means  of  long  axis-cylinder  proc- 
esses rod  terminals;  a  third,  large,  pyriform  in  shape, 
having  descending  processes  that  pass  centralward  as  far 
as  the  internal  ramifications  of  the  bipolar  cells. 

The  second  class  of  associative  cells  is  situated  in  the 
internal  portion  of  the  layer  of  bipolar  cells,  constituting 
there  what  some  authors  recognize  as  a  distinct  layer  of 
the  retina.     W.  Milller,  supposing  them  to  be  of  a  sus- 


FiG.  2011.— Diagram  Illustrating  the  Relation  of  the  Retinal  Elements.  (Kallius.)  A,  Layer  of  rods 
and  cones;  B,  llmitans  externa;  C,  outer  nuclear  layer  (bodies  of  visual  cells)  ;  D,  Henle's  external 
fibrous  layer  (composed  principally  of  rod  fibres) ;  E.  outer  plexiform  layer ;  F,  inner  nuclear  layer 
(rod  and  cone  bipolars)  :  G,  inner  plexilorm  layer ;  H,  layer  of  large  ganglion  cells ;  J,  fibre  layer ; 
K.  llmitans  Interna ;  a,  supporting  fibre  of  Miiller ;  b,  c,  rod  and  cone  visual  cells ;  d,  bipolars 
belonging  to  rod  cells  ;  e-i,  bipolars  belonging  to  cone  cells ;  h^ni,  horizontal  nerve  cells;  n,  cen- 
trifugal nerve  fibre ;  o-t,  ganglion  cells  connected  with  optic  fibres ;  a-e,  amacrines  arranged  in 
layers ;  S-i>,  diffuse  amacrines ;  ij,  nervous  amacrine. 
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tentacular  charack'r,  called  them  spongioblasts.  It  seems 
desirable  to  discontinue  the  use  of  this  name  as  it  has 
been  applied  by  His  to  totally  different  structures,  the 
primitive  cells  of  the  medullary  plate  from  which  neuro- 
glia is  formed.  Ranvier,  who  regarded  these  elements 
as  undoubtedly  nervous,  designated  them  as  unipolar 
cells.  Cajal,  having  in  view  the  fact  that  they  do  not 
show  any  axis-cylinder  process  of  the  typical  form, 
called  them  ainacriiie  cells,  from  a,  privitive;  iianpoq, 
long;  (f,  ivdf,  nerve — i.e.,  having  no  long  process.  The 
name  is  not  wholly  satisfactory,  as  homologous  structures 
in  reptiles  and  birds  undoubtedly  possess  a  distinct  axis- 
cj'linder  process,  and  in  man  a  considerable  difference  is 
noted  in  the  ramifications  on  two  sides  of  the  cells. 

These  cells  are  large  and  pyriform  with  arborescent 
processes  extending  inward,  and  may  be  subdivided 
into  diffuse  amaorines  that  send  ramifications  throughout 
all  levels  where  the  terminals  of  the  bipolars  branch, 
and  stratiform  amacrines  that  confine  their  ramifications 
to  one  of  the  five  levels  at  which  the  cone  bipolars  ter- 
minate. Their  terminal  filaments  appear  to  embrace  the 
inosculations  of  the  bipolar  and  multipolar  cells. 

It  will  be  remembered  that  the  greater  part  of  the 
fibres  of  tlie  optic  nerve  originate  as  outgrowths  from 
the  cells  of  the  retina.  Some  "  centrifugal "  fibres  do, 
however,  occur,  probably  for  conveying  impulses  from 


the  external  limiting  inemhrane.  Septa  from  the  fibres 
closely  invest  the  bodies  of  the  visual  cells,  and  delicate 
lateral  processes  are  also  given  off  by  them  for  the 
support  of  the  terminals  of  the  bipolar,  multipolar,  and 
amacrine  cells. 

Stellate  neu-      M     9___  8  7      6   5      4  3 

roglia  or  spi- 
der cells  are 
found  near  the 
inner  surface 
of  the  retina 
between  the 
bundles  of 
nerve  fibres 
and  among  the 
multipolar 
cells. 

The  struct- 
ure of  the  ret- 
ina in  the  mac- 
ula lutea  and 
fovea  centralis 
varies  s  o  m  e  - 
what  from 
that  already 
described  (Fig. 


^'"b^h^T'S"*  '^""'^^  "'  '^^''™  ^'"'"s  Between  Retina  and  Brain.    (Bamon  v  Caial )    A 
Retina;  B,  corpus  geniculatum;    j,  central   ganglion-    a   b    c   a  mne  =ivitim  r-nm' 

current  originating  in  the  brain  and  passing  to  the  reUna  '    ^'  ^'    '      <"'°'"'"K'''l 


the  brain  to  the  retinal  cells  (Fig.  3013).     Some  of  these 
end  by  ramifications  about  the  amacrine  cells,  others  at 
various  levels  by  horizontal  arborescence 
toin  n^u?  *!J^^/'?:  development  of  the  neural  tube  cer- 
iZ  ,  nil '  ?  f  ^l  "'"  spongioblasts,  become  shaped 
VR?1  of  H,„  f  ^'°S  throughout  the  entire  thickness  of  the 
wall  of  the  tube  and  constituting,  by  interlacing  nror 
esses,  an  efficient  framework  for  supporting  the  d^ccate 
protoplasmic  nerve  cells  that  they  sirronnd^    These  ele- 
ments remain  as  the  neuroglia  of  adult  nervous  tTssie 
iTibe  w'Jf  '■^'"^^  18  genetic  relation  to  the  medullary 
wh  VI  ^  *f  possession  of  similar  sustentacular  elements 
which  are  known  as  the  JWres  of  Muller  and  the  .^ 

The  fibres  (Pig.  3011)  extend  radially  throughout  ill 

grillwork  around  the  rork  tnH  ,         ^  ^?\**  '"  ^o''"'  a 
.vend  them,     '^^^t^^^^^^^.^^^^^^ 
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3013).  In  the 
fovea  the  cones 
are  the  only 
visual  cells 
found,  being 
there  much 
narrower  and 
longer  than  in 
other  regions. 
The  conical  de- 
pression of  the 
fovea  causes 
the  fibres  of 
the  cells  to  be 
drawn  out 
obliquely. 
The  bipolar 
and  multipolar 
layers  disap- 
pear at  the 
centre  of  the 
fovea,  but  im- 
mediately 
aboutit,Avithiu 
the  macula,  be- 
come increased 
in  thickness. 


Fig.  2013.— Diagrammatic  Section  of  the  Mac- 
ula Lutea  and  Fovea  Centralis.  2,  Layer  of 
nerve  1  tores ;  .■?,  layer  of  multipolar  cells ;  4, 
interaal  molecular  layer,  composed  of  inter- 
twining arborescent  processes;  6,  layer  of 
bipolar  cells,  or  Internal  granular  layer; 
b  external  molecular  layer,  composed  of 
intertwining  arborescent  processes;  7,  nu- 
uvlr".  T"'J^n?'  cells,  or  external  granular 
layer;  8,  friUwork  formed  by  processes 
from  flbres  of  MUIler,  often  called  the  "ex: 
ternal  limiting  membrane";  9  layer  of 
theimm.'*  ""'"'"'  ^"'  "'''*''   °*  P'Snieiit  epl- 
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vessels  from  this  system  ai-o  wanting  (Fig. 
2015),  as  might  be  expeeted  from  tiie  absence 
of  the  inner  lay(.'rs  at  that  place. 

The  rn/xtiilUiifl  lens  (Pigs.  2016,  2017,  2018), 
is  a  transparent  biconvex  body  with  a  circular 
margin,  applied  to  the  opening  of  the  pupil, 
touching  the  iris  in  front  and  resting  behind 
in  a  shallow  depression  of  the  vitreous, known 
as  the  hi/d/o/dfimsa.  Its  margin  is  from  0.5  to 
0.6  mm.  from  the  ciliary  processes  to  wliich  it 
is  united  by  a  suspensory  ligament  called  the 
s<»iiilii.  Its  diameter  is  from  9  to  10  mm., 
and,  having  the  unicjue  ijroperty  of  changing 
its  form  under  the  influence  of  the  ciliary  muscle 
for  adaptation  to  vision  of  neai'  or  i-emote 
objects,  its  thickness  varies  from  3.7  (o  4  mm. 
While  not  mathematically  exact,  its  curved 
surfaces  are  nearly  those  of  spheres,  the  radius 
of  the  anterior  one  varying  from  10  to  6  mm., 
that  of  the  posterior  one  fi'om  6  to  5  mm.,  ae- 
coi'ding  as  tlie  lens  is  accommodated  for  dis- 
tant or  near  objects.  The  foetal  lens  is  nearly 
circular ;  in  old  age  it  becomes  flattened. 

The  weight  of  the  adult  lens  is  from  0.20  to 
0.25  gra.,  specific  gravity  1.121,  volume  0.25 
c.c.  Tlie  central  core  or  nucleus  is  more  con- 
densed and  less  elastic  than  the  peripheral 
part  or  cortical  suhstnnce,  though  its  histolog- 
FiG.  20U. -Diagram  of  the  Blood-vessels  ol  the  Human  Eetina.  (Leber,  after  ipoi  o|.,.,,„tiii-p  is  thp  simf.  Tliia  rlifFprpncp  rlnpa 
Jaeger.)  am,  ™,s-,  Superior  nasal  artery  and  vein;  aU.  vts.  superior  temporal  ^^^}  siiuciuie  isinc  same,  im.stuneience  aoes 
artery  and  vein;  ani,  viii,  inferior  nasal  artery  and  vein;  ati,  vti.  inferior  not  exist  m  the  tcetus  and  mcreases  with  age, 
temporal  artery  and  vein ;  am,  rm,  macular  artery  and  vein  ;  aiic,  Dme,  median  depriving  the  lens  of  its  elasticity,  so  that  the 
artery  and  vein.  gypg  pj  elderly  persons  do  not  readily  accom- 

modate for  distance.  The  nucleus  refracts 
T/ie  Ciliary  Retiiw . — As  we  approach  the  ciliary  region  |  more  than  the  cortical  substance,  the  indices  beingl.4541 
the  highly  specialized  structures  that  characterize  the  |  and  1.4053  respectively,  that  of  distilled  water  being 
fundus  of  the  retina  become 
changed.  The  cones  become 
more  scanty,  the  multipolar 
cells  are  fewer,  the  rods  are 
shortened  and  disappear. 
Finally  the  elements  are  ab- 
ruptly reduced  to  a  simple 
layer  of  columnar  epitheli- 
um. This  sudden  diminu- 
tion leaves  a  line  of  de- 
marcation known  as  the 
ora  serrata,  well  seen  by 
the  unassisted  eye. 

The  retinal  blood-vessels 
(Fig.  3014)  are  derived  from 
the  central  artery  of  the  ret- 
ina, which,  as  already  stat- 
ed, pierces  the  nerve  at  from 
15  to  20.  mm.  behind  the ' 
eyeball  and  appears  on  the 
disc  at  the  bottom  of  the 
excavation.  It  immediately 
breaks  up  into  two  branch- 
es, the  superior  and  inferior 
pupillary  arteries,  each  of 
which  subdivides  into  a 
temporal  and  a  nasal 
branch.  The  papular  arte- 
ries also  send  small  twigs, 
the  macular  arteries,  toward 
the  region  of  the  yellow 
spot.  Except  at  the  optic- 
nerve  entrance,  where  a 
capillary  anastomosis  oc- 
curs with  twigs  from  the 
posterior  ciliary  arteries,  all 
these  vessels  form  a  system 
independent  of  that  of  the 
choroid.  They  ramify 
mainly  in  the  layer  of  mul- 
tipolar cells  and  do  not  an- 
astomose with  each  other. 
At  the  central  fovea  the 
Vol.  IV.— 6 


Fig.  2015.— Blood-vessels  ol  the  Macula  Lutea, 


The  part  that  is  totally  tree  from  vessels  is  the  fovea 
centralis. 
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riQ.  2016.— Anterior  Surface  of  Adult 
Lens.    (Arnold.) 


1  3342  (Krause).  The  lens  is  completely  enveloped  by 
a  structureless  elastic  capsule  thicker  in  front  than 
behind   which  resembles  in  its  reactions  the  sarcolemma 

of  muscle  or  the  mem- 

brana   propria   of 

glands. 
^  *f^\^.  The  development  of 

^'  ■         -'   4*«~         the  lens  is  the  key  to  its 

structure.  It  will  be 
remembered  that  it  is 
formed  from  an  invagi- 
nation of  the  external 
L     ,  >^.s  .-   ,    epithelium  that  be- 

V^  .     '^v    *JJ^_■'    comes  isolated  as  the 

»  »      "  .^  .w^      lenticular   vesicle  and 

that  the  cells  of  the 
anterior  wall  retain 
their  epithelial  charac- 
ters, becoming  more 
and  more  columnar  to- 
ward the  margin  or 
equator  of  the  lens, 
while  those  on  the  retinal  aspect  become  lengthened  into 
flattened  fibres  that  vary  in  size  and  length  in  the  cen- 
tral and  the  peripheral  portions  (Fig.  2019).  The  super- 
ficial fibres  are  from  0.010  to  0.012  mm.  wide,  0.005  mm. 
thick,  and  8  mm.  long,  while  those  of  the  deeper  portion 
are  0.0075  wide,  0.0025  thick,  and  4  mm.  long.  In  the  mid- 
dle and  interior  portions  of  tlie  lens  the  edges  of  the  fibres 
are  finely  serrated  (Figs.  3020,  2021),  but  these  serrations 
do  not  fit  into  each  other  and  there  are  thus  left  between 
the  fibres  fine  spaces 
that  serve  for  the  pas- 
sage of  lymph .  As  the 
lens  has  no  blood-ves- 
sels such  a  provision 
seems  nece.ssaiy  for  its 
nutrition.  Between 
the  epithelium  and  the 
lens  fibres  is  the  origi- 
nal cavity  of  the  len- 
ticular vesicle  reduced 
to  a  narrow  slit  fiJled 
with  semifluid  mate- 
rial. This  rapidly 
liquefies  after  death 
and  becomes  the  so- 
called  liquor  Morgagni. 
When  treated  by 
appropriate  reagents 
the  fibres  of  the  peripheral  third  of  the  lens  may  be 
separated  into  concentric  layers  like  those  of  an  onion 
(Fig.  2022).  In  eacli  layer  the  fibres  have  approximately 
the  same  length  and  terminate  along  nearly  regular  ra- 
diating lines  called  the  lens  stars  (Fig.  2023).  In  the 
young  lens  these  have  behind  an  airangement  like  a  Y, 
in  front  tjiat  of  the  same  letter  reversed  (/^).  They  are 
more  complicated  in  the  adult. 
The  zonula,  formerly  thought  to  consist  of  two  folds 
of  a  tenuous  membrane  en- 
closing a  triangular  canal  (ca- 
nal of  Petit)  that  encircles 
the  lens,  is  now  known  to  be 
a  system  of  delicate  fibrilla; 
that  extend  from  the  ciliary 
region  and  the  hyaloid 
membrane  to  be  implanted 
upon  the  capsule  of  tlie 
lens.  The  origin  and  exact 
nature  of  these  librillu'  is  still 
under  discussion.  It  seems 
probable  that  they  originate 
like  the  vitreous  from  mesen- 
chymal connective  tissue. 
They  form  an  annular  struc- 
ture about  6  mm.  wide  that 
completely  encircles  tlie 
lens,  serves  to  hold  it  in  po- 


FiG  2017  — Postenor  Surface  of  Adult 
Lens.    (Arnold.) 


FIG.  2018.— Lens  of  a  CSlld  at 
Birth  seen  from  the  Side. 
(Arnold.) 


t\ 


Fig.  2019.— Meridional 
Section  Through  Lens  of 
Calf.     (Arnold.) 


Ill 


sition    and   to  keep   the   capsule 
tense. 

The  anterior  chamber  has  the 
character  of  a  lymph  space  devel- 
oped in  the  connective  tissue  that 
primitively  separates  the  lens 
from  the  external  epithelium. 
This  cavity  is  filled  by  the  aqueous 
Immor,  a  sparkling,  transparent 
fluid  containing  98.71  per  cent,  of 
water  and  having  a  considerable 
similarity  to  lymph.  The  quan- 
tity of  this  is  from  331  to  323 
c.mm.  and  re- 
mains nearly 
constant  during 
life,  being  suf- 
ficient to  main- 
tain an  intra- 
ocular tension 
equal  to  that  of 
a  column  of  mer- 
cury 26  mm.  in 
height.  Its 
specific  gravity 
is  1.0053  and  its 
index  of  refrac- 
tion 1.3430,  that 
of  distilled  water 
being  1.3342 
(Krause).  Ap- 
parently it  is 
constantly  re- 
newed by  a  secretion  from  the  vessels 
of  the  choroid,  particularly  those  of 
the  ciliary  processes,  and  removed 
from  the  chamber  by  infiltration 
through  the  spaces  of'  Fontana  into 
the  scleral  sinus  and  perhaps  by  the 
lymph  crypts  of  the  iris.  Normally 
it  contains  no  moriDhological  elements. 

Behind  the  lens  the  cavity  of  the  eyeball  is  filled  with 
the  vitreiius  humor  or  body,  a  transparent,  jelly-like  ma- 
terial that  has  the  characters  of  a  primitive  form  of  very 
watery  connective  tissue,  showing  'widely  scattered  cells 
embedded  in  a  matrix  of  gelatinous  material  in  which 
appropriate  reagents  develop  a  rich  fibrillary  network. 
Leucocytes  are  also  found  in  it,  especially  where  it  is  in 
contact  with  the  retina.  It  has  a  veiy  delicate  envelope, 
the  hyaloid  membrane,  adherent  to  the  retina  at  the  optic 

disc  and  the  ciliary  region 
where  arteries  enter  during 
fcetal  life.  This  membrane 
does  not  pass  down  into  the 
intervals  between  the  cil- 
iary bodies,  but  spans  them 
over,  forming  thus  small 
meridional  spaces,  the  re- 
cesses of  the  posterior  cham- 
ber,   which  are  filled  with 


Fig.  2021.— Section  of  Frozen 
Lens  siKiwins^  Hexagonal 
Shape  of  Fibres.    (Arnold.) 

aqueous  humor  infiltrated 
through  the  zonula  from 
the  anterior  chamber.  In 
front  the  vitreous  has  a 
depression,  the  hyaloid  or 
patellar  jfo.i.sa.  into  which 
the  lens  is  received.  The 
hyaloid  membrane  ap- 
pears to  be  lost  upon  the 
zonula  in  front  and  not  to 


FIG.  2020.— Isolated 
Fibres  from  Lens. 
(Arnold.) 


Fig.  2022.— Lamination  of  the  Lens 
as  Shown  After  Treatment  with 
Dilute  Alcohol.  (Arnold.)  1, 
Former  central  portion  called 
the  nucleus  lentls ;  2,  2,  layers 
of  the  so-called  cortical  sub- 
stance. 
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be  continued  over  the  hyaloid  fossa,  the  consistence  of 
the  vitreous  at  tliat  place  being  maintained  by  a  conden- 
sation of  its  substance.  From  the  optic  disc  forward 
there  runs  in  foetal  life  a  small  vessel,  the  hyaloid  artery, 


Fig.  2023.— Arrangement  of  the  Fibres  of  the  Lens  in  the  Foetus  and  at  Birth.  A,  Posterior 
surface ;  B,  anterior  surface ;  C,  side ;  c,  centre  of  the  lens  stars,  being  the  anterior  and 
posterior  poles  of  the  lens ;  1  to  6,  course  of  0bres  taken  at  equal  distances. 


for  the  nourishment  of  the  lens.  This  is  represented 
in  the  adult  by  a  central  lymph  space,  the  hyaloid  caiirtl 
(Fig.  1952).  jfust  in  front  of  the  disc  this  canal  enlarges 
to  a  space  known  as  the  area  Marteriimd. 

The  refractive  index  of  the  vitreous  body  is  nearly  that 
of  distilled  water,  its  weight  is  from  6.7  to  8.3  gm.  and  its 
specific  gravity  is  1.00.5.  Its  reaction  is  alkaline,  and  the 
proportion  of  water  found  in  it  is  very  high,  being  98.40 
to  98.64  per  cent.  Frank  Baker. 

EYE,  DIOPTRICS  OF.— Refraction.— 1.  The  term 
refraction  refers  in  physics  to  the'deviation  of  a  ray  of 
light  from  its  straight  path  on  passing  from  one  trans- 
parent medium  into  another  of  different  nature.  In  phys- 
iological optics,  however,  this  term  is  used  with  a  spe- 
cial significance,  denoting  the  relation  of  the  focal  length 
of  the  eye  to  the  position  of  the  retina.  The  eye  has  a 
normal,  or  emmetropic  (from  l/^nerpoc,  according  to  meas- 
ure, and  of,  eye),  refraction,  if  images  of  distant  objects 
are  sharply  defined  on  tlic  retina;  the  refraction  is  myo- 
pic, or  near-sighted,  if  distant  objects  form  images  in 
front  of  the  retina;  while  hypermetropia  is  that  refrac- 
tive state  in  which  images  of  distant  objects  can  be  sharp- 
ly defined  only  behind  the  actual  place  of  the  retina. 
Any  refractive  state  other  than  emmetropia  is  referred  to 
in  general  as  ametropia  (from  a/ierpo^,  disproportionate, 
and  uip,  eye). 

The  eye  of  all  vertebrates  is  an  optic  instrument,  the 
principle  of  which  is  illustrated  by  the  photographer's 
camera  obscura.  By  means  of  a  convex  lens,  the  rays  of 
light  coming  from  the  different  points  of  external  objects 
are  so  reunited  as  to  form  inverted,  but  geometrically 
correct,  images  of.those  objects  on  a  screen.  The  screen 
is  the  retina,  while  the  convex  lens  is  constituted  by  all 
the  transparent  media  of  the  eyeball. 

A  correct  knowledge  of  the  optic  properties  of  the  eye 
is  not  possible  without  some  familiarity  with  the  laws  of 
physical  dioptrics.  Hence  we  must  begin  with  a  resume 
of  the  laws  of  the  refraction  of  light.  In  order  to  keep 
this  article  within  the  allotted  space,  we  will  not  attempt 
to  follow  out  the  mathematical  deduction  of  all  the  vari- 
ous formulae  of  which  we  must  make  use.  For  the  com- 
plete mathematical  proof  of  all  the  statements  the  reader 
must  consult  some  of  the  works  mentioned  in  the  bibli- 
ography, especially  those  of  Helmholtz  and  Donders. 

The  paths  of  the  rays  of  light  entering  the  eye,  and  the 
influence  of  the  difCerent  media  upon  them,  can  be  de- 
duced from  the  following  optic  principles: 

2  Law  of  Refractio7i.  —From  every  point  of  a  luminous 
or  illuminated  object  there  proceed  rays  of  light  in  all 
directions  Every  ray  pursues  a  straight  course  as  long 
as  it  passes  through  a  uniform  medium.  When  a  ray 
passes  from  one  transparent  medium  mto  another  ot  dif- 


ferent optic  properties,  it  is  refracted  or  deflected  from 
its  straight  path,  except  when  its  original  direction  is 
vertical  to  the  surface  of  the  second  medium.  The  ex- 
tent of  deflection  depends  on  a  specific  property  of  each 
medium,  viz.,  its  refractive  power. 
The  relation  of  the  relructive  power 
of  any  one  medium  to  that  of  an- 
other is  termed  the  refracti\-e  index, 
and  is  usually  designated  by  the 
letter  /(.  Air  is  taken  as  the  stan- 
dard of  comparison,  and  its  index  of 
refraction  is  called  1.  Compared 
with  air  the  refractive  index  of 
water  is  1.334;  of  crown  glass, 
1.533;  of  flint  glass,  1.664.  A  me- 
dium having  the  greater  refractive 
index  is  said — in  a  somewhat  loose 
manner — to  have  a  greater  optic 
density  than  another  rarer  medium. 
The  extent  to  which  a  ray  of 
light  is  deflected  from  its  straight 
path,  by  refraction,  depends  on  the 
angle  at  which  it  strikes  the  surface, 
as  well  as  on  the  refractive  indices 
of  the  media. 
Let  A,  in  Fig.  2024,  be  air,  with  the  refractive  index 
=  n,  and  B  be  glass,  with  the  index  =  n',  the  two  being 
separated  by  the  surface  s  s'.  A  ray  of  light,  having  the 
direction  as  c  in  the  air,  will  be  bent  in  the  direction  c  d  on 
entering  the  glass.  If  we  erect  the  normal  bee  vertical 
to  the  surface  at  the  point  c,  the  angle  as  c  J  is  the  angle 
of  incidence  of  the  ray  ae;  the  angle  e  c  dis  the  angle  of 
refraction.  The  latter  is  here  smaller  than  the  former, 
for,  in  the  denser  medium,  the  refracted  ray  is  bent 
toward  the  perpendicular.  The  relation  of  one  angle  to 
the  other  depends  on  the  relation  of  the  refractive  indices 
of  the  two  media,  so  that  the  sine  of  either  angle  is  to  the 
sine  of  the  other  inversely  as  the  index  of  the  correspond- 
ing medium  is  to  that  of  the  other,  or 


sine  '/  c  b 
sine  e  c  d 


0) 


Since  the  sine  of  an  angle  zero  is  likewise  zero  in  value, 
it  follows  that  when  the  incident  ray  is  itself  perpendic- 


FlG 


ular  to  the  refracting  surface,  it  continues  to  be  perpeii- 
dieular  after  its  entrance  into  the  second  medium,  i.e.,  it 
is  not  deflected  at  all  from  its  course. 

The  path  which  a  ray  describes  in  passing  through  one 
or  more  refracting  surfaces  is  the  same,  whether  that  ray 
travels  forward  or  backward  from  any  given  point  in  its 
course. 

3.  If  the  denser  medium  is  in  the  form  ot  a  plate 
bounded  by  parallel  surfaces  and  surrounded  by  the  same 
rarer  medium  on  both  sides,  a  ray,  after  passing  through 
the  plate,  follows  a  direction  parallel  to  its  original  course, 
but  is  displaced  laterally. 
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For  in  Fig.  3025,  wliere  A  represents  tlie  air,  and  B 
the  plate  of  glass,  the  ray  a  c  on  entering  the  glass  is 
bent  toward  the  perpendicular  rf  <•  to  an  extent  exactly 
counterhalanced  by  its  deflection  from  the  perpendicular 

b 


^/^^' 

c 

^^^:>-^ 

c 

A 

B 

A 

FIG.  21  e"). 

efon  leaving  the  glass.  Hence  the  ray  e  b  after  passing 
through  the  glass  is  parallel  to  the  prolonged  direction  of 
the  original  ray  '(  c, 

4.  Refracticni  by  a  i-lingle  Refriictiiig  Surf  are. — "When 
the  denser  medium  is  bounded  by  a  convex  spherical  siu'- 
face,  all  rays  (except  one)  coming  from  any  point  in  the 
rarer  medium  are  deflected  in  such  a  manner  as  to  be  less 
divergent  after  their  refraction  tlian  they  were  before. 
The  one  ray  not  deflected  is  the  one  stiiking  the  surface 
verticady,  hence  coinciding  in  the  radius  or  axis  of  that 
point  of  the  surface.     It  is  hence  termed  the  axial  ray. 

In  Fig.  2026  let  n  be  a  point  in  the  air  from  whicli  rays 
proceed  toward  the  convex  surface  b  c  separating  tlie  air 
from  the  glass.  Let  o  be  the  centre  of  curvature  of  the 
refracting  surface  b  c.  Let  the  ray  a  c  be  vertical  to  the 
surface,  i.e.,  coinciding  with  the  direction  of  the  radius 
0  c  ;  it  will  hence  not  be  deflected  from  its  course.  The 
ray  n  b  is,  however,  refracted.  If  o  b  is  the  radius  of  the 
surface,  and  is  hence  vertical  to  the  point  b,  the  angle 
of  refraction/ J  o  can  be  found  by  the  formula: 
sine /A  0  :  sine  a  b  d  =  n      n' 

It  is  evident  from  Fig.  2026,  that  if  the  point  a  be  not 
too  near  to  the  refracting  surface,  the  refracted  ray  b  f 
will  verge  toward  the  undeflected  axial  ray,  and  will 
meet  it  in  some  point  which  we  will  designate/.  It  can 
be  shown  by  a  mathematical  analysis,  tliat  not  only  this 
one  ray,  but  that  all  rays  proceeding  from  the  point  a 
toward  the  convex  surface  b  c  are  so  refracted  as  to  meet 
the  axial  ray  at  the  point/  provided  we  limit  our  analy- 
sis to  those  rays  only  which  are  not  vei'.y  oblique  to  the 
axis,  and  do  not  strike  the  surface  far"  from  tlie  axis. 
"With  this  provision,  the  point/  is  the  collecting  point 
of  all  rays  coming  from«;  the  point/ is  therefore  the 
unage  of  the  point  a.  If  we  trace,  liowever,  the  course 
of  the  rays  which  are  very  oblique  to  the  axial  ray   or 
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which  strike  the  surface  far  from  its  axis,  we  shall  find 
that  they  meet  the  axial  la.y  at  various  points  different 
irom/.  buch  a  want  of  exact  reunion  of  all  the  ravs 
wlieii  too  large  an  extent  of  the  refracting  surface  is  ex- 
posed constitutes  the  fault  of  optic  instruments  known 
^^  fphencal  abnralim,.  The  refraction  of  sucl,  ve  ■ 
oblique  rays  IS  reiu-,ise,ited,  in  a  somewhat  exan-vraled 
manner,  in  Fig.  202T.  '^■^''.^.-^'  ''in  n 

.   5    Focal  Lenfith.-\\hen  the  luminous  point  issiiuated 
in  the  rarer  medium  at  a  distance  infinitely  great  I'om 
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pared  with  the  dimensions  of  the  refracting  surface,  the 
different  rays  emanating  from  that  point  strike  the  re- 
fracting surface  with  so  little  divei-gence  as  to  be  prac- 
tically parallel  to  each  other.  These  parallel  rays  are 
rendered  convergent  by  tlieir  refraction.  The  point 
where  these  refracted  rays  meet  is  called  the  principal 
posterior  focus,  and  its  distance  from  the  refracting  sur- 
face is  the  posterior  focal  length.  This  distance,  desig- 
nated usually  as  F",  depends  on  the  relative  indices  of 
refraction  of  "the  first  and  second  media  and  on  the  radius 
of  cur\'ature  of  the  refracting  surface.  If  we  call  this 
radius  r,  the  formula  for  the  posterior  focal  length  is: 


F" 


(2) 


The  plane  drawn  through  the  posterior  focus  vertical 
to  the  axis  of  the  refracting  surface  is  called  the  posterior 
focal  plane. 

As  tlie.  luminous  point  moves  nearer  to  the  refracting 
surface,  so  as  to  make  the  incident  rays  more  and  more 
divergent,  their  focal  reunion  recedes  farther  from  the 
surface,  until  a  certain  jioint  in  front  of  the  convex  sur- 
face is  reached,  the  rays  proceeding  from  which  are  so 
divergent  tliat  they  can  no  longer  be  rendered  convergent 
by  their  refraction,  but  only  parallel.  Their  point  of 
focal  reunion  may  then  be  considered  as  infinitely  far  be- 
hind the  surface.  The  point  in  front  of  the  surface  from 
w)iich  these  rays  proceed  is  the  principal  anterior  focus, 
and  its  distance  from  the  surface,  which  we  will  call  F' , 
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is  the  anterior  focal  length.  A  vertical  plane  laid  through 
it  is  the  anterior  focal  plane.  F'  can  be  found  by  the 
formula : 


P'  = 


(2n) 


A  comparison  of  formuhp  (2)  and  (2a)  shows  that  the  an- 
terior and  posterior  focal  lengths  are  not  alike  under  the 
circumstances,  but  that 


F'     F"  = 


(2b) 


Remembering  that  the  path  of  the  rays  is  the  same, 
whether  they  travel  forward  or  backward,  we  may  also 
define  the  anterior  focus  as  the  point  in  which  rays  "unite, 
Avhich  proceed  parallel  to  each  other  in  the  de'nser  me- 
dium toward  the  refracting  surface. 

6.  The  distance  of  the  focal  reunion  from  the  refract- 
ing surface  can  be  calculated  for  any  set  of  rays,  coming 
from  any  jioint,  if  we  know  the  distance  of  "that  point 
from  the  surface,  and  also  the  anterior  and  posterior  focal 
lengths  of  the  refracting  surface.  If/'  be  the  known  dis- 
tance of  the  luminous  point,  the  distance  of  the  corre- 
sponding focal  reunion/"  will  be: 


/" 


F-  f 


(3) 


f-F 

Conversely,  the  distance  of  a  luminous  point  /'  can  be 
found,  if  we  know  the  distance  of  its  corresponding  focal 
reunion  or  image/",  according  to  the  formula: 

r  =  :"■'" 


-f'-F" 


(3a) 
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A  veiy  convtnient  formula  for  finding  the  place  of  the 
local  reunion  of  rays  coming  from  a  point  at  a  known 
clistance  can  be  obtained  by  the  transformation  of  (3)  and 
(da).  If  we  designate  the  distance  from  the  luminous 
pomt  to  the  anterior  focus,  viz. :  J'-P'  as  I'  (counting  I' 
negative  if/'  is  nearer  to  the  surface  than  F'),  and  the 
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distance  from  the  posterior  focus  to  the  point  of  focal 
reunion  of  the  rays  in  question,  viz. :  /"  —  F"  as  I",  then 

l'l"  =  F'F"  (3b) 

In  all  these  instances  the  relation  of  luminous  point  and 
corresponding  image  can  be  reversed  without  change  of 
position ;  in  other  words,  if  the  point  j'  is  the  image  of 
the  point  a,  then  for  rays  proceeding  in  the  reverse  direc- 
tion, a  is  also  the  image  of  the  point  x.  Any  two  points 
having  such  a  relation  of  luminous  point  and  correspond- 
ing image  are  called  conjugate  points. 

7.  Virtual  Image. — When  the  rays,  coming  from  a 
point  nearer  than  the  anterior  focus,  strike  the  refracting 
surface,  their  divergence  is  too  great  to  be  entirely  over- 
come by  the  refraction.  They  cannot  therefore  be  united 
to  form  an  actual  image ;  but  if  their  direction,  after  the 
refraction,  be  prolonged  backward,  their  prolongations 
meet  to  form  a,mrtual  image.  The  focal  reunion  of  such 
rays  is  therefore  negative. 

Thus,  in  Fig.  2028,  if  F'  be  the  principal  anterior  focus 
of  the  refracting  surface  s  s',  and/'  the  luminous  point, 
the  rays  proceeding  from/"  will  have  a  divergence  after 
their  refraction,  as  if  they  came  from  the  point/",  which 
is  therefore  the  image  of/'.  Since/"  is  on  the  same  side 
of  the  surface  as/',  its  distance  is  counted  negative.  It 
can  be  determined  by  formula  (3a)  or  (3b). 

8.  Formation  of  Images. — Since  an  object  is  made  up 
of  an  infinitely  great  number  of  points,  and  since  of 
every  such  point  in  fi'ont  of  the  refracting  surface  an 
image  is  formed  somewhere  behind  the  surface,  therefore 
an  image  must  also  be  formed  of  the  entire  object.  From 
every  point  of  the  object  there  proceeds  one  ray,  which 
is  not  bent  from  its  course  by  refraction,  viz. :   the  ray 
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which  strikes  the  surface  perpendicularly,  and  hence  co- 
incides in  direction  with  the  radius  of  the  point  of  the 
surface.  Such  rays  are  teriaed  rays  of  direction.  Since 
all  other  rays  proceeding  from  any  one  point  of  the  ob- 
ject meet  the  ray  of  direction  at  the  corresponding  dis- 
tance of  focal  reunion,  the  image  of  every  point  of  the 
object  is  situated  somewhere  in  the  path  of  the  ray  of 
direction  coming  from  that  point.  Since  every  ray  of 
direction  coincides  with  one  of  the  radii  of  the  refracting 
surface,  the  rays  of  direction  must,  therefore,  like  the  ra- 
dii, intersect  at  the  centre  of  curvature  of  the  surface. 


Since  the  focal  length  of  a  refracting  surface  is  always 
greater  than  its  radius,  according  to  formuh^  (3)  to  (3a) 
therefore  the  actual  images  of  obj(;cts  farther  off  than  the 
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anterior  focus ai-e  formed  somewhere  beyond  the  point  of 
intersection  of  the  rays  of  direction,  and  are  hence  in- 
verted.    This  is  illustrated  by  Fig.  3029. 

The  point  where  the  rays  of  direction  cross,  viz  the 
centre  of  curvature  of  the  surface,  is  also  called  the  optic 
centre. 

9.  When  the  object  lies  in  a  plane  vertical  to  the  axis 
of  tlie  refracting  surface,  all  points  of  the  object  near  the 
axis  are  sensibly  at  the  same  distance  from  the  refracting 
surface,  as  measured  by  the  length  of  the  rays  of  direc- 
tion. Their  images  are  therefore  likewise  situated  at 
equal  distances  behind  the  surface,  and  hence  lie  in  a 
plane  vertical  to  the  axis.  But  this  is  true  only  as  long 
as  the  angle  included  between  the  ray  of  direction  coming 
from  that  point  of  the  object,  and  the  axis  of  the  refract- 
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ing  surface  is  so  small  as  to  permit  the  substitution  of  its 
chord  for  its  arc  without  practical  error.  In  the  case  of 
objects  of  dimensions  exceeding  this  limit,  the  images  lie 
in  a  curved  line,  with  the  concavity  toward  the  refracting 
surface,  as  shown  in  Fig.  3030. 

Such  extensive  images  are  blurred,  on  account  of 
spherical  aberration.     (See  Section  4.) 

10.  Circles  of  Diffusion.  —An  image  is  sharply  defined 
only  in  the  plane  of  focal  reunion  of  the  rays.  In  any 
plane  anterior  to  this  the  rays  are  not  yet  united ;  in  any 
plane  posterior  to  this  the  rays  diverge  again.  Hence  a 
screen  placed  in  front  or  in  the  rear  of  the  focal  reunion 
receives  a  blurred  image,  since  every  point  of  the  object 
is  represented — not  by  a  single  point — but  by  a  circle  of 
diffusion.  The  size  of  the  circles  of  diffusion  increases 
with  the  distance  of  the  screen  from  the  point  of  focal 
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reunion  in  either  direction,  and  with  the  extent  of  the  re- 
fracting surface  through  which  rays  pass.  This  is  evi- 
dent from  Fig.  3031. 

11.  Ske  of  Images. — The  size  of  the  image  is  to  the  size 
of  the  object  as  the  distance  of  the  image  from  the  optic 
centre  is  to  the  distance  of  the  object  from  the  same 
point.     If  we  designate,  in  Fig.  2033,  the  distance  of  the 


85 


Bye. 
Eye. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


object  A  B  from  o,  the  optic  centre,  as  g' ,  and  the  dis- 
tance of  the  image  a  b  from  o  as  y",  we  can  express  the 
relation  of  size  by  the  f  orniula ; 

ab     AB=.g"  :  g'  (4) 

the  truth  of  which  is  evident  from  the  similarity  of  the 
two  triangles  A  Bo  and  a  b  o.     For  certain  calculations 
the  relation  of  size  can  be  more  conveniently  stated  as 
ab  :  AB=f"  -  F"  :  F"  (4a) 

in  which  formula  F"  is  the  principal  posterior  focal 
length,  and/"  the  distance  of  the  image  from  the  surface. 
The  derivation  of  this  formula  is  shown  in  Fig.  2033. 

For  if  we  draw  in  this  figure  the  ray  A  d  from  the 
point  A  paralleLto  the  axis,  it  is  refracted  as  if  it  were  a 
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ray  coming  from  some  point  in  the  axis  at  an  infinite 
distance,  that  is  to  say,  it  is  deflected  to  F"  the  posterior 
focus,  and  proceeds  beyond  F"  until  it  meets  the  other 
rays  coming  from  A  in  the  point  of  focal  reunion  a. 
Thereby  are  formed  the  two  similar  triangles  d  c  F"  and 
«  b  F'     Hence, 

ab  -.dc^f"  F"  :  c  F" 

Since  the  line  A  d  has  been  drawn  parallel  to  B  c,  the 
side  (Z  c  is  equal  in  size  to  the  object  A  B.  If  we  substi- 
tute the  term  F"  for  the  line  c  F",  and  the  term/"  —  F" 
for  the  line/"  F"  according  to  our  premises  we  get  the 
equation : 

ab  .  AB=f"  -  F"  .  F" 

12.  Virtual  Imager. — When  the  object  is  nearer  to  the 
refracting  surface  than  the  principal  anterior  focus,  there 
is  no  real  image,  but  only  a  virtual  image  is  formed  on 
the  same  side  of  the  surface  as  the  object  is  itself.  In 
this  case  /"  is  hence  negative,  otherwise  the  same  for- 
raulie  apply  as  above.  Since  the  rays  of  direction  do  not 
cross,  this  virtual  image  is  erect,  and  since  it  is  always 
farther  from  the  optic  centre  than  the  object,  it  is  larger 
than  the  object.  The  amplification  of  the  image  dimin- 
ishes as  the  object  approaches  the  refracting  surface,  for 
when  the  object  has  just  passed  through  the  anterior 
focus  the  image  is  at  an  infinitely  great  distance,  and  is 
therefore  most  enlarged,  while  when  the  object  touches 
the  refracting  surface,  object  and  image  coincide  in  posi- 
tion and  size.  The  formation  of  virtual  images  is  shown 
in  Fig.  2034. 

18.  All  the  facts  above  stated  with  reference  to  images 
formed  in  the  denser  medium  of  objects  situated  in  front 
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of  the  refracting  surface,  are  equally  true  converselv  of 
images  formed  in  the  rarer  medium  of  objects  situated 
behind  the  refracting  surface. 

^  14.  Bjfnwtion  by  Covcave  Surfaces.— When  the  refract- 
ing surface  is  concave  on  the  side  of  the  rarer  medium 
rays  coming  from  any  one  point  are  not  reunited  in  an 
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actual  focus.  But  if  the  direction  which  they  assume 
after  their  refraction  be  prolonged  backward,  the  pro- 
longed rays  will  meet  in  a  point  representing  the  focus. 
This  focal  length  is  therefore  always  negative,  that  is  to 
say,  the  focus  is  always  on  the  same  side  of  the  surface 
as  the  object  itself.  The  position  of  the  principal  foci  or 
any  conjugate  point  of  focal  reunion  can  be  found  by 
the  same  formulse  as  in  the  case  of  a  convex  surface,  but 
these  values  are  always  negative,  because  the  radius  of 
curvature  of  the  concave  surface  is  negative  in  direction. 
The  images  formed  by  a  concave  refracting  surface  are 
hence  always  on  the  same  side  as  the  object,  that  is  to 
say,  they  are  not  real,  but  virtual,  and  can  only  be  smaller 
than  the  object,  as  is  shown  in  Fig.  3035. 

15.  Befraciion  by  Successive  Siirj^aces.  ■ — ■  When  light 
passes  through  a  number  of  surfaces  of  different  media, 
the  above-developed  formuloe  apply  to  the  refraction 
through  each  surface.  Thus  the  focus  of  the  first  surface 
forms  tlie  luminous  point  for  the  second  refraction,  its 
distance  being  counted  positive  when  it  is  in  front  of  the 
second  surface,  and  negative  when  it  happens  to  be  be- 
hind that  surface.  Similarly  the  image  formed  by  the 
second  surface  is  the  object  for  the  third  surface,  and  so 
on.  But  such  calculations  become  very  cumbersome  if 
we  try  to  follow  actually  the  course  of  the  rays  through 
their  successive  refractions.  The  matter  is  simplified  by 
treating  the  series  of  surfaces  as  one  system  having  cer- 
tain fixed  points,  the  position  of  which  determines  the 
path  of  all  rays.  These  are  called  the  cardinal  points. 
Their  position  remains  constant  in  any  given  system,  and 
can  be  calculated,  if  the  refractive  indices  of  the  media, 
the  radii  of  curvature  of  all  the  surfaces,  and  the  dis- 
tances of  all  the  surfaces  from  each  other  are  known, 
provided  the  centres  of  curvature  of  all  the  surfaces  lie 
in  a  straight  line,  the  axis  of  the  system.     If  the  latter 
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condition  is  fulfilled,  the  system  is  said  to  be  centred. 
The  cardinal  points  are  the  two  foci,  the  two  principal 
points  and  the  two  nodal  points. 

16.  The  Foci. — The  foci,  anterior  or  first,  and  posterior 
or  second,  are  the  two  points— one  on  either  side  of  the 
system— at  such  distances  that  rays  coming  from  the 
focus  are  rendered  parallel  to  each  other  by  their  last 
refraction.  Conversely  parallel  rays,  entering  the  system 
from  either  side,  are  united  in  a  point  in  the  focus  on  the 
other  side,  as  has  been  shown  to  occur  in  the  case  of  a 
single  refracting  surface.  The  distance  of  either  one  of 
the  foci  of  a  compound  system  from  the  surface  next  to 
it  may  be  computed  in  the  following  manner:  Let  n  be 
the  refractive  index  of  the  first  medium,  ?j,  of  the  second, 
«2  of  the  third,  and  so  on.  Let  6',  be  the  first  refracting 
surface,  and  r,  its  radius  of  curvature ;  8^  the  second 
surface,  and  r^  its  radius,  and  so  on.  The  value  of  r  is 
positive  if  the  surface  is  convex  on  the  side  of  the  lumi- 
nous point;  negative  if  it  is  concave.  Let  rf,  be  the  dis- 
tance from  the  first  surface  to  the  second,  rf^  from  the 
second  to  the  third,  and  so  on.  Determine  the  foci  of 
eacli  surface  by  itself,  without  reference  to  the  other  sur- 
faces. According  to  formuUe  (2)  and  (2a),  we  get  for  the 
first  surface, 


F,'  = 


»r, 


and  F'  =- 


«i  -  n 
and  for  the  second  surface, 

F,'  =  -^i!-!i-  and  F,"  = 


n, 


n^  7-2 


til 
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The  posterior  focus  for  the  first  and  second  surfaces  taken 
together  will  now  be  found  by  considering  F^"  as  the 
luminous  point  for  6'a ;  and,  on  applying  the  formula  (3), 

„        F"  f 
VIZ.,/   =    ,  _         we  get  the  equation : 


^G  +  .)"  = 


F^"  id-  -  F,") 


(5) 


{d'  -  F,")-  F^ 

which  states  the  distance  of  the  posterior  focus  of  the 
system  of  surfaces  ,9,  and  Sj  from  X,  The  distance  of 
the  anterior  focus  of  8i  and  8.^  together,  from  Si,  is  simi- 
larly found  by  the  application  of  formula  (3a),  viz  f  = 
F'  f" 
^,  _  ji-„  and  following  the  light  in  the  reverse  direction, 

hence 

F'jdi-F,) 
^'  +  ''    -(d,-F,'}-F"  <"^') 

By  treating  the  surfaces  8,  and  8,  as  one  system,  ^vo  can 
then  proceed  to  determine  the  foci  for  <S  (,  +  j)  and  8^, 
and  so  on. 

The  foci  of  an  optic  system  having  been  determined, 
the  focal  length  is  now  measured  by  the  distance  of  each 
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focus  from  its  corresponding  principal  point.  If  we  call 
the  anterior  or  first  principal  point  //',  and  the  posterior 
or  second  principal  point  H",  then  F'  H'  is  the  anterior 
focal  length,  and  IT"  F"  is  the  posterior  focal  length. 

17.  The  Principal  Points. — The  principal  points  are  the 
two  points  where  the  axis  of  the  system  is  cut  by  the  two 
principal  planes,  The  significance  of  the  principal  planes 
can  be  best  explained  on  comparing  the  refraction  by  a 
single  surface  with  the  course  of  rays  through  a  com- 
pound system.  In  the  case  of  the  single  surface  a  h, 
Fig.  2036,  the  ray  F'  a,  coming  from  the  anterior  focus, 
is,  by  its  refraction,  made  parallel  to  the  axial  ray  F'  F" . 
Incident  and  refracted  rays  intersect  here  in  the  plane  of 
the  refracting  surface.  The  same  is  true  of  the  ray  F" 
b  coming  from  the  posterior  focus,  and  its  continuation, 
b  c,  after  refraction.  In  Fig.  2087,  however,  where  there 
are  two  refracting  surfaces,  a  b  and  a'  b',  the  ray,  F'  a, 
coming  from  the  anterior  focus,  is  twice  bent  from  its 
course,  viz.,  at  each  surface,  so  as  to  finally  assume  the 
direction  a'  d,  parallel  to  the  axial  ray.  In  this  case  the 
incident  ray,  F"  a,  and  the  refracted  ray,  a'  d,  do  not  in- 
tersect, being  separated  by  the  space  between  a  and  a' ; 
but  if  we  prolong  them  through  this  space,  their  pro- 
longations intersect  at  the  point  K .  A  plane,  h'  H' , 
laid  through  this  point,  vertical  to  the  axis,  is  the  first 
principal  plane.  Similarly,  if  we  prolong  the  ray  F"  b', 
which  proceeds  from  the  posterior  focus  to  the  surface  a' 
b',  it  will  cut  the  backward  prolongation  of  the  refracted 
ray  J  c  at  the  point  A",  which  point  determines  the  posi- 
tion of  the  second  principal  plane.  It  is  evident,  from 
Fig.  3087,  that  the  ray  which  before  entering  the  system 
is  directed  toward  the  point  7i'  in  the  first  principal 
plane,  has  a  direction  after  its  last  refraction  as  if  it  came 
from  a  point  in  the  second  principal  plane  at  the  same 
distance  from  the  axis  as  the  point  A'.  Likewise  the  ray 
which  proceeds  in  the  opposite  direction  from  F"  toward 
the  point  A,"  has  a  direction,  after  its  last  refraction,  as  if 
it  came  from  a  point  in  the  first  principal  plane  at  the 
same  distance  from  the  axis  as  the  point  A".  This  mutual 
relation  of  the  two  principal  planes  is  the  same  for  all 
rays,  not  merely  those  coming  from  F'  or  F" ;   and  it  is 


true  also  for  any  distance  at  which  the  points  A'  and  A" 
may  be  from  the  axis  within  the  limitations  of  Section  4. 
In  other  words,  any  ray  which  is  directed  toward  a  given 
pomt  in  the  principal  plane  on  the  side  from  which  it 


comes,  apparently  emerges  from  the  other  principal  plane 
at  the  same  distance  from  the  axis.  We  can  thus  deter- 
mine by  construction  the  direction  of  any  ray  after  its 
refraction  through  a  compound  system,  and  thereby  find 
the  places  of  the  image  formed  by  sucli  rays,  if  we  know 
the  position  of  the  foci  and  the  two  principal  planes.  In 
Fig.  3038,  let  a  a'  be  the  first,  and  XX'  be  the  last  refract- 
ing surface  of  a  compound  system ;  let  //'  be  the  first, 
and  JS"  be  the  second  principal  point,  F'  the  anterior, 
audi?  "the  posterior  focus.  Draw  the  axis  i^' i*"".  From 
the  point  B  there  proceeds  the  ray  B  a,  parallel  to  the 
axis,  and  verging  toward  the  point  m'  in  the  first  princi- 
pal plane.  Hence,  after  its  last  refraction,  that  ray  has 
a  direction  as  if  it  came  from  the  point  m"  in  the  second 
principal  plane,  going  through  the  posterior  focus  F"- 
Another  ray  convenient  to  follow  is  the  one  coming  from 
B  and  passing  through  F'.  This  verges  toward  the 
point  n'  in  the  first  principal  plane.  Hence,  by  its  re- 
fraction, it  is  turned  in  the  direction  n"  b,  as  if  coming 
from  n"  and  proceeding  parallel  to  the  axis.  Where  the 
two  refracted  rays  meet,  at  the  point  b,  is  the  image  of 
the  luminous  point  B. 

Since  the  course  of  rays  is  determined  by  their  relation 
to  these  imaginary  principal  planes,  the  focal  lengths  of 
a  system  must  be  measured  by  the  distance  of  each  focus 
from  its  corresponding  principal  point,  and  not  by  the 
distance  of  the  foci  from  the  refracting  surfaces.  Indeed, 
for  all  subsequent  purposes,  we  can  practically  ignore  the 
position  of  the  refracting  surfaces  of  anj'  S3'Stem,  after 
we  have  once  determined  the  position  of  the  foci  and  of 
the  principal  planes.  For  now  all  the  problems  relative 
to  the  position  of  object  and  image  can  be  solved  by  the 
same  formulse  as  in  the  case  of  a  single  refracting  sur- 
face, by  measuring  the  focal  lengths  from  the  principal 
planes. 

18.  The  position  of  the  two  principal  points  is  deter- 
mined by  the  position  of  the  two  planes  in  which  the 
images  of  a  certain  other  plane  are  of  equal  size  and  di- 
rection. In  every  refracting  system  there  exist  only  two 
such  planes,  and  these  are  the  principal  planes ;  and  there 
exists,  moreover,  only  one  plane  of  which  two  images  of 
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equal  size  and  direction  are  possible.  Hence,  in  order 
to  find  the  principal  points,  we  must  determine  where  a 
line  must  be  in  order  to  form  two  images  of  the  same  size 
and  direction,  and  then  learn  the  place  of  these  two 
images. 

This  proposition  can  be  demonstrated  by  means  of  Fig. 
2039,  in  which  we  have  a  refracting  system  bounded  by 
the  surfaces  «'  8'  and  s"  8"  F  is  the  first  and  F"  the 
second  focus.  Draw  the  ray  F'  c,  which  is  deflected 
toward  s"  by  the  surface  s'  8',  and  is  made  parallel  to  the 
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axis  by  the  surface  s"  8".  By  the  intersection  of  the  pro- 
longed incident  and  refracted  rays  the  points'  determines 
the  position  of  the  first  principal  plane.  Similarly  a  re- 
verse ray  going  from  P"  to  e  is  bent  twice,  so  as  to  fol- 


low ultimately  the  direction  s'  b  parallel  to  the  axis.  The 
prolongations  of  the  ray  before  entering  and  after  leaving 
the  system  give  us  the  point  h",  and  thereby  the  position  of, 
the  second  principal  plane.  If  we  draw  a  line  d  d'  verti- 
cal to  the  axis  from  the  point  d,  where  the  rays  coming 
from  each  side  intersect  after  their  first  refraction,  the 
virtual  image  oi  d  d'  produced  by  the  surface  s'  8'  coin- 
cides with  the  first  principal  plane  ?i'  H',  while  the  image 
formed  by  the  surface  s"  8"  coincides  with  the  second 
principal  plane  h"  H" ,  as  is  evident  from  the  refraction  of 
the  rays  according  to  the  construction;  and  these  two 
images  are  alike  in  size.  The  distance  of  S  from  each 
surface  is  determined  by  the  equation  (4a). 

a  b  {image)  :  A  B  (object)  =f"  —  F"     F" 

or  more  conveniently,  on  account  of  the  erect  position  of 
the  virtual  image, 

ab  .  AB  =  F"  -/"     F" 

Each  surface  is  here  considered  independently  of  the 
other.  Hence  it  can  be  deduced  that  the  distances  of  d' 
from  each  surface  must  be  to  each  other  as  the  focal 
lengths  of  the  surfaces,  in  order  to  have  the  images 
formed  by  the  two  surfaces  of  equal  size.  This  is  shown 
in  Pig.  3040,  where  P'  8"  is  the  focal  length  of  the  sur- 
face s"  8 "  in  the  medium  between  the  two  surfaces  and 
P"  8'  of  the  surface  s'  8' 

A  consideration  of  the  two  triangles  P'  8"  s"  and  P" 
8'  s'  and  their  segmentation  by  the  line  d  d'  proves  that 


d'  8'  :  d'  8"  =  P"  8'      P'  8" 


(6) 


Hence,  in  order  to  find  the  principal  planes  of  a  system, 
determine  the  position  of  a  point  in  the  axis,  the  distances 


Fig.  2040. 

of  which  from  the  two  refracting  surfaces  are  to  each 
other  as  the  focal  lengths  of  these  surfaces  in  the  medium 
between  them  Then  calculate  the  place  of  the  images 
ot  this  pomt  formed  by  each  surface  independently  of 
the  other,  accordmg  to  formula  (3). 

When  the^  optic  system  consists  of  more  than  two  re- 
fractmg  surfaces,  determine  the  principal  points  for  two 

fhi  nnr£-"'^T''  •"?  "'""  '^'"''^^  '•'«  <ii«ta°ce  between 
the  one  prmcipal  pomt  next  to  the  third  surface  and  the 
third  surface  into  two  parts,  which  are  to  each  other  as 
dhL^"' tIP°-^'°^  f°cal  l^°gths  in  the  interven  ng  me- 
Sentl^^h^e^r^  stf^LdVyt^  J^st^  ut 

19.   The  Nodal  Points.— Tim   nodal   nnint=   „f  „ 
pound  system  replace  the  optic  centre  ofas  ngl    refraS" 
mg  surface.     For  while  all  rays  of  direction  |assunde- 
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fleeted  through  the  optic  centre  of  a  single  surface,  a 
second  surface  will  deflect  all  rays  with  the  exception 
only  of  the  axial  ray.  Hence  a  single  optic  centre  cannot 
exist  in  a  compound  system.  But  there  exist  two  points 
in  the  axis,  viz.,  the  nodal  points,  of  such  properties  that 
a  ray  directed  toward  the  first  before  entering  the  system 
pursues  a  course  after  its  final  refraction  as  if  it  had 
passed  through  the  second  nodal  point  parallel  to  its 
original  direction. 

That  a  pair  of  points  of  such  properties  must  exist  in 
any  compound  system  is  evident  from  Fig.  3041,  where 
F'  is  the  first  and  F"  the  second  focus,  and  in'  H'  n'  the 
first  and  m"  //"  n"  the  second  principal  plane.  A  ray  B 
m',  coming  from  the  luminous  points  B,  forms  with  the 
refracted  ray  m"  b  any  angle  of  less  than  180°  as  seen 
from  below,  while  the  ray  B  n  forms  with  its  refracted 
prolongation  n"  b  an  angle  greater  than  180°  as  seen  from 
below.  Somewhere  between  to'  and  n'  there  must  be  a 
level  where  the  incident  ray  includes  with  its  continua- 
tion beyond  the  second  principal  plane  an  angle  of  180° 
exactly,  in  other  words,  where  the  two  are  parallel.  Let 
this  be  at  the  level  I' .  If  we  prolong  the  incident  ray 
B  V ,  the  points  where  this  prolonged  ray  and  the  refracted 
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FIG.  2041. 

ray  I "  S  cut  the  axis,  viz.,  K'  and  K",  answer  the  require- 
ments of  the  nodal  points.  The  position  of  the  nodal 
points  relative  to  the  principal  points  is  made  evident  in 
Fig.  2043. 

In  this  figure  we  will  draw  the  line  B  F'  on  F'  verti- 
cal to  the  axis.  From  the  point  B  there  proceeds  a  ray 
of  direction  B  K'  to  thefirstnodal  point  K'.  According 
to  our  premises  the  ray  ^"6  must  be  parallel  to  B K' 
and  in  the  direction  E"  b  lies  the  image  of  B,  at  an  infi- 
nite distance  from  the  optic  system.  Since  the  point  B 
lies  in  the  anterior  focal  plane,  every  ray  proceeding 
from  it  is  rendered  parallel  by  its  refraction  to  the  ray  of 
direction  coming  from  B.  Hence  the  ray  B  K  parallel 
to  the  axis  is  continued  after  passing  through  the  second 
principal  plane,  as  A"  F"  parallel  to  K "  b,  and  hence  also 
to  B  E.  From  the  similarity  of  the  triangle  B  F'  E' 
and  h"  H"  F"  it  is  evident  that  the  distance 


F'  E'  ^H"  F" 


(T) 


and  by  reversing  the  figure  and  constructing  the  course 
of  rays  coming  from  the  posterior  focal  plane,  we  can 
similarly  learn  that  the  distance 


and  that  hence 


F"  E"  =  H'  F' 
H'  E"  =  E'  K" 


(7a) 
(7b) 


which  latter  corollary  is  also  apparent  from  Fig.  3041. 
The  position  of  the  nodal  points  can  hence  be  at  once 


h'  h 


learned  by  formulae  (7)  and  (7a),  after  knowing  the  posi 
tion  of  the  principal  points  and  of  the  foci.  And  thus 
we  have  all  data  necessary  to  follow  the  course  of  rays 
through  any  compound  optic  system. 

30.  Lenses.— It  will  be  best  to  refer  briefly  to  the  optic 
properties  of  glass  lenses  before  we  proceed  to  the  eye 
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Itself.  According  to  the  curvature  of  their  surfaces  and 
the  distance  between  them,  lenses  either  reunite  into  one 
point  all  the  rays  coming  from  one  point,  or  disperse 
them.  The  former,  or  collecting  lenses,  have  a  positive 
focal  length.  They  form  inverted  actual  images  of  distant 
objects,  and  erect,  virtual,  and  enlarged  images  of  objects 
nearer  than  their  focus.  The  latter,  or  diverging  lenses, 
have  a  negative  focal  length,  and  can  form  only  ereetj 
virtual  images,  smaller  than  their  object.  When  both 
surfaces  of  a  lens  are  convex,  or  one  is  convex  and  the 
other  plane,  the  lens  belongs  to  the  former  variety ;  when 
one  surface  is  concave  and  the  other  plane,  or  when  both 
are  concave,  we  have  a  diverging  lens  with  negative 
focns.  When  one  surface  is  convex  and  the  other  con- 
cave, the  positive  or  negative  value  of  the  resulting  focal 
length  depends  not  only  on  the  curvature  of  the  two 
surfaces,  but  also  on  the  distance  betweiin  them. 

The  refractive  index  of  the  glass  used  for  spectacles  is 
so  near  1.5  that  we  can  calcvilate  on  that  basis  without 
important  error,  at  least  for  spectacles.  Taking  this 
index  we  find  that  in  a  plano-concave,  or  plano-convex 
lens,  the  focal  length  is  twice  the  length  of  the  radius 
of  the  curved  surface,  measuring  froni  the  curved  sur- 
face, according  to  formula  (2)  or  (3a).  The  first  and  sec- 
ond focal  lengths  are  of  course  equal  to  each  other,  when 
the  lens  is  surrounded  by  the  same  medium  on  both  sides, 
according  to  (2b).  The  distance  of  the  foci  from  the 
plane  surface  is,  however,  not  the  same'  as  from  the 
curved  surface,  for  the  focal  lengths  are  measured  from 
the  principal  points,  one  of  which  coincides  with  the 
curved  surface,  while  the  other  is  between  the  two  sur- 
faces. But  for  most  of  our  purposes  we  can  ignore  the 
thickness  of  the  glass  lenses,  as  long  as  this  is  slight  com- 
pared with  the  other  dimensions,  and  practically  measure 
the  focal  length  from  the  surface,  or,  indifferently,  from 
the  centre  of  the  lens.  If,  hence,  we  express  tlie  focal 
length  of  a  plano-convex  lens  as 


F'  =  F" 


2  r 


we  get  for  a  biconvex  lens  the  formula 


If  the  radii  of  curvature  of  the  two  surfaces  are  alike,  we 
find  the  focal  length  equal  to  the  radius,  provided  the 
index  of  refraction  is  practically  1.5.  This  applies  simi- 
larly to  biconcave  lenses,  F  being,  however,  negative. 
In  lenses  with  one  convex  and  one  concave  surface,  the 
measurement  of  the  focal  length  is  not  quite  so  simple, 
because  the  thickness  of  such  a  lens  cannot  be  ignored 
without  error,  and  the  principal  points  can  in  such  a 
combination  be  outside  of  the  substance  of  the  lens. 

The  so-called  strength  of  lenses  is  measured  differently, 
according  to  the  unit  which  we  adopt.  Formerly  a  lens 
of  the  focal  length  of  one  inch — either  negative  or  posi- 
tives-was taken  as  the  standard  and  called  1.  Any  lens 
of  longer  focal  distance  could  be  named  only  in  fractions, 


i  being  one-half  of  that  strength;  that  is  to  say,  having 
a  focal  distance  of  two  inches,  and  ^V  having  twelve 
inches  focal  length,  while  a  stronger  lens,  greater  than  1, 
had  a  corresponding  shorter  focal  distance.  Since  the 
adoption  of  the  metric  system  in  ophthalmology,  the  op- 
posite way  of  enumeration  has  been  employed.  A  lens 
of  the  focal  length  of  1  metre  is  now  taken  as  unit,  and 
called  one  dioptric,  or  1  D.  Any  lens  of  longer  focal 
length  is  expressed  in  a  decimal  fraction,  thus,  0.35  D 
means  a  lens  of  4  metres  focal  length.  The  stronger 
lenses,  on  the  other  hand,  are  measuied  by  several  diop- 
trics; thus,  10  D,  being  a  lens  of  ^^  metre,  or  10  c.c.  focal 
length.  Since  both  systems  of  measurement  are  yet  in 
use,  it  is  best  to  become  familiar  with  both.  As  regards 
the  convenience  in  calculation,  for  which  purpose  the 
dioptric  system  was  introduced,  there  is  really  not  much 
difference  between  them.  In  order  to  convert  the  num- 
ber of  a  lens  from  one  system  into  another,  it  is  to  be 
remembered  that  the  metre  is  equal  to  39.37  English 
inches,  or  36.94  French  inches.  On  account  of  inaccura- 
cies in  grinding  glasses,  the  whole  numbers,  40  (English), 
and  36  (French),  are  close  enough  for  practical  purposes. 
Hence,  to  get  the  dioptric  equivalent  of  an  English  num- 
ber, divide  that  number  into  40,  and  to  translate  a  cer- 
tain number  of  dioptrics  into  the  French  inch  system, 
divide  the  number  into  36. 

31.  In  order  to  examine  the  refraction  in  the  eye  we 
must  determine  the  refractive  indices  of  the  different 
media,  the  curvature  of  the  surfaces,  and  the  distances 
between  the  separate  surl'aces. 

33.  Refraciiee  Indices  of  tlie  Media  of  the  Eye. — The  re- 
fractive indices  have  been  measured  by  various  observers 
in  dead  eyes  by  means  of  different  physical  methods.  On 
account  of  less  perfect  methods  former  results  must  be 
taken  with  some  caution.  Even  the  more  recent  deter- 
minations made  with  Abbe's  refractometer  have  yielded 
not  inconsiderable  discrepancies  among  different  observ- 
ers, which  may  perhaps  be  attributed  to  individual  vari- 
ations. The  table  of  refractive  indices,  given  below,  is 
copied  from  Zehender  and  Matthieson. '  It  is  the  most 
complete  of  all  recent  determinations. 

The  indices  of  cornea,  aqueous  humor,  and  vitreous 
body  are  so  nearly  alike  that  an  average  index  of  the 
three  can  be  used  as  a  basis  for  calculation  without  ap- 
preciable error.  Helmholtz  assumes  1.3365  as  the  most 
nearly  correct  average  in  his  latest  publication.  While 
the  index  of  the  capsule  of  the  lens  is  considerably  above 
this  figure,  this  membrane  is  so  thin  and  its  surfaces  are  so 
nearly  parallel  to  each  other  that  its  influence  on  the  rays 
can  be  neglected  without  error.  The  index  of  the  lens 
itself  increases  from  the  external  layer  to  the  nucleus,  so 
that  the  lens  really  consists  of  a  large  number  of  layers 
of  increasing  optic  density.  By  reason  of  this  stratified 
arrangement  the  total  refractive  power  of  the  lens  is 
greater  than  it  would  be  were  the  entire  lens  of  the  re- 
fractive index  of  its  nucleus.  For  each  layer,  as  we  pro- 
ceed toward  the  nucleus,  increases  not  only  in  refractive 


Table  op  Refractive  Indices  (Zehender  and  Matthieson). 


Cornea. 

Aqueous 
humor. 

Anterior 

capsule  of 

lens. 

Lens. 

Posterior 

capsule  of 
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Cortical 
layer. 
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layer. 
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water. 

Malp   50  vpars     I            

1.3770 
V.3773 

1.372i 

1.3338 

i'.seoo 

1.3780 

1.39.53 
1.3853 

1.3887 
1.3903 

1.3930 
1.3811 

1.4087 
1.4(167 
1.4044 
1.4044 
1.40.56 
1.4063 
1.4076 

1.4018 
1.4073 

1.4131 

1.4ii2 
1.4094 
1.4154 
1.4077 
1.4091 
1.4096 
1.4101 
1.4107 

1.34.55 
1.3658 

1.3503 
1.3573 

1.3348 
1.3342 

1.3340 

II 

n    

1.3754 

1.3338 

1.3734 

1.3886 

1.40.59 

1.4106 

1.3547 

1.3343 

1.3326 
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index  but  also  in  convexity.  Tins  is  evident  when  we 
compare  tlie  following  two  lenses,  the  thickness  of  which 
must  not  be  more  than  a  small  fraction  of  the  focal 
length  Let  one  of  these  lenses,  A,  be  homogeneous  and 
have  tiie  refractive  index  n",  the  index  of  the  surround- 
ing medium  being  n,  while  the  other  lens  E,  has  on  y  a 
co?e  or  nucleus  more  convex  than  the  surface  of  the  lens 
of  the  index  n",  the  superficial  layer  having  an  index  n  , 
intermediate  between  i,  and  «".  If  v/  is  now  very  nearly 
equal  to  n,  we  have  practically  a  lens  ot  the  same  index 
as  that  of  the  lens  A,  but  of  shorter  radius  of  curvature, 
and  hence  of  shorter  focal  length.  If  7i ,  however,  is 
very  nearly  equal  to  »",  the  lens  B  will  be  practically  ot 
the  same  strength  as  the  lens  A.  but  never  less.  Hence 
no  matter  in  what  ratio  the  index  increases  as  we  proceed 
toward  the  nucleus,  the  lens  gains  thereby  in  strength. 
The  special  advantages  of  this  stratification  over  a  homo- 
geneous lens  is  the  more  regular  refraction  of  rays  very 
oblique  to  the  axis,  as  has  been  shown  mathematically 
by  Hermann."  Thereby  the  images  of  objects  situated 
laterally  from  the  axis  of  the  eye  are  not  distorted  as  they 
would  be  when  projected  by  a  glass  lens.  The  actual 
refraction  of  the  excised  human  lens  was  found  by  Helm- 
holtz  in  two  measurements  to  be  equal  to  that  of  a  homo- 
geneous lens  of  the  same  curvature,  but  with  a  refractive 
index  =  1.4.il9  and  1.44t4.  But  in  his  latest  estimate 
(1874)  he  adopts  1.4371  as  the  more  nearly  correct  average 
total  refractive  index  of  the  lens  in  its  normal  attachment 
during  life. 

23."Ciirvature  of  the  Ocular  Surfaces. —The  curvature 
of  the  surfaces  cannot  be  measured  with  accuracy  in  the 
dead  eye,  on  account  of  the  altered  tension  of  the  eye- 
ball. In  the  living  eye  the  curvature  can  be  calculated 
from  a  measurement  of  the  size  of  images  reflected  from 
the  surfaces.  The  cornea,  for  instance,  acts  as  a  polished 
convex  mirror,  producing  diminutive  images,  apparently 
behind  its  surface.  The  size  of  such  an  image  is  to  half 
the  radius  of  curvature  of  the  mirror  as  the  size  of  the 
object  is  to  the  distance  of  the  object  from  the  cornea. 
The  size  of  the  image  is  most  conveniently  measured  by 
means  .of  Helmholtz's  ophthalmometer.  This  consists  of 
a  telescope,  in  front  of  which  there  is  a  thick  plate  of 
glass  with  parallel  surfaces,  which  has  been  cut  in  two, 
so  that  the  line  separating  its  two  halves  exactly  bisects 
the  field  of  the  telescope.  The  two  plates  can  be  turned 
on  an  axis  vertical  to  the  line  of  separation.  As  long  as 
the  two  plates  are  practically  one,  that  is  to  say,  lie  in 
one  and  the  same  plane,  objects  are  seen  through  them 
in  their  natural  shape;  but  when  the  two  plates  are 
turned  in  opposite  directions,  the  objects  appear  split 
into  two  halves,  which  are  displaced  laterally  in  opposite 
directions,  in  proportion  to  the  rotation  of  the  plates. 
The  explanation  of  this  displacement  has  been  given  in 
Section  3.  For  actual  use  the  ophthalmometer  is  directed 
toward  the  observed  eye,  at  a  distance  of  several  metres, 
and  the  images  of  two  lights,  one  placed  on  either  side 
of  the  telescope,  or,  rather,  the  ideal  line  uniting  the  two 
lights,  are  observed  as  reflected  from  the  cornea.  The 
two  lights  are,  of  course,  placed  in  the  prolongation  of 
the  line  separating  the  two  glass  plates  of  the  instrument. 
Tliese  plates  are  then  turned  by  a  screw  until  the  image 
is  doubled ;  that  is  to  say,  until  the  two  halves  are  dis- 
placed laterally  through  the  open  space  occupied  by  the 
image.  From  the  observed  degree  of  rotation,  and  the 
thickness  of  the  plates,  the  extent  of  displacement,  and 
hence  the  size  of  the  image,  can  be  calculated,  and  there- 
by the  radius  of  curvature  of  the  cornea  be  determined. 

The  radius  of  curvature,  measured  by  reflection  from 
the  middle  portion  of  the  cornea,  has  been  found  to  vary 
in  different  eyes  from  7  to  8.2  mm.,  an  average  near  7  8 
mm.  being  the  most  common.  No  definite  relation  has 
been  found  between  this  radius  and  any  existing  ame- 
tropia. On  observing  the  reflection  from  the  marginal 
portion  of  the  cornea,  it  can  be  seen,  even  with  the  un- 
aided eye,  that  the  images  are  larger  than  in  the  centre- 
that  is  to  say,  that  the  convexity  of  the  cornea  diminishes 
from  the  centre  toward  the  periphery.  The  cornea  is 
therefore  a  segment  of  a  sphere,  only  "in  its  central  area, 
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while  toward  the  periphery  its  shape  approaches  that  of 
an  ellipse,  the  major  and  minor  axes  of  which  are  to  each 
other  in  the  ratio  of  about  9  to  10  or  11.  The  posterior 
surface  of  the  cornea  is  found  in  the  dead  eye  to  benearly 
concentric  with  the  anterior  surface.  This  fact,  in  con- 
nection with  the  rather  slight  difference  in  the  indices  of 
cornea  and  aqueous  humor,  allows  us  to  regard  the  cor- 
nea, aqueous  humor,  and  vitreous  body  as  one  optically 
homogeneous  medium,  bounded  by  a  single  surface. 

The  radius  of  curvature  of  the  anterior  surface  of  the 
lens  has  been  found  to  vary  between  9  and  13,  and  ex- 
ceptionally even  14  mm. ;  and  that  of  the  posterior  sur- 
face between  5.5  and  6.5.  The  images  reflected  from 
these  surfaces  are  so  faint,  on  account  of  the  small  differ- 
ence in  the  refractive  indices  of  aqueous  humor  and  lens, 
that  the  ophthalmometer  can  be  used  to  advantage  only 
with  sunlight.  The  apparent  size  of  these  images  re- 
quires a  correction,  for  the  cornea  and  aqueous  humor  act 
as  a  magnifying  lens,  interposed  both  in  the  path  of  the 
rays  from  the  object  to  the  reflecting  surface,  and,  again, 
between  the  latter  and  the  ophthalmometer.  In  the  case 
of  the  images  reflected  from  the  posterior  surface  of  the 
lens,  the  substance  of  the  lens  must  also  be  taken  into 
account  as  part  of  the  magnifying  system.  It  is  neces- 
sary hence  to  know  the  distance  from  the  cornea  to  the 
anterior  surface,  and  from  the  latter  to  the  posterior  sur- 
face of  the  lens  in  order  to  calculate  the  radii  of  curva- 
ture. The  posterior  surface  of  the  lens  acts  as  a  concave 
mirror,  giving  an  inverted  and  very  small  image. 

34.  Distances  between  the  Refracting  Surfaces. — The  dis- 
tance of  the  anterior  surface  of  the  lens  from  the  cornea 
has  been  determined  according  to  various  methods  by 
Helmholtz  and  his  pupils.  By  means  of  a  focussing 
microscope  with  graduated  screw,  or  by  means  of  the 
ophthalmometer  with  the  aid  of  movable  lights,  it  was 
learned  how  far  the  rim  of  the  iris  appears  behind  the 
cornea  and  the  true  position  of  the  pupil  was  then  calcu- 
lated from  the  known  refractive  power  of  cornea  and 
aqueous  humor.  Values  between  3.3  and  4  mm.  have 
been  found  in  different  eyes.  Helmholtz  adopted  3.6 
mm.  as  a  sufficiently  accurate  average  to  use  in  his  dia- 
grammatic eye.  The  distance  of  the  posterior  surface  of 
the  lens  from  the  cornea  can  be  measured  only  by  com- 
plicated methods  based  on  the  observation  of  the  parallax 
between  the  reflection  from  the  cornea  and  that  from  the 
posterior  surface  of  the  lens,  and  by  taking  into  account 
the  influence  of  cornea,  aqueous  humor,  and  lens  sub- 
stance on  the  rays.  It  has  been  found  to  approximate 
very  closely  to  7.3  mm.,  which  gives  3.6  mm.  as  the 
average  thickness  of  the  lens  (while  the  eve  is  not  ac- 
commodating). The  lens  taken  out  of  the  e_ye  increases 
in  thickness  on  account  of  elastic  retraction,  as  will  be 
explained  in  the  section  on  Accommodation. 

35.  Diarjrammaiic  Eye. — "\\'e  learn  thus  that  there  are 
noticeable  differences  In  the  optic  constants  of  normal 
e3es,  so  that  two  eyes,  both  emmetropic,  are  not  neces- 
sarily identical  in  construction.  But  within  the  latitude 
of  emmetropic  eyes  the  deviations  of  the  different  figures 
from  the  average  counterbalance  each  other,  so  that  the 
object,  the  formation  of  sharp  images  of  distant  objects 
in  the  plane  of  the  retina,  is  equally  attained  in  all.  Prom 
numerous  measurements  made  lay  himself  and  others, 
Helmholtz  has  constructed  tlie  following  diagrammatic 
eye,  corresponding  to  the  average  figures  of  human  em- 
metropic eyes : 

Millimetres. 
Kelraotive  inde.';   of  cornea,  aqueous,  and  vitreous 

humor 1.3365 

Relractive  Index  o(  the  lens  as  a  wbole 1.4371 

Radius  of  curvature  of  the  cornea 7.829 

Radius  of  curvature  of  the  anterior  surface  of  the  lens.  10. 
Radius  of  curvature  of  the  posterior  .=;urf  ace  of  the  lens.  6. 
Distance  from  the  anterior  surface  of  the  cornea  to  the 

lens 3.6 

Thickness  of  the  lens 3.6 

From  these  data  are  computed: 

Anterior  focal  length  ot  the  cornea,  aqueous  and  vitre- 
ous humor 33.266 

Posterior  focal  length  ot  the  cornea,  aqueous  and  vitre- 
ous humor 31.095 
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Millimetres. 

Focal  length  of  the  lens  (In  place) 50.671 

Distance  ol  Bret  principal  point  of  the  lens  from  its 

anterior  surface 2.13 

Distance  of  second  principal  point  of  the  lens  from  its 

posterior  surface l.Zli 

Distance  of  the  flret  principal  point  IT  of  the  entire 

eye  hehind  the  cornea 1  760 

Distance  of  the  second  principal  point  H"  of  the  entire 

eye  behind  the  cornea 2.115 

Distance  of  the  first  nodal  point  K'  of  the  entire  eye 

behind  the  cornea 6.966 

Distance  of  the  second  nodal  point  K"  of  the  entire  eye 

behind  the  cornea "      7  3.31 

Anterior  focal  length  of  the  entire  eye 1,5  508 

Posterior  focal  length  of  the  entire  eye 20.719 

This  latter  figure  plus  the  distance  of  B"  from  the  cor- 
nea gives  us  22.834  mm.  as  the  optic  axis  from  the  an- 
terior surface  of  the  cornea  to  the  sensitive  plane  of  the 


FIG.  2043. 

retina  and  adding  to  this  number  the  thickness  of  the 
sclerotic  coat,  viz.,  1.3  mm.,  we  obtain  about  24.1  mm. 
as  the  length  of  the  eyeball.  Anatomical  measurement 
has  shown  the  eyeball  to  vary  between  22.5  and  27  mm. 
in  length,  24  to  24.6  mm.  being  the  most  common  limits. 
Unfortunately  these  anatomical  measurements  refer 
mostly  to  eyes  the  refractive  state  of  which  was  not  de- 
termined during  life.  The  diagrammatic  eye  of  Helm- 
holtz  and  the  position  of  its  cardinal  points  are  illustrated 
by  Fig.  2043,  amplified  twice. 

26.  In  the  calculation  of  the  size  of  retinal  images  and 
of  the  influence  of  glasses  on  sight  in  fact,  in  almost  all 
the  problems  not  relating  to  the  changes  during  accom- 
modation, we  can  arrive  at  results  sufl3ciently  accurate 
by  taking  as  a  basis  the  simplified  diagrammatic  eye  of 
Donders,  in  which  the  lens  is  omitted.  It  consists  of  a 
single  refracting  surface,  representing  the  cornea  with  a 
radius  of  curvature  of  5  mm.  The  single  internal  me- 
dium, optically  identical  with  the  cornea,  has  a  refrac- 
tive index  of  1.333  (|).  Thereby  we  deal  with  but  one 
principal  point,  viz.,  in  the  plane  of  the  cornea  and  but 
one  nodal  point,  the  centre  of  curvature  of  the  cornea. 
The  first  focal  length  is  15  mm.,  thesecond20  mm.,  which, 
latter  figure  represents  likewise  the  length  of  this  eye. 

The  human  eye  has  some  advantages  not  possessed  by 
artificial  optic  instruments,  but  also  various  faults  which 
a  skilful  optician  can  avoid. 

27.  Visual  Field. — There  exists  no  instrument  which 
has  as  extensive  a  field  as  the  eye,  since  images  are  de- 
picted on  the  retina  of  ob,iects  situated  as  far  as  55°  to  65° 
from  the  line  of  direct  sight,  and  on  the  temporal  side 
even  as  far  as  90°  to  100°  The  fact  that  images  formed 
near  the  periphery  of  the  retina  are  not  seen  distinctly,  is 
due  principally  to  the  relative  dulness  of  sensibility  of 
the  peripheral  portion  of  the  retina.  The  images  them- 
selves are  quite  sharp,  as  we  can  learn  by  examining  the 
periphery  of  the  retina  in  the  eye  of  another  person  with 


the  ophthalmoscope.  When  the  retraction  is  emmetropic 
in  the  centre  of  the  retina,  it  is  very  nearly  so  also  in 
the  extreme  periphery.  This  is  due  to  the  curvature  of 
the  rear  of  the  eyeball  and  of  the  retina  (compare  Sec- 
tion 9).  Moreover,  the  elliptical  curvature  of  the  cornea 
and  still  more  the  stratified  structure  of  the  lens  prevent 
the  distortion  of  images,  which  ordinary  spherical,  homo- 
geneous len.ses  would  produce  in  the  case  of  objects  situ- 
ated far  laterally  from  the  axis  of  the  system, 

28._  Spherical  Abei-mtiaii. —SphencaX  lenses  do  not  col- 
lect in  the  common  focus  those  rays  which  are  very 
oblique  to  the  axis  or  strike  the  refracting  surface  far 
from  its  centre.  This  spherical  aberration  is  shown  in 
Fig.  2027.  In  the  eye  it  is  almost  wliolly  obviated  by 
the  elliptical  shape  of  the  cornea  and  the  stratification  of 
the  lens.  The  iris,  moreover,  serves  the  purpose  of  a 
diaphragm,  so  that  the  extreme  marginal  rays  cannot 
ordinarily  pass  through  the  pupil. 

29.  Ghriiinatir  Aberration.— The  chromatic  aberration 
of  lenses  gives  rise  to  colored  rings  around  images  other- 
wise well  defined.  It  is  due  to  the  fact  that  the  index 
of  refraction  is  not  the  same  for  waves  of  light  of  ditfer- 
ent  length.  Hence  there  is  necessarily  a  slight  separa- 
tion of  the  difEerent  colors  when  mixed  or  so-called  white 
light  is  refracted  by  a  lens.  The  eye  is  not  free  from  this 
defect;  it  possesses  it  to  about  the  same  extent  as  if  it 
consisted  of  water.  If  either  end  of  a  sharply  defined 
spectrum  be  observed  through  an  achromatic  telescope 
the  other  end  appears  difEuse  until  the  ad.iustment  of  the 
telescope  (or  of  the  eye)  is  altered.  The  difference  in  ad- 
justment corresponds  to  about  1,5  to  2  dioptrics;  that 
is  to  say,  an  eye  forming  a  sharp  image  of  an  object 
emitting  violet  light,  requires  an  additional  convex  lens 
of  some  75  to  50  c,c.  focal  length,  in  order  to  bring  the 
less  refrangible  red  rays  into  a  focus  upon  the  retina. 
Ordinarily  we  are  not  conscious  of  this  defect,  because 
the  eye  is  adjusted  for  the  middle  and  brightest  portion 
of  the  spectrum,  viz.,  yellow  and  green  to  blue,  while 
the  red  and  violet  rays  form  circles'  of  diffusion  around 
the  image,  which  blend,  and  thereby  diminish  in  dis- 
tinctness of  color,  being,  moreover,  much  less  bright 
than  the  sharply  defined  image  which  they  surround. 
But  we  can  see  these  colored  circles  of  diffusion  quite 
distinctly  on  looking  at  some  bright  object,  while  cover- 
ing one-half  of  the  pupillary  aperture  with  an  opaque 
screen,  for  by  thus  cutting  off  half  of  the  pencil  of  light, 
we  prevent  the  blending  of  the  color  rings,  and  the  ob- 
ject shows  then  a  blue  edge  on  one  side  and  a  yellow 
margin  on  the  other.  The  chromatic  aberration  is  also 
quite  noticeable  on  observing  a  luminous  point  through 
a  violet  glass,  which  absorbs  the  middle  part  of  the  spec- 
trum, whereupon  we  see  either  a  red  point  surrounded 
by  a  blue  halo,  or  a  red  margin  around  a  blue  point  of 
light,  according  to  the  refractive  state  of  the  eye. 

30.  Iirvperfeet  Centring. — ^The  optic  system  of  the  eye 
is  not  perfectly  centred.  The  centre  of  the  cornea  coin- 
cides, indeed,  with  the  vertex  of  its  ellipse;  but  the 
major  axis  of  this  ellipse  forms  an  angle  with  the  visual 
line,  or  line  of  direct  sight ;  that  is  to  say,  the  line  of  the 
ray  of  direction  passing  from  an  observed  point  through 
the  nodal  points  to  the  centre  of  the  retina.  The  visual 
line  deviates  toward  the  nasal  side  of  the  corneal  axis 
(proceeding  outward)  to  an  extent  of  from  4°  to  8°.  This 
relatively  oblique  direction  of  the  corneal  axis,  when  ex- 
treme, may  give  some  eyes  a  false  appearance  of  diver- 
gent squint.  Still  no  noticeable  deficiency  of  sight  can 
be  attributed  to  this  want  of  centring. 

31.  Astigmatism. — More  serious  defects  are  those  due 
to  irregularities  in  the  curvature  of  the  refracting  sur- 
faces. We  have  so  far  considered  only  the  refraction  of 
rays  which  lie  in  one  plane,  with  the  tacit  assumption 
that  our  refracting  surfaces  are  the  surfaces  of  true  bodies 
of  rotation,  that  is  to  say,  that  the  radii  of  curvature  are 
equal  in  all  meridians.  For,  in  this  case,  any  of  the  fig- 
ures illustrating  the  course  of  rays  in  the  plane  of  the 
paper  may  be  supposed  rotating  on  their  axis  in  order  to 
illustrate  the  course  of  rays  in  all  planes.  But  this  as- 
sumption is  scarcely  ever  correct  in  the  case  of  the  human 
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eye.  On  measuring  with  the  ophtha  mometei  the  coi  neal 
nidius  of  curvature  in  the  horizontal,  and  then  intl^ 
vertical  meridian,  the  two  radu  are  found  to  Mer  fiom 
each  other  to  a  trifling  extent  even  m  the  most  no  mal 
eves  More  commonly,  but  not  always,  the  ladius  is 
smallest  in  the  vertical  meridian.  The  two  meridians 
presenting  the  greatest  discrepancies  are  not  necessaiily 
horizontal  and  vertical ;  they  may  have  any  inclination. 
A  difference  of  0.1  mm.  between  the  radu  of  two  merid_ 
ians  at  right  angles  to  each  other  separates  the  focus  of 
one  meridian  from  that  of  the  other  to  the  extent  of  a,bout 
0  3  mm  Differences  of  0.01  to  0.05  mm.  in  the  radii  are 
the  most  common.  The  cornea  is  hence  the  segment  of 
an  ellipsoid  with  three  unequal  axes.  As  a  result  the 
focal  length  is  not  the  same  in  any  two  raendians  ot  un- 
equal curvature,  and  hence  the  points  of  an  object  can- 
not be  represented  by  points  in  the  images  formed  in 
such  an  eye.  If  in  Fig.  3044,  A,  we  represent  the  ellip- 
soid cornea  with  the  horizontal  meridian  h  h  having  a 
greater  radius  of  curvature  than  the  vertical  meridian 
11 1!  the  focus  in  the  former  meridian  /  h  must  be  farther 
off  than/p,  the  focus  of  the  vertical  meridian.  If  w'e 
place  a  screen  successively  in  the  positions  numbered  1, 
2,  3,  4,  and  5,  the  image  of  a  distant  point  would  appear 
as  shown  in  an  exaggerated  manner  at  B,  1,  3,3,  4,  and  5 
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FIG.  3044. 

of  the  same  figure.  The  refraction  by  such  an  ellipsoid 
cornea  can  be  imitated  by  means  of  an  ordinary  spherical 
lens,  to  which  is  added  a  cylindrical  lens,  the  segment  of  a 
cylinder,  thereby  introducing  a  difference  in  the  refrac- 
tive strength  in  the  two  meridians,  of  which  one  is  paral- 
lel with,  and  the  other  at  right  angles  to,  the  axis  of  the 
cylinder.  This  defect  of  the  eye  is  known  as  the  regular 
astigmatism  (from  a,  privative,  and  aTiypia,  a  point). 
There  are  very  few,  if  any,  eyes  entirely  free  from  it. 
When  the  inequality  in  the  refraction  of  two  meridians 
exceeds  the  strength  of  about  one-half  to  one  dioptric, 
it  may  necessitate  correction  by  means  of  cylindrical 
glasses  (see  under  Astigmatimn).  As  the  result  of  regu- 
lar astigmatism,  lines  of  different  inclination  are  not 
seen  equally  distinctly.  If,  for  instance,  the  eye  be  ac- 
curately emmetropic  in  the  horizontal  meridian,  while 
the  sharper  curvature  of  the  vertical  meridian  brings  the 
focus  behind  the  retina  in  the  latter  meridian,  then  only 
vertical  lines  at  infinite  distance  will  be  sharply  defined  on 
the  retina,  while  the  more  a  line  approaches  the  horizon- 
tal direction,  the  more  diffuse  will  be  its  retinal  image. 
The  interference  with  sharp  sight  increases,  of  course, 
with  the  degree  of  astigmatism.  A  discrepancy  between 
two  meridians  amounting  to  less  than  half  a  dioptric  does 
not  interfere  with  sight  to  any  practical  extent. 

Irregulwr  Astigmatwm  gives  rise  to  such  slight  imper 
fections  of  retinal  images  as  the  radiation  of  "rays" 
around  stars  and  other  small  luminous  points.  It  is  due 
to  optic  inequalities  in  the  different  sectors  of  the  lens 
whereby  some  of  the  rays  are  deflected  from  the  path 
which  they  would  pursue  in  a  perfect  eye.  This  irreg- 
ular astigmatism  does  not  exist  after  the  lens  has  been 
removed. 

33.  Mmcw  VoUtantes.—Fevr,  if  any,  eyes  do  not  at 
times  see  flying  specks,  so-called  muscse  volitautes 
Ihey  appear  m  the  form  of  transparent  rows  of  beads  or 
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groups  of  granules,  or  simply  shadowy  streaks  floating 
about  when  the  eye  Is  moved.  They  are  due  to  the  pres- 
ence of  similarly  shaped  objects  floating  in  the  vitreous 
body,  cells  and  groups  of  cells,  and  shreds  of  membranes, 
transparent,  but  of  an  index  of  refraction  slightly  differ- 
ent from  that  of  the  medium  surrounding  them.  Their 
rims  hence  cast  shadows  similar  to  those  of  a  glass  ball 
between  a  light  and  a  screen.  These  shadows  are  most 
marked  when  the  rays  of  light  are  parallel  in  the  vitreous 
body,  when  the  source  of  light  is  in  the  anterior  focus  of 
the  eye.  We  can  observe  them  well  by  using  as  source 
of  light  a  pinhole  in  an  opaque  screen  held  close  to  the 
eye  and  toward  the  sky,  or  on  looking  into  a  microscope. 
AVhen  the  attention  has  once  been  called  to  them  they 
may  continue  to  annoy  nervous  persons,  mentally  rather 
than  optically.  Those  shadows,  even  if  inconvenient, 
are  not  indicative  of  any  disease. 

38.  Ametropia. — The  last  and  most  important  imper- 
fection of  the  eye  is  the  not  uncommon  want  of  harmony 
between  the  focal  length  and  the  anatomical  length  of 
the  eyeball,  the  refractive  defect  known  as  ametropia. 
We  have  seen  that  the  radii  of  curvature,  the  distance 
from  cornea  to  lens,  the  length  of  the  eyeball,  and  per- 
haps even  the  refractive  indices,  may  vary  within  certain 
limits  in  different  eyes.  It  is  only  in  the  more  fortunate 
Instances  that  the  ideal  result,  viz. :  the  coincidence  of 
the  posterior  focal  plane  with  the  position  of  the  retina, 
is  obtained,  while  in  many  eyes,  otherwise  healthy, 
images  of  distant  objects  are  formed,  either  in  front  of 
the  retina,  constituting  myopia,  or  behind  the  retina,  the 
condition  of  hypermetropia.  In  either  of  these  two  cases 
the  retinal  images  of  distant  objects  are  blurred  in  pro- 
portion to  the  distance  of  the  retina  from  the  focal  plane, 
and  in  proportion  to  the  size  of  the  pupil.  The  lower 
degrees  of  ametropia  may  be  due  to  an  unproportional 
curvature  of  the  corneal  and  lenticular  surfaces,  while 
the  length  of  the  eyeball  is  normal ;  but  when  the  anom- 
alies of  refraction  reach  any  high  degree,  the  eyeball  is 
found,  not  merely  relatively,  but  absolutely  too  long  in 
myopia,  too  short  in  hypermetropia. 

While  emmetropia  is  the  most  fortunate  refractive  con- 
dition, it  is  not  necessarilj'  the  most  common.  Statistics 
show  that  in  the  upper  classes  of  schools,  and  especially 
high  schools,  in  European  countries,  from  one-third  to 
one-half,  and  sometimes  even  two-thirds  of  the  ej'es  are 
near-sighted,  and  some  five  to  ten  per  cent,  are  far- 
sighted.  In  this  country  the  figures  are  a  little  more 
favorable,  as  regards  the  frequency  of  emmetropia. 
Puller  details  of  these  statistics  will  be  given  under  the 
heading  Myopia. 

34.  Refrartion  during  the,  Orowth  of  the  Eye. — In  the 
infantile  eye  all  the  dimensions  are,  of  course,  smaller 
than  in  the  adult  organ.  The  shorter  axis  of  the  eyeball 
is,  however,  ijroportionate  to  the  shorter  radii  of  curva- 
ture of  cornea  and  lens,  so  that  emmetropia  can  exist. 
Indeed,  during  childhood  there  are  more  emmetropic 
eyes  than  in  adult  life.  The  e\es  of  babes,  however,  are 
most  frequently  far-sighted,  as  shown  by  ophthalmo- 
scopic examination.  Jaeger  formerlj'  asserted  the  con- 
trary, having  found  TS  eyes  myopic  out  of  100,  and  but 
5  acc'urately  emmetropic  in  new-born  babes.  He  seems 
to  have  been  misled,  however,  by  the  accommodated  con- 
dition of  the  infantile  eye,  for  later  observers,  who 
paralyzed  the  accommodation  by  means  of  atropine,  have 
arrived  at  different  results.  Thus  Eli  *  found  but  11  eyes 
myopic.  17  emmetropic,  and  73  hypermetropic  in  100 
eyes  of  infants.  Bjerrum'*  noted  61  hypermetropes,  23 
emmetropcs,  and  8  myopes  on  examining  87  babes. 
Ilorstmann"  found  in  50  new-born  infants  88  far-sighted 
eyes,  10  emmetropic,  and  but  3  short-sighted  ej'es.  In 
50  children,  of  the  age  of  one  or  two  j^ears,  84  ej'es  were 
far-sighted,  10  normal,  and  6  short-sighted;  while  in  50 
children,  four  to  five  years  old,  hypermetropia  had  di- 
minished, involving  74  eyes ;  myopia  had  increased  to  13 
eyes;  13  eyes  being  emmetropic.  These  figures  show 
that  the  refraction  increases  ordinarily  as  the  child  ad- 
vances in  years.  During  the  years  of  school  attendance 
this  growth  leads,  in  many  instances,  to  a  myopic  refrac- 
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tion.  Indeed,  as  we  pass  from  llic  lower  to  tlie  liigher 
classes  in  schools,  we  find  myopia  increasing  steadily  in 
frequency  and  in  degree.  The  refraction  remains  station- 
ary from  the  time  of  puberty,  in  healthy  eyes.     The  in- 
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crease  of  myopia  so  often  noted  from  this  time  on  until 
about  the  thirtieth  year  must  he  considered  a  morbid 
change. 

35.  Beyond  the  sixtieth  year  of  age  the  refraction  di- 
minishes again,  so  that  emmetropia  turns  into  slight  hj - 
permetropia,  on  account  of  senile  changes  in  the  lens. 

36.  AccoMMOD.vTioN. — According  to  the  laws  of  re- 
fraction, the  emmetropic  eye  can  form  sharp  retinal 
images  of  those  objects  only  which  are  situated  at  an  in- 
finite distance  from  the  eye,  or  at  least  at  a  distance  very 
large  when  compared  with  the  dimensions  of  the  refract- 
ing surfaces.  Practically  this  amounts  to  any  distance 
beyond  5  metres.  But  every -day  experience  teaches  us 
that  we  can  also  see  distinctly  objects  quite  close  to 
the  eye ;  but  we  can  never  see  equally  distinctly,  and  at 
one  and  the  same  time,  two  objects,  one  far  and  the 
other  near.  On  looking  at  a  distant  sign  through  a  veil 
held  in  front  of  the  eye,  we  can  get  alternately  sharp 
images  of  the  distant  letters  or  of  the  threads  of  the  ad- 
jacent veil,  but  we  cannot  see  them  both  distinctly  at 
one  and  the  same  time.  This  power  of  successive  ad- 
justment of  the  eye  for  distant  and  adjacent  objects  is 
termed  the  faculty  of  accommodation. 

The  exertion  of  the  accommodation  increases  for  the 
time  being  the  refractive  strength  of  the  eye.  It  is  e\'i- 
dent  that  an  eye  accommodated  for  an  object  four  inches 
distant  must  be  equal  in  refractive  strength  to  the  em- 
metropic eye  plus  the  strength  of  a  convex  lens  of  four 
inches  focal  length.  For  Avere  the  eye  deprived  of  its 
power  of  accommodation  it  would  he  necessary  to  add  to 
it  the  strength  of  this  lens  in  order  to  get  sharp  retinal 
images  of  objects  four  inches  off.  The  accommodative 
effort  of  an  eye  can  therefore  be  represented  by  the 
strength  of  a  convex  lens  of  a  focal  length  equal  to  the 
distance  from  the  eye  to  the  object  accommodated  for. 

37.  Changes  in  the  Eye  dnring  A(mmnim!ation.—Thi- 
optic  changes  upon  which  accommodation  depends  occur 
solely  in  the  crystalhne  lens.  Neither  the  corneal  curva- 
ture nor  the  position  of  the  retina  is  altered.  Removal 
of  the  lens  deprives  the  eye  completely  of  its  power  of 
accommodation.  Any  eye,  except  one  extremely  myopic, 
becomes  highly  hypermetropic  upon  removal  of  the  lens, 
requiring  then  a  strong  convex  glass  in  order  to  see  dis- 
tinctly at  a  distance.  "On  account  of  the  impossibility  to 
accommodate,  the  strength  of  this  glass  must  be  increased 
for  near  objects,  and  with  a  given  glass  accurate  sight  is 
possible  only  at  one  given  distance.  If  the  individual 
can  read  at  different  distances,  it  is  done  by  ignoring  the 
circles  of  diffusion,  especially  when  they  are  small,  on 
account  of  a  narrow  pupil.  The  most  rigid  test— whether 
in  this  or  in  any  other  case  an  eye  is  adjusted  for  a  certam 
distance— is  known  as  Scheiner's  experiment. 

38  Scheiner's  Mcpei'iment.^U  some  luminous  pomt— 
for  instance,  a  pinhole  in  a  screen  in  front  of  a  light— be 
viewed  through  two  pinholes  in  another  screen  which 
are  closer  together  than  the  diameter  of  the  pupil,  the 
only  effect  of  the  latter  screen  held  close  to  the  eye  will 
be  to  diminish  the  number  of  rays,  and  thereby  reduce 
the  brightness  of  the  retinal  image,  if  the  latter  be  sharply 


defined  on  account  of  jjioper  adjustment  of  the  eye  for 
the  light.  But  if  the  eye  is  not  adjusted  for  that  dis- 
tance, and  circles  of  diffusion  are  formed  on  the  retina, 
the  screen  with  two  perforations  will  cut  off  the  rays 
forming  the  middle  portion  of  the  ilifl'use  image,  leaving 
instead  two  separiite  images  of  the  luminous  point,  to 
which  the  eye  is  much  more  sensitive  than  to  the  circles 
of  dillusion.  Hence  any  want  of  adjustment  causes  the 
luminous  point  to  appear  double,  as  is  evident  from 
Fig.  3045. 

39.  <'h((iif/ex  ill  the  Hhiijie  of  the  Tjiis. — During  accom- 
modation the  lens  becomes  more  convex,  especially  its 
anterior  surface,  which  also  moves  forward  on  account 
of  the  thickening  of  the  lens.  If  we  place  a  light  shghtl}' 
to  one  side  of  an  observed  eye  and  watch  the  images 
reflected  fi-ora  the  various  surfaces,  tli(.:y  will  appear  as 
seen  in  Fig.  304(i,  A,  while  the  oliserved  eye  looks  as  a 
distant  object.  When  the  eye  observed  is  then  adjusted 
lor  some  near  object,  the  images  change,  as  seen  in  B, 
Fig.  3()-f6.  The  ((inieal  image,  «,  remains  the  same  in 
both  cases.  The  reflection  from  tlie  anterior  surface  oi 
the  lens.  A,  diminishes  in  size,  indicating  incrciised  curva- 
ture of  the  surface,  and  moves  laterally  toward  the  cor- 
neal image,  a  motion  referable  to  the  advancement  of  the 
anterior  surface  of  the  lens.  The  small,  sharply  defined, 
and  inverted  image  (c)  produced  by  the  concave  poste- 
rior surface  of  the  lens  shrinks  likewise  slightl}^  in  size, 
showing  that  the  radius  of  curvature  of  that  surface 
diminishes  as  well,  though  but  little.  No  indication  of 
any  motion  of  the  posterior  surface  can  be  observed. 
These  changes  in  the  curvature  of  the  lens  have  been 
more  accurately  measured  with  the  ophthalmometer, 
which  shows  that  the  radius  of  curvature  can  be  reduced 
during  a  strong  accommodative  effort  to  about  6  mm.  for 
the  anterior  surface,  and  about  5.5  mm.  for  the  posterior 
surface  of  the  lens,  while  the  thickness  of  the  lens  may 
increase  from  3.6  to  4  mm.  Thereby  the  focal  length  of 
the  lens  in  the  diagrammatic  eye  would  be  reduced  from 
50.671  mm.  during  rest  to  39  mm.  during  a  strong  ac- 
commodative effort.  Calculating  on  this  basis  the  re- 
fractive strength  of  the  diagrammatic  eye,  we  shall  now 
find  the  principal  posterior  focus  1.644  mm.  in  front  of 
the  retina,  while  the  retina  itself  is  in  the  plane  of  focal 
reunion  for  raj'S  coming  from  an  object  146.6  mm.  (not 
quite  six  inches)  distant  from  the  first  principal  point, 
which  latter  is  1.566  mm.  behind  the  cornea  in  such  an 
accommodated  eye.  Mathematical  analysis  thus  confirms 
that  the  increased  curvature  and  the  advancement  of  the 
front  surface  of  tlie  lens  suffice  to  account  for  the  ac- 
commodative changes. 

During  accommodation  the  pupil  diminishes  in  size. 
The  utility  of  this  contraction  of  the  iris  is  evident  on 
remembering  that,  according  to  Section  4,  the  spherical 
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aberration  would  increase  with  the  divergence  of  the 
rays,  aud  hence  with  the  proximity  of  the  object.  On 
account  of  the  advancement  of  the  front  surface  of  the 
lens  the  iris  is  also  moved  forward,  which  can  be  seen  on 
looking  in  profile  view  at  an  eye  during  accommodation. 
40.  Mechanism  of  Aeconiiiiodiitimi.— The  accommoda- 
tive changes  of  the  lens  are  brought  about  by  the  action 
of  the  ciliary  muscle.  The  lens  itself  is  not  a  muscular 
organ,  it  is  devoid  of  contractility.     It  is,  however,  an 
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elastic  body  kept  stretched  by  its  attacliment  to  the  an- 
nular ligament,  as  an  elastic  hoop  would  be  flattened  by 
the  ti-actionof  two  cords  attached  at  two  opposite  points. 

Relieved  ot  this  traction 
the  lens  increases  in  con- 
vexity and  becomes  more 
nearly  globular,  so  that 
the  lens  removed  from 
the  eye  is  more  convex 
and  thicker  than  while  in 
place.  During  the  ac- 
commodation effort  tile 
ciliary  muscle  contracts. 
Its  meridional  fibres  pull 
the  choroid  forward.  This 
has  been  .shown  by  Hen- 
sen  and  Voelkcrs,  by  the 
movements  of  a  needle 
put  through  the 
sclera  and  choroid 
■  on  sending  an 
electric  current 
through  the  cili- 
ary muscle  in  the  eyes  of 
animals  and  in  a  human 
eye  just  extirpated  on 
account  of  disease.  The 
circular,  ring-shaped  mus- 
cular fibres  of  the  ciliary 
body  on  contracting  cause 
the  ciliary  processes  to 
project  further  toward 
the  centre  of  the  pupil, 
which  movement  of  the 
processes  is  favored  by 
the  above-described  trac- 
tion on  the  choroid  and 
consequent  relaxation  of 
its  anterior  insertion.  In 
eyes  in  which  a  sufficiently  extensive  segment  of  the  iris 
has  been  removed  by  the  operation  of  iridectomy,  and 
through  the  translucent  intact  iris  of  albinos,  this  ad- 
vancement of  the  ciliary  processes  toward  the  centre  of 
the  pupil  has  been  directly  observed.  Since  the 
ligament  of  the  lens  is  attached  to  the  ciliary  proc- 
esses the  crowding  of  this  ring-shaped  structure 
into  a  narrower  space  necessarily  relaxes  the  cir- 
cular band  stretched  across  the  aperture  within 
this  ciliary  ring.  Thus  the  lens  is  permitted  to 
retract  by  yielding  to  the  tension  of  its  own 
elastic  substance;  for  the  arrangement  of  the 
fibres  of  the  lens  substance  is  such  that  they 
are  relaxed  by  the  approach  of  the  lens  toward 
the  globular  shape,  while  the  flattening  of  the 
same  by  traction  of  its  ligament  puts  them  on 
the  stretch.  The  changes  in  an  eye  during  ex- 
treme accommodation  are  shown  in  Fig.  2047, 
In  which  the  upper  half  represents  the  front 
half  of  the  eye  at  rest,  and  the  lower  half  the 
contraction  of  the  ciliary  muscle  and  its  efiect 
upon  the  shape  of  the  lens. 

41.  Range  of  Accommodation.— 'V\\q  most  dis- 
tant point  of  which  the  eye  at  rest  can  form  a 
sharp  image  on  its  retina  has  been  termed  by 
Donders  the  far  point  (puncium  remotum  =  R) 
of  the  eye.  In  the  emmetropic  eye  the  far 
point  is— according  to  our  definition  of  enime- 
tropia— at  an  infinite  distance.  The  myopic  eye 
however,  cannot  see  distinctly  beyond  a  certain 
short  finite  distance,  depending  on  the  degree 
of  shortsightedness,  while  in  liypermetropia  the 
eye  cannot  bring  into  focal  reunion  on  tlie  ret- 
ina any  but  convergent  rays,  and  the  far  point 
IS  therefore  negative,  that  is  to  say,  situated  at  some 
finite  distance  behind  the  eye.  The  fact  that  many  hv- 
permetropes  can  see  distinctly  at  a  distance  with  tlie  un- 
aided eye,  IS  due  to  their  using  a  part  of  their  accom- 
modation continuously  m  order  to  inci-ease  tlie  actual 
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refraction  of  the  eye.  The  nea/r  point  (punctum  proxi- 
mum  =  P)  on  the  other  hand,  is  the  nearest  point  of 
which  the  accommodated  eye  can  get  a  well-defined  image. 
The  range  of  accommodation  is  the  total  accommodative 
power  which  an  individual  eye  possesses.  We  can  repre- 
sent it  by  the  strength  of  the  lens  equivalent  to  the  re- 
fractive difference  between  the  eye  at  rest  adjusted  for 
the  far  point  and  the  eye  accommodated  for  the  near 
point.  Thus,  an  emmetropic  eye,  which  can  see  dis- 
tinctly an  object  as  close  as  five  inches,  lias  a  range  of 
accommodation  representable  by  a  lens  of  five  inches 
focal  length  or  of  the  strength  of  about  8  D.  For  de- 
prived of  its  accommodative  power  this  eye  would  re- 
quire such  a  lens  to  be  held  in  front  of  it  in  order  to  get 
a  sharp  image  of  this  near  object  on  its  retina.  Practi- 
cally, it  will  do  to  hold  the  lens  very  close  to  the  cornea ; 
for  theoretical  accuracy,  however,  ithe  lens  in  question, 
of  an  infinite  thinness,  must  be  assumed  situated  in  the 
first  principal  plane  of  the  eye.  The  significance  of  the 
range  of  accommodation  is  made  plainer  by  the  use  of 
Donders'  formula, 

_1_^  J_      J_ 
A'     P  ~    R' 

in  which  we  represent  by  A  the  range  of  accommodation, 
by  P  the  near  point,  and  by  R  the  far  point.  This  for- 
mula is  applicable  to  ametropic  eyes  as  well  as  to  emme- 
tropia,  for  anomalies  of  the  refraction  do  not  necessarily 
alter  the  range  of  accommodation.  Thus  a  myope  whose 
far  point  is  at  twelve  inches'  distance,  and  who  can  ac- 
commodate for  objects  four  inches  from  the  eye  has  an 
accommodative  range  —  ^  —  ^  =  ^.  Another  instance 
will  illustrate  both  the  condition  in  hypermetropia  and 
the  use  of  the  dioptric  system.  Suppose  a  certain  hy- 
permetropic eye,  the  axis  of  which  is  so  short  that  it 
requires  a  correcting  glass  of  4  D  in  order  to  obtain 
sharp  retinal  images  of  distant  objects.  In  this  eye 
the  far  point  is  negative,  that  is  to  say,  it  is  situated 
25  cm.  behind  the  anterior  principal  point.  If  this  eye 
possesses  an  accommodative  range  equal  to  eight  di- 
optrics, four  of  them  are  required  to  see  distinctly  at  a 
distance  and  only  4  D  are  left,  enabling  the  person  to 
get  distinct  images  of  objects  35  cm.  distant  by  the 
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extreme  employment  of  his  accommodation.  Donders' 
formula  reversed  expresses  this  on  using  centimetres 
as  follows; 

P        R  ^  A  ' 
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which  is  in  numerals 

P  25 


+  — = 


1 
25' 


or  employing  dioptric  notation,  which  is  the  reciprocal 
of  the  focal  length, 

P=   -4il  +  87)  =  4i>; 
in  other  words,  the  distance  of  the  near  point  from  the 
eye  is  equal  to  the  focal  length  of  a  glass  of  4  D  strength 
=  25  cm. 

42.  Influence  of  Age.  on  the  Aeimnmodntion. —From 
childhood  on,  the  rigidity  of  the  crystalline  lens  increases, 
and  the  extent  of  its  elastic  retraction  diminishes.  Hence 
the  range  of  accommodation  diminishes  as  the  years  ad- 
vance, because  the  lens  cannot  retract  as  much  in  the  later 
period  of  life  as  during  youth,  though  the  contracting 
ciliary  muscle  relaxes  the  annular  ligament.  The  rano-e 
of  accommodation  sinks  thus  from  beyond  ten  dioptrics, 
during  childhood,  to  zero  toward  thc^  age  of  sixty  years! 
Donders  has  constructed  a  diagram  (Fig.  2048),  based  on 
numerous  observations,  which  illustrates  this  decline  in 
a  graphic  manner.  The  heavy  line  (the  lower  one)  repre- 
sents the  refraction  of  the  eye  at  rest.  As  before  stated, 
the  emmetropic  eye  becomes  slightly  hypermetropic  in 
advanced  age,  presumably  from  an  actual  flattening  of 
the  lens  or  a  diminution  of  its  refractive  index.  The 
range  of  accommodation  extends  from  the  heavier  line 
of  passive  refraction  to  the  thin  line  indicating  the  ex- 
treme active  adjustment  of  the  eye.  The  figures  at  the 
bottom  give  the  age  in  years ;  those  at  the  side  the  (active 
or  passive)  adjustment  in  French  inches  (or  expressed  in 
dioptrics  on  the  right  side).  Occasionally  deviations  are 
found  from  this  standard  of  decline.  Thus,  among 
others,  the  writer  has  seen  a  gentleman,  seventy  years 
of  age,  who  could  read  the  finest  type  up  to  eight  inches' 
distance.  He  had  a  slight  myopia  and  myopic  astigma- 
tism, less  than  1  D,  so  that  this  accommodative  range 
was  still  a  tritie  over  4  D,  a  very  unusual  amount  for  his 
age.  Exceptions  of  the  opposite  kind,  a  falling  short  of 
the  accommodative  range  normal  to  the  age  of  the  pa- 
tient, are  always  due  to  disease  of  the  eye  or  general  im- 
pairment of  the  health. 

43.  Innervation  of  the  Accommodative  Apparatus. — The 
ciliary  muscle  derives  its  nerve  supply  from  the  third 
cranial  nerve  or  motor  oculi,  which  sends  the  motor  root 
to  the  ciliary  ganglion,  whence  issue  the  ciliary  nerves 
which  penetrate  the  sclera.  It  is  a  common  clinical  ob- 
servation to  find  paralyses  of  other  branches  of  this 
nerve  accompanied  by  paralysis  of  the  mechanism  of  ac- 
commodation. Experiments  by  Trautvetter*  have  shown 
that  the  fibres  of  accommodation  run  in  the  trunk  of  the 
motor  oculi  in  pigeons,  while  in  other  animals  the  results 
were  negative.  In  dogs,  Hensen  and  Voelkers  have  traced 
the  fibres  up  to  the  floor  of  the  third  ventricle  of  the 
brain,  as  shown  by  the  result  on  stimulating  those  parts. 

Although  the  ciliary  muscle  consists  of  unstriated  fibres 
in  mammals,  its  movements  are  both  as  rapid  and  as 
much  under  the  control  of  the  will  as  those  of  any  striated 
muscle.  In  birds,  indeed,  having  evidently  a  very  enei- 
getic  accommodative  mechanism,  the  ciliary  muscle  is 
striated.  While  the  ciliary  movements  are  voluntary  in 
a  certain  sense,  we  are  ordinarily  not  conscious  of  any 
accommodative  effort.  The  movements  of  the  ciliary 
muscle  are  guided  by  the  retinal  impressions  which  we 
get  of  the  objects  viewed,  and  may  hence  be  classed 
among  the  complicated  cerebral  reflex  movements.  The 
accuracy  of  these  movements  is  wonderful,  inasmuch  as 
the  most  rapid  changes  of  adjustment  of  the  eyes  for  dif- 
ferent distances  never  give  rise  to  any  blurring  of  the 
images  for  which  the  eye  accommodates.  The  regulating 
mechanism  does  not  miscalculate  the  distance  of  the  ob- 
jects. The  accommodating  movements  are  always  ac- 
companied by  an  exactly  corresponding  convergence  of 
the  two  eyes,  so  that  in  normal  instances  the  object  ac- 
commodated for  is  also  the  one  toward  which  both  eyes 
are  directed,  so  as  to  place  its  image  in  the  centre  of  the 
retina  of  each  eye.  The  association  of  the  movements  of 


accommodation  and  convergence  is  so  intimate  that  we 
cannot  voluntarily  perform  either  movement  to  any  ap- 
preciable extent  without  the  other.  But  by  optic  means 
which  simulate  the  effect  of  one  or  the  other  movement' 
we  can  temporarily  rupture  the  a.s.sooiation.  Thus,  witli 
a  given  degree  of  convergence  for  a  certain  fixed  olDiect 
we  can  eitlicr  force  our.sclves  to  a  greater  accommodative 
eflort  by  looking  through  concave  glasses,  or  relax  the 
accommodation  by  means  of  convex  spectacles.  Simi- 
larly, we  can  vary  the  degree  of  convergence  associated 
with  a  certain  accommodative  effort  bv  placing  prisms 
of  variable  strength  and  inclination  in  front  of  one  or 
both  eyes.  The  ability  to  separate  these  two  movements 
ordinarily  associated  is  increased  by  practice.  It  is  evi- 
dent that  the  correlation  of  the  two  movements,  as  well 
as  the  disturbance  of  this  association  by  optic  means, 
subserves  the  same  purpose,  viz.,  distinct  vision  without 
double  images. 

44.  ^foTe■lllenti  and  Nerves  of  the  Iris. —On  account  of 
the  association  with  the  accommodation,  the  movements 
of  the  iris  can  be  best  discussed  in  this  connection.  The 
iris  serves  the  purpose  of  an  optic  diaphragm,  the  aperture 
of  which  can  vary  in  size  according  to  necessity,  the 
physiological  limits  being  from  1  to  6  mm.  diameter.  By 
reflex  action  the  pupil  contracts  with  increasing  illumina- 
tion, thereby  diminishing  both  the  fatiguing  brightness 
of  the  retinal  image  and  the  width  of  any  circles  of  diffu- 
sion due  to  optic  imperfections.  When  the  light  is  rela- 
tively feeble,  a  large  pupil,  on  the  other  hand,  permits  a 
relatively  greater  brightness  of  the  retinal  images,  while 
the  enlarged  circles  of  diffusion  do  not  blur  the  sight  so 
much,  on  account  of  their  feebler  intensity.  The  pupil 
contracts  also  with  each  accommodative  effort,  thereby 
diminishing  the  spherical  aberration,  which  the  proximity 
of  the  object  and  the  increased  convexity  of  the  lens 
would  produce.  Independently  of  external  light,  the 
pupil  is  very  narrow  during  sleep  and  during  artificial 
narcosis.  The  mechanism  of  this  latter  contraction  is 
not  yet  known.  When  the  narcosis  is  interrupted  by 
any  sensory  stimulation,  or  by  asphyxia,  the  pupil  indi- 
cates this  change  by  dilatation. 

The  nerves  of  the  iris  are  the  ciliary  nerves,  coming 
from  the  ciliary  ganglion,  which,  in  man,  has  three  roots 
—the  short  root  from  the  motor  oculi,  the  long  root  from 
the  naso-ciliary  branch  of  the  fifth  nerve,  and  the  sympa- 
thetic fibres  reaching  theganghon  along  with  its  arteries. 
The  motor  oculi  controls  the  sphincter  muscle  of  the  iris. 
Its  experimental  irritation  contracts  the  pupil ;  its  section, 
or  accidental  paralysis,  allows  it  to  remain  dilated.  The 
reflex  pupillary  contraction  produced  by  light  starts  with 
the  excitation  of  the  optic  nerve.  When  the  optic  nerves 
are  rendered  inactive  by  disease,  the  normal  play  of  the 
pupils  ceases,  and  they  remain  in  a  state  of  moderate 
dilatation.  Excitation  of  one  optic  nerve,  however,  con- 
trols the  pupils  of  both  eyes,  at  least  in  those  animals 
which,  like  man,  have  a  visual  field  common  to  both 
eyes.  Hence,  in  cases  of  unilateral  blindness,  the  two 
pupils  are  usually  alike  in  size.  The  centre  concerned 
in  this  reflex  action  is  the  anterior  half  of  the  tubercula 
quadrigemina  (Budge).  Various  instances  of  diseases  of 
higher  parts  of  the  brain  have  been  observed  with  integrity 
of  these  parts,  and  hence  sensitiveness  of  the  pupils  to 
light,  although  conscious  sight  did  not  exist.  According 
to  Brown-Sequard  the  muscular  tissue  of  the  iris  itself  is 
somewhat  sensitive  to  light,  a  tonic  contraction  being  in- 
duced in  it  by  strong  light,  even  after  extirpation  of  the 
eyeball. 

The  sympathetic  nerve  fibres  control  the  dilator  muscle 
of  the  iris.  The  existence  of  these  radiating  muscular 
fibres,  which  seemed  pretty  well  established  by  the  re- 
searches of  Henle,  Iwanoff,  and  Merkle,  after  much  con- 
troversy with  Gruenhagen,  has  lately  been  questioned 
again  by  Eversbusch  (meeting  of  the  Heidelberg  Ophthal- 
mological  Society,  September,  1884).  He  maintains  that 
the  radiating  fibres  in  the  posterior  laj^er  of  the  iris,  which 
have  been  interpreted  as  smooth  muscular  fibres,  are 
really  nerve  fibri'S,  as  shown  by  vai'ious  staining  methods. 
If  these  statements  are  corroborated,  it  will  be  impossi- 
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ble  to  account  satisfactorily  for  tlie  action  of  tlie  sympa- 
thetic nerve  on  the  iris.  Tlie  view  that  these  nerves 
change  the  size  of  the  pupil,  through  their 'action  upon 
the  muscular  walls  of  the  blood-vessels  of  the  iris,  is  not 
well  supported  by  the  facts. 

Their  course  toward  the  eyeball  is  partly  along  the 
walls  of  the  arteries,  partly  along  anastomoses  which  join 
the  fifth  cranial  nerve.  Section  or  paralysis  of  the  sympa- 
thetic nerve  of  the  neck  is  followed  hy  contraction  of  the 
pupil,  while  its  irritation  dilates  that  aperture.  These 
fibres  can  be  traced  through  the  rami  communicantes  of 
the  last  two  cervical  and  the  first  two  dorsal  nerves  into 
the  spinal  cord  (Budge  and  \Valli-r).  The  reflex  centre 
of  these  fibres  is  partly  in  the  corresponding  region  of 
the  spinal  cord,  and  partly  in  tlie  medulla  oblongata. 
Keflex  dilatation  of  the  pupil  thiough  this  uerve  channel 
can  be  readily  induced  by  any  sensory  impression  through 
almost  any  sensory  nerve,  at  least  when  the  pupil  is  not 
contracted  by  strong  light,  especially  during  sleep  and 
incomplete  narcosis.  The  pupil,  indeed,  is  very  sensitive 
to  irritations  of  sensory  nerves.  It  is  not  known  that 
this  reflex  dilatation  is  of  any  utilitj'. 

It  has  recently  been  asserted  by  Tuwim '  that  the  su- 
perior cervical  sympathetic  ganglion  maintains  a  slight 
tonus  of  the  dilator  nerves  of  the  iris,  independently  of, 
and  even  after,  its  separation  from  the  central  nervous 
system.  Although  his  experiments  seem  conclusive,  the 
question  should  be  further  investigated,  since  tliis  would 
be  the  first  instance  known  of  tcmic  activity  of  nerves 
maintained  by  a  sympathetic  ganglion. 

The  fifth  cranial  nerve  is  the  sensory  nerve  of  the  iris, 
endowing  it  with  very  great  sensibility.  Irritation  of 
this  nerve  contracts  the  pupil  very  energetically  in  some 
animals,  for  instance  the  rabbit.  Section  of  the  nerve 
has  the  same  effect,  temporarily,  the  fibres  being  evidently 
kept  in  a  state  of  transitory  irritation  by  the  injury,  as 
occurs  as  well  in  certain  other  nerves.  This  influence  of 
the  fifth  nerve  upon  the  pupil  does  not  exist  in  caruiv.or- 
ous  animals.  The  observations  in  disease  of  that  nerve 
in  man  are  too  conflicting  to  be  decisive.  The  study  of 
eye  diseases  attended  with  irritation  renders  it  very  likely 
that  in  man  the  fifth  nerve  is  the  vaso-dilator  nerve  of 
the  iris,  and  that  its  reflex  excitation  congests  the  iris  and 
contracts  the  pupil  mechanically  by  the  engorgement  of 
the  vessels.  This  is  also  the  most  plausible  explanation 
of  the  intense  pupillary  contraction  obtained  on  punctur- 
ing the  anterior  chamber,  which  result  does  not  occur  on 
operating  on  the  dead  eye. 

BiBLiOGKAPHY.— The  optic  properties  of  the  eye  wei-e 
not  understood  until  Kepler,  in  1603,  evolved  the  theory 
of  optical  instruments  in  general.  The  importance  of 
the  yanous  parts  of  the  eye  in  refraction  was  further 
elucidated  by  the  Jesuit  Scheiner  in  1619  Minor  addi- 
tions were  successively  brought  out  by  the  labor  of  dif- 
ferent authors,  but  it  was  only  after  Gauss  had  published 
;;PT^•™^  •''°?''*'??^  investigation  of  the  cardinal  points 
(  Dioptrische  iJntersuchungen,"  Gottingen,  1841)  that 
the  complete  theory  of  the  refraction  in  the  eye  could  be 
•^'^^^e;!-^.  This  was  done  successfully  by  Listing  in  the 
article  "Dioptrikd<.s  Auges"  in  Wagner's  "flandwOrter- 

outn^/^^'''"^"^'"  "  (^^■'•^^'  '"'"''  ^y  «  ^"«=al  selecHon 
of  the  older  measurements  of  tlie  refraclive  indices  of  the 
eye  by  Cliossat  and  by  Brewster,  of  the  anatomicll  meas 
urements  of  dimensions  and  curvature  by  Kraus   Kohl 
rausch,  andothers,  determined  the  position  of  The  ocu  ar 
cardinal  points  with  considerable  accuracy.     The  most 
marvellously  accurate  methods,  liowever,   for  n icas.  r, 
I'fob  '  "i  "•'  "^  ?r/^-^-«'  ^^"6  first  introduced  by  He  «: 
(1867;  3d  edition,  revi.sed,  1896).  has  produced  a  nvist  H,- 
treatise  of  rare  originality,  which  eler     stolen    'of    he 
subject  must  consult  in  the  original.     Since   he  nnblirn 
on  of  his  large  work,  the  first  part  of  w  Wh  on  rcf  uc" 
tion  appeared  in   1856,    Helmholtz  has   mn-svud   tl    «o 

(Arm.  /  0pm...  1874,  vol^■x.,  l),^'■I,thoL"■coS 
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some  of  his  former  measurements  and  figures,  and  ac- 
cepts as  more  nearly  representing  the  values  of  the  car- 
dinal points  in  the  average  eye  the  figures  which  we 
have  reproduced  in  the  text  of  this  article.     Extensive 
measurements,  especially  of  the  curvature  of  the  cornea, 
have  also  been  made  by  Donders("  Anomalies  of  Accom- 
modation   and    Refraction,"    1864)    and    by    Mauthner 
(" Vorlesungen  uebcr  d.  optischen  Fehlcr  des  Auges," 
1873),   and  more  recently   by   Reuss   (Arch,  f  Ophthal- 
■innhiijit',  xvii.,  1,  p.  27).     The  entire  theory  of  the  forma- 
tion of  images  in  the  eye,  including  physiological  optics 
in  general,    is  most    exhau,stively  treated   in   Aubert's 
"Grundziige  der  phys.  Optik, "  in  vol.  ii.  of  Graefe  and 
Saemisch 's  "  Handbuch  der ge.sammten  Augenheilkunde  " 
(1876),  while  important  recent  additions  are  to  be  found 
in  Nagel's  "  Anomalien  der  Refraction,"  in  vol.  vi.  of  the 
same  work.     Very  complete  is  also  the  treatise  of  Fick 
in  vol.  iii.  of  Hermann's  "Handbuch  der  Physiologic."* 
All  of  these  works  must  be  consulted  for  the  complete 
literature  of  the  subject.     In  the  English  language  the 
most  exten.sive  but  older  treatise  is  the  work  by  Donders 
on  "  Anomalies  of  Accommodation  and  Refraction  "  (1864), 
which  book  marked  quite  an  era  in  our  knowledge  of  the 
physics  of  the  diilerent  refiactive  conditions  of  the  ej'e. 
In  connection  with  this  latter  subject  the  work  of  Jaeger 
("Einstellungen  d.  dioptrischen  Apparats,"  1861)  must 
also  be  mentioned. 

The  mechanism  of  accommodation  has  been  extensively 
discussed  by  former  authors,  by  whom,  however,  no  facts 
were  brought  forth  beyond  tliose  taught  by  every-day 
observation.     By  some  the  accommodative  changes"  were 
referred  to  the  variations  in  the  size  of  the  pupil,  while 
others  even  denied  the  existence  of  any  accommodation. 
The  most  complete  mathematical   discussion  was -fur- 
nished liy  Th.  Young  in  the  "  Philosophical  Transactions  " 
of  1801,  in  which  it  was  shown  by  experiments  and  by 
deductions  that  the  accommodation  cannot  depend  on 
any  changes  except  those  in  the  form  of  the  lens.     The 
experimental   proof  that    such   changes  do  occur  was 
furnished    simultaneously  and    independently  of   each 
other  by  Cramer  (in  various  publications  in  the  Dutch 
language,   between  1851   and  1855)  and  by  Helniholtz 
(Monatsbericlite  d.   BerUner  Acadeniie,   February,    1853). 
The  mode  of  action  of  the  ciliary  muscle  was"flrst  ex- 
plained by  Helmholtz  theoretically,  and  has  since  been 
confirmed  experimentally  by  Hensen  and  Voelkers,  who 
have  likewise  studied  the  innervation  of  the  accommoda- 
tive apparatus  ("Experimentaluntersucliung   liber  den 
Mechanismus  der  Accommodation,"  1868,  and  ArcJii-v  f. 
OiMliahiwlonie,   1873,   vol.    xix.).     Important  measure- 
ments of  the  changes  in  the  curvature  of  the  lens  during 
accommodation,  and  a  mathematical  inquiry  into  their 
efliciency  were  published  by  Knapp  (Arclnvf.  Ophth.. 
1800,  vols.  VI.  and  vii.).-|-     Our  knowledi,-e  of  'the  range 
ot  accommodation  in  health  and  disease  is  due  mainly  to 
the  researches  of  Donders  ("Anomalies  of  Accommoda- 
tion and  Refraction  "). 

On  the  innervation  of  the  iris  there  exists  an  extensive 
Jiterature,  scattered  throughout  numerous  physiological 
.  and  ophthalmic  .serials.  The  older  literature  is  exhaus- 
h^yely  compiled  in  Budge's  "Bewe-ungender  Iris,"  1855 
llie  present  writer  presented  likewise  a  full  review  of 
the  physio  ogy  of  the  iris  in  the  Chicago  Journal  of  der- 
mis and  Ment,d  7)«v,.w«  ( April  and  July,  1874),  inwhich 
the  complete  literature  up  to  that  date  can  be  found. 
^^  Jiatever  has  been  done  since  1874  is  explicitly  referred 
*°  '"  *''«  t^'-'^t-  H.  'Gradle. 

=  Archives  of  l)phthalmoloK.v,  vol.  Ix.,  p.  39. 


Tachern  n2'«  "  p  v'^T'^''^ '^".'^"?,  "^"^  ""K'"'"  measurements  Is 

Tv»rinnf  L,  ^'^"'1'°?,"='"  Optics,"  trans,  by  C.  Wetland, 
rintinn  h?       ,?  '•'^  '■'l^?''  concerning  Helmholtz  theory  o(  accommo- 
™bH?hPri  hv  r'''l,f  "?"'''*""'l)'  answered  by  confirmatory  researches 
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■"  Proceedings  of  the  International  Congress  at  Copenhagen,  1884, 
Ophthalmic  Section. 

^  Report  of  the  Heidelberg  Ophtb.  Society  in  Deutsche  med.  Wochen- 
schrlft,  October  9th,  1884. 

«  Archiv  f.  Ophtbalmologle,  1866,  xil.,  p.  95. 

'  Archiv  I.  d.  gesammte  Physiologie,  Bd.  xxiv.,  p.  115. 

EYE  DISEASES.  See  under  Cainract,  Glwroid,  Gon- 
junctira,  Cornea,  Glaucoma,  Hypermetropin,  JJyopiii,  etc. 

EYE,  INJURIES  OF.— It  will  be  proper,  in  writing  on 
injuries  of  the  eye,  to  take  for  granted  that  the  reader 
is  well  acquainted  with  the  anatomy  and  physiology  of 
that  organ,  and  such  of  its  appendages  and  surroundings 
as,  on  account  of  structure,  function,  or  situation,  are 
likely,  in  case  of  injur}',  to  require  treatment  differing 
in  any  way  from  that  which  would  be  suggested  by  the 
principles  of  general  medicine  and  surgery. 

It  is  understood,  too,  that  the  reader  has  acquired  the 
art  of  using  easily  and  well  all  the  instruments  and 
methods  needed  by  the  oculist  for  the  diagnosis  and 
treatment  of  those  affections  which  are  not  traumatic. 
One  requires,  in  handling  cases  of  injury,  not  onl}'  to 
have  at  command  an  ophthalmoscope  and  a  full  case  of 
surgical  instruments,  but  to  be  well  drilled  in  their  use, 
and  to  possess  also  a  certain  adaptability  to  the  situation 
and  independence  of  thought  and  action,  which  will  allow 
him  to  depart  occasionally  from  conventionalities,  and  in 
emergency  to  use  instruments  for  what  they  are  worth, 
not  necessarily  for  what  they  are  made.  For,  though 
the  results  of  violence  may  be  routined  off  and  classified 
as  to  the  kind  of  operative  interference  that  they  may 
require,  it  is  oftener  in  this  branch  than  in  any  other  tliat 
the  surgeon  will  discover  new  and  unprecedented  situa- 
tions or  conditions  which  occur  so  infrequently  as  to 
have  existed  in  literature  only  as  forgotten  curiosities. 

Physica.!;  Conditio:ss. — A  word  or  two  relative  to  the 
physical  conditions  which  exist  in  the  healthy  eye  may 
be  of  service  in  helping  to  appreciate  those  which  are 
likely  to  exist  in  the  injured  organ,  or  in  one  in  which 
inflammatory  changes  following  injury  have  not  been 
met  by  the  necessary  surgical  interference. 

The  eye  is  a  globe ;  it  is  filled  with  fluid,  semifluid,  or 
gelatinous  matter  which  is  practically  incompressible. 
Its  walls,  though  elastic  and  flexible,  cannot  be  stretched 
very  much,  and  as  the  sphere  is  that  form  which  will 
contain  the  largest  amount  of  matter  within  a  given  area 
of  covering,  the  result  is,  there  being  no  outlet,  that  if 
pressure  is  put  upon  this  globe  it  will  not  change  its 
shape  very  much  without  rupture.  The  physical  condi- 
tions are  very  much  the  same  as  those  of  a  leather  ball 
filled  with  water— not  those  that  exist  in  a  rubber  ball 
filled  -with  air.  The  walls  of  this  globe  are  very  flexible, 
and  when  the  globe  itself  is  emptied  any  part  of  the 
sclerotic  or  cornea  can  be  bent  on  itself  like  cloth. 
Neither  of  these  tissues,  either  with  or  without  its  lining 
membrane,  is  subject  to  fracture  in  the  true  sense  of  the 
word,  and  when  there  is  any  complete  and  violent  solu- 
tion of  continuity  in  these  parts  it  is  due  either  to  lacera- 
tion, to  puncture,  to  cutting  from  some  sharp  substance, 
or  to  tension,  erosion,  or  chemical  action.  The  particular 
part  at  which  rupture  takes  place  will  be  the  part  at 
which  the  enveloping  material  is  the  weakest,  unless, 
perchance,  that  part,  at  the  time  of  the  stress,  is  better 
supported  by  the  pressure  of  neighboring  parts,  or  unless 
some  other  portion  is  made  comparatively  weak  by  the 
pressure  of  some  foreign  substance  which  bends  or  in- 
dents it.  and  so  places  on  it  a  local  strain  that  cannot  be 
transmitted.  Rupture  by  contre-coup  is  not  possible  in 
the  eye,  though  it  is  sometimes  spoken  of  as  having  taken 
place. 

Before  considering  each  separate  tissue  m  order,  it  may 
be  well  to  supplement  what  has  already  been  said  by 
calling  attention  to  the  fact  that  the  enclosing  tunics  of 
the  healthy  eye  are  more  than  full,  and  once  their  integ- 
rity is  broken  a  small  part  of  the  contents  is  likely  to  be 
foi-ced  out  by  the  elasticity  of  the  tissues ;  that  the  secre- 
tion of  aqueous  and  vitreous,  and  the  supply  of  blood  to 
the  interior  of  the  organ,  keep  its  elastic  covering  always 
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in  a  state  of  tension,  and  wlien,  by  rupture,  cut,  or  punc- 
ture, or  by  ulceration,  or  decay  of  injured  tissue,  there 
is  any  solution  of  continuity,  a  part  of  the  contents  will 
have  a  tendency  to  escape;  and  while  the  opening  re- 
mains, the  constant  building  up  of  material  to  supply  the 
place  of  what  has  been  lost  often  forms  a  serious  obstacle 
to  the  rapid  healing  of  the  wound,  or  the  successful  re- 
turn of  any  part  of  its  contents,  such  as  protruding  iris 
or  vitreous,  to  the  eye. 

Without  having  at  hand  any  experiments  which  may 
be  quoted  as  giving  definite  knowledge  of  the  actual 
strength  of  the  materials  used  in  the  structure  of  the  eye, 
it  is  possible  to  state,  from  records  kept  in  cases  of  in- 
jury, that  the  part  which  is  least  capable  of  resisting 
strain  put  upon  it  by  external  pressure  is  the  sclerotic,  3 
or  4  mm.  from  the  sclero-corneal  margin.  This  is  by  far 
the  most  frequent  seat  of  rupture,  which  nearly  always 
takes  place  in  a  direction  parallel  to  the  sclero-corneal 
margin.  The  fact  that  it  is  usually  found  to  have  broken 
through  the  meridional  fibres  in  the  upper  and  inner 
quadrant  is  probably  explained  by  the  position  of  the 
surrounding  parts,  which  are  such  as  to  protect  it  from 
external  pressure,  and  yet  to  give  little  or  no  support 
when  the  eye  is  pressed  upon  from  some  other  direction. 
The  cornea  rarely  ruptures,  and  when  it  does,  it  is  from 
some  ragged  extension  of  an  irregular  sclerotic  tear,  and 
is  not  to  be  looked  upon  as  primarily  a  corneal  lesion. 
The  thickness  of  the  sclerotic  and  cornea  in  the  accom- 
panying cut  is  not  to  show  the  actual  size,  but  to  indi- 
cate diagrammatically  the  relative  liability  of  different 
parts  to  give  way  whenever,  from  any  cause,  suflScient 
pressure  is  put  upon  the  eye  itself  to  make  a  rupture  of 
its  tunics  inevitable.  In  the  same  figure  the  choroid  is 
drawn  as  if  it  were  attached  to  the  inner  side  of  the  sclera 
only  at  the  nerve,  at  the  venae  vorticosa',  and  at  the  ciliary 
processes  (Nos.  1,  2,  3).  This  is  not  really  the  fact,  but 
it  is  so  much  more  loosely  attached  at  the  intermediate 
points  that,  whenever  the  choroid  itself  ruptures— as  it 
sometimes  does  if  pressure  so  distorts  the  eye  as  to  pull 
this  membrane  away  from  the  overlying  sclera — the  break 


does  not  ordinarily  occur  at  any  of  the  three  points  named 
above,  but  at  some  Intermediate  place.  Such  ruptures 
are  most  frequently  seen,  of  course,  in  the  posterior  part 
of  the  eye,  often  nearer  the  nerve  than  the  equator. 
They  also  do  occur  anteriorly  to  the  vense  vorticosae,  and 
sometimes  so  far  forward  as  to  be  unrecognizable  during 
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life  The  writer  has  seen  one  case  in  which  history 
symptoms,  and  ophthahnoscopic  appearances  warranted 
the  diagnosis  of  rupture  of  choroid,  with  only  this  ele- 
ment of  doubt  in  the  case.  The  linear  cicatrix  which 
was  in  other  respects  so  characteristic  passed  downward 
and  inward  about  forty  degrees  from  the  vertical,  directly 
across  the  head  of  the  optic  nerve,  being  visible  up  to  the 
edge  of  the  nerve  above  and  reappearing  at  the  edge  of 
the  choroid  on  the  other  side  below. 

The  lens,  in  its  capsule,  and  the  suspensory  hgament 
form  rather  an  unsubstantial  partition  between  the  an- 
terior and  posterior  chambers,  and,  while  the  outer  tunics 
are  intact,  this  structure  is  not  Very  likely  to  be  ruptured 
by  any  pressure  which  is  uniformly  distributed  over  the 
outside  surface  of  that  organ ;  but  a  distortion  of  the 
globe  which  tends  to  lengthen  any  diameter  of  the  ciliary 
ring  will  do  serious  injury  to  this  delicate  structure,  and 
a  rupture  of  its  walls  in  tlie  immediate  proximity  of  the 
lens  or  zonula  so  disturbs  the  equilibrium  between  the 
two  chambers  that  dislocation  is  almost  sure  to  follow. 
Quite  often  lens,  iris,  and  zonula  are  all  carried  away  by 
the  pressure  and  expelled  through  the  wound  which  has 
taken  place  in  the  stronger  membranes. 

The  suspensory  ligament  is  so  delicate  that  it  is  said  to 
have  been  ruptured  by  blows  upon  the  head,  which, 
not  touching  the  eye  at  all,  have  caused  the  compara- 
tively heavy  lens  to  tear  away  its  support  by  the  rapid 
and  violent  vibrations  thus  imparted  to  it;  though  dis- 
locations first  discovered  after  such  blows  may  be  con- 
genital. 

It  would  be  wrong  to  leave  this  subject  without  saying 
a  word  concerning  the  iris.  The  iris  is  one  of  the  weakest 
muscles  in  the  body,  and  the  contractile  tissue,  which 
changes  its  size  and  shape  so  readily,  is  not  able  to  do  so 
against  any  appreciable  resistance.  In  health  it  floats  in 
the  aqueous,  attached  only  at  the  periphery  in  about  the 
same  manner  that  a  delicate  film  ot  sea-weed  exliibits  its 
natural  conformation  in  water,  but  collapses  and  loses  its 
form  when  removed  from  that  element.  When  the  sup- 
port of  the  lens  is  removed  from  behind  it,  it  trembles 
with  every  movement.  If  there  is  a  leak  in  the  cornea  in 
front  of  it,  it  is  drawn  into  the  opening,  however  slight, 
and  unless  extra  precautions  are  taken  it  is  sure  to  get  in 
the  way  and  interfere  with  the  execution  of  any  opera- 
tion which  is  planned  in  the  cavity  that  contains  it. 

It  is  well,  of  course,  to  know  the  strength  as  well  as 
the  weakness  of  different  parts.  The  cornea  is  as  decep- 
tive in  its  strength  as  is  the  iris  in  its  weakness.  The 
reason  that  the  amateur  of  the  workshop  so  often  fails  to 
remove  small  foreign  bodies  which  have  stuck  fast  in  the 
cornea  is  because  he  has  been  afraid  to  more  than  toucli 
it  for  fear  of  penetration.  This  accident  is  much  more 
likely  to  happen  to  the  professional  than  to  the  amateur; 
but  in  view  of  the  serious  result  of  such  accidents,  it  is 
well  perhaps  that  the  popular  impressions  be  allowed  to 
obtain.  Still,  though  the  cornea  looks  as  fragile  as  a 
bubble,  it  will  withstand  considerable  rough  treatment 
from  the  hand  of  an  expert.  It  is  liard  and  almost 
ligamentous  in  its  texture,  and  though  extremely  sen- 
sitive on  the  outside,  is  somewhere  near  1  mm,  in  thick- 
ness. 

Examination. — In  examining  an  injured  eye  one  must 
look  at  it  as  if  he  had  never  seen  an  eye  before,  and  were 
going  to  find  out  just  how  it  is  made  and  what  had 
been  going  on  around  it.  Knowledge  of  what  ought  to 
be  will  call  attention  to  what  is.  But  injuries  do  not 
come  tagged  and  labelled,  and  with  hemorrhage  inflam- 
matory swellings,  lymph  deposits,  discoloration  '  and  de- 
struction of  tissue,  there  is  often  as  much  difficulty  in  the 
diagnosis  of  injury  as  of  disease.  The  lids  should  be 
pulled  wide  open  and  examined  thoroughly  for  cuts 
scars,  perforations,  and  foreign  bodies;  neighborine 
cavities  should  be  probed  and  foreign  substances  re 
moved.  One  should  look  the  cornea  over  at  the  window 
as  he  would  examine  any  other  lens  for  chips  or  scratches- 
he  should  also,  by  the  aid  of  focal  illumination  at  the 
gaslight  hunt  for  perforations,  and  should  explore  all 
depths  of  aqueous,  lens,  and  vitreous  by  the  lenses  in  the 
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ophthalmoscope  which  will  put  them  in  and  out  of  focus, 
being  careful  not  to  be  so  absorbed  and  interested  in  one 
inj  ury  that  some  other  is  overlooked  and  neglected. 

Some  readers  of  this  Handbook,  who  do  not  make  or 
do  not  wish  to  make  a  special  study  of  ophthalmologj', 
will  doubtless  be  called  on  for  advice,  and  will  feel 
obliged  to  assume  the  care  of  diseased  and  injured  organs 
of  sight  until  such  cases  can  be  transferred  to  other 
hands.  The  first  lesson  to  be  learned  by  those  who  are 
thus  feeling  their  way  is  what  not  to  do. 

Cases  may  be  divided  into  those  which  need  astringents 
and  those  which  need  anodynes.  There  is  one  astringent 
that  must  never  be  used — it  is  acetate  of  lead.  Useful  as 
it  might  be  in  some  cases,  it  is  so  dangerous  to  many 
corneal  aifections  that  it  should  never  be  given  except 
by  an  oculist  so  proficient  as  to  be  able  to  ignore  rules 
and  indulge  in  ophthalmological  jugglery;  but  by  him 
it  is  seldom  needed.  There  is  one  anodyne  that  excels 
all  others — it  is  atropine.  The  cases  which  are  injured 
by  atropine  when  they  need  astringents  are  so  few  as  to 
be  counted  on  the  fingers  of  one  hand.  The  cases  which 
are  injured  by  astringents  when  they  need  atropine  are 
very  many ;  so,  when  in  doubt,  if  you  use  atropine  3'ou 
will  benefit  half  the  cases  and  injure  none,  whereas  the 
astringents  blindly  used  will  benefit  half  the  cases  and 
injure  many.  The  fact  that  atropine  is  poisonous  to 
swallow,  while  most  astringents  are  much  less  so ;  that 
atropine  blurs  the  sight,  while  astringents  do  not ;  that 
atropine  is  nearly  always  used  in  serious  cases,  astringents 
in  those  comparatively  simple,  leads  the  novice  to  hope 
for  the  best  and  use  astringents  where  he  would  much 
better,  if  he  feels  himself  at  all  off  his  ground,  believe  in 
the  worst  and  use  atropine.  The  cases  in  which  atro- 
pine must  not  be  used  are  easy  to  diagnose,  with  the  ex- 
ception of  glaucomatous  trouble,  with  which  this  paper 
has  nothing  to  do.  Atropine  may  be  used  with  caution 
where  there  is  perforation  or  rupture  of  the  globe  near 
the  sclero-corneal  margin.  Its  use  is  said  to  predispose 
to  prolapse  in  such  cases.  In  the  writer's  belief  neither 
the  physical  conditions  nor  the  results  of  experience  tend 
to  corroborate  this  view.  Atropine,  generally  speaking, 
should  not  be  used  when  a  foreign  body  is  lodged  on  the 
iris  or  is  loose  in  the  anterior  chamber,  and  likely  from 
slight  disturbance  to  fall  down  behind  the  iris  or  behind 
that  part  of  the  sclera  which  forms  the  opaque  peripheral 
front  wall  of  the  chamber.  In  most  other  injuries  atro- 
pine is  the  one  remedy  which  the  surgeon  cannot  well 
dispense  with,  while  astringents,  though  sometimes  use- 
ful, are  seldom  indispensable  in  the  treatment  of  recent 
injuries. 

Arlt  found  it  convenient  to  divide  injuries  into : 

1.  Those  produced  by  sudden  compression  or  concus- 
sion. 

2.  Those  produced  by  foreign  bodies  not  acting  chemi- 
cally :  (a)  Those  in  which  the  foreign  substance  does  not 
remain  in  the  eye ;  (S)  those  in  which  the  foreign  body 
does  remain  in  the  eye. 

3.  Those  produced  by  scalds,  burns,  and  corroding 
substances. 

This  is  a  classification  which  must  naturally  run 
through  any  attempt  to  consider  this  subject,  whether 
from  a  medical  or  a  mechanical  standpoint. 

Hemobeiiagb. — A  word  or  two  may  be  said  in  a  gen- 
eral way  concerning  hemorrhages,  which  are  not  con- 
nected with  any  lesion  more  definite  than  the  breaking 
of  a  blood-vessel,  the  location  of  which  is  often  unknown. 
Conjunctival  extravasations  of  blood,  such  as  come  from 
slight  blows,  or  from  straining,  coughing,  stooping,  or 
any  violent  disturbance  of  the  circulation  or  increase  of 
the  heart's  action,  are  of  no  particular  importance,  and 
require  no  treatment ;  apart  from  tlieir  gorgeous  coloring 
they  would  scarcely  attract  the  attention  even  of  the  pa- 
tient. The  parts  should  be  examined  carefully,  to  make 
sure  that  there  is  no  solution  of  continuity.  Then,  if 
there  has  been  no  impairment  of  vision,  either  peripheral 
or  central,  the  patient  may  be  assured  of  certain  re- 
covery. 

Hemorrhage  into  the  anterior  chamber  is  almost  always 
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due  to  violence;  it  is  rarely  dependent  upon  scurvy  or 
upon  the  presence  of  a  neoplasm,  and  very  rarely  it  has 
been  reported  due  to  other  causes,  such  as  menstrual  or 
diathetic  influence.  The  blood  generally  comes  from  the 
iris,  and,  unless  the  hemorrhage  is  caused  by  some  dis- 
location or  rupture  other  than  that  of  the  vessel's  wall, 
is  rapidly  absorbed,  sometimes  disappearing  within  three 
days,  sometimes  remaining  for  as  long  a  time  as  three 
weeks.  When  enough  blood  has  been  effused  to  conceal 
the  inner  structures  of  the  eye,  the  diagnosis  should  be 
guarded,  as  they  may  have  suffered  serious  injury. 

Hemorrhage  also  takes  place  occasionally  into  the  pos- 
terior chamber,  leaving  no  trace  of  injury  by  which  to 
account  for  the  presence  of  blood.  The  ruptured  vessels 
are  supposed  to  be  in  the  anterior  extremity  of  the  cho- 
roid. The  depreciation  of  vision  is  often  just  as  great 
as  would  attend  choroidal  rupture  or  other  serious  injury, 
so  that  it  is  impossible  to  tell  at  the  time  whether  or  not 
such  injury  has  occurred.  The  treatment,  of  course, 
should  be  the  same  as  that  of  the  serious  injiu-ies  which 
it  sometimes  accompanies  and  conceals,  and  it  may  not 
be  possible,  for  six  weeks  or  more,  to  say  decidedly  that 
no  separation  of  retina  or  rupture  of  choroid  has  taken 
place  near  the  posterior  pole  of  the  eye. 

Commotio  Retina. — After  a  blow  on  the  eye,  produc- 
ing no  other  visible  injury,  vision  may  be  reduced,  the 
pupil  becoming  small  and  responding  slowly  to  atropine 
while  the  retina  is  white  and  anjemic  over  the  whole  or 
a  large  part  of  its  area.  This  condition  reaches  its  height 
in  about  twenty-four  hours  and  by  the  end  of  a  week 
should  be  well  on  the  way  to  recovery.  The  name, 
though  given  before  the  nature  of  the  trouble  was  well 
understood,  seems  particularly  well  chosen,  as  the  vitre- 
ous is  violently  forced  into  the  region  of  the  nerve  fibres 
and  other  retinal  layers  are  more  or  less  affected.  Such 
cases  recover  without  treatment,  but  before  allowing  them 
to  do  so  it  Is  necessary  to  satisfy  one's  self  that  there  is 
no  rupture  of  the  choroid  or  partial  dislocation  of  the  lens ; 
that  the  amblyopia  is  not  due  to  fracture  of  the  skull  at 
the  optic  foramen,  to  stretching  of  the  zonula,  or  to  pa- 
ralysis of  the  accommodation. 

Paralysis  OP  Sphincter  of  Pupil  and  Ciliary  Mus- 
cle.—Another  injury  which  seems  rather  intangible,  as 
far  as  its  etiology  is  concerned,  but  which  has  actual  ex- 
istence, is  the  paralysis  of  accommodation,  with  partial 
or  complete  mydriasis,  which  sometimes  follows  a  severe 
blow  upon  the  eye.  In  mild  cases  recovery  may  be  ex- 
pected in  a  few  days,  but  where  the  pupil  is  widely 
dilated  and  there  is  total  loss  of  accommodative  power, 
the  patient  does  not  recover.  The  indications,  if  any, 
are  for  the  instillation  of  eserine. 

Lids. — Passing  now  to  those  injuries  in  which  actual 
damage  has  been  done  to  the  tissues  themselves,  I  may 
simply  remark,  concerning  the  lids,  that  whatever  may 
happen  to  them  it  is  proper  to  treat  the  condition  in  ac- 
cordance with  the  usual  methods  of  general  surgery, 
always  remembering  that  they  are  much  needed  cover- 
ings for  the  eye  itself,  and  when  destroyed  should  be  re- 
placed at  the  expense  of  the  surrounding  tissue;  care 
should  also  be  taken  to  adjust  the  parts  so  that  the  con- 
traction of  the  scars  will  not  result  in  turnmg  the  lashes 
in  upon  the  cornea  or  conjunctiva.  Finally,  it  must  not 
be  forgotten  that  cuts  across  the  edge  of  the  lid  margins 
are  liable  to  gape  and  consequently  they  should  be  ad- 
justed and  supported  during  the  healing  process. 

Conjunctiva.— "Wounds— such  as  cuts,  punctures,  or 
tears— of  the  conjunctiva,  unlesS  they  are  inflicted  by 
some  instrument  that  causes  contagion,  and  provided 
they  do  not  involve  other  tissues,  are  not  of  a  serious 
nature.  They  are  amenable  to  the  same  treatment  as  is 
found  effective  in  mild  forms  of  conjunctivitis. _ 

The  extent  of  danger  varies  with  the  situation  ot  the 
wound,  the  nature  of  the  offending  instrument,  and  the 
fitness  of  the  system  to  undertake  repair.  In  the  firet 
nlace  it  is  important  to  remember  that  even  a  slight 
cut  in  the  conjunctiva  of  the  lid  may  be  the  avenue 
through  which  some  sharp  instrument  or  foreign  body 
has  entered  the  orbit  and  has  done  serious  mjury  to  the 


optic  nerve  or  the  brain  itself,  a  specially  dangerous 
fracture  of  the  orbital  walls  b(.'iag  produced  by  thrusts 
from  sharp  instruments  which  penetrate  the  upper  part 
of  the  inner  wall.  Hence  wounds  near  the  peripheral 
part  of  the  ocular  conjunctiva  should  be  closely  exam- 
ined, and  evidence  of  foreign  substances  remaining  in 
the  wound  or  of  serious  injury  to  the  orbit  carefully 
weighed. 

Small  cuts  or  punctures  limited  to  the  conjunctiva  are 
of  little  moment.  The  edges  should  be  cleansed,  steri- 
lized, and  freed  from  any  particles  of  foreign  matter  that 
may  still  remain.  Rest  and  cleanliness  are  the  necessary 
conditions  of  recovery,  and,  though  these  wounds  are  not 
likely  to  be  of  an  especially  dangerous  character,  they 
demand  some  attenfion.  The  surgeon  will  often  find  it 
a  difficult  matter  to  decide  just  how  far  it  is  advisable  to 
place  restrictions  upon  the  patient's  usual  manner  of  life. 
If  wounds  are  comparatively  large  and  the  inflamma- 
tion seems  likely  to  affect  the  corneal  tissues,  or  if_  there 
is  any  danger  of  serious  results  from  the  contraction  of 
cicatricial  tissue  which  may  produce  symblepharon,  or 
ankyloblepharon,  or  entropion,  or  lachrymal  obstruc- 
tion, conjunctival  wounds  may  be  considered  serious, 
and  the  patient  should  be  made  to  consider  recovery  his 
first  duty. 

It  may  be  necessary  in  some  cases  to  put  a  stitch  or 
two  in  the  conjunctiva,  to  keep  it  in  place  until  the  heal- 
ing process  is  established.  Fine  silk  may  be  employed 
for  this  purpose,  and  usually  it  can  be  put  in  so  lightly 
as  to  come  out  of  its  own  accord  when  it  is  no  longer 
needed.  In  putting  in  sutures  about  the  eye  it  is  very 
useful  to  have  acquired  suflicient  dexterity  to  make  the 
forceps  take  the  place  of  one  liand  in  tying  the  knot. 

Should  granulations  spring  up  in  or  near  the  wound, 
they  may  be  touched  with  nitrate  of  silver  every  other 
day.  This  and  a  one-per-cent.  solution  of  alum  for  in- 
stillation will  cause  them  to  disappear. 

If  one  of  the  recti  muscles  has  been  completely  divided 
by  a  wound  through  the  conjunctiva,  the  fact  will  be 
made  manifest  by  an  inability  to  move  the  eye  toward 
the  affected  muscle,  or  by  the  occurrence  of  double  vis- 
ion, in  which  the  image  is  displaced  toward  the  injured 
side.  The  end  of  the  muscle  should  be  sought  with  a 
pair  of  fixation  forceps  and  fixed  in  its  proper  place,  as 
in  the  operation  of  bringing  forward  for  strabismus. 

The  most  seiious  wounds  of  the  conjunctiva  are,  how- 
ever, those  which  are  made  by  burns  from  hot  metals, 
acids,  unslacked  lime,  and  other  irritating  and  corroding 
substances.  The  cornea  is  more  than  likely  to  be  in- 
cluded, and  upon  the  depth  and  extent  of  the  corneal  in- 
jury the  final  result  is  in  great  measure  dependent.  The 
principal  danger,  so  far  as  the  conjunctiva  is  concerned, 
is  not  so  much  the  destruction  of  tissue  as  that,  in  heal- 
ing, two  surfaces  which  usually  move  freely  over  each 
other  may  become  firmly  united,  causing  symblepharon 
or  ankyloblepharon,  thus  closing  in  part  a  cavity  which 
should  remain  open.  There  is  also  the  further  danger 
that  adhesions  may  take  place  between  different  parts 
of  the  conjunctival  mucous  surface  of  the  lids,  or  be- 
tween the  lid  and  the  cornea  or  some  other  part  of  the 
globe,  and  thus  seriously  lessen  the  mobility  of  the  eye, 
or  disfigure  and  inconvenience  the  patient  by  unsightly 
deformity  or  by  the  constant  irritation  of  an  organ  so 
attached. 

The  first  thing  to  be  done  in  such  cases  is  to  remove 
the  irritating  substance,  if  it  has  not  already  been  re- 
moved. Melted  metal,  which  has  cooled  into  place, 
must  often  be  removed  by  the  use  of  considerable  force 
and  with  some  mechanical  injury  to  the  parts.  Lime 
and  sand  may  be  scraped  carefully  from  the  cul-de-sac 
with  a  Daviel's  curette  or  spoon.  It  has  been  recom- 
mended that  at  the  time  of  the  accident  alkalies  should 
be  washed  from  the  eye  with  weak  acids  like  vinegar, 
acids  with  weak  alkalies  like  soda  or  salaratus;  these 
remedies  are  usually  at  hand,  and  are  chemically  appro- 
priate. But  there  is  nothing  so  swift  and  appropriate 
as  plenty  of  water,  with  which  the  eye  may  be  flushed 
immediately.     The  fact  that  strong  sulphuric  acid  and 
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lime  evolve  heat  and  are  more  injurious  when  small  meas- 
ures of  water  are  added  does  not  count  for  much  when 
water  can  be  supplied  in  large  quantities  and  without 
any  delay. 

These  injuries,  when  the  cornea  is  not  implicated,  call 
for  quiet  antiphlogistic  treatment,  with  the  instillation  of 

sterilized  olive  oil. 


linseed  oil,  or  vase- 
line, and  of  atro- 
pine to  allay  any 
irritation  or  tend- 
ency of  the  cornea 
or  iris  to  become 
inflamed. 

If  the  injury  is 
attended  with 
much  pain,  co- 
caine should  be 
used  as  often  as 
necessary  to  secure  the  comfort  of  the  patient.  When 
the  destruction  of  tissue  extends  so  deeply  in  the  cul- 
de-sac  that  there  is  no  bridge,  or  only  a  narrow  bridge 
of  sound  conjunctiva  between  the  two  injured  parts, 
little  or  nothing  can  be  done  to  prevent  their  growing 
together  during  the  healing  process.  The  opposed  sur- 
faces must  be  separated  frequently,  and  in  spite  of  this 
tlie  contraction  of  cicatricial  tissue  will  almost  always 
bring  them  together  as  they  heal,  and  will  do  this  with 
persistency.  Plates  of  wax,  glass,  silver,  or  gutta-percha 
may  be  worn  for  a  while  at  some  risk  of  irritating  tlie  eye, 
but  in  the  course  of  time  thej'  will  be  crowded  out,  and 
are  more  likely  to  do  harm  than  good.  Attempts  to  im- 
prove the  local  conditions  by  resorting  to  surgical  inter- 
ference after  the  wound  has  entirely  healed,  are  not  likely 
to  produce  materially  better  results.  Cutting  the  bridles 
and  attachments  affords  only  temporary  relief,  and  it  is 
only  by  the  performance  of  a  suitable  plastic  operation 
or  by  skin-grafting  that  we  can  hope  occasionally  to  se- 
cure some  measure  of  success. 

If  there  is  a  free  passage  for  a  probe  beneath  the  sub- 
stance of  the  symblepharon,  considerable  improvement, 
or  perhaps  permanent  relief,  may  be  expected;  but  fre- 
quently the  surgeon  will  exercise  his  ingenuity  in  vain. 
It  may  be  put  down  as  entirely  improbable  that  any 
extensive  symblepharon  or  ankyloblepharon  which  has 
grown  up  from  the  bottom  of  the  cul-de-sac,  will  be 
greatly  decreased  in  size  by  any  of  the  measures  men- 
tioned. 

The  accompanying  cuts  are  from  Lawson,  and  repre- 
sent very  well  the  conditions  indicated  by  the  text. 
Pig.  2050  "represents  the  appearance  produced  by  an 
injury  to  the  eye  from  some  fresh  mortar,  which  was 
thrown  into  the  eye  the  day  before  the  boy  was  brought 
into  the  hospital."  The  coloring,  of  course,  is  not  pres- 
ent, but  the  appearance  of  a  burn  caused  by  mortar  is 
very  characteristic.  Pig.  3051  "  is  a  good  illustration  of 
a  case  of  partial  ankyloblepharon,  and  shows  very  well 
the  position  of  the  fistula  which  is  frequently  met  with 
when  the  inner  portions  of  the  lids  are  united. "  The  par- 
ticular case  here  pictured  happens  to  have  been  the  result 
of  mechanical  violence,  but  it  may  well  have  happened 
from  either  mechanical  or  chemical  injury. 

CoENEA.— Although  the  cornea  is  never  ruptured  by  a 
blow  or  by  pressure  causing  momentary  increase  of  ten- 
sion, and  although  it  seldom  suffers  from  any  force  trans- 
mitted to  it  through  the  closed  lid  (unless  the  lid  itself  is 
perforated),  it  often  suffers  severely  from  the  impact  of 
small  bodies  which  have  appreciable  weight,  and  which 
so  bruise  without  breaking  its  substance  as  to  cause  local 
death  of  the  part  struck.  This  results  in  the  formation 
ot  what  IS  known  as  corneal  abscess.  The  abscess  thus 
formed  is,  on  account  of  the  thinness  of  the  membrane 
not  hkely  to  exist  as  a  sac  filled  with  fluid  of  a  purulent 
nature,  but  consists  of  tissue  infiltrated  with  purulent 
matter  which  discharges  itself  either  forward  on  the  con- 
junctiva or  backward  into  the  anterior  chamber,  or  more 
likely  in  both  directions.  This  abscess  may  be  of  anv 
extent,  small  or  large;  it  may  be  superficial  or  it  may  in 
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volve  the  inner  and  deeper  layers  of  the  membrane.  Its 
extent  cannot  be  told  at  the  time  of  the  accident.  The 
first  sign  of  serious  injury,  apart  from  accompanying 
pain,  is  the  conjunctival  reddening  and  well-marked  cili- 
ary injection,  which  may  extend  entirely  around  the 
organ  or  may  be  confined  to  the  immediate  proximity  of 
the  part  struck.  Pain,  photophobia,  and  lachrymation  are 
naturally  attendant  on  this  condition,  which  may  continue 
for  two  or  three  days  before  the  grayish  discoloration  and 
opacity  that  follow  the  injury  have  marked  out  the  seat 
and  the  limits  of  the  destructive  process.  After  this  the 
disease  follows  the  course  of  corneal  abscess  from  any 
cause.  Pus  .soon  forms  in  the  layers  of  the  cornea  and 
also  in  the  anterior  chamber,  settling  down  to  the  lower 
part  between  the  cornea  and  iris.  By  this  time  the  in- 
flammation will  have  advanced  so  far  as  to  threaten  the 
iris  and  ciliary  region,  and  the  pain  is  likely  to  be  very 
severe.  There  is  therefore  danger  that  if  the  process  is 
not  checked  by  operative  interference  it  may  end  in  pan- 
ophthalmitis. Pus  at  the  bottom  of  the  anterior  chamber 
may  be  distinguished  from  that  in  the  layers  of  the  cornea 
by  placing  the  patient  on  the  side  for  a  moment  or  two 
and  witnessing  the  change  of  place  caused  by  gravitation. 

The  treatmerit  for  corneal  abscess  of  traumatic  nature, 
either  actual  or  threatened,  is  atropine,  rest,  and  protec- 
tion from  the  light.  During  the  early  stages,  before  the 
formation  of  pus  has  begun,  cooling  applications  exter- 
nally and  iced  compresses  are  likely  to  be  of  benefit.  After 
suppuration  is  established,  lukewarm  or  even  hot  water 
will  be  more  gratefully  borne  and  will  probably  hasten 
the  progress  of  the  disease  toward  recovery.  Antiseptic 
precautions,  of  course,  are  necessary.  They  consist  in 
frequent  bathing  with  water  of  suitable  temperature,  to 
which  four  per  cent,  of  boric  acid  has  been  added,  or  one- 
thirtieth  of  one  per  cent,  of  corrosive  sublimate. 

With  pus  in  the  anterior  chamber  and  threatened  or 
existing  iritis  or  irido-cyclitis,  it  will  often  be  necessary 
to  administer  morphine  to  relieve  pain  and  to  give  the 
patient  suflRcient  rest  and  comfort  to  insure  the  best  re- 
covery. Whatever  the  attitude  of  the  patient  is  toward 
the  use  of  this  narcotic,  it  will  be  well  to  remember  that 
pain  is  often  worse  than  poison,  and  the  surgeon  should 
demand  the  right  to  choose. 

If  the  pus  at  the  bottom  of  the  anterior  chamber  is 
more  than  3  mm.  in  depth,  or  if  the  abscess  takes  on  at 
its  edge  the  halo  of  light  gray,  which  indicates  that  the 
process  at  first  due  to  traumatism  is  extending  bevond 
the  margin  of  the  original  injury,  it  may  be  necessary  to 
evacuate  the  anterior  chamber,  and,  perhaps,  to  open  the 
abscess  according  to  Saemisch's  method,  by  passing  a 
Graefe  knife,  which  is  held  with  its  back  to  the  pupil 
and  iris,  into  the  anterior  chamber  on  one  side  of  the  ab- 
scess and  out  on  the  other,  thus  cutting  entirely  through 
the  abscess  from  within  outward.  After  this,  the  wound 
must  be  kept  freely  open  until  recovery  is  well  estab- 
lished. This  operation  is  not  always  necessary,  para- 
centesis of  the  lower  part  of  the  cornea,  in  such  a  posi- 
tion as  to  favor  the  evacuation  of  pus  from  the  anterior 
chamber,  being  often  attended  with  the  best  results. 
This  opening  should 
be  renewed  at  least 
eveiy  second  day,  un- 
til no  pus  remains. 

The  prognosis  in 
these  cases  depends 
upon  the  extent  and 
location  of  the 
abscess  and  the 
depth  to  which 
the  tissues  are 
volved.  Wherever  the 
abscess  is,  there  will 
remain  a  white  scar.  This,  of  course,  is  of  little  impor- 
tance if  the  scar  is  small  and  situated  at  the  periphery ; 
but  if,  on  the  other  hand,  it  is  situated  in  front  of  the 
pupil  and  is  of  such  an  extent  as  to  obviate  the  possi- 
bility of  making  an  artificial  pupil,  its  presence  will  ren- 
der the  eye  practically  blind.     If  the  abscess  breaks  ex- 
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Fig.  2052.— Represents  (he  Effects  of  a  Burn 
from  Molten  Lead,  tliat  Splastied  into  the 
Eye  trom  a  Pot  which  the  Patient  was  Car- 
rying.   (Lawson.) 


ternally,  the  lens  or  the  iris  is  likely  to  rest  against  the 
wound  and  ultimately  to  become  adherent  to  it,  thus  giv- 
ing rise  to  unpleasant  symptoms  of  irritation  and  inflam- 
mation, which  may  be  well  borne  for  many  years,  but 
which  m  some  cases  finally  result  in  panophthalmitis  and 
phthisis  bulbi,  or  sometimes  cause  large  and  unsightly 

staphy  lomata. 
The  usefulness  of 
atropine  and  eser- 
ine  in  placing  the 
iris  in  given  posi- 
tions should  not 
be  forgotten  dur- 
ing the  progress 
of  the  disease. 

Wounds  of  the 
cornea  entailing 
solution  of  con- 
tinuity may  be 
mere  superficial 
scratches,  in 
which  hardly 
more  than  epi- 
thelium has  been 
removed,  or  they 
may  penetrate  the 
anterior  chamber,  Injuring  iris  or  lens,  or  extending  to 
the  deeper  tissues  of  the  eye.  As  the  cornea  is  the  prin- 
cipal lens  in  this  physiological  camera,  the  danger  is 
twofold — that  of  its  destruction  as  part  of  the  firm  en- 
veloping membrane  which  holds  the  structures  together, 
or  that  of  distortion,  deformity,  or  opacity,  which  de- 
stroys its  usefulness  as  an  optical  instrument.  If  the 
wound  is  a  mere  superficial  abrasion,  complete  recovery 
may  be  expected,  though  such  injuries  are  of  ten  attended 
with  great  pain,  neuralgic  In  its  nature,  with  photo- 
phobia, lachrymation,  and  ciUary  injection.  The  use  of 
cold  compresses,  or  of  a  bandage  which  keeps  the  eye  closed 
and  prevents  the  lid  from  rubbing  up  and  down  over  the 
abraded  surface,  will  allow  it  to  heal  in  a  few  days,  and 
the  instillation  of  atropine,  thrice  daily,  will  banish  the 
pain  and  hasten  recovery.  Occasionally,  a  slight  abrasion 
made  by  some  rough  instrument,  perhaps  by  the  nail  of 
an  infant,  on  the  cornea  of  its  mother  or  nurse,  will  ap- 
parently heal  within  a  few  days,  giving  rise  to  no  trouble 
at  the  time ;  but  two  or  three  weeks  afterward,  when  the 
incident  may  have  been  entirely  foi'gotten,  severe  and 
persistent  neuralgic  pains  will  call  the  surgeon's  atten- 
tion to  a  sUght  irregularity  on  the  surface  of  the  cornea, 
and  with  the  instillation  of  atropine  and  a  light  bandage 
worn  for  a  few  days,  the  patient  will  entirely  recover. 

The  prognosis  for  these  wounds  is  favorable  for  the 
.most  part.  Unless  the  loss  of  substance  extends  as 
deeply  as  the  membrane  of  Descemet,  there  will  be  no 
visible  scar,  the  transparency  of  the  tissue  remaining; 
but  if  the  wound  is  at  or  near  the  centre  of  the  organ, 
and  not  of  a  rather  superficial  nature,  so  much  irregu- 
larity of  surface  will  remain  as  materially  to  affect  the 
eye  as  an  organ  of  sight.  Very  slight  injuries,  such  as 
those  just  considered,  are  often  fraught  with  considerable 
danger  to  old  people  who  are  poorly  nourished,  or  to 
those  suffering  from  debilitating  disease,  such  injuries 
taking  the  form  of  persistent  and  progressive  ulceration, 
which  is  checked  with  difficulty.  After  tlie  character  of 
such  trouble  is  estabhshed,  it  is  no  longer  traumatic  m 
its  nature,  and  should  be  treated  like  any  other  similar 
ulceration. 

When  the  cornea  is  penetrated  by  a  clean,  sharp  m- 
strument,  which  does  not  at  the  same  time  injure  iris  or 
lens,  the  woimd,  if  not  of  large  dimensions,  may  be  ex- 
pected to  heal  up  quietly  without  any  very  great  disturb- 
ance. The  aqueous  humor  will,  of  course,  be  evacuated, 
except  in  very  minute  punctures;  then,  afterward,  if  the 
lips  t)f  the  wound  are  adjusted  by  gentle  pressure  (pref- 
erably through  the  lid  with  a  Daviel's  curette),  they  will 
often  unite  by  first  intention,  and  allow  the  chamber  to 
be  re-established  by  the  secretion  of  aqueous,  which  takes 
place  very  rapidly.     Quite  often,  furthermore,  the  iris 


will  not  become  attached  to  the  wound  against  which  at 
first  it  was  pressing.  Punctured  wounds  made  by  rough 
or  blunt  instruments  often  give  rise  to  much  moi'e  trouble. 
There  is  a  larger  vent  for  the  escape  of  aqueous.  The 
iris  or  the  lens  is  likely  to  be  pressed  against  the  wound, 
or  perhaps  pushed  through  it.  The  healing  process  does 
not  take  place  without  some  destruction  of  tissue  and  the 
formation  of  a  white  .scar,  to  w-liieli  either  iris  or  lens  or 
both  may  be  permanently  attached. 

If  the  wound  is  seen  at  the  outset,  effort  should  be 
made  to  get  the  eye  into  sometliing  approaching  its 
normal  condition.  Ragged  edges  of  the  wound  or  of  the 
protruding  iris,  which  cannot  live,  should  be  snipped  off 
with  the  scissors.  Gentle  manipulations  with  Daviel's 
curette  scoop  or  with  the  rubber  spatula  may  cause  the 
iris  to  return  into  the  chamber.  If  it  does  not  return,  it 
should  be  excised,  unless  it  has  become  adherent  or 
seems  to  occupy  a  useful  position  in  preventing  the 
further  escape  of  the  contents  of  the  anterior  chamber. 
Should  it  be  necessary  to  allow  the  iris  to  heal  into  the 
wound,  or  if  later  it  becomes  irritable,  an  iridectomy  can 
be  done  to  set  the  matter  right. 

Any  wound  which  so  opens  the  walls  of  the  globe  as 
to  allow  the  escape  of  any  appreciable  part  of  its  con- 
tents is  a  serious  affair,  and  demands  perfect  quiet  on 
the  part  of  the  patient — usually,  indeed,  the  recumbent 
posture,  especially  during  the  early  part  of  recovery. 
Next  to  rest,  the  most  imijortant  thing,  in  corneal  in- 
juries, is  to  give  frequent  irrigations  with  normal  salt 
solution  or  with  some  mild  antiseptic  solution  (boric  acid, 
for  example).  Avoid  all  depleting  measures ;  allay  pain 
with  atropine  or  cocaine  instillations,  or  with  morphine 
subcutaneously  if  necessary  to  give  the  patient  needed 
rest.  If,  after  the  healing  process  is  well  under  way, 
there  remains  a  fistula  through  which  aqueous  continu- 
ally escapes,  touch  it  with  nitrate  of  silver,  or  burn  it 
very  slightly  with  the  electro-cautery.  It  may  be,  and 
often  is  necessary,  after  recovery,  to  perform  an  iridec- 
tomy, for  the  purpose  of  affording  relief  from  the  irritat- 
ing effects  of  iris  attachments,  or  for  that  of  making  an 
artificial  pupil. 

Burns,  scalds,  and  injuries  of  the  cornea  from  irritat- 
ing and  corroding  substances  are  of  a  more  serious  nature 
than  similar  accidents  which  affect  only  the  conjunctiva ; 
any  deep  destruction  of  tissue  brought  about  in  this  way 
is  followed  by  serious  reactionary  inflammation  and  re- 
sulting opacity.  The  danger  of  symblepharon  is  great 
in  some  cases,  and  should  be  guarded  against  as  in  con- 
junctival injuries.  If  the  wound  is  seen  immediately 
after  the  injury,  it  will  in  most  cases  give  ver}'  little  evi- 
dence of  the  amount  of  damage  which  has  resulted  or 
will  result,  but 
after  the  lapse  of 
two  or  three  days 
one  can  judge 
more  accurately 
of  the  extent  of 
this  damage.  An- 
other  word  of 
warning  should 
be  given  here 
against  all  colly- 
ria  containing 
preparations  of 
lead.  ]\Iany  cases, 
in  which  the  eyes 
have  been  burned 
by  acid  or  other 
corroding  sub- 
stance, have  been 
made  hopelessly 
blind  by  the  use 

of  acetate  of  lead  coUyria  prescribed  by  some  well- 
meaning  apothecary  who  must  needs  do  something 
in  the  emergency.  The  harmf ulness  of  the  lead  prepara- 
tions lies  in  the  fact  that  they  render  all  scars  in  the  cor- 
neal tissue  thoroughly  opaque,  and  so  interfere  with  the 
transmission  of  light  to  the  retina. 
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Fig.  2053.  —  Rupture  ot  Sclerotic,  in  which 
Lens  and  Upper  Half  of  Ms  were  Lost  at 
the  Time  of  the  injury.    (Lawson.) 
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Fig.  3054.— Staphylomatous  Appearance. 
Eesult  of  blow  on  the  eye,  wlilch  caused 
at  the  time  rupture  of  sclera  and  dislo- 
cation ot  lens  beneath  the  unbroken 
conjunctiva. 


Rupture  of  the  sclerotic  usually  takes  place  upward 
and  iaward;  the  rent  is  from  6  to  12  mm.  in  length,  and 
nearly  always  parallel  to  the  sclero-corneal  margm.  It 
may  also  occur— though  less  frequently— in  an  outward 

or  downward  direc- 
tion, and  it  may  be 
irregular  in  shape, 
extending  through 
the     sclero  -  corneal 

/.A,  Bx  margin.      In     rare 

'  w'f'?  cases    rupture    may 

,  occur     in    the    pos- 

.„  *  terior    part    of     the 

globe.  In  that  posi- 
tion it  does  not  ad- 
mil  of  positive  di- 
agnosis, but  may  be 
suspected  in  cases  in 
which  htemophthal- 
mus  posterior  is  at- 
tended with  very 
considerable  decrease 
of  tension. 

The  complications 
which  may  exist  are 
in  great  measure  de- 
pendent on  the  force 
of  the  blow,  and  the 
extent  fo  which  iris,  lens,  or  vitreous  have  been  forced 
out  at  the  time  of  the  accident.  Sometimes  the  lens  is 
forcibly  expelled,  and  may  be  found  under  the  lid,  or 
may  be  lost.  Sometimes  it  may  be  seen  at  the  seat  of 
the  rupture  in  a  sac  formed  by  the  unbroken  conjunc- 
tiva, where  it  (usually  with  a  part  of  the  iris)  should  be 
allowed  to  remain  until  the  wound  is  healed  and  nor- 
mal tension  re-established.  When  this  has  taken  place 
the  ills  may  be  removed  through  a  suitable  incision  in 
the  conjuncti('a.  Rupture  of  the  sclera  is  usually  at- 
tended by  hemorrhage  into  the  anterior  chamber,  often 
by  prolapse  of  iris  and  escape  of  the  lens. 

Perfect  rest  is,  of  course,  the  first  thing  called  for  in 
the  treatment  of  a  rupture  of  the  sclera.  The  patient 
should  be  confined  to  the  room,  and,  if  not  kept  in  a  re- 
cumbent posture,  should  avoid  sudden  movements  or 
stooping,  coughing,  straining,  which  may  lead  to  com- 
plications from  hemorrhage  into  the  choroid  or  to  retinal 
separation.  Iris  or  vitreous  which  protrudes  from  the 
wound  may  be  removed 
with  the  scissors,  if  such 
interference  can  be  borne 
without  the  administra- 
tion of  ether.  If  the  lens 
is  so  situated  as  to  pre- 
vent the  lips  of  the  wound 
from  closing,  or  if  it  seems 
to  press  on  the  iris  or  the 
ciliary  body,  an  attempt 
should  be  made  to  ex- 
tract it.  Atropine  is  usu- 
ally indicated. 

The  prognosis  in  cases 
of  rupture  of  the  sclera  is 
not  so  bad  as  one  would 
be  inclined  to  fear.  Some- 
times  panophthalmitis, 
with  its  attendant  train  of 
destructive  changes,  su- 
pervenes: but  often  tlie 
usefulness  of  the  eye  is 
not  entirely  destroyed. 

Outs  and  punctures  in 
the  ciliary  region  are  al- 
most sure  to  end  disastrously  so  far  as  sight  is  concerned 
J  he  best  result  that  can  be  expected  is  a  quiet  subsidence 
of  the  immediate  inflammatory  action,  to  be  followed  very 
likely  by^gradual  cessation  of  function  and  partial  atro 
P'^y  ?}.  tJ^?  t'ssues  of  the  globe.  Suppurative  irido- 
choroiditis  IS  very  likely  to  follow  any  punctured  wound 
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FIG.  205.5.  — Punctured  Wound  ot 
Sclerotic  Successfully  Treated 
with  a  Flue  Suture.    (Lawson  ) 


of  the  sclera,  even  though  it  be  situated  so  far  back  as  to 
have  escaped  the  ciliary  region.  It  is  not  absolutely  im- 
possible that  a  clean  cut  through  the  sclera  at  the  ciliary 
region,  if  made  with  a  smooth,  sharp  instrument,  may 
heal  and  leave  a  useful  visual  organ,  but  such  a  result  is 
not  to  be  expected. 

The  treatment  for  cut  or  punctured  wounds  is  the  same 
as  for  open  ruptures.  Tissues  presenting  themselves  in 
the  wound  should  be  trimmed  away  as  much  as  possible, 
without  so  disturbing  the  condition  of  affairs  that  more 
of  the  contents  of  the  eye  will  be  forced  out  to  take  the 
place  of  those  removed.  Gentle  manipulation  with  the 
spatula  or  the  scoop  should  be  used  in  the  attempt  to 
leave  the  edges  of  the  wound  as  nearly  in  their  normal 
places  as  possible.  If  there  is  much  gaping  of  the  wound 
a  very  fine  suture  should  be  put  in,  if  possible,  through 
the  outer  edge  of  the  sclera  only;  then  both  eyes  should 
be  kept  closed  and  under  gentle  pressure.  Even  after 
the  wound  has  healed  and  everything  gives  promise  of 
a  fair  recovery,  the  contraction  of  cicatricial  tissue  may. 
be  the  cause  of  retinal  separations,  followed  or  attended 
by  gradual  destruction  of  the  wounded  eye  or  by  sym- 
pathetic trouble  in  the  other. 

Ims. — Non-penetrating  wounds  of  the  globe  are  some- 
times the  cause  of  a  rupture  or  a  tear  of  the  iris.  Radi- 
ating rents  and  fissures  are  quite  rare,  and  are  not  accom- 
panied by  any  hemorrhage.  The  most  frequent  iniury 
is  a  dialysis  or  separation  of  tlie  peripheral  portion  from 
its  attachment.  This  separation  may  be  of  almost  any 
extent.  It  has  been  known  to  include  so  much  of  the 
membrane  that  it  might  be  said  to  be  entire,  not  enough 
of  its  ordinary  support  being  left  to  retain  any  part 
of  it  in  its  normal  position.  The  effect  of  a  dialysis 
is  usually  to  allow 
that  part  of  the 
iris  which  is  sep- 
arated from  its 
attachment  to 
hang  somewhat 
smoothly  in  the 
position  of  a  chord 
to  the  arc  which 
originally  marked 
its  place,  so  that 
both  peripheral 
and  pupillary 
margins  are  al- 
tered, as  is  seen  in 

the  accompanying  cut,  which  is  taken  from  Lawson. 
The  kidney-shaped  pupil  is  quite  characteristic.  This 
injury  is  often  attended  with  considerable  hemorrhage 
into  the  anterior  chamber,  which  is  of  no  particular 
moment  and  rapidly  undergoes  absorption.  Beyond 
keeping  the  patient  quiet,  little  or  no  treatment  is  neces- 
sary. Active  inflammation  verj'  seldom  follows  the  in- 
jury, and  the  harm  that  results,  apart  from  cosmetic 
effect,  is  principally  optical,  due  to  the  presence  of  two 
pupils  instead  of  one.  The  patient  either  suffers  from 
monocular  diplopia  or  from  an  indistinctness  of  sight, 
due  to  the  entrance  of  light  into  the  eve  without  pass- 
ing through  that  part  of"  the  lens  which  is  capable  of 
forming  a  distinct  image. 

It  has  seldom  been  thought  w'orth  while  to  attempt 
any  operative  correction  other  than  an  iridectomy  to  re- 
move any  portion  of  the  membrane  which  interferes  with 
visual  ability  by  hanging  directly  across  the  optical  axis. 
An  iridectomy  should  be  performed  only  when  time 
enough  has  elapsed  after  the  accident  to  prevent  any 
unusual  tendency  to  inflammation. 

Cuts  and  punctured  wounds  of  the  iris  occur  concomi- 
tantly with  the  injuries  of  the  cornea  or  sclera,  and  re- 
quire no  special  treatment  other  than  what  has  already 
been  mentioned  in  connection  with  those  injuries. 

Lens  and  Zonula. — The  position  occupied  by  the  lens 
and  zonula  may  be  represented  by  a  circle  formed  by  the 
intersection  of  the  walls  of  the  globe  with  a  plane  which 
cuts  the  visual  axis  at  right  angles,  a  few  millimetres 
behind  the  iris. 
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Fig.  2037.— Partial  Dislocation  of  Lens  which  is 
Becoming  Cloudy.    (Lawson.) 


A  blow  or  pressure  which  causes  the  globe  to  depart 
momentarily  from  its  approximately  spherical  shape,  is 
likely  to  lengthen  any  one  of  the  diameters  of  this  circle 
and  stretch  or  tear  the  zonula  or  the  capsule  containing 
the  lens.     And  further,  any  pressure  on  the  anterior  part 

of  the  globe 
which  increases 
the  tension  of 
the  walls  of  the 
anterior  cham- 
ber is  likely  to 
throw  the  lens 
backward,  be- 
cause the  larger 
area  of  the 
walls  of  the  pos- 
terior chamber 
allows-  of  a 
greater  increase 
of  capacity  before  the  same  tension  is  reached.  A  bulg- 
ing backward  of  lens  and  zonula  is  therefore  likely  to 
follow,  so  that  each  and  every  diameter  of  the  circle  in 
which  they  lie  is  increased  in  length. 

One  of  these  two  conditions  has  probably  existed  in 
most  of  those  injuries  in  which  the  only  organic  disturb- 
ance is  a  partial  or  total  dislocation  of  the  lens,  either 
with  or  without  rupture  of  the  capsule. 

It  is  said  also  that  a  severe  blow  on  the  head  will  cause 
such  shaking  or  oscillating  of  the  comparatively  heavy 
lens  as  to  tear  the  delicate  membrane  which  suspends  it 
between  the  fluid  and  semi-fluid  humors.  It  seems  al- 
most necessary  to  allow  this  if  we  wish  to  account  for  cer- 
tain dislocations  that  are  reported — those,  for  instance, 
in  which  the  eye  itself  has  not  been  touched  by  the  body 
inflicting  the  blow. 

The  disturbance  that  takes  place  in  all  these  cases 
varies  greatly,  from  the  slight  displacement  forward 
which  indicates  a  mere  stretching  of  the  ligament,  to  an 
entire  breaking  away  from  its  support  on  all  sides,  so 
that  the  lens  is  thrown  back  into  the  vitreous,  and  sinks 
eventually  to  the  bottom  of  the  eye,  or  so  that  it  is  forced 
forward  entirely  through  the  pupil  and  lies  entirely  in 
front  of  the  iris.  Occasionally  the  lens  is  pushed  a  part 
of  the  way  through  the  pupil,  or  it  is  pushed  so  that  it 
comes  to  lie  a  little  to  one  side  behind  the  iris,  in  which 
position  its  edge  may  be  seen  across  the  centre.  Under 
these  circumstances  the  fundus  is  visible  clearly  with  a 
minus  glass  if  the  observer  looks  through  that  part  of  the 
lens  which  is  in  sight,  or  with  a  strong  convex  glass  if  he 
looks  at  it  through  that  part  of  the  pupil  from  which  the 
lens  has  been  removed.  Whenever  the  edge  of  the  lens  is 
in  sight,  if  brilliantly  illuminated,  it  may  be  recognized 
by  a  thin  meniscus  of  vividly  contrasted  light  and  dark, 
caused  by  refraction  and  total  reflection  at  the  edge  where 
the  front  and  back  surfaces  curve  round  to  meet  each  other. 
Where  the  suspensory  ligament  is  torn,  the  lens,  of 
course,  is  left  free  to  assume  the  convexity  natural  to  ex- 
treme accommodation.  Hence  one  of  the  symptoms  of 
subluxation  is  (in  the  emmetropic  eye)  apparent  myopia 
with  entire  loss  of  accommodation,  and  amblyopia,  which 
latter  may  be  due  in  part  to  astigmatism.  If  the  lens  has 
been  moved  backward  and  to  one  side,  so  that  it  only  par- 
tially covers  the  pupil,  monocular  diplopia  may  be  pres- 
ent ;  and  if  it  is  entirely  removed  from  its  place,  as  when 
it  has  fallen  back  toward  the  bottom  of  the  vitreous 
humor,  an  apparent  hypermetropia  of  somewhere  near 
eleven  diopters  will  be  found ;  and  on  looking  at  a  reflec- 
tion of  the  candle  flame  in  the  eye,  only  that  image  which 
is  due  to  reflection  from  the  corneal  surface  will  be  seen. 
The  two  fainter  pictures  which  are  reflected  from  the 
anterior  and  the  posterior  lens  surfaces  will,  of  course,  be 
wanting.  A  tremulous  iris  calls  attention  to  the  fact  that 
its  pupillary  border  has  been  deprived  of  the  support  usu- 
ally given  it  by  the  anterior  surface  of  the  lens ;  still  this 
symptom  is  not  pathognomonic. 

Partial  dislocations  of  the  lens  backward  are  likely  to 
become  complete  in  time,  that  body  finally  sinking  down 
to  the  bottom  of  the  posterior  chamber,  and  remaining 


there,  after  undergoing  partial  atrophy,  for  years— per- 
haps the  least  dangerous  foreign  body  that  can  exist  in 
that  place.  The  eye  is  subject  to  the  same  inconveniences 
and  accidents  as  were  entailed  by  the  old  operation  of 
couching. 

In  all  pasterior  dislocations,  unless  there  is  some  cogent 
reason  for  extracting,  such  as  ciliary  irritation  or  threat- 
ened sympathetic,  it  will  be  best  to  leave  the  lens  as  it  is 
and  make  no  attempt  at  removal.  But  if  it  presses  for- 
ward on  the  iris,  or  has  partly  or  wholly  passed  through 
the  pupil  and  remains  immediately  behind  the  cornea, 
it  should  be  removed  as  soon  as  the  chemosis  that  imme- 
diately follows  the  accident  has  disappeared.  The  danger 
of  attempting  to  remove  a  dislocated  lens  from  the  pos- 
terior chamber  is  very  considerable.  The  cut  is  made  of 
course  as  if  for  the  operation  for  cataract,  but  the  lens 
will  rarely  present  itself  on  pressure,  and  recourse  must 
be  had  to  the  spoon  or  the  hook,  and  then,  even  when  the 
utmost  care  is  exercised,  the  lens  will  sometimes  sink  into 
the  vitreous,  where  it  cannot  be  recovered,  or  its  extrac- 
tion will  be  accomplished  only  with  the  loss  of  vitreous 
and  perhaps  subsequent  accidents  of  hemorrhage  and 
retinal  separation. 

If  a  dislocated  lens  is  allowed  to  remain  in  the  anterior 
chamber  it  gradually  diminishes  in  size  and  sinks  to  the 
bottom  of  that  cavity,  where  it  remains  in  a  shrunken 
opaque  condition,  and  usually  causes  deterioration  and 
opacity  in  the  part  of  the  cornea  on  which  it  rests. 

When  the  lens  is  injured  by  a  penetrating  wound  the 
cornea,  or  possibly  the  sclera,  must  of  necessity  have  been 
punctured,  and  injury  of  the  iris  and  ciliary  body  may 
also  have  taken  place  at  the  same  time.  Apart  from  the 
danger  of  these  accompanying  wounds,  which  of  them- 
selves may  or  may  not  be  of  a  serious  nature,  thei-e  is 
every  reason  to  expect  serious  trouble  with  the  crystalline 
body.  Any  cut  or  puncture  of  the  anterior  capsule  which 
brings  the  substance  of  the  lens  proper  in  contact  with 
the  aqueous  humor  is  followed  by  an  opacity  and  a  swell- 
ing in  that  body,  conditions  which  seriously  interfere  with 
nutritive  and  functional  processes.  Such  an  accident  is 
much  less  serious  in  a  child  than  in  an  adult,  the  softness 
and  solubility  of  lens  substance  being  such  in  the  child  as 
to  admit  of  its  somewhat  rapid  disintegration  and  alisorp- 
tion.  These  changes  may  take  place  so  quickly  and  com- 
pletely as  to  produce  no  serious  injury  other  than  the  loss 
of  the  lens  itself ;  or  there  may  remain  a  capsular  opacity 
which  can  be  removed  by  any  of  the  methods  usually  em- 
ployed after  the  operation  for  cataract. 

If  much  of  the  lens  surface  has  been  exposed  by  the 
opening  of  the  capsule  the  swelling  will  be  greater,  there 
will  be  an  increase  of  tension  in  the  globe,  and  the  press- 
ure of  the  lens  on  the  iris  will  cause  a  greater  degree  of 
irritation.  If  the  patient  has  reached,  or  is  nearing,  adult 
life,  the  reaction  caused  by  this  disturbance  will  be  quite 
severe,  usually  dangerous,  and  the  result,  so  far  as  disap- 
pearance of  the  lens  is  concerned,  will  in  no  way  be  com- 
plete. 

The  closure  of  the  capsular  wound  in  such  injuries  is 
an  impossibility.  The  indications  are  for  temporizing 
and  antiphlogistic  treatment.  Atropine  should  at  once 
be  given  to  prevent  anterior  syuechite.  Iritis  and  cyclitis 
should  be  combated  with  anodynes,  and  if  the  pain  is 
severe,  ice-cold  applications  should  be  added  to  the  latter. 
Extraction  should  not  be  attempted  unless  the  lens  or  a 
greater  part  of  it  has  found  its  way  into  the  anterior  cham- 
ber. If  the  iris  is  pushed  forward  by  the  swollen  lens  and 
the  symptoms  are  dangerously  severe,  the  anterior  cham- 
ber may  be  tapped  repeatedly  to  allow  the  escape  of  aque- 
ous and  of  any  softened  lens  matter  which  has  found  its 
way  into  it;  and  in  this  way  the  process  may  be  allowed 
to  go  on  until  sufficient  absorption  has  taken  place  to  per- 
mit the  organ  to  return  to  its  natural  quiet. 

After  all  inflammatory  symptoms  have  subsided,  if 
nothing  but  opaque  capsule  is  left  it  may  be  operated  on 
as  before  suggested ;  but  if  the  rent  in  the  capsule  has 
been  closed  by  a  false  membrane  and  there  are  consider- 
able nucleous  and  cortical  remains,  these  may  be  removed 
as  in  cataract  operation,  discission  being  the  method  which 
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promises  the  best  results,  especially  in  children.  It  is  very 
important  to  delay  such  operations  until  all  danger  ot 
inflammatory  reaction  has  passed  away.  The  processes 
above  described  will  seldom  be  completed  in  less  than 
two  or  three  months,  and  during  this  time  the  patient 
should  be  kept  constantly  under  the  care  of  the  surgeon, 
and  during  convalescence  he  should  wear  shaded  glasses. 
In  spite  of  every  precaution  many  cases  of  injury  to  the 
lens  are  not  likely  to  end  happily  either  for  the  patient 
or  for  the  surgeon.  Capsular  inflammation  is  likely  to 
block  up  the  pupil  with  a  dense  membrane  to  which  the 
iris  becomes  strongly  fastened ;  pus  also  may  show  itself 
in  the  anterior  chamber ;  and,  finally,  there  may  be  panoph- 
thalmitis with  complete  destruction  of  the  affected  eye. 

The  Choroid.— The  choroid  is  often  ruptured  as  the 
result  of  sudden  compression.  The  rent  may  occur  a,t  a 
point  so  far  forward  as  not  to  admit  of  diagnosis  during 
life,  and  from  such  accidents  no  doubt  come  many  of  the 
cases  of  hsemophthalmus  posterior  which  make  a  fair  re- 
covery without  any  special  mark  to  indicate  the  source  of 
the  hemorrhage.  These  anterior  ruptures  also  are  sup- 
posed to  account  for  some  of  the  hypothetical  cases  of 
commotio  retinae.  Though  ruptures  are  sometimes  seen 
at  a  point  anterior  to  tlie  venae  vorticosiE,  most  of  those 
which  fall  under  surgical  observation  are  near  the  poste- 
rior pole  of  the  eye.  They  do  not  come  at  a  point  directly 
opposite  the  blow  or  pressure  which  causes  them,  but  are 
situated  on  the  same  side  of  a  vertical  plane  which  passes 
through  the  centre  of  the  globe  from  front  to  back.  This 
seems  to  be  in  accordance  with  a  p'riori  reasoning  con- 
cerning ruptures.  The  choroid  has  been  known  to  rup- 
ture in  two  places  at  once,  both  ruptures  being  situated 
in  the  same  meridian  and  on  the  same  side  of  the  eye  as 
the  compression  which  caused  them. 

Very  often  the  perception  of  light  becomes  quantitative 
as  soon  as  the  accident  happens,  but  sometimes  the  dim- 
inution of  vision  is  not  very  great  until  after  several  days 
have  elapsed.  However  this  may  be,  the  power  of  ac- 
commodation is  at  once  suspended,  and  after  recovery 
vision  rarely  reaches  its  normal  acuteness.  The  wound, 
when  first  examined,  will  be  found — if  there  has  been  no 
very  great  hemorrhage— to  be  filled  with  blood  which 
conceals  its  edges.  The  uninjured  retinal  vessels  may 
sometimes  be  traced  over  the  wound ;  at  other  times  the 
retina  is  broken  through  and  separated  at  its  edges  from 
the  choroid.  The  indications  for  treatment  are  the  same 
as  in  other  ruptures  of  the  external  tunics,  except  that 
constant  recumbency  is  not  so  imperative  and  the  patient 
may  be  allowed  a  little  more  freedom  after  the  first  few 
days.  The  inflammatory  disturbance  that  follows  rup- 
ture of  the  choroid,  though  sometimes  destructive,  is  not 
usually  very  severe,  and  the  amount  of  useful  vision  that 
is  recovered  is  dependent  very  much  on  the  seat  of  the  le- 
sion. Of  course,  if  the  tear  has  extended  through  the 
macula  there  will  be  a  permanent  central  scotoma.  Tlie 
size  of  the  final  scotoma  is  not  always  commensurate  with 
that  of  the  original  injury,  it  being  sometimes  much  less 
than  would  have  been  thought  probable. 

FoREiGK  Bodies. — Concerning  foreign  bodies  in  gen- 
eral, that  have  entered  the  eye  and  remained  in  it,  a  word 
or  two  is  necessary.  The  eye  is  never  safe  so  long  as 
they  remain  imprisoned  in  its  tissues.  Still  there  is 
hardly  any  place  inside  its  walls  where,  according  to 
reported  cases,  foreign  bodies  have  not  remained  for 
months  and  years.  But  in  all,  or  nearly  all,  the  cases 
so  reported  serious  trouble  eventually  -developed  and 
brought  the  patient  to  the  oculist.  Yet  it  is  fair  to  sup- 
pose tliat  patients  have  sometimes  carried  foreign  bodies 
m  their  eyes  to  the  grave  without  serious  trouble  but 
this  IS  so  exceedingly  rare  that  in  general,  when  a  for- 
eign body  has  penetrated  the  globe,  it  is  good  surgery  to 
remove  it  as  soon  as  the  diagnosis  is  made;  and  if  it  is 
not  possible  to  remove  it  from  the  eye,  then  it  should  be 
removed  with  the  eye. 

This  rule  admits  of  one  or  two  exceptional  cases  to  be 
mentioned  hereafter— cases  in  which  foreign  bodies  on 
account  of  the  slight  inconvenience  which  they  cause  at 
the  time,  mvite  delay  for  the  purpose  of  escaping  for  a 
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time  the  reaction  which  is  sure  to  follow  operative  in- 
terference. Temporizing  may  be  allowed  only  when  the 
success  of  operative  interference  is  not  compromised  by 
dela3^ 

An  investigation  of  the  cases  in  which  the  globe  of  the 
eye  has  been  penetrated  by  a  foreign  body  and  no  at-- 
tempt  has  been  made  to  remove  it,  shows  that  in  not  a 
few  instances  the  patient  has  experienced  months  of  suf- 
fering and  danger,  and  then  finally  has  lost  the  sight  of 
one  eye,  if  not  of  both.  Under  these  circumstances  the 
surgeon  should  advise  against  a  protracted  postponement 
of  operative  interference.  In  a  few  cases  only  is  it  per- 
missible to  advocate  delay.  Thus,  for  example,  if  a 
patient  presents  himself  having  in  the  lens,  or  on  the  iris 
or  retina,  a  small  bit  of  copper  or  steel,  an  eyelash,  or  other 
substance  which  has  been  forced  through  to  its  position 
without  exciting  any  lasting  reaction,  and  if  the  eye  has 
retained  its  usefulness  in  great  measure,  it  is  not  neces- 
sary to  attempt  to  remove  it  if  it  is  so  fastened  in  its  posi- 
tion that  any  ordinary  accident  or  change  in  the  sur- 
rounding tissue  is  unlikely  to  make  it  at  some  future 
time  more  diflicult  of  access.  If  it  is  so  situated  that  to 
remove  it  is  an  easy  and  safe  procedure,  it  would  of 
course  be  the  part  of  wisdom  to  do  so  without  further 
delay.  But  if,  as  is  often  the  case,  it  is  where  it  can 
be  reached  only  by  operative  interference  attended  with 
great  risk  of  injury  or  failure,  it  is  better  to  counsel 
delay,  while  giving  the  patient  emphatic  warning  that 
when  any  change  for  the  worse  does  occur  operative 
interference  will  then  become  imperative.  Ciliary  in- 
jection, pain,  tenderness,  photophobia,  or  lachrymation, 
or  any  of  the  symptoms  of  beginning  iridochoroiditis, 
should  warn  both  surgeon  and  patient  that  further  delay 
is  dangerous. 

The  Use  of  Magnets  in  Bsnuming  Foreign  Bodies. — 
Quite  a  large  per  cent,  of  the  foreign  bodies  that  pene- 
trate the  globe  and  would  remain  there  but  for  surgical 
interference  are  made  of  iron  or  steel  and  may  be  re- 
moved more  easily  by  the  magnet  than  in  any  other  waj'. 
Even  if  the  magnet  itself  is  not  all-sulBcient  for  this 
purpose,  it  may  be  of  great  assistance  by  adding  mag- 
netic attraction  to  the  force  applied  by  the  surgeon  to 
any  steel  instrument  that  he  may  employ. 

For  purposes  of  diagnosis  the  electro-magnet  is  espe- 
cially useful.  Definite  sensations  of  pain  in  the  eye  as 
the  circuit  is  made  or  broken  furnish  undoubted  evidence 
of  the  presence  of  a  magnetic  metal.  It  must  be  added 
that  the  lack  of  such  sensations  does  not  with  like  cer- 
tainty determine  its  absence. 

There  are  three  classes  of  magnets  in  use.  The  per- 
manent magnet  of  Gruening  is  independent  of  batteries  or 
electrical  connections,  and  has  proved  to  be  a  useful  in- 
strument. More  powerful  than  this  is  the  electro-magnet 
introduced  by  Hirschberg.  Various  forms  of  this  are  in 
use,  most  of  them  from  five  to  eight  inches  in  length  and 
capable  of  developing  an  attractive  force  of  considerable 
strength,  even  across  the  whole  diameter  of  the  eye.  A 
giant  form  of  this  very  valuable  instrument  has  been 
constructed  by  Haab.  This  new  instrument  so  enlarges 
its  sphere  of  usefulness  that  it  has  become  a  well  recog- 
nized part  of  the  equipment  of  the  hospital  operating 
room.  The  fact  that  in  its  most  desirable  form  it 
takes  up  a  square  metre  of  floor  space,  weighs  nearly 
200  kgm.,  and  costs  relatively  a  large  sum,  has  some- 
what interfered  with  its  general  adoption  as  an  olHce 
accessory. 

The  methods  of  using  the  magnet  are  such  as  are  nat- 
urally suggested  by  the  situation.  Various  forms  of  tips 
are  easily  attached  to  the  iron  core;  some  being  intended 
for  insertion  into  the  eye,  others  for  placing  on  or  near  its 
surface.  The  greater  the  mass  of  the  magnetic  metal  and 
the  nearer  the  foreign  body,  the  better.  It  should  be  re- 
niembered  that  although  the  attractive  force  is  practically 
instantaneous  in  its  action,  the  movement  of  the  attracted 
'body  is  not. 

Viscosity  and  other  structural  conditions  of  the  tissue 
are  such  that  repeated  attempts  to  extract  a  hypothetical 
foreign  body  on  several  successive  days  may  give  no  evi- 
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dence  of  its  existence,  and  yet,  on  a  subsequent  repetition 
of  the  attempt,  the  body  in  question  will  appear. 

The  presence  of  a  foreign  body  in  the  eye  is  so  serious 
a  matter,  and  the  immediate  results  of  extraction  by 
means  of  the  magnet  are  so  brilliant,  that  one  may  easily 
overestimate  the  average  benefit  to  be  expected.  It  is  to 
be  remembered  that  many  of  the  cases  in  which  a  foreign 
body  has  been  removed  from  the  eye  without  infection 
or  undue  violence,  turn  out  badly,  ending  in  atrophy  or 
other  serious  trouble.  Notwithstanding  all  this  the  mag- 
net is  a  very  valuable  addition  to  the  surgical  outfit. 

Foreign  bodies  that  find  their  way  between  the  lids, 
and  stick  fast  in  the  conjunctiva  without  deeply  pene- 
trating it,  seldom  give  rise  to  any  trouble  after  they  are 
discovered.  If  they  are  not  easily  seen  by  everting  the 
lids  under  good  illumination,  it  may  be  on  account  of  their 
minute  size,  or  because  they  have  been  carried  up  to  the 
fold  of  transition  beneath  the  upper  lid.  Particles  of 
glass  are  particularly  apt  to  escape  observation.  Focal 
illumination  and  a  careful  exploration  with  a  Daviel  spoon 
is  all  that  is  needed  for  their  recovery,  and  this  is  easily 
managed  unless  there  is  considerable  spasm  of  the  orbicu- 
laris, when  it  may  be  necessary  to  anaesthetize  the  eye  with 
cocaine,  or  possibly,  in  children,  to  resort  to  general  an- 
aesthesia. The  seat  of  injury  should  be  carefully  ex- 
amined to  see  that  nothing  has  penetrated  beyond  the 
limit  of  the  conjunctiva  and  has  become  lodged  in  the 
orbit  or  sclera. 

Foreign  bodies  most  frequently  encountered  in  practice 
are  those  which  have  lodged  in  the  substance  of  the  cornea. 
They  are  sometimes  very  small  and  difficult  to  see,  on  ac- 
count of  their  color  being  such  as  to  harmonize  with  that 
of  the  pupil  ov  iris.  They  can  be  detected  readily  in  the 
direct  light  of  the  window,  or  by  focal  illumination,  and 
can  be  removed  nearly  always  without  the  aid  of  a  mag- 
nifying glass.  The  point  of  a  discission  needle,  cataract 
knife,  or  any  other  sharp  instrument  will  be  found  useful 
for  the  purpose.  The  patient  should  sit  or  stand  before 
the  window  and  fix  the  eye  on  some  object  which  will 
insure  its  being  held  in  the  right  position,  while  the  sur- 
geon stands  wherever  the  substance  can  be  most  distinctly 
seen.  Some  patients  will  fix  better  by  looking  with  both 
eyes,  others  with  only  the  injured  one. 

It  is  not  always  possible  to  pick  up  a  small  particle  of 
steel  or  emery  on  the  point  of  a  needle  until  after  re- 
peated efforts.  In  order  to  diminish  the  pain  caused  by 
such  efforts  it  is  a  good  plan  to  scrape  off  the  epithelium 
from  the  very  small  surface  (less  than  a  millimetre  in  dia- 
meter) immediately  surrounding  the  foreign  body.  When 
these  small  substances  have  penetrated  deeply  into  the 
cornea,  great  care  should  be  taken  not  to  push  them 
through  into  the  anterior  chamber.  Such  an  accident  is 
of  a  most  serious  nature;  it  is  quite  likely  to  necessitate 
an  iridectomy  for  the  removal  of  the  foreign  body.  When 
the  foreign  body  is  so  deeply  situated  that  this  accident 
seems  imminent,  it  is  best  to  enter  the  anterior  chamber 
with  a  Graefe  knife,  which  should  be  introduced  at  a 
point  3  or  3  mm.  to  one  side  of  the  foreign  body  and  made 
to  emerge  at  some  distance  beyond  it.  The  flat  of  the 
knife  will  thus  serve  as  a  support  for  the  foreign  body, 
which  may  then  be  removed  with  safety  by  the  usual 
manipulations.  Care  should  be  taken  not  to  turn  the 
knife  so  as  to  allow  the  escape  of  aqueous  and  not  to  en- 
croach any  more  than  is  necessary  on  the  pupillary  area. 
Sometimes  a  splinter  penetrates  the  layers  of  the  cornea 
and  seems  to  be  placed  lengthwise  in  its  substance  in  such 
a  manner  that  it  can  neither  be  removed  by  forceps  nor 
grasped  by  a  needle.  In  such  a  case,  the  upper  layers  of 
the  cornea  may  be  opened  by  a  Graefe  or  a  Beers  knife, 
held  with  its  back  to  the  anterior  chamber.  In  rare  cases 
a  small  bit  of  foreign  substance  may  be  driven  through 
the  cornea  in  such  a  manner  that  one  end  of  it  hangs  loose 
in  the  anterior  chamber,  while  the  other  remains  fast  in 
the  deeper  layers  of  the  cornea.  When  this  state  of  affairs 
exists  the  foreign  substance  may  be  removed  by  making 
a  cut 'in  another  part  and  removing  the  offending  sub- 
stance from  within  with  a  pair  of  delicate  forceps. 

Foreign  bodies  in  the  anterior  chamber,  unattached  to 


the  iris  or  lens,  often  sink  to  the  lower  part  of  the  scle- 
rotic border.  Very  small  bodies  may  be  concealed  there 
or  behind  the  iris  or  the  opaque  sclera.  They  sometimes 
become  partly  encapsulated  or  surrounded  with  lymph 
before  exciting  destructive  inflammation.  In  some  cases 
they  may  be  removed  by  an  iridectomy.  Occasionally 
such  a  foreign  body  has  ulcerated  through  and  has  been 
discharged  before  the  eye  was  entirely  ruined.  If  such  a 
process  is  going  on  when  the  patient  first  presents  him- 
self, it  may  bo  well  to  temporize,  but  never  to  delay  oper- 
ating with  the  hope  that  the  substance  may  be  gotten 
rid  of  through  the  establishment  of  such  a  process. 

In  cases  in  which  it  is  otherwise  impossible  to  diagnose 
or  localize  a  foreign  body  it  may  often  be  seen  by  the  aid 
of  an  "j.'-ray  "  apparatus  and  a  fluorescent  screen.  Two 
pictorial  reproductions  from  different  positions  are  usu- 
ally necessary  and  sufficient  to  determine,  with  some  de- 
gree of  exactness,  the  position  of  the  foreign  body.  This 
is  done  by  comparing  its  position  in  the  picture  with  that 
of  other  substances,  which  though  outside  of  the  eye  have 
been  placed  in  the  field  in  a  manner  suitable  for  com- 
parison. 

Lens  and  iris  seem  particularly  tolerant  of  foreign 
bodies.  If  a  small  foreign  body  is  attached  to  the  iris  in 
such  a  manner  that  it  does  not  seem  likely  to  fall  to  the 
bottom  of  the  anterior  chamber,  it  may  be  left  in  situ  as 
long  as  it  causes  no  disturbance,  provided  the  chance  of 
successful  removal  is  not  growing  less.  A  foreign  body 
in  the  lens,  if  the  opening  in  the  capsule  is  small,  may  be 
left  in  place  until  it  can  be  successfully  removed  by 
a  cataract  operation.  If  the  capsule  is  widely  opened,  the 
ease  should  be  treated  as  a  traumatic  cataract,  and  the 
foreign  body  should  be  removed  if  possible  with  the  swol- 
len cortical. 

A  foreign  body  in  the  vitreous,  immediately  behind 
the  lens,  will  sometimes  present  itself  at  the  wound  and 
be  expelled  by  gentle  pressure,  or  it  may  be  removed  by 
a  scoop  or  hook,  after  the  lens  has  been  removed  by  a 
cataract, operation.  Such  a  result,  though  gratifying,  is 
hardly  to  be  depended  on.  In  fact,  the  removal  of  a 
foreign  body  from  anywhere  in  the  vitreous  is  something 
of  a  forlorn  hope.  An  incision  either  equatorial  or  merid- 
ional, may  be  made  back  of  the  ciliary  region,  and  in  such 
a  manner  as  not  to  divide  entirely  any  of  the  muscles. 
Through  this  opening  the  foreign  body  may  come,  or  may 
be  made  to  come.  A  few  cases  have  been  recorded,  but 
no  one  has  had  so  many,  or  has  been  so  successful,  as  to 
warrant  us  in  establishing  any  rule  or  definite  course  of 
action. 

When  a  foreign  substance  has  been  in  the  eye  so  long 
as  to  cause  considerable  inflammation,  which  has  ren- 
dered the  vitreous  opaque  and  full  of  connective-tissue 
opacities,  removal  is  out  of  the  question  as  a  means  of 
preserving  sight,  and  a  constant  watch  should  be  kept 
over  the  patient,  so  that  the  globe  itself  may  be  enucle- 
ated before  the  establishment  of  severe  or  dangerous  in- 
flammation. Small  substances  (less  than  2  mm.  in  their 
longest  diameter)  that  rest  on  the  retina,  or  are  suspended 
in  the  vitreous,  do  not  demand  surgical  interference  if, 
when  they  are  first  seen,  the  symptoms  of  irritation  have 
passed  away,  and  if  delay  in  removing  them  does  not 
seem  likely  to  render  the  operation  more  difficult. 

Foreign  bodies,  both  large  and  small,  may  pass  through 
the  conjimctiva  and  remain  in  the  orbit.  If  their  pres- 
ence is  not  recognized  at  the  time,  the  external  wound  is 
quite  likely  to  heal.  In  rare  cases  the  body  then  becomes 
encysted,  but  more  commonly  it  gives  rise  to  orbital  ab- 
scess, and  is  discharged  or  removed  with  the  contents  of 
the  abscess.  Orbital  abscesses  are  not  unattended  with 
serious  danger,  on  account  of  possible  pressure  on  the 
globe  or  extension  to  the  cerebral  cavity. 

William  8.  Bennett. 

EYE,  TUMORS   OF.— I.  Tumors  op  the  Eyelids. 

A.  Benign  Tumors.— The  benign  tumors  of  the  lids 
are  partly  congenital,  partly  acquired  later  on  in  life. 
Their  growth  is  but  seldom  accompanied  by  any  inflam- 
matory symptoms.      These  tumors,   of  course,   during 
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their  growth,  are  influenced  by  the  nature  of  the  tissue 
from  wliich  they  spring  and  into  which  they  grow,  and 
the  variety  of  tissues  which  constitute  what  we  termthe 
eyelids  necessarily  brings  about  a  number  ot  distinct 
forms  of  tumors,  and  an  endless  variety  in  their  shape. 

1  Warts  and  epithelial  Jwrns  (not  to  be  confounded 
witii  epithelial  growths)  are  sometimes  found  on  the 
outer  dermoid  surface  of  the  lids,  more  frequently  on  the 
upper  lid.  They  may  be  congenital,  and  they  may  keep 
on  growing  gradually  until  it  becomes  necessary  to  re- 
move them  on  account  of  their  unsightliness,  or  because 
their  weight  is  felt  disagreeably  and  has  become  a  hin- 
drance to  the  free  movements  of  the  lids  ;  or,  finally,  be- 
cause they  actually  obstruct  sight  by  obscuring  a  part 
of  the  visual  field  in  certain  positions  of  the  eyeball. 

Sucli  warts  usually  spring  from  the  lid,  with  a  broad 
basis.  They  are  not  easily  confounded  with  epithelial 
growths,  because  they  lack  a  zone  of  inflammation  and 
infiltration,  which,  in  the  case  of  the  latter,  is  never 
wanting.  Furthermore,  epithelial  growths  usually  show 
points  of  ulceration.  Moreover,  epithelial  growths  of 
the  eyelids,  although  observed  in  young  subjects,  are 
more  frequently  found  in  the  declining  years  of  life,  and 
lie  most  frequently  near  one  of  the  canthi  or  at  the  lid 
margin.  Warts  and  horns,  however,  are  found  in  all 
ages,  and  seem  to  be  more  frequent  near  the  middle  por- 
tion of  the  eyelids  than  at  any  other  locality. 

According  to  their  superticial  arrangement,  such  epi- 
thelial warts  of  the  eyelids  have  been  described  as  papil- 
lomata  when  resembling  cauliflower,  and  as  condylomata 
when  resembling  the  broad  or  pointed  condylomata  ob- 
served in  other  regions  of  the  body. 

The  histological  structure  of  these  warts  has  nothing 
that  would  distinguish  them  from  other  warts  of  the  skin. 
They  consist  of  hypertrophic  papillary  structures,  cov- 
ered by  very  thick  and  horny  layers  of  epithelial  cells. 

Although  such  warts  are  in  themselves  benign  tumors, 
■we  must  state  here  that  in  later  years  epithelial  growths 
often  begin  from  such  warts,  and  their  removal.is  there- 
fore to  be  recommended. 

2.  Oranuhjma  or  chalazion  of  the  eyelid  is,  in  contra- 
distinction to  the  other  benign  tumors  of  the  eyelids,  an 
infiammatory  tumor.  In  its  origin  it  is  a  hordeolum,  that 
is,  an  inflammatory  process  caused,  in  the  more  super- 
ficial or  the  deeper  layers  of  the  eyelid,  by  the  stoppage 
of  one  or  more  secretory  canals  of  the  Meibomian  glands, 
be  this  merely  mechanical  (by  foreign  substances)  or  due 
to  an  infection  or  an  infiammatory  process,  which  only 
secondarily  involves  the  secretory  ducts  of  these  glands. 
Such  a  Meibomian  hordeolum  is  originally  the  distended 
Meibomian  gland,  filled  with  its  own  secretion  and  pus. 


FIG.  2058.— Xanthelasma  of  the  Eyelid. 

and  later  on  with  an  atheromatous  detritus.  This  sac  so 
to  speak,  lies,  as  is  clear  from  its  mode  of  development 
T?,'''^  v^i^.'"'*;'""  *''^  *"''^al  tissue,  and  pushes  out  the  skin 
ot  the  lid  m  the  form  of  a  roundish  elevation,  the  perinh- 
ery  of  which  falls  off  into  the  surrounding  tissue  at  a 
more  or  less  acute  angle.     These  tumors  vary  considera- 
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bly  in  size,  and,  aside  from  the  deformity  which  their 
presence  causes,  they  may  have  to  be  removed  because 
they  interfere  with  sight. 

We  find,  then,  usually,  that  these  tumors  (tarsal 
tumors,  as  they  are  often  styled)  consist,  at  a  later  period, 
to  a  great  extent,  or  even  totally,  of  granulation  tissue, 
which,  having  sprung  from  the  walls  of  the  sac,  has 
forced  the  semifluid  contents  of  the  original  cyst  to  one 
side  where  they  have  undergone  partial  absorption. 
Later  yet,  we  may  find  solid  granulomata,  and  no  ves- 
tige of  the  atheromatous  or  purulent  contents  of  the  sac. 
As  curiosities  we  may  mention  that  one  author  claims 
that  chalazion  is  due  to  the  tubercle  bacillus,  while 
another  author  has  even  found  an  enormous  bacillus 
chalazicus. 

This  is  undoubtedly  the  form  of  tumor  most  frequently 
met  with  on  the  eyelids. 

3.  Xanthelasma  or  xantlwma  of  the  eyelids  is  not  a  rare 
affection.  It  seems,  however,  to  be  more  frequent  among 
females  than  among  males.  It  is  a  roundish  or  lobulated 
elevation  of  the  skin,  of  a  peculiar  yellowish  appearance, 
which  has  given  it  its  name.  Its  development  has  often 
been  brought  into  relationship  with  diseases  of  the  liver. 

Very  frequently  these  elevations  occupy  symmetrical 
po.sitions  on  both  eyes,  especially  on  the  upper  eyelids. 
They  are  not  foundin  early  youth,  and  undoubtedly  be- 
long to  the  later  years  of  life.  In  females  they  often 
develop  in  the  catamenial  years.  Aside  from  tlie  de- 
formity which  they  cause,  there  is  hardly  any  reason  for 
their  removal. 

So  far  as  their  histological  formation  is  concerned  there 
can  be  no  doubt  that  different  forms  of  tumors  which 
have  nothing  in  common  except  their  yellow  aspect,  may 
be  taken  for  xanthelasmata.  This  yellow  coloring  is  due  to 
the  presence,  in  the  .subcutaneous  tissue,  of  a  large  num- 
ber of  stellate  connective-tissue  cells  which  contain  yellow 
pigment  granules.  Aside  from  these,  the  tumor  may 
consist  of  connective  tissue  which  has  undergone  fatty 
infiltration  and  degeneration,  or  it  may  show  plainly  a 
hypertrophic  condition  of  tlie  sebaceous  glands,  with 
stoppage  and  perfect  occlusion  of  their  excretory  canals. 
We  find  then,  in  these  tumors,  large,  round  sacs  of  con- 
nective tissue  filled  with  the  enormously  swollen  epithe- 
lial cells  of  these  glands,  which  are  undergoing  retro- 
gressive metamorphoses  (see  Fig.  3058).  In  other  cases 
we  find  simply  a  dense  connective  tissue,  void  of  even  a 
trace  of  the  glandular  structure,  but  containing  the  pig- 
mented, stellate  cells  which  these  tumors  all  liave  in 
common,  and  from  which  they  derive  their  name.  The 
same  enlarged  and  degenerated  epithelial  cells  are  found 
in  molluscum  contagiosum  and  have  been  claimed  to  be 
the  characteristic  molluscum  bodies.  They  are,  however, 
also  found  in  epithelial  horns  and  other  pathological 
conditions  of  the  lids. 

According  to  their  form,  these  tumors  have  been  de- 
scribed as  xanthelasma  planum  or  tuberosum. 

4.  Angiomata  of  the  eyelids  are  almost  always  con- 
genital tumors,  although,  from  their  slow  development, 
they  may  become  noticeable  only  several  years  after 
birth.  They  belong  either  to  the  ca\eruous  or  the  arte- 
rial variety. 

The  cavernous  angiomata  cause  a  swelling  of  the  lid 
in  which  they  are  embedded,  and  usually  impart  to  it  a 
dark-blue  color.  If  the  upper  lid  be  the  one  affected,  it 
cannot  be  raised  freely,  or  else  it  shows  the  condition 
known  as  ptosis.  Any  impediment  to  the  continuous 
flow  of  the  venous  blood  (stooping  down,  coughing,  press- 
ure, etc.)  causes  the  tumor  to  swell.  These  growths 
frequently  extend  backward  into  the  tissues  of  the  orbit, 
or  into  the  tissues  surrounding  this  cavity.  From  their 
site,  color,  and  conformation,  such  cavernous  angiomata 
may  be,  in  rare  cases,  confounded  with  orbital  cysts, 
which  sometimes  cause  a  very  similar  aspect  of  these 
regions. 

The  histological  structure  of  these  cavernous  growths 
shows,  of  course,  nothing  peculiar. 

The  teleangiectatic  tumors  are  usually  smaller  than 
the  cavernous  ones,  and  since  they  generally  reach  to 
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the  cutaneous  surface,  they  are  recognized  at  a  much 
earlier  period.  There  is  very  often  but  little  or  no  swell- 
ing, but  the  bright-red,  enlarged  blood-vessels  can  be 
seen  through,  or  even  in,  the  skin.     This  kind  of  angioma 


Fig.  2059. — Epithelioma  o(   Eyelid,  attached  to  and  Invading 
the  Cornea. 

is  but  seldom  confined  to  the  eyelid  alone.  Yet  there  are 
also  teleangiectatic  tumors  of  the  eyelids  so  well  defined 
that  they  can  almost  be  enucleated  like  a  granuloma. 

While  cavernous  angiomata  are  apt  to  grow  with  ad- 
vancing years,  the  teleangiectatic  angiomata  do  not  seem 
to  have  this  tendency  to  a  very  marked  degree. 

5.  Fibromata. — a.  Hard  fibromata  of  the  eyelids  are 
of  very  rare  occurrence,  and  may  possibly  take  their 
origin  from  a  granuloma  formed  in  the  cj'stic  distention 
of  a  Meibomian  gland  (hordeolum).  The  writer  has  seen 
and  examined  only  two  such  cases.  In  both,  the  round 
tumor  was  implanted  in  the  tarsal  tissue,  and  raised  the 
skin  of  the  lid  just  as  a  chalazion  does.  In  both,  the 
tumor  was  situated  in  the  upper  lid  and  was  harder  to 
the  touch  than  a  chalazion  usually  is.  The  size  of  the 
tumors  was  about  that  of  a  cherry  pit,  and  they  consisted 
altogether  of  a  dense  connective  tissue  with  short  spindle 
cells. 

/3.  The  «ojft.^ronia  (fibroma  moUuscum)  of  the  eyelids 
is  also  of  very  rare  occurrence,  and  is  usually  found  at  the 
same  time  on  other  parts  of  the  body. 

These  tumors,  which  appear  always  in  large  numbers, 
vary  in  size  from  that  of  a  pea  to  that  of  a  large  pear, 
and  even  much  larger  ones  have  been  observed.  As  they 
grow  they  usually  become  pedunculated,  and  hang 
pouch-like  by  this  pedicle. 

Their  histological  Structure  has  not  as  yet  been  satis- 
factorily studied.  Some  authors  have  found  only  soft 
connective  tissue,  while  others  report  the  presence  of 
peculiar  cells  undergoing  retrogressive  metamorphoses— 
probably  epithelial  cells  of  the  sebaceous  glands,  resem- 
bling closely  those  found  in  xanthelasma.- 

y.  A  third  form  of  filrrmna  of  the  eyelid  has  been  de- 
scribed as  plexiform  neuro-fih'oma.  This  rare  kind  of 
growth  is  said  to  be  congenital,  and  to  consist  of  a  series 
of  swellings  and  cords  which  lie  in  the  subcutaneous  tis- 
sue, and  which  in  parts  are  extremely  painful  to  the 
touch. 

The  histological  examination  has  not  cleared  up  the 
nature  of  these  fibromata  very  materially.  They  are  said 
to  consist  of  dense  connective  tissue,  rich  in  nuclei,  and 
surrounding  simply  atrophic  nerve  bands,  or  nerve  fibres 
undergoing  fatty  degeneration. 

6.  Lipomata  of  the  eyelids  are  of  rare  occurrence. 
They  may  be  congenital,  or  they  may  appear  in  very 
obese  people  in  advanced  life.  In  the  latter  case  they 
are  apt  to  grow,  and  may  have  to  be  removed  because 
thev  interfere  with  the  sight,  and  this  is  especially  apt 
to  be  the  case  when  they  develop  in  the  upper  lids  and 
hang  over  the  lid  margin.  ,    j   ,.,,.,.  j     ^ 

No  further  importance  is  attached  to  this  kind  ot 

7.  LympMngiomata  and  lympliomata  have  also  been 
found  in  the  eyelids. 


The  case  reported  as  lymphangioma  seems  to  be 
unique.  It  is  said  to  have  been  situated  at  the  lid 
margin,  the  size  being  that  of  a  split  pea.  It  consisted 
of  fibrous  connective  tissue,  throughout  which  were  scat- 
tered a  large  number  of  cavities  of  different  sizes.  These 
cavities  contained  a  fine,  granular  substance  in  which 
lymph  cells  were  suspended.  The  walls  of  the  cavities- 
were  lined  with  an  endothelium, 

In  harmony  with  this  description  the  tumor  was  styled 
a  cavernous  lymphangioma. 

Lymphomata  of  a  very  large  size  were  found  in  all  the 
four  eyelids  of  a  man  sufl'cring  from  leukaemia. 

B.    'Malirjnaiit  Tumors  of  the,  Eyelids. — 1.   Ot  the  malig- 
nant tumors  of  the  eyelids  the  most  frequent  are  epitlielial 
tunim'S,  and  among  them  especially  the  flat  epithelioma. 
The   epithelioma  of  the  eyelid  begins  almost 
always  at  the  lid  margin,  especially  on  the  lower 
lid,  and  it  seems  to  grow  with  preference  near  the 
inner  or  outer  canthus. 

In  the  beginning  we  usually  find  a  small,  round- 
ish, reddish  nodule,  which  is  quite  hard.  Some- 
times this  hardness  and  some  I'edness  around  the 
original  nodule  are  the  only  symptoms  by  which 
we  may  distinguish  it  from  a  common  wart. 
After  a  while,  either  spontaneousl}'  or  because  the 
patient  keeps  irritating  it  with  his  fingers,  the  sur- 
face of  this  nodule  becomes  slightly  ulcerated,  and  a 
crust  is  formed.  Now  this  one  nodule  may  keep  on 
growing  and  spreading,  and  become  excoriated  at  its 
surface,  or  new  nodules  may  spring  up  around  it  and 
share  the  same  fate.  Thus  there  is  finally  developed 
a  flat  ulcer,  with  a  hard  base,  and  hard,  ragged  edges, 
which  frequently  bleed  profusely  when  but  slightly  in- 
jured. As  the  ulcer  creeps  along  some  parts  may  heal, 
and  the  tough  white  bands  of  scar  tissue  give  the  af- 
fection then  an  aspect  very  similar  to  that  of  scirrhous 
cancer  in  other  parts  of  the  body.  The  infiltration  of  the 
tissues,  the  breaking  down  of  the  lid  margin,  and  the 
development  of  bands  of  cicatricial  tissue — all  these  alter- 
ations, singly  or  combined,  may  cause  very  annoying  and 
unsightly  deformities  of  the  eyelids.  The  lower  lid,  as  a 
rule,  becomes  everted,  and  to  all  other  afilictions  is  added 
a  continuous  flow  of  tears.  The  growth  of  this  kind  of 
epithelioma  is  but  slow  and,  quoad  vitam,  very  much  less 
to  be  dreaded  than  another  form  of  this  growth  which 
eats  rapidly  into  the  tissues  and  breaks  them  down  in  a 
very  short  period.  In  the  latter  variety  the  rapid  prog- 
ress of  the  primary  disease  is  soon  followed  by  infiltration 
of  the  lymphatic  glands  and  of  the  parotid,  or  the  dis- 
ease may  spread  over  the  conjunctiva  bulbi  into  the 
cornea,  and,  eating  its  way  through  it,  may  enter  the  eye- 
ball, or  grow  around  it  and  invade  the  tissue  of  the 
orbit.  This  form  is,  luckily,  observed  rarely,  and  the 
prevalent  form  is  the  one  which  we  first  described. 

Epithelioma  of  the  lid  is  a  disease  which  is  found  in 
individuals  of  advanced  age  only. 

When  this  form  of  tumor  involves  the  eyelid  the  his- 
tological elements  found  are  precisely  the  same  as  those 
observed  in  the  growth  when  it  involves  some  other  part 
of  the  body.  The  pre-existing  epithelial  cells  of  the 
cutis,  as  well  as  those  of  the  sebaceous  glands,  become 
hypertrophic,  and  grow  in  the  typical  way  into  the  under 
lying  and  surrounding  tissues,  in  the  shape  of  cylinders. 
Frequently  the  rapid  increase  in  number  of  the  epithelial 
cells  causes  the  formation  of  pearl  nodules.  The  periph- 
ery of  the  growth  shows  the  usual  zone  of  infiltration 
and  inflammation. 

2.  Adenoma  and  adeno-cnrcinoma,  especially  of  the 
Meibomian  glands,  but  also  of  other  glands  in  the  tissues 
of  the  lids,  have  been  found  in  a  number  of  instances. 
When  seen  at  the  proper  time  it  has  been  found  that 
what  originally  was  an  adenoma  had  developed,  later  on, 
a  carcinomatous  character. 

3.  Sareoinata  of  the  eyelids,  at  least  those  of  primary 
nature,  have  been  observed  in  small  numbers  (about  fifty 
in  literature).  The  eyelids  are  more  frequently  invaded 
by  sarcomatous  growths  from  the  orbit  and  the  surround- 
ing tissues. 
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In  the  cases  of  primary  sarcoma  of  the  hd  which  have 
been  observed,  the  patients  were  nearly  all  children. 
The  tumors  grew  rapidly  and  sooa  infiltrated  the  whole 
tissue  of  the  lid.  The  neoplasms  were  mostly  ot  the 
round-cell  type ;  in  some  instances,  however,  the  growth 
belonged  to  the  melanotic  variety,  and  in  still  others  it 
.  was  composed  of  spindle  cells,  of  cells  of  a  myxomatous 
type,  or  of  cells  arranged  in  alveoli. 

Of  course,  the  danger  to  life  due  to  sarcomatous 
growths  makes  their  removal  as  urgent  when  they  origi- 
nate in  the  eyelid  as  when  they  develop  in  any  other 
region  of  the  bodv. 

II.  Tumors  OF  TIDE  Conjunctiva.— A.  Benign  J  umorx 
of  tlie  Conjunctim.—l.  Lymphangiectasia  of  the  conjunc- 
tiva appears  usually  as  a  conglomeration  of  small,  round- 
ish elevations,  filled  with  a  watery  fluid,  and  often  strung 
together  like  beads.  These  little  tumors  give  rise  only 
very  rarely  to  an  inflammatory  condition  of  the  surround- 
ing conjunctiva,  and,  as  a  rule,  cause  the  patient  no  an- 
noyance to  speak  of.  When  punctured  they  coflapse, 
but  are  generally  soon  refilled.  Their  usual  seat  is  the 
bulbar  conjunctiva. 

Prom  the  appearances  presented  under  the  microscope 
these  tumors  consist,  undoubtedly,  of  distended  lymph 
vessels.  The  little  tumor  is  composed  of  a  system  of 
canals  and  cavities,  which  are  in  no  way  connected  with 
the  blood  vessels.  The  latter  show  the  more  plainly,  as 
they  are  usually  hy peraemic.  The  cavities  and  canals  j  ust 
spoken  of  are  separated  from  each  other  by  trabecula?  of 
dense  connective  tissue,  but  they  intercommunicate.  The 
surrounding  conjunctival  tissue  appears  condensed  and 
pressed  aside.  This  system  of  canals  contains  a  perfectly 
translucent  serous  fluid  in  which  are  suspended  a  number 
of  lymphatic  cells.  The  walls  show,  now  and  then,  some 
traces  of  an  endothelial  coat  (see  Fig.  3060).  The  writer 
has  had  occasion  to  report  a  case  of  acute  formation  of 
hemorrhagic  lymphangiectasia  in  an  idiotic  girl. 

3.  Serotts  cysts  ot  the  conjunctiva  may  undoutedly 
result  from  what  was  originally  simply  a  lymphangiec- 
tasia ;  the  septa  existing  between  the  canals  and  cavities 
of  such  a  tumor  having  gradually  yielded  to  the  pressure, 
and  all  the  cavities  having  thus  become  united  into  one. 
But  serous  cysts  have  also  been  found  in  the  conjunctiva 
at  birth,  and  they  may  develop  without  being  preceded 
by  a  typical  lymphangiectasia,  especially  after  injuries, 
or  they  may  be  due  to  the  cystic  degeneration  of  small 
glandular  lobules  situated  in  the  fornix. 

They  appear  as  round  or  oblong  or  oval  swellings  in 
the  conjunctiva,  and,  owing  to  the  nature  of  their  con- 
tents, they  usually  present  a  somewhat  yellow  tinge. 


Fig.  2060.— Lymphangiectasia  ot  tbe  Bulbar  Conjunctiva. 

They  are  not,  as  a  rule,  movable  under  the  conjunctiva, 
but  they  may  become  large  enough  to  annoy  the  patient 
and  must  then  be  removed. 

They  have  a  well-defined  cyst  wall,  consisting  of  con- 
nective tissue,  and  are  usually  lined  with  one  or  two 
layers  of  endothelial  cells. 

3.  Tt'kii.nfjiecidlic  tumors  are  also  occasionally  found  in 
the  conjunctiva  of  the  lids  and  eyeball,  and  usually  there 
is  then,  at  the  same  time,  a  teleangiectatic  tumor  in  the 
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lid.     The  seat  of  these  tumors  seems  to  be  mostly  in  the 
region  of  the  lachrymal  caruncle. 

Their  histological  structure  is  the  same  as  that  of 
other  teleangiectatic  tumors. 

4.  Gramdomata,  commonly  called  polyps,  of  the  con- 
junctiva are  comparatively  frequent.  They  are  red, 
softish  nodules  which  project  into  the  conjunctival  sac; 
their  mode  of  attachment  to  the  conjunctiva  being  either 
by  a  broad  base  or  by  a  slen  der  peduncle.  They  are  found 
chiefly  near  the  inner  canthus.  They  are  due  either  to  in- 
juries or  to  chronic  Inflammatory  affections  of  the  con- 
junctiva, and  may  attain  a  considerable  size,  especially 
on  phthisical  eyeballs.  Now  and  then  they  make  their 
appearance  at  the  site  of  a  tenotomy  for  strabismus. 

Their  structure  is  that  of  all  granulomata.  They  con- 
sist mainly  of  newly  formed  round  cells  and  small  spindle 
cells,  here  and  there  intersected  by  connective-tissue 
trabecule.  This  tissue  is  often  full  of  blood-vessels, 
and  usually  contains  a  number  of  cavities  filled  with 
serous  fluid.  In  rare  cases  the  tissue  is  found  to  be  of  a 
higher  organization,  the  granuloma  being  changed  into 
a  fibroma. 

5.  What  has  been  described  as  lipoma  of  the  conjunc- 
tiva is  a  subconjunctival  growth  of  fat  tissue.  In  the 
few  cases  which  have  been  described  this  kind  of  tumor 
was  congenital,  in  some  it  increased  in  size  in  later  life. 
The  subconjunctival  lipoma  appears  as  a  j'ellow,  round- 
ish, and  soft  swelling,  usually  consisting  of  several  lob- 
ules. They  seem  to  be  generally  situated  between  the 
external  and  the  superior  rectus  muscles. 

According  to  the  descriptions  given  of  their  histological 
structure  tliese  tumors  are  very  closely  allied  to  the  der- 
moid tumors;  it  even  seems  as  if  they  were  dermoid 
growths  with  an  excess  of  subcutaneous  fat  tissue.  In 
one  or  two  cases  bone  and  fibrous  tissue  have  been  found 
in  connection  with  such  a  fatty  growth. 

6.  Papilloma  of  the  conjunctiva  has  been  found  in  a 
number  of  instances.  The  tumor,  when  seen,  usually 
encroached  upon  the  cornea,  thus  simulating  a  pterygium. 
Its  histological  examination  alone  revealed  the  true  char- 
acter. In  one  case  reported  by  the  writer,  almost  sym- 
metrical papillomata  developed  in  both  eyes  and,  growing 
over  the  cornea,  rendered  the  patient  blind. 

7.  Dermoid  tumors  of  the  conjunctiva  are  always  con- 
genital tumors.  Their  seat  is  at  the  corneo-scleral  junc- 
ture, and  very  frequently  they  lie  partly  in  the  corneal 
and  partly  in  the  conjunctival  tissue. 

The  tumor  appears  as  a  grayish  or  yellowish  round 
elevation,  about  the  size  of  a  pea — sometimes,  however, 
much  larger.  Where  it  ends  in  the  corneal  tissue  it  is 
usually  surrounded  by  a  zone  of  gray  corneal  tissue, 
not  unlike  an  arcus  senilis.  Conjunctival  blood-ves- 
sels may  enter  it.  Its  surface  is  usuall}''  smooth  and 
shining,  and  it  may  be  partially  or  totallj'  covered 
witli  fine  hair.  Sometimes  one  or  more  of  these  hairs 
grow  very  long  and  protrude  through  the  palpebral 
fissure.  Such  a  tumor  ma}^  remain  stationary  a 
whole  lifetime  and  cause  no  greater  annoyance  than 
what  may  be  due  to  the  growth  of  the  hair.  In  other 
cases  some  irritation  causes  the  tumor  and  its  sur- 
roundings to  become  inflamed,  and  then  the  tumor 
may  begin  to  grow  and  in\ade  the  thus  far  h(jalthy 
tissue  of  the  cornea.  In  such  a  case,  or  from  cosmetic 
reasons,  the  removal  of  a  dermoid  tumor  may  become 
necessary,  and  is,  as  will  be  seen  from  the  histologi- 
cal conditions,  easily  accomplished. 

The  dermoid  tumor,  as  its  name  indicates,  consists 
essentially  of  the  elements  of  the  skin.  It  is  covered 
by  epithelium,  the  outer  flattened  cells  of  which  are, 
however,  not  always  horny,  but  often  undeigoing  a  ret- 
rogressive metamorphosis.  This  is  probabh'  due  to  the 
moisture  in  which  the  surface  of  the  tumor  is  continuously 
bathed.  There  are  also  usuallj  a  number  of  mucous  cells 
to  be  found  in  this  layer.  This  epithelial  coat  is  uneven, 
like  tlie  surface  of  the  skin,  and  numerous  offsets  are  sent 
into  I  he  depth  surrounding  the  papillae  of  the  tumor. 
From  almost  all  of  these  indentations  one  or  two  fine 
hairs  spring  forth,  and  here  lie  also  the  orifices  of  the 
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acinous  glands,  which  are  usually  found  in  these  growths. 
The  connective  tissue  under  the  epithelium  is  very  dense 
and  fibrous.  It  contains  elastic  fibrillaB,  and,  as  a  rule, 
but  few  cellular  elements,  unless  the  tumor  be  in  an  in- 
flammatory condition.  The  basis  of  the  tumor,  which  is 
only  very  loosely  connected  with  the  episcleral  tissue,  is 
made  up  of  fat  tissue.  Where  the  tumor  lies  on  the 
corneal  tissue,  the  union  is  usually  a  very  firm  one. 
These  tumors  contain  a  moderate  number  of  blood-vessels, 
but  it  seems  that  they  are  but  scantily  supplied  with 
nerves. 

8.  True  osteomaia  of  the  conjunctiva  have  been  observed 
in  a  small  number  of  cases.  The  formation  of  bony  tissue 
seems  not  to  have  been  congenital.  There  appeared,  in 
one  case,  a  small  tumor  on  the  eyeball  near  l,he  outer 
canthus,  and  it  was  removed  on  account  of  the  annoy- 
ance which  it  caused.  In  another  case  the  tumor  had 
attained  the  size  of  a  bean.  The  histological  examination 
revealed  true  bone  tissue. 

9.  The  writer,  on  one  occasion,  removed  from  the  eye 
of  an  infant  a  tumor  which  must  be  styled  a  clum- 
dro-adenoma  of  the  conjunctiva.  This  tumor  sat 
on  the  bulbar  conjunctiva  with  a  broad  base,  was 
whitish  in  color,  and  presented  a  perfectly  smooth 
surface.  The  parents  had  observed  it  at  the  time 
of  the  child's  birth,  and  thought  that  it  had  been 
gradually  growing  since  that  time.  Its  size  was 
about  that  of  a  split  pea  when  the  writer  saw  it. 
histological  examination  revealed  the  fact  that  it  consisted 
of  a  large  cluster  of  glandular  tubules,  resembling  some- 
what in  their  arrangement  those  of  the  lachrymal  gland, 
and  a  large,  roundish  piece  of  embryonic  cartilage.  These 
two  kinds  of  tissue  were  separated  from  each  other,  and  to- 
gether they  were  surrounded  by  a  dense  connective  tissue. 

B.  Malignant  Tumors  of  the  Conjunctiva. — 1.  Sarco- 
mata of  the  conjunctiva  are  of  rare  occurrence.  They 
are  either  unpigmented,  or,  what  is  more  frequently  tlie 
case,  pigmented.  These  tumors  take  their  origin  almost 
invariably  from  the  region  where  the  conjunctiva  bulbi 
joins  the  cornea,  that  is,  from  the  episcleral  tissue  at  the 
corneo-scleral  juncture,  in  rare  cases  from  the  loose  tissue 
of  the  fornix.  Their  development  has,  in  a  number  of 
cases,  been  ascribed  to  an  injury. 

The  sarcomatous  tumors  of  this  region  usually  form 
roundish,  sometimes  lobulated  swellings,  which  soon  en- 
croach upon  the  corneal  tissue.  They  are  very  vascular, 
and  bleed  easily.  They  are  usually  of  a  rusty  brown 
color,  or  they  may  even  be  almost  black,  at  least  in  parts. 
Their  surface  appears  smooth  and  shining,  which  is  due 
to  the  fact  that  the  growth  for  a  long  period  remains 
covered  by  the  conjunctival  and  corneal  epithelium. 
Sometimes  new  nodules  appear  at  some  other  point  of 
the  corneo-scleral  margin,  occasionally  at  a  point  dia- 
metrically opposite  the  original  tumor.  In  their  further 
development  these  tumors  may  spread  into  the  interior 
of  the  eye,  and,  from  the  dissemination  of  their  elements, 
death  may  ultimately  result. 

Histologically,  the  sarcomata  of  the  conjunctiva  are 
usually  of  the  small  round-celled  variety.  The  original 
nodule,  when  growing  on  to  the  cornea,  spreads  for  a 
time  between  the  corneal  epithelium  and  Bowman's  layer, 
in  the  way  pannus  tissue  is  known  to  spread.  Later  on. 
Bowman's  layer  is  destroyed  at  the  jjeriphery,  and  the 
sarcomatous  elements  invade  the  corneal  tissue  proper 
(see  Fig.  2061).  Yet  the  resistance  of  Bowman's  layer  is 
so  great  that  the  tumor  will  now  spread  underneath  this 
layer  into  the  cornea.  In  rarer  cases  the  elements  of  the 
sarcoma  are  spindle  cells.  The  pigmentation  of  the  cells 
varies  considerably  in  one  and  the  same  tumor.  The 
more  superficial  parts  are,  however,  usually  the  least 
pigmented  ones.  There  is  but  very  little  intercellular 
substance.  The  large  quantity  of  blood-vessels  which 
these  tumors  usually  contain  has  already  been  mentioned. 
There  are  always  signs  of  former  hemorrhages,  and  usu- 
ally evidences  "of  recent  ones  are  to  be  found.  In  the 
propagation  of  these  tumors  the  blood-vessels  seem  to 
play  an  important  role,  as  they  are  sometimes  found  to 
be  filled  with  pigmented  molecules  and  pigmented  cells. 


The  peripherj'  of  these  tumors  is  formed  by  a  well-pro- 
nounced zone  of  inflammation. 

2.  Kpitlieliomata  of  the  conjunctiva  are  more  often 
observed  than  any  other  kind  of  conjunctival  tumors. 
Although  they  are  seen  more  frequently  in  persons  of  an 
iidvanced  age,  they  make  their  appearance  also  in  young 
individuals.  They  aic  generally  situated  on  the  bulbar 
conjunctiva,  and,  like  the  sarcomatous  tumors,  they 
most  frequently  start  from  a  point  near  the  corneo- 
scleral juncture. 


Fig.  3061.— Sarcoma  of  the  CODjunctiTa. 


Their  formation  may  begin  with  the  development  of  a 
small  phlyctenula-like  nodule  covered  with  hypersemic 
blood-vessels ;  usually  a  number  of  larger  and  distended 
blood-vessels  going  to  this  nodule  may  he  seen  in  the 
scleral  conjunctiva.  The  growth  may  for  a  long  period 
remain  stationary,  or  it  may  keep  on  increasing  grad- 
ually in  size,  or  upon  some  special  irritation  it  may  start 
to  develop  rapidly,  and  be  accompanied  by  inflammatory 
symptoms,  and  sometimes  by  considerable  pain.  The 
tumor  usually  spreads  upon  the  cornea,  which  it  may 
gradually  penetrate,  and  thus  find  an  entrance  into  the 
interior  of  the  eyeball.  The  pain  and  suffering  usually 
force  the  patient  to  submit  to  the  removal  of  the  ej'eball 
before  any  further  spreading  of  the  elements  of  the  tumor 
has  taken  place.  In  its  early  stages  the  new  formation 
may  be  removed  from  the  ej'eball  without  much  difficulty, 
as  this  has  been  stated  of  the  sarcomatous  new  f oimations. 
Such  epithelial  growths  of  the  conjunctiva  have  some- 
times been  found  to  be  pigmented,  and  have  then  been 
described  as  melanocaiicroids. 

The  epitheliomata  of  the  conjunctiva,  like  those  found 
in  other  parts  of  the  body,  originate  in  a  hyperplasia  of 
the  pre-existing  epithelium,  'Thus  we  find  in  the  begin- 
ning the  epithelial  layer  considerably  thickened,  the 
serrated  cells  very  numerous  and  well  pronounced.  In 
some  cases  we  find  a  layer  of  horny  cells  of  considerable 
thickness.  This  original  tumor  is  usually  surrounded  by 
a  tissue  which  is  hyperamic  and  infiltrated  with  round 
cells.  When  the  tumor  grows,  epithelial-cell  cylinders 
begin  to  dip  into  the  underlying  tissue  and  send  off  new 
branches.  Gradually  the  new  formation  invades  the 
cornea,  this  invasion  being  always  preceded  by  the  new 
formation  of  blood-vessels  and  by  round-cell  infiltration. 
Bowman's  layer  gives  way,  and  the  epithelial-cell  cylin- 
ders spread  into  the  corneal  tissue  proper.  In  the  same 
way  the  epithelioma  spreads  into  the  sclerotic.  Some- 
times the  surface  of  the  tumor  is  ulcerated. 

The  epithelioma  may  spread  into  the  interior  of  the 
eyeball.  Thus  it  has  been  seen  to  invade  the  ciliary 
body  and  the  choroid  along  an  anterior  ciliary  artery,  or 
the  iris,  after  perforation  of  the  cornea  and  anterior 
synechia  had  taken  place.  In  some  cases  the  conditions 
seemed  to  warrant  the  assumption  that  the  external  tumor 
had  spread  to  the  interior  of  the  eyeball  by  metastasis. 

The  earlier  the  operation  is  resorted  to,  the  easier  is 
the  removal  of  such  tumors.  This  may  be  done  success- 
fully by  means  of  either  the  knife  or  the  galvano-cautery. 
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III  Tdmors  of  the  Cornea,  —The  cornea  proper  does 
not  seem  to  be  the  seat  of  primary  tumors.  What  Has 
been  described  as  such  is  to  be  found  m  section  II. 
(Tumors  of  the  Conjunctiva). 

IV  Tumors  op  the  Sclerotic— The  sclerotic,  hke 
the  cornea,  does  not  seem  to  be  a  field  for  primary  new 
formations  Those  which  have  been  described  as  such 
probably  belong  to  the  conjunctival  (episcleral)  tumors, 
and  have,  therefore,  been  treated  under  II. 

V  Tumors  of  the  Iris.— A.  Benign  Tumors  of  the 
jng  _1  Simple  granulomata  of  the  iris  have  sometimes 
been  observed,  and  have  a  number  of  times  been  men- 
tioned in  the  older  ophthalmic  literature.  They  were 
described  as  small,  round,  yellowish,  or  grayish  swelhngs 
which  made  their  appearance  usually  m  the  lower  halt 
of  the  iris.  Gradually  such  a  tumor  would  grow  until 
it  reached  Descemet's  membrane,  and  finally  it  would 
lead  to  perforation  of  the  cornea.  This  generally  was 
followed  by  shrinkage  of  the  eyeball  and  the  formation 
of  scar  tissue. 

Histologically,  these  tumors  are  found  to  consist  of 
round  cells,  and  to  contain  numerous  giant  cells  {"  mye- 
loplaxes").  Such  a  structure  is  so  similar  to  that  of 
tubercles  that  some  recent  authors  have  described  the 
simple  granuloma  of  the  iris  as  tuberculosis  of  the  iris. 
It  is  certainly  strange  that,  since  we  have  learned  what 
tumors  may  grow  in  the  tissue  of  the  iris  in  consequence 
of  syphilis  and  tuberculosis,  no  further  case  of  simple 
granuloma  of  the  iris  seems  to  have  been  observed. 

2.  A  special  kind  of  tumor  has  been  observed,  in  a  few 
instances,  to  spi'ing  from  the  iris ;  it  is  generally  mentioned 
among  the  cases  of  granuloma.  This  is  a  very  vascular 
swelling,  from  which  on  slight  provocation  the  anterior 
chamber  would  be  filled  with  arterial  blood.  I  should 
suppose  that  in  such  a  case  we  would  have  to  deal  with 
a  teleangiectatie  tumor,  rather  than  with  a  granuloma. 
The  writer  has  had  occasion  to  report  the  histological 
results  of  the  examination  of  two  cases  of  iris  tumor 
which  had  been  diagnosed  as  sarcomata,  but  which 
proved  to  be  vascular  tumors.  The  one  had  the  char- 
acter of  a  capillary,  the  other  of  a  venous  angioma.  The 
cases  reported  as  granulomata  of  the  iris,  accompanied 
by  more  or  less  periodical  hemorrhages,  have  probably 
been  of  a  similar  character.  A  case  described  as  a  "  pap- 
illoma of  the  subepitlielial  tissue  of  the  iris  "  undoubtedly 
also  belonged  to  this  class  of  nsevi. 

3.  Traumatic  granuloma  of  the  iris  is  occasionally  met 
with, — in  some  cases  after  the  corneal  wound  is  perfectly 
healed,  but  in  most  cases  after  the  iris  has  undergone  a 
prolapse  and  is  exposed  to  the  air.  In  the  former  cases 
the  granulation  tissue  was  found  to  perforate  the  cornea, 
and  cause  perfect  loss  of  sight  in  the  same  way  as  do 
malignant  intra-ocular  tumors.  In  the  latter  cases  the 
tissue  of  the  granuloma  gradually  becomes  organized  and 
forms  scar  tissue,  and  may  thus  bring  about  a  spontane- 
ous cure. 

.  Such  granulomata  also  consist  of  round  cells  and  small 
spindle  cells,  and  contain  but  little  connective  tissue  and 
new-formed  blood-vessels.  Later  on,  the  round  cells 
gradually  are  changed  into  spindle  cells,  and  finally  we 
find  a  dense  connective  tissue  containing  but  few  cellular 
elements.  The  granulomata  which  start  from  a  pro- 
lapsed portion  of  the  iris  are  usually  covered  with  epi- 
thelium. 

4.  Melanoma  of  the  iris  has  occasionally  been  observed. 
It  appears  as  a  darker  raised  spot  in  the  tissue  of  the  irisi 
and  it  is,  to  say  the  least,  as  yet  questionable  whether 
what  has  been  called  melanoma  was  not  in  reality  a 
melano-sarcoma.  The  authors  usually  state  that  a  benign 
melanoma  may  at  any  time  assume  a  malignant  sarcoma- 
tous character. 

Such  a  melanoma  is  said  to  consist  of  a  circumscribed 
accumulation  of  "  stroma  cells  of  the  iris,  the  larger  part 
of  which  are  pigmented,  have  many  offsets,  and  anasto- 
mose with  each  other.  They  pass  without  a  sharp  boun- 
dary into  the  neighboring  tissue,  and  the  remainder  of 
the  ins  IS  normal," 

5.  Cysts  of  the  iris  have  been  observed  in  a  large  num- 
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ber  of  cases.  They  are  either  serous  cysts  or  cysts 
filled  with  epithelial  material— epidermoid  (atheromatous) 
cysts. 

Cystic  formations  in  the  iris,  as  a  rule,  develop  only 
after  an  injury.  They  begin  as  small,  round,  yellowish, 
or  grayish  tumors.  The  yellowish  color  is  more  charac- 
teristic of  the  epidermoid  character,  while  the  grayish  or 
grayish-white  color  seems  to  be  that  of  the  serous  cysts. 
Such  cysts  gradually  grow  until  they  reach  Descemet's 
membrane,  and  then  may  become  firmly  adherent  to  it. 
Oblique  illumination  will  usually  show  at  once  whether 
the  cyst  contains  serum  or  some  other  material,  for  in 
the  former  case  the  tumor  will  be  plainly  translucent. 
In  some  cases  the  presence  and  the  growth  of  such  a  cyst 
seem  to  cause  but  little  discomfort;  in  others,  however, 
severe  inflammatory  symptoms  make  their  appearance, 
and  sight  may  be  destroyed. 

The  manner  in  which  the  formation  of  such  cysts  takes 
place  is  as  yet  not  absolutely  settled.  But  from  recent 
experiments  it  seems  that  these  cysts  usuallj'  develop  in 
small  portions  of  epithelial  tissue  which  have  been  forced 
into  the  iris  by  some  previous  injury ;  these  parts  enclos- 
ing organs  which  are  apt  to  retain  their  contents  and 
secretion.  There  can  be  no  doubt,  however,  that  in  some 
cases  serous  cysts  are  formed,  provided  a  fold  of  the  iris 
becomes  adherent  to  Descemet's  membrane  or  to  a  wound 
canal  in  the  cornea.  The  closure  and  subsequent  expan- 
sion of  iris  crypts  has  also  been  mentioned  as  a  possible 
cause  for  cystic  formations. 

The  cyst  walls  have  usually  been  found  to  consist  of 
atrophied  and  attenuated  iris  tissue,  lined  with  a  la.yer  of 
endothelial  cells,  and  usually  firmly  adherent  to  the  cor- 
nea. There  is  scarcely  any  pigment  found  in  the  cyst 
walls.  The  contents  of  the  serous  cyst  are  a  perfectly 
transparent  flaid,  while  the  contents  of  the  epidermoid 
cysts  correspond  with  those  of  other  atheromatous  cysts 
and  sometimes  contain  hair. 

B.  Malignant  Tum/>rs  of  the  Iris. — Sarcomata  of  the  iris 
have  been  met  with  in  comparatively  few  cases.  They 
have  been  mostly  pigmented,  but  in  a  few  cases  thej' 
were  unpigmeuted,  or  at  least  only  slightly  pigmented. 

These  tumors  of  the  iris  seem  to  have  originated  mostly 
in  the  parenchyma  of  this  membrane,  and  near  its  sphinc- 
ter edge.  When  allowed  to  grow,  the  tumor  slowlj"- 
spreads  over  the  iris,  and  at  the  same  time  presses  against 
the  cornea,  which  it  finally  perforates.  During  its  de- 
velopment it  causes  increase  of  intra-ocular  pressure  and 
inflammatory  attacks,  with  subsequent  destruction  of 
sight.  Later  on,  it  leads  to  metastases.  The  rule  is, 
undoubtedly,  that  these  tumors  grow  on  the  anterior 
surface  of  the  iris.  The  writer  has  in  one  instance  seen 
a  darkly  pigmented  sarcoma  spring  from  the  posterior 
surface  of  the  iris  near  the  pupillary  margin,  and,  press- 
ing the  lens  backward,  spread  into  the  interior  of  the 
eyeball.  In  its  early  stages  sarcoma  of  the  iris  has  been 
successfully  removed  by  iridectomy ;  later  on,  the  eyeball 
has  to  be  sacrificed. 

In  the  few  cases  which  have  been  histologically  ex- 
amined the  tumors  were  either  pigmented  round-cell  sar- 
comata or  sarcomata  of  the  pigmented  and  unpigmented 
spindle-cell  variety.  They  seem  to  take  their  origin  from 
the  parenchyma  of  the  iris. 

VI.  Tumors  of  the  Ciliary  Body. — A,  Benign 
Tumors  of  the  Ciliary  Body. — 1.  Up  to  the  present  time 
the  writer  has  examined  nine  instances  of  adenoma  of  the 
ciliary  body.  These  small  tumors,  which  sprang  from  the 
pars  ciliaris  retina\  were  usually  confined  to  one  ciliary 
process,  and  seemed  to  cause  no  symptoms  during  life. 
Histologically,  they  consist  of  the  cells  of  the  pars  ciliaris 
retinae,  arranged  in  double  rows  like  glandular  ducts, 
and  these  tubules  form  numerous  convolutions.  Between 
these  tubules  lies  a  coagulaled  amorphous  substance. 
The  tumors  arc  surrounded  by  pigment  epithelium.  It 
is  as  yet  not  clear  whether  these  adenomata  are  congeni- 
tal or  develop  later  in  life. 

3.  Myoma  of  the  ciliary  body  has  only  once  been  ob- 
served and  described.  In  this  case  a  brownish-red  tumor 
was  found  to  press  part  of  the  iris  against  the  posterior 
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surface  of  the  cornea  and  to  protrude  for  some  distance 
into  the  pupillary  space.  The  tumor  showed  smooth 
elevations.  There  was  increase  of  intraocular  tension, 
and  attacks  of  severe  pain  were  complained  of.  The 
tumor  grew  slowly  but  continuously,  and  was  consid- 
ered to  be  a  sarcoma.  Finally,  the  patient  conseated  to 
the  enucleation  of  the  eyeball.  The  tumor  was  found  to 
have  the  size  of  a  Albert,  and  to  be  firmly  attached  to  the 
ciliary  muscle.  When  divided  it  presented  a  cut  surface 
of  a  roseate  color,  and  it  was  only  slightly  pigmented  in 
the  peripheral  parts.  On  microscopical  examination  it 
was  found  to  consist  almost  exclusively  of  non-striated 
muscular  fibres. 

3.  A  cyst  of  the  ciliary  body  has  also  been  observed 
and  described  in  a  few  instances,  but  these  cases  have 
not  yet  come  to  be  examined  microscopically.  The 
cystoid  formation  followed  an  injury  to  the  lid  and  eye- 
ball. The  cysts  are  described  as  oval  bodies  lying  just 
behind  the  lens,  springing  from  the  ciliary  region,  and 
reaching  with  tlie  larger  end  half-way  across  the  eye  into 
the  vitreous.  By  oblique  illumination  the  edge  of  such 
a  cyst  looks  white,  and  can  be  clearly  defined.  Its  sur- 
face is  dotted,  here  and  there,  with  pigment  deposits. 
By  direct  examination  with  the  ophthalmoscope  the  cyst 
walls  are  found  to  be  transparent,  and  the  details  of  the 
background  of  the  eye  may  be  dimly  recognized  through 
them  unless  they  contain  blood.  These  cysts  have  been 
observed  to  grow  slowly,  and  to  cause  attacks  of  in- 
creased intra-ocular  tension. 

B.  Malignant  Tumors  of  the  Cilim~y  Body. — Primary 
leuco-sarcoma  and  melano-sarcoma  undoubtedly  occur 
in  the  ciliary  body,  but  are  comparatively  rarely  seen, 
and  yet  more  rarely  examined  microscopically.  More- 
over, tliese  forms  of  tumors  have  nothing  which  would 
distinguish  them  from  the  sarcomatous  growths  of  the 
choroid,  and  they  are,  therefore,  best  considered  under 
that  head  (VII.,  B).  Of  late,  in  a  number  of  instances, 
carcinomata  of  the  ciliary  body  have  been  reported.  They 
are  described  as  having  sprung  from  the  pigment  layer, 
more  especially  from  the  so-called  glands  of  the  ciliary 
body  (Collins).  This  matter,  however,  needs  further  in- 
vestigation. 

VII.  Tumors  of  the  Choroid. — A.  Benign  Tumors 
of  the  Choroid. — 1.  Granuloma  of  the  choroid  is  some- 
times found  in  the  course  of  histological  examinations. 
Whether  it  has  ever  been  clinically  diagnosticated  the 
writer  does  not  know.  In  literature  no  mention  is  made 
of  such  a  diagnosis. 

In  eyes  in  which  the  choroid  has  been  injured  (through 
the  sclerotic),  or  in  which  round-cell  accumulations  have, 
after  the  manner  of  abscesses,  perforated  the  lamina 
vitrea  of  the  choroid,  we  find  occasionally  a  small  tumor 
consisting  of  granulation  tissue,  i.e.,  of  free  nuclei,  round 
cells  and  small  spindle  cells,  and  newly  formed  blood- 
vessels. These  tumors  may  either  lift  the  retina  from 
the  choroid  and  thus  cause  a  circumscribed  detachment 
of  the  former  membrane,  or  they  may  pierce  the  retina 
also  and  protrude  into  the  vitreous  body.  Later  on,  these 
granulation  tumors  are  changed  into  connective  tissue, 
and  ultimately,  after  contraction  has  taken  place,  they 
form  a  simple  scar. 

There  is  one  observation  on  record  of  the  presence  of 
small  granulomata  of  the  choroid  in  the  eye  of  an  indi- 
vidual who  had  long  been  suffering  from  "  granular  lids. " 

2.  So  far  as  I  can  learn,  cystoid  formations  in  the  chor- 
oid have  been  seen  only  once,  viz.,  by  the  writer,  and 
then  only  in  the  course  of  the  microscopical  examination 
of  an  eye.  They  were  found  situated  in  the  peripheral 
portions  of  this  membrane,  and  formed  a  small  number  of 
round  and  oval  cavities  embedded  in  the  parenchyma  of 
the  choroid.  They  had  a  membrana  propria  and  were 
lined  with  endothelium.  As  regards  their  structure  they 
were  probably  conaposed  of  dilated  lymph  vessels.  The 
tissue  of  the  choroid,  which  was  displaced  by  these  cys- 
toid formations,  was  infiltrated  with  round  cells  and 
hypersemic.  ,,,  ,     ^ 

B.  Malignant  Tumors  of  the  GJwroid.—The  only  form 
of  primary  malignant  tumor  found  in  the  choroid  (and 


ciliary  body)  is  that  of  the  sarcoma  in  some  one  of  its 
numerous  varieties. 

Since  sarcoma  of  the  choroid  (and  ciliary  body)  is  un- 
doubtedly the  kind  of  intra-ocular  tumor  most  frequently 
met  with,  we  will  give  it  a  more  extensive  consideration, 
the  more  so  as  its  clinical  development  is  typical  for  that 
of  all  mahgnant  intra-ocular  tumors.  It  happens  but 
comparatively  seldom  that  we  have  occasion  to  see  and 
diagnosticate  a  choroidal  sarcoma,  and  afterward  to  verify 
our  diagnosis  by  a  microscopical  examination  at  the  pe- 
riod which  is  usually  described  as  the  first  one  in  its  de- 
velopment. At  this  stage  the  patient  usually  complains 
only  of  a  diminution  of  sight.  If  the  tumor  springs  from 
the  ciliai-y  region  it  can  usually  bo  recognized  by  the  pro- 
trusion of  the  iris,  and  be  seen  under  oblique  light,  The 
diagnosis  is  more  difficult  when  the  tumor  is  situated  more 
centrally,  or,  as  is  frequently  the  case,  near  the  optic-nerve 
entrance.  The  difliculty  may  be  considerably  increased 
if  the  retina  at  the  site  of  the  choroidal  tumor  has  become 
detaciied.  This  seems,  however,  to  be  less  frequently 
the  case  than  was  formerly  stated  by  the  authors.  At 
this  stage  the  ophthalmoscope  may  reveal  one  larger- 
sized,  roundish  elevation  in  some  part  of  the  background 
of  the  eye,  or  a  fiat  elevation  with  a  smooth  or  undulat- 
ing surface  covered  by  the  retina,  whose  blood-vessels  ap- 
pear accordingly  distorted  in  their  course.  The  pigment 
of  the  sarcoma  may  perhaps  be  seen  through  the  retina; 
even  in  cases  in  which  the  retina  at  the  site  of  tlie  tumor 
is  detached  it  may  be  possible  to  recognize  the  latter 
through  the  retina  with  the  aid  of  strong  illumination  and 
a  high  magnifying  power.  In  most  cases,  however,  it 
will  be  necessary  to  make  repeated  examinations  of  the 
fundus  throughout  a  considerable  period  of  time,  in  order 
to  be  able  to  determine  whether  there  is  any  change  in  the 
picture  and  whether  the  supposed  tumor  increases  in  size. 
If  an  apparent  detachment  of  the  retina  lying  in  the  upper 
half  of  the  eyeball,  or  to  one  side,  remains  confined  to  its 
original  seat,  and  if  the  lower  half  of  the  retina  does  not 
become  involved,  the  condition  should  be  considered  very 
suspicious  of  the  presence  of  a  choroidal  sarcoma. 

The  growth  of  a  choroidal  sarcoma  may  vary  consider- 
ably as  to  rapidity.  While  some  reach  the  second  period 
in,  say,  one  year,  others  may  take  a  number  of  years  to 
reach  the  same  stage. 

The  second  period  in  the  development  of  a  choroidal 
sarcoma  is  characterized  usually  by  an  increase  of  the 
intra-ocular  tension  to  a  varying  degree  (glaucomatous 
stage),  combined  with  inflammatory  attacks  and  often 
severe  pain.  In  some  cases  glaucomatous  symptoms  are 
wanting.  In  this  period  the  tumor  fills  the  vitreous 
chamber  more  and  more,  and  pushes  the  retina,  the  con- 
densed vitreous  body,  the  usually  cataractous  crystalline 
lens,  and  the  iris  toward  the  cornea.  Or  it  spreads 
through  the  whole  uveal  tract,  forming,  so  to  speak,  a 
sarcomatous  shell  which  encloses  the  retina,  the  condensed 
vitreous  body,  and  the  cataractous  crystalline  lens.  In 
this  period  the  eye  usually  shows,  externally,  the  signs 
of  a  chronic  inflammation. 

The  third  period  in  the  development  of  a  choroidal 
sarcoma  is  usually  called  that  of  perforation  and  the 
spreading  of  the  tumor  outside  of  the  eyeball.  Thus  the 
elements  of  the  tumor  usually  grow  through  the  sclerotic, 
along,  or  even  by  way  of,  a  blood-vessel  (vense  vorticosse, 
anterior  ciliary  arteries,  etc.),  or  through  the  channel  of 
a  ciliary  nerve,  or,  what  is  quite  often  the  case,  when 
the  tumor  originates  near  the  optic  nerve,  by  way  of  this 
nerve  or  its  sheaths,  or  by  way  of  the  intra  vaginal  space. 
In  other  cases,  the  tumor  will  cause  a  staphyloma-like  dis- 
tention of  the  anterior  parts  of  the  sclerotic  or  of  the 
cornea,  and  cause  a  rupture  there.  In  this  case  the  lens 
is  usually  expelled  from  the  eye,  and  the  tumor,  no  longer 
restrained  in  its  growth  by  a  resistant  capsule,  grows 
rapidly  outward  until  the  lids  can  no  longer  be  closed 
over  it. 

At  the  same  time  dissemination  of  the  elements  of  the 
tumor  has  usually  taken  place.  Such  elements  taken  up 
into  blood-vessels  are  carried  away  by  the  current  of  the 
blood,  and,  wherever  they  are  deposited,  new  (metastatic) 
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tumors  are  formed,  which  ultimately  cause  the  death  of 
the  patient.  The  organs  which  are  usually  attacked  by 
such  metastatic  tumors  are  chiefly  the  hver,  the  lungs, 
pleura,  intestines,  liidneys,  spleen,  bram  etc. 

In  very  rare  cases  sarcoma  has  been  found  to  attack 
both  eyef  of  the  patient.  ,       . .  •  n 

The  development  of  sarcoma  of  the  choroid  is  usually 
observed  at  an  advanced  age,  yet  it  has  also  been  found 
in  very  young  individuals.  It  seems  to  be  somewhat 
more  frequent  in  males  than  in  females.  In  a  consider- 
able number  of  cases  its  development  may  rightly  be  at- 
tributed to  an  injury. 

Histologically,  we  find  the  choroidal  sarcoma  to  be 
more  frequently  pigmented  than  unpigmented.  _  The 
pigmentation  varies  considerably,  however,  even  in  one 
and  the  same  tumor.  The  elements  of  the  tumor  are  either 
round  cells  or  spindle  cells.  The  spindle  cells  seem  to  be 
prevalent  in  the  unpigmented  sarcomata.  The  round 
cells  of  the  pigmented  sarcomata  (melano-sarcomata)  are 
usually  very  large.  The  round-cell  sarcomata  are  mostly 
very  vascular.     The  spindle-cell  sarcomata  have  gener- 


FIG.  2062.— Sarcoma  of  the  Choroid. 

ally  but  few  blood-vessels,  and  in  certain  respects  they 
present  rather  the  characteristics  of  a  fibroma.  They  also 
seem  to  grow  more  slowly  than  the  round -cell  sarcomata. 
The  sarcomata  of  the  choroid  may  take  their  origin 
from  the  different  layers  of  the  choroidal  parenchyma. 
The  statement  has  been  made,  and  its  correctness  has 
been  denied,  that  the  unpigmented  spindle-cell  sarcomata 
spring  usually  from  the  outer  layers  of  the  choroid.  The 
writer  is  satisfied  that  this  is  the  correct  view,  and  that  the 
pigmented  sarcomata,  especially  the  darkly  pigmented 
ones,  spring  as  a  rule  from  the  inner  layers  of  the 
choroid.  They  get  their  dark  pigment  from  the  broken- 
up  cells  of  the  pigment  epithelium,  and  from  hemor- 
rhages. Sarcomata  starting  from  the  outer  layers  of  the 
choroid  may  remain  perfectly  unpigmented,  and  gi'ow 
to  quite  a  size,  until  by  the  final  perforation  of  the  lamina 
vitrea  of  the  choroid,  and  the  subsequent  breaking  up  of 
the  pigment  epithelium,  a  large  quantity  of  pigment 
molecules  is  set  free,  and  then  only  does  the  tumor  be- 
come to  some  extent  pigmented.  Before  this  happens 
the  pigment  epithelium  is  usually  found  in  a  state  of 
proliferation. 

Occasionally  there  may  be  more  than  one  primary  sar- 
coma nodule  in  the  choroid  of  one  eye.  From  the  primary 
nodule  the  sarcoma  spreads  in  the  choroid  in  the  follow- 
ing manner; 

When  the  elements  of  the  original  tumor  have  perfo- 
rated the  lamina  vitrea  of  the  choroid,  detachment  of  the 
retina  may  take  place,  or  the  retina  may  remain  in  con- 
tact with  the  inner  surface  of  the  tumor  and  become 
firmly  adherent  to  it.  The  choroid  surrounding  the 
tumor,  which  at  first  may  appear  normal,  or  hyperamie 
and  slightly  infiltrated,  is  gradually  invaded  by  the  ele- 
ments of  the  tumor.     This  invasion  takes  place  at  first  in 
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the  outer  (venous)  layers.  In  these  cases  the  growth  of 
the  tumor  is  a  more  diffuse  one.  In  other  cases  metas- 
tatic nodules  are  formed  in  other  regions  of  the  choroid, 
at  some  distance  from  the  primary  nodule.  Gradually 
the  elements  of  the  tumor  reach  the  lamina  supracho- 
roidea,  and  the  tumor  soon  adheres  to  the  sclerotic.  This 
union  is  sooner  or  later  followed  by  the  perforation  of 
the  sclerotic  and  the  growth  of  secondary  nodules  on 
the  outer  surface  of  the  eyeball.  As  stated  before,  this 
perforation  of  the  sclerotic  takes  place  along  a  pre-exist- 
ing canal  (nerve  or  blood-vessel)  in  the  sclerotic.  In  rarer 
cases  the  cornea  is  perforated  by  ulceration,  and  thus  the 
tumor  spreads  outside  the  eyeball.  On  the  other  hand, 
the  tumor  may  spread  backward  by  way  of  the  optic 
nerve.  This  happens  in  one  of  the  following  ways:  the 
elements  of  the  tumor  may  invade  the  substance  of  the 
nerve  itself,  or  they  may  enter  into  the  porus  opticus 
along  the  central  blood-vessels,  or  they  may  invade  the 
intra  vaginal  spaces  of  the  optic-nerve  sheath.  The 
glaucomatous  symptoms,  which  are  observed  in  most 
cases  of  choroidal  sarcoma,  are  due  to  the  pressure  ex- 
erted by  the  growth. 

Tlie  sarcoma  of  the  choroid  is  sometimes  found  to  con- 
tain deposits  of  amorphous  lime. 

In  rare  cases  osseous  tissue  is  found  to  have  been  de- 
veloped within  the  sarcoma  (osteo-sarcoma). 

Chondromatous  tissue  is  found  somewhat  more  fre- 
quently (chondro-sarcoma).  It  usually  appears  in  the 
shape  of  round  or  oval  islets,  which  are  generally  sur- 
rounded by  a  tough  connective-tissue  capsule,  and  lie 
near  or  around  a  larger  blood-vessel. 

In  a  few  of  the  cases  observed  the  sarcoma  was  a  cystic 
sarcoma,  and  in  another  small  number  it  was  an  alveolar 
sarcoma. 

The  spindle-cell  sarcomata  are,  as  a  rule,  hard  and 
tough,  while  the  round-cell  sarcomata  are  softer,  some- 
times even  semifluid. 

In  a  few  cases  metastatic  carcinoma  has  been  seen  in 
the  choroid  of  women,  the  primary  growth  having  its 
seat  usually  in  the  mamma.  In  a  man  the  seat  of  the 
primary  tumor  was  in  the  lungs  and  pleura.  In  one 
case  a  metastatic  sarcoma  was  found  in  the  choroid. 

From  the  foregoing  it  is  evident  that,  as  soon  as  the 
diagnosis  of  choroidal  sarcoma  is  made,  the  eye  should 
be  removed,  as  it  is  impossible  to  state  when  the  tumor 
will  spread  outside  the  capsule  of  the  eyeball,  although 
this  usually  takes  place  only  at  a  late  period. 

VIII.  Tumors  of  the  Retina. — A.  Benign  Tumors  of 
the  Retina. — Teleangiectatic  tnmora  and  %ia^  fibromalcms 
tumors  have  been  occasionally  found  in  eyes  examined 
anatomically,  but  they  do  not  seem  to  have  ever  been 
observed  during  life,  nor  are  they  of  any  importance. 

B.  Malignant  Tumors  of  the  Retina. — The  only  malig- 
nant tumor  observed  to  take  its  origin  from  the  retinal 
tissue  is  the  glioma  of  the  retina. 

Glioma  of  the  retina  (fungus  hsematodes)  is  essentially 
a  disease  of  childhood ;  the  oldest  patient  in  whom  it  was 
undoubtedly  observed  was  but  twelve  years  old.  It  is 
probably,  in  most  cases,  a  congenital  affection. 

As  with  the  sarcoma  of  the  choroid,  we  may  divide 
the  clinical  history  of  the  development  of  a  glioma  into 
three  periods. 

In  the  first  period  the  growth  causes  but  slight  out- 
ward symptoms,  and  its  existence  at  this  period  is  but 
seldom  discovered.  The  first  symptoms,  on  account  of 
which  the  parents  bring  the  child  for  examination,  are 
usually  diminution  or  total  loss  of  sight  and  the  observa- 
tion of  a  light  yellowish  or  yellowish-red  reflex  from  the 
pupil  (amaurotic  cat's  eye).  In  this  stage  the  pupil  is 
also  generally  found  to  be  dilated,  probably  from  paraly- 
sis of  the  nerves  of  the  iris. 

The  reflex  from  the  background  of  the  eye  may  at  first 
be  visible  only  in  certain  parts,  and  then  the  ophthalmo- 
scope may  reveal  only  a  partially  swollen  retina,  and  the 
optic  papilla  may  as  yet  be  visible.  Gradually  the 
background  of  the  eyeball  is  shifted  more  and  more  for- 
ward in  the  vitreous  chamber,  and  it  may  now  be  possi- 
ble to  see  different  round  nodules  by  the  aid  of  oblique 
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illumination.  On  the  anterior  surface  of  this  yellow 
nodular  mass  a  number  of  blood-vessels  may  be  visible. 
Usually  some  whitish  spots  are  seen,  which  correspond 
to  parts  which  have  undergone  fatty  degeneration,  or  to 
deposits  of  lime.  Finally,  the  whole  of  the  vitreous 
chamber  is  filled,  and  the  tumor  reaches  the  crystalline 
lens  and  presses  it  forward.  This  is  usuall}'  soon  fol- 
lowed by  the  formation  of  cataract. 

Before  this  stage   is  reached,   as  a  rule,   the  second 
period  has  begun,  which  is  characterized  by  an  increased 


Fig.  3063.— Glioma  of  the  Retina. 

intra-ocular  tension,  pain,  and  inflammatory  symptoms. 
The  eyeball  is  now  frequently  ectatic  in  tlie  equatorial 
region ;  there  is  Iritis,  and  soon  the  cornea  ulcerates  and 
is  perforated.  The  blood-vessels  of  the  conjunctiva  and 
episcleral  tissue  are  hyperaemic  and  tortuous.  These 
symptoms  are  often  combined  with  cerebral  ones ;  there 
rnay  also  be  fever  and  vomiting.  The  ulceration  and  per- 
foration of  the  cornea,  in  rare  cases,  may  be  followed  by 
the  formation  of  scar  tissue  and  shrinkage  of  the  eyeball. 
Such  cases  have  been  described  as  cases  of  spontaneous 
healing  of  glioma;  but  even  after  a  considerable  period 
of  latency  the  tumor  makes  its  appearance  again,  and 
thus  valuable  time  may  have  been  lost. 

The  third  period  is  that  of  perforation.  The  glioma 
grows  outward  usually  after  the  perfoi-ation  of  the  cornea, 
—more  rarely  after  perforation  of  the  sclerotic.  If  it 
grows  out  through  the  cornea  it  increases  very  rapidly  in 
size.  The  soft,  easily  bleeding,  often  partially  necrosed 
tumor  soon  protrudes  between  the  eyelids,  and  may  in  a 
short  time  attain  an  enormous  size. 

When  the  tumor  has  spread  through  the  sclerotic,  be- 
fore the  cornea  has  been  perforated,  the  episcleral  tumor 
or  tumors  mav  cause  a  considerable  degree  of  exoph- 
thalmus.  The"  tumor  may  furthermore  invade  the  optic 
nerve  and  thus  grow  backward  toward  the  chiasma. 

Usually  during  this  period  secondary  tumors  are  formed 
in  the  lymphatic  glands  of  the  face,  in  the  parotid  or  sub- 
maxillary glands,  in  the  bones  of  the  skull,  in  the  brain, 
in  the  liver,  and  in  other  organs. 

Death  follows  from  exhaustion. 

In  a  large  proportion  of  the  cases  (eighteen  per  cent.) 
glioma  of  the  retina  attacks  both  eyes.  The  affection  of 
the  second  eve  seems,  however,  not  to  be  due  to  an  in- 
fection from  the  one  first  attacked.  Frequently  several 
children  of  one  family  suffer  from  this  new  formation. 
It  seems  that  it  is  more  frequently  found  m  males  than 
in  females.  .       ,  .  ,     ,.  „ 

The  writer  has  reported  one  case  m  which  glioma  ot 
one  eye  gave  rise  to  sympathetic  disease  in  the  fellow 

^^In  a  few  cases  purulent  choroiditis,  with  purulent  hya- 
litis  (pseudo-glioma),  has  been  confounded  with  true 
srlioma  In  such  cases,  however,  the  intra-ocular  tension 
IS,  as  a  rule,  reduced,  and  pain  seems  to  be  wanting. 
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Moreover,  the  eyeball  appears  rather  shrunken  than  dis- 
tended, as  it  does  in  a  case  of  true  glioma. 

The  opinion  formerly  held  by  the  writer,  in  common 
with  numerous  authors,  that  histologically  considered  the 
glioma  (or  glio-sarcoma)  of  the  retina  must  be  counted 
among  the  small  round-cell  (medullary)  sarcomata  seems 
no  longer  tenable,  since  the  characteristic  "  spider  cells  " 
of  the  glia  have  by  Golgi's  and  Ramon  y  Cajal's  process 
been  demonstrated  in  glioma  tissue.  Besides  these  char- 
acteristic glia  cells  the  elements  of  the  tumor  are  round 
cells,  smaller  or  larger  than  white  blood  cells,  or  identical 
with  them.  Sometimes  these  cells  have  small  offsets. 
Between  them  we  find  free  nuclei  and  some  spindle  cells. 
There  is  a  very  small  quantity  of  intracellular  substance. 
The  tumors  are  usually  very  vascular,  and  their  blood- 
vessels are  very  wide.  The  cells  seem  to  be  vei-y  prone 
to  degenerate.  Rosettes,  formed  by  the  rods  and  cones, 
have  been  given  of  late  an  undue  importance  in  the  his- 
tology of  glioma.  In  the  opinion  of  the  writer  they  arc 
purely  accidental  formations.  Tumors  in  which  they 
were  "found  have  of  late  been  called  neuro-epitheliomata, 
these  cells  belonging  to  the  so-called  neuro-epithelium  of 
the  retina. 

The  tumor  usually  takes  its  origin  from  the  outer 
retinal  laj'ers,  especially  the  granular  layers;  in  rarer 
cases  its  primary  seat  is  in  the  inner  layers,  especially  the 
nerve-fibre  layer.  In  some  cases  it  appears  as  if  the 
whole  thickness  of  the  retina  had  been  primarily  affected, 
and,  in  fact,  the  tumor  may  take  its  origin  from  the  con- 
nective tissue  of  all  the  layers  of  the  retina. 

As  already  stated,  the  glioma  cells  are  apt  to  undergo 
fatty  degeneration,  and  deposits  of  lime  are  often  found 
in  these  tumors. 

When  the  tumor  starts  from  the  outer  layers  {glioma 
exopUytum),  the  retina  in  its  neighborhood  soon  becomes 
detached  and  is  pressed  toward  the  axis  of  the  eyeball. 
In  these  cases  the  inner  layers  of  the  retina  may  remain 
intact  for  a  long  time.  On  the  other  hand,  when  the 
tumor  has  started  from  the  inner  layers  (glioma  endo- 
phytum),  the  rods  and  cones  may  be  preserved  for  a  long 
period.  The  tumor  gradually  spreads  all  over  the  retina, 
and  enters  the  choroid  either  simply  by  continuous  growth 
or  by  infection  (metastasis).  During  the  growth  of  the 
tumor,  parenchymatous  hemorrhages  frequently  take 
place  within  it.  Later  on,  the  tumor  may  spread  into  the 
ciliary  body  and  the  iris,  and  we  may  thus  find  an  eyeball 
filled  perfectly  by  glioma,  and  but  few  traces  of  its  former 
structures  left. 

At  a  comparatively  early  period,  usually,  the  elements 
of  the  tumor  invade  the  substance  of  the  optic  nerve. 

The  perforation  of  the  sclerotic,  and  the  formation  of 
secondary  tumors  outside  of  it,  generally  take  place 
along  a  preformed  channel  (nerve  or  blood-vessels),  as 


Fig.  2064.— Myxo-sarcoma  of  tbe  Optic  Nerve. 

we  have  seen  it  take  place  in  the  development  of  the 
sarcoma  of  the  choroid. 

Glioma  is  known  to  be  pre-eminently  a  malignant 
growth ;  therefore  the  removal  of  the  eyeball,  or  even  of 
the  whole  orbital  contents,  is  necessary  at  the  earliest 
possible  period.  In  this  way  the  life  of  the  patient  has 
been  saved  in  a  number  of  cases. 

IX.  Tumors  of  the  Optic  Nekvb  (Orbital  Poe- 
Tiou).— The  tumors  of  the  orbital  portion  of  the  optic 
nerve  have  a  number  of  symptoms  in  common,  whatever 
the  nature  of  the  growth  may  be,  the  chief  ones  of  which 
are  loss  of  sight  and  exophthalmus.     The  latter  is  often 
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the  first  symptom  to  be  observed.  This  exophthalmus 
is  as  a  rule,  in  a  straight  forward  direction,  yet  there  may 
also  be  a  deviation  in  another  direction,  if  the  tumor 
should  develop  more  rapidly  to  one  side.  The  eyeball 
can  usually  be  moved,  but  its  movements  are  restricted 
in  all  directions;  later  on,  they  may  be  totally  abolished 
If  the  tumor  is  large  enough  to  be  palpated,  it  is  found 
to  move  with  the  movements  of  the  eyeball,  and  to  be 
nowhere  attached  to  the  orbital  walls.  When  it  is  small 
it  cannot  be  felt.  In  a  number  of  cases  the  development 
of  the  tumor  is  attended  with  severe  pain ;  in  most  cases, 
however,  this  symptom  is  wanting.  In  all  cases  sight 
gradually  fails.  In  the  early  stages  the  ophthalmoscope 
reveals  optic  neuritis;  later  on,  we  find  white  atrophy 
of  the  optic  nerve.  The  rapidity  with  which  sight  is 
abolished  varies  considerably  in  the  different  cases,  and 
this  is,  of  course,  due  to  the  manner  in  which,  in  the  given 
case,  the  nerve  itself  is  constricted  or  invaded  by  the  ele- 
ments of  the  neoplasm.  Thus,  when  the  tumor  origi- 
nates in  the  outer  sheath,  sight  will  be  preserved  longer 
than  when  the  new  formation  has  its  origin  in  the  peri- 
neurium or  the  substance  of  the  nerve  itself.  As  the 
tumor  grows  and  pushes  the  eyeball  out  of  the  orbital 
cavity,  the  cornea  becomes  less  and  less  protected  by  the 
Hds,  and  finally  this  membrane  ulcerates  and  is  perforated. 

It  seems  that  in  all  the  known  cases,  except  one,  the 
tumor  with  the  eyeball,  or  the  tumor  alone,  has  been  re- 
moved and  a  perfect  cure  has  been  obtained.  Prom  this 
it  would  appear  that  tumors  of  the  optic  nerve,  quoad 
titam,  are  not  to  be  considered  malignant. 

As  regards  the  nature  of  the  tumors  of  the  orbital  por- 
tion of  the  optic  nerve  they  seem  to  be  chiefly  myxomat- 
ous (myxo-sarcomatous)  or  gliomatous ;  in  some  cases  the 
tumors  had  to  be  interpreted  as  endotheliomatous  (psam- 
moma),  and  a  few  cases,  described  as  cancers  of  the  optic 
nerve,  most  probably  belong  to  this  latter  class.  In  one 
case  the  tumor  was  found  to  be  a  true  neuroma.  In  a 
few  cases  the  tumor  has  been  described  as  being  formed 
by  a  hypertrophy  of  the  pia  mater  trabecules  which  hold 
the  nerve-fibre  strands  in  position. 

Being  enclosed  within  the  space  which  is  limited  by 
the  muscles  of  the  eyeball,  and  the  posterior  aspect  of 
the  sclerotic,  all  of  these  tumors  are  more  or  less  spindle- 
shaped  (see  Fig.  2064). 

1.  Myxoma  or  myxosarcoma  of  the  optic  nerve  consists 
of  spindle-shaped  and  stellated  cells,  with  long  offsets. 
These  cells  are  usually  packed  more  densely  in  the  cen- 
tral parts  of  the  tumor  than  in  the  peripheral  ones.  They 
are  separated  from  each  other  by  a  hyaline  intercellular 
substance.  The  cells  often  appear  concentrically  ar- 
ranged, and  thus  form  nests  which  resemble  the  pearl 
nodules  of  epitheliomatous  neoplasms.  These  tumors 
are,  furthermore,  well  provided  with  blood-vessels.  The 
mucoid  substance  is  often  found  to  be  accumulated  in 
cysts  of  varying  dimensions.  Closely  adherent  to  the 
new  formation  are  the  sheaths  of  the  optic  nerve,  which 
form  a  capsule  around  it.  Sometimes  some  traces  of  the 
optic  nerve  may  yet  be  found  in  the  centre  of  the  tumor. 

2.  Glioma  (glio-sarcoma)  of  the  optic  nerve  shows  the 
same  elements  as  we  find  in  cases  of  glioma  of  the  retina, 
viz.,  round  cells  varying  in  size,  cells  with  offsets,  and 
spindle  cells. 

_  3.  Endotlielioma  (psammoma)  of  the  optic  nerve  con- 
sists of  connective  tissue,  in  the  alveoli  of  which  cells  lie 
embedded  in  more  or  less  concentric  layers.  These  cells 
are  large,  flat,  membrane-like  bodies,  somewhat  thicker 
at  the  spot  where  the  nucleus  is  situated.  Their  con- 
tours are  not  sharply  defined,  and  some  of  them  have 
,  long  offsets.  Giant  cells  are  not  wantirg  These  cells 
the  nature  of  which  is  that  of  endothelial  cells  are  often 
grouped  concentrically  around  a  round  or  oval  shinine 
body  (arenoid  body),  from  which  these  tumors  have  also 
received  the  name  of  psammoma. 

^■J"  1°  ^^^  °^\  '^f^f  °*'  '™'^  ■neuroma  of  the  optic  nerve 
thus  far  described  m  literature,  the  whole  egg-shaped 
tumor  consisted  of  double-contoured  as  well  Is  of  non- 
medullated  nerve  fibres. 
X.  Tumors  op  the  OiiBiT.-The  chief  symptom  of 
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orbital  tumors,  and  the  one  which  they  all  have  in  com- 
mon, is  exophthalmus— protrusion  of  the  eyeball.  This 
protrusion  may,  of  course,  take  place  in  any  direction, 
and  we  can  only  state,  as  a  general  rule,  that  it  is  in  a 
direction  opposite  to  the  site  of  the  tumor  or  to  its  greatest 
development.  Usually  the  movements, of  the  eye  in  the 
direction  toward  the  tumor  are  impaired  or  abolished. 
"While  some  orbital  tumors  cause  a  great  deal  of  pain, 
others  do  not  seem  to  cause  any.  According  to  the  seat 
and  size  of  the  tumor,  sight  will  be  more  or  less  impaired 
or  totally  destroyed,  and  we  find  accordingly,  with  the 
ophthalmoscope,  simple  ansemia  or  optic  neuritis  or 
atrophy  of  the  optic  nerve  either  partial  or  total. 

Orbital  tumors  do  not  seem  to  be  apt  to  invade  the 
optic  nerve,  or  the  eyeball,  but  they  generally  grow 
around  it.  On  the  other  hand,  tumors  from  the  cavities 
adjacent  to  the  orbit  may  and  do  invade  this  cavity. 
Such  tumors  have  been  found  to  come  from  the  ethmoid 
cells,  the  naso-pharynx,  the  frontal  sinus,  Highmore's 
antrum,  and  the  sphenoid  cavity,  as  well  as  from  the 
cranial  cavity.  These  growths  are  sarcomatous,  endo- 
theliomatous, or  osseous  in  character. 

As  a  rule,  one  may  locate  the  tumor  by  palpation,  and 
it  is  possible  to  distinguish  one  of  orbital  origin  from  a 
tumor  of  the  optic  nerve  by  its  situation  outside  of  the 
cone  formed  by  the  external  muscles  of  the  eyeball,  and 
by  its  being  in  many  cases  adherent  to  the  walls  of  the 
orbit.  As  the  tumor  (and  consequently  the  exophthal- 
mus) grows,  the  upper  lid  is  dragged  along,  and  it  often 
continues  to  protect  perfectly  the  cornea  even  when  the 
eyeball  protrudes  to  an  enormous  degree.  The  lid  is  then 
in  the  condition  which  we  call  paralytic  ptosis. 

When  the  lid  can  no  longer  protect  the  cornea,  ulcera- 
tions take  place,  and  perforation  of  the  cornea  may  be  the 
result.  According  to  the  nature  of  the  tumor  it  may,  of 
course,  invade  the  brain,  and  cau.se  metastatic  tumors  to 
be  formed  in  other  organs,  and  thus  bring  about  the 
death  of  the  individual.  When  the  orbital  tumor  cannot 
be  easily  removed  without  detriment  to  the  eyeball, 
Kroenlein's  osteoplastic  method  should  be  emplo3'ed. 

A.  Benign  Tumors  of  the  Orbit. — 1.  Cysts  of  the  orbit 
have  been  designated,  according  to  their  contents,  as  hy- 
groma, meliceris,  oil  and  fat  cysts,  and  atheromatous, 
hsematomatous,  or  steatomatous  cysts.  They  all  are 
probably  congenital  and  dermoid  in  character,  and  owe 
their  existence  to  faulty  development  during  foetal  life. 
This  is  the  more  probalile,  since  some  of  the  cysts  have 
been  found  to  contain  a  tooth,  or  hair,  or  other  epithelial 
formations.  In  many  of  the  cases  the  cysts  were  dis- 
tinctly known  to  have  been  congenital,  and  in  another 
number  they  were  observed  in  small  children.  There  is 
usually  but  one  cyst,  although  in  some  cases  several  have 
been  found.  Their  size  varies  considerablJ^  They  lie 
mostly  outside  of  the  cone  formed  by  the  external  mus- 
cles of  the  eyeball,  and  seem  to  be  situated  more  fre- 
quently in  the  temporal  parts  of  the  orbit  than  in  any 
other  region.  They  may  extend  far  back  into  the  orbital 
cavity. 

These  tumors  increase  but  slowly  in  size,  unless  stimu- 
lated to  a  more  rapid  development  by  an  injury,  and 
they  do  not  give  the  patient  much  discomfort  until  they 
are  large  enough  to  cause  exophthalmus  and  displace- 
ment of  the  eyeball,  which  is,  of  course,  in  the  direction 
opposite  to  the  growth.  They  now  may  generally  be 
seen  as  bluish  swellings  in  the  lid  (generally  the  upper 
one),  and  may  even  be  directly  demonstrated  by  eversion 
of  the  lids.  It  may  be  possible  to  detect  fluctuation  in 
the  tumors,  yet  this  can  hardly  be  done  with  any  degree 
of  satisfaction,  and  it  is  therefore  better  to  make  sure  of 
a  correct  diagnosis  by  the  use  of  an  aspirator. 

Cysts  of  the  orbit  seem  to  be  equally  frequent  in  both 
sexes,  and  have  mostly  been  observed  in  young  people. 

2.  Aii;ii,oinat.a  of  the  orbit  are  either  cavernous  or  tele- 
angiectatic  (erectile  tumors). 

a.  The  cavernous  angioma  of  the  orbit,  which  can  at- 
tain a  very  considerable  size,  is  either  congenital  or  de- 
velops in  later  years.  It  is  usually  situated  in  or  starts 
from  the  fat  tissue  within  the  cone  formed  by  the  external 
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muscles  of  tlie  eyeball.  The  tumor  is  often  surrounded 
.by  a  tough  capsule  of  connective  tissue.  It  may,  as  a 
rule,  be  seen  as  a  bluish  swelling  under  the  skin  of  the 
lid,  and  from  this  similarity  with  orbital  cysts  mistakes 
m  diagnosis  have  occasionally  occurred.  A  characteristic 
symptom  of  the  angioma  is,  howevpr,  that  everything 
tending  to  hinder  the  reflux  of  the  venous  blood  -will 
cause  a  swelling  and  protrusion  of  the  angioma ;  further- 
more, the  tumor  may  be  compressed  and  emptied.  The 
growth  of  the  tumor  is  slow,  and  it  is  not  apt' to  cause 
any  pain.  In  rare  cases  a  spontaneous  cure  has  been  ob- 
served. The  removal  of  the  tumor  is  practicable,  and 
the  more  readily  so  the  earlier  it  is  undertaken. 

0.  The  teleangiectatic  tumors  of  tlie  orbit  are  usually 
found  to  be  accompanied  by  similar  tumors  in  the  lids 
and  neighboring  tissues,  and  they  also  form  soft,  com- 
pressible swellings.  This  kind  of  angioma  seems  to  grow 
more  quickly  than  the  cavernous  angioma.  It  is  desir- 
able that  the  growth  should  be  removed  at  an  early 
period. 

3.  Lipoma  of  the  orbit  has  been  described  a  few  times. 
Yet  it  seems  that  in  these  cases  the  lipoma  originally  in- 
volved the  eyelid. 

4.  Endiondromatous  tmrwrs  of  the  orbit  occur  but 
rarely,  if  at  all.  The  descriptions  of  such  tumors  thus 
far  laid  down  in  literature  are,  to  say  the  least,  doubtful. 

5.  Osteoma  of  the  orbit  has  been  often  observed.  It 
takes  its  origin  from  the  diploe  of  the  walls  of  the  orbit. 
It  is  generally  an  ivory  exostosis,  sometimes  partially 
spongy  or  cartilaginous.  Its  seat  of  predilection  seems 
to  be  the  upper  inner  wall  of  the  orbit.  In  some  cases 
osteoma  has  been  found  to  develop  symmetrically  in  both 
orbits  of  the  same  individual.  The.se  osteomata  are  usu- 
ally round  tumors,  hard,  and  with  a  smooth  or  nodulated 
surface,  and  are  mostly  attached  to  the  underlying  bone 
by  a  broad  basis.  Their  growth  into  the  orbits  may  take 
place  simultaneously  with  the  growth  of  similar  tumoi-s 
into  the  neighboring  cavities,  or  they  may  originally 
have  started  in  one  of  the  neighboring  cavities  and  from 
there  have  grown  into  the  orbital  cavity.  Their  growth 
is  most  likely  due  to  some  faulty  development  during 
foetal  life. 

Such  tumors  grow  very  slowly;  in  some  cases  their 
development  is  accompanied  by  pain.  They  may  cause 
exophthalmus  with  all  its  sequelse.  When  superficial, 
they  are  easily  recognized  by  their  seat,  and  by  their 
consistency  and  immobility.  It  has,  however,  happened 
that  retention  cysts  pointing  into  the  orbit  from  a  neigh- 
boring cavity,  have  been  mistaken  for  o.steomata.  The 
tumors  under  con.sideration  may  have  to  be  removed  on 
account  of  their  danger  to  the  eyeball  and  its  functions. 
Their  removal  is  sometimes  comparatively  easy,  yet  it 
may  be  attended  with  danger  from  subsequent  meningitis. 

Histologically  these  tumors  are  found  to  consist  of 
bone  tissue.  In  most  cases  this  tissue  was  found  to  be 
extremely  compact  and  to  be  almost  bare  of  Haversian 
canals  (ivory  exostoses).  In  other  cases  they  contained 
varying  quantities  of  marrow. 

6.  Lymphoma  and  lympliadenoma  of  the  orbit  have 
been  described,  but  they  took  their  origin  probably  not 
from  the  orbital  tissue  proper.  Lymphangioma  has  also 
been  found  in  the  orbit. 

7.  Benign  tumors  consisting  of  striated  muscular  fibres 
and  nerve  fibres  have  in  a  few  instances  been  removed 
from  the  orbit.  The  writer  has  seen  a  rhabdo-myoma  and 
a  myo-neuroma  of  the  orbit. 

B.  Malignant  Tumoi^s  of  tlie  Orbit. — 1.  Cancer  of  the 
orbit  has  been  described  as  epithelioma,  cancroid,  ade- 
noma, and  adeno-carcinoma.  It  seems,  however,  that 
such  new  formations  do  not  take  their  origin  from  the 
orbital  tissue,  but,  having  originated  in  the  tissue  of  the 
eyelids,  the  episcleral  tissue,  or  the  lachrymal  gland, 
have  gradually  invaded  the  tissues  of  the  orbit.  It  is, 
therefore,  not  probable  that  a  primary  cancer  of  the 
orbital  tissue  has  ever  been  observed. 

3.  Sarcoma  of  the  orbit  has  frequently  been  observed 
and  described.  Its  clinical  diagnosis  is  extremely  diffi- 
cult, since  we  have  but  scanty  means  on  hand  wherewith 


to  distinguish  the  nature  of  a  tumor  which  has  its  seat 
m  the  deeper  parts  of  the  orbit.  When  the  nature  of  the 
tumor  IS  recognized,  its  removal  with  or  without  the 
simultaneous  removal  of  the  eyeball  is,  of  course,  im- 
perative. Sarcomata  have  their  origin  usually  in  the 
orbital  tissue.  In  a  few  cases  the  tumor  had  started  in 
the  brain  and  secondarily  invaded  the  orbit.  There  are 
cases  in  which  such  an  invasion  takes  place  more  or  less 
symmetrically  in  both  orbits. 

A  variety  of  forms  of  sarcoma  have  been  described. 

a.  Oylindroma,  a  form  of  sarcoma  characterized  by  a 
system  of  wide,  anastomosing  canals  with  larger  cyst- 
like cavities  tilled  with  fluid,  or  gelatinous  or  fibi'inous 
contents,  has  but  very  rarely  been  found  in  the  orbital 
tissue. 

/3.  Myxosarcoma  of  the  orbit  has  been  observed  in 
about  a  dozen  cases.  These  tumors  were  seen  more  fre- 
quently in  children  and  young  individuals  than  in  older 
ones.  In  some  their  growth  was  a  very  rapid  one,  and 
in  some  it  was  accompanied  by  severe  pain.  The  tumors 
consisted  of  long  spindle  and  stellate  cells,  with  a  mucoid 
intercellular  substance. 

■y.  Round-cell  and  spindle-cell  sarcomata  are  the  most 
frequent  ones  among  the  orbital  sarcomata.  In  some 
cases  they  are  melanotic. 

rf.  Osteosarcoma  of  the  orbit  always  springs  from  the 
bony  walls  of  this  cavity.  It  seems  to  spring  most  often 
from  the  innei'  upper  part  of  the  orbital  wall.  It  is  usu- 
ally a  small  round-cell  or  spindle-cell  sarcoma,  with 
spicula  of  bone  tissue  embedded  in  it.  These  spicula 
of  bone  tissue  may  be  very  numerous,  and  make  the 
tumor  appear  very  hard  to  the  touch. 

E.  The  writer  has  recently  examined  and  reported  the 
case  of  an  orbital  tumor,  which  was  situated  over  the 
nasal  wall  of  the  orbit  and  which  proved  to  be  a  ynyo- 
fibro-sarcoma.  The  elements  of  which  it  consisted  were 
very  numerous  unstriped  muscular  fibres  and  bands  of 
denser  fibrous  tissue;  in  some  parts  giant  cells  and  spi- 
cula of  bone  were  situated. 

3.  Another  form  of  malignant  growth  found  in  the 
orbit  is  that  known  as  chlororna.  It  consists  of  small 
round  cells  undergoing  a  peculiar  fatty  degeneration  ac- 
companied by  a  greenish-brown  color.  It  springs  from 
the  periosteum.     Probably  it  is  also  a  sarcoma. 

XL  Tumors  of  the  Lachrymai,  Gland. — The  tumors 
of  the  lachrymal  gland  may  be  diagnosticated  by  their 
situation  in  the  outer  upper  part  of  the  orbit,  and  by  the 
consequent  exophthalmus  inward  and  downward  (at  least 
at  the  beginning  of  the  development).  These  tumors 
generally  grow  but  slowly.  Gradually  they  cause  a 
bulging  of  the  upper  eyelid,  most  marked  near  the  outer 
canthus,  and  it  is,  as  a  rule,  now  possible  to  palpate  the 
tumor,  or  even  to  see  it  protruding  into  the  conjunctival 
sac,  pushing  the  upper  fornix  downward.  By  palpation 
a  tough,  lobulated  swelling  is  felt,  which  may  be  slightly 
movable;  in  most  cases,  however,  it  is  immovable. 
When  the  tumor  grows  it  of  I  en  fills  the  posterior  parts 
of  the  orbit,  and  thus  it  may  cause  the  exophthalmus  to 
change  its  direction,  and  when  the  tumor  has  filled  the 
apex  of  the  orbit  altogether,  and  has  grown  around  the 
optic  nerve  (which  tumors  of  the  lachrymal  gland  never 
seem  to  invade),  the  eye  may  stand  straight  forward,  as 
if  there  were  a  tumor  of  the  optic  nerve.  For  this  reason 
the  movements  of  the  eyeball,  which  at  first  are  restricted 
only  in  an  upward  and  outward  direction,  may  become, 
later  on,  restricted  in  other  directions  too,  and  even  finally 
be  totally  abolished.  If  the  tumor  grows  still  further, 
ulcerations  of  the  cornea,  etc. ,  may  take  place.  During 
the  development  of  such  a  growth,  the  optic  nerve  is,  of 
course,  considerably  pressed  upon  and  stretched,  and  ac- 
cordingly we  find  it  anaemic,  or  swollen  and  inflamed 
(optic  neuritis),  or  atrophied.  From  the  state  of  nutri- 
tion in  which  the  nerve  is  when  the  tumor  is  removed,  it 
will  depend  how  far  sight  may  be  recovered.  This  re- 
moval may  frequently  be  accomplished  without  sacrific- 
ing the  eyeball. 

Tumors  of  the  lachrymal  gland  are  usually  observed  in 
individuals  of  an  advanced  age,  and  their  origin  is  some- 
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times  attributed  to  an  injury.  Sometimes  the  lachrymal 
glands  of  both  orbits  in  one  individual  have  been  louurt 
to  be  similarly  aflfected.  The  tumor  may,  by  entering 
the  cavity  of  "the  brain  and  the  brain  substance,  cause 
the  death  of  the  patient.  -,    ,     j  , 

Various  forms  of  tumors  of  the  lachrymal  gland  baye 
been  observed,  but  opinions  differ  very  considerab  y  with 
regard  to  what  may  be  considered  a  tumor  of  the  lachry- 
mal gland  and  what  not.  ,    ,     .  „      •      t 

The  writer  has  seen  and  examined  the  following  forms 
of  tumors,  which  unquestionably  took  their  origin  from 
the  lachrymal  gland.  ,    ,      ,    ,.         i,     ^      •    i 

1  Adenoma  of  the  lachrymal  gland  shows  the  typical 
picture  of  an  epithelial  neoplasm.  Epithelial-cell  cyhn- 
ders  which  compose  the  bulk  of  the  tumor,  lie  embedded 
in  a'  small  quantity  of  connective  tissue.  The  cells  of 
every  one  of  these  cell  cylinders  are  arranged  around  a 
central  canal,  which  in  some  cases  is  very  considerably 
enlarged  by  a  transparent  fluid.  The  cell  cylinders  are 
made  up  of  one  layer  of  polyhedral,  almost  cuboid  epi- 
thelial cells,   and  have  a  distinct  membrana  propria. 


Fig.   2065.  —  Encbondroma    Myxomatodes    Carclnomatodes    ol    the 
Lacbrymal  Gland. 

The  lachrymal  gland  has  also,  in  a  number  of  instances, 
been  the  seat  of  adeno-carcinoma,  of  lymphoma,  and  of 
lymphadenomn. 

2.  Myxoma  and  myxosarcoma  of  the  lachrymal  gland 
are  characterized  by  the  development  of  spindle  cells 
with  long  offsets,  and  stellate  cells  embedded  in  a  mucoid 
intercellular  substance,  and  by  the  gradual  disappear- 
ance of  the  glandular  structure.  This  kind  of  tumor  of 
the  lachrymal  gland  is,  however,  but  seldom  observed 
alone.  It  is  more  freq\iently  the  case  that  the  glandular 
tissue  does  not  disappear,  but,  instead,  an  atypical  growth 
of  tissue  takes  place,  at  least  in  some  parts  of  the  tumor, 
and  thus  gives  to  it  the  character  of  an  adeno-carcinoma. 
In  some  cases  we  find,  moreover,  besides  these  two  kinds 
of  new  formations,  a  number  of  islets  of  hyaline  cartilage 
tissue.  Thus,  instead  of  a  simple  myxoma  or  myxo- 
sarcoma of  the  lachrymal  gland,  we  have  then  a  myxoma 
carclnomatodes,  or  a  myxoma  carclnomatodes  chondro- 
matodes.  In  other  cases  the  hyaline  cartilage  may  be  the 
prevailing  tissue ;  in  which  case  we  would  have  to  call 
the  tumor  an  encbondroma  myxomatodes  carclnomatodes. 

3.  Spindle-cell  snrcmmi  of  the  lachrymal  gland  has  been 
described  by  a  number  of  writers.  In  one  of  my  own 
cases  the  tumor  developed  quite  rapidly,  and  consisted 
of  densely  packed  spindle  cells  in  its  older  portions 
The  younger  portions  of  the  tumor  showed  round  cells 
and  small  spindle  cells.  Not  a  trace  of  glandular  tissue 
was  found. 

4.  In  lymphosarcoma  of  the  lachrymal  gland  the  bulk 
of  the  tumor  consists  of  densely  packed  lymphatic  cells 
with  hardly  any  intercellular  substance. 

5.  Epithelioma  of  the  lachrymal  gland  is  formed  when 
an  atypical  growth  of  the  epithelial  elements  of  the 
glandular  tissue  takes  place.     We  find,  then,  instead  of 
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the  glandular  apparatus,  solid  epithelial-cell  cylinders 
and  nests  of  epithelial  cells.  This  form  of  growth  seems, 
however,  generally  to  be  combined  with  the  development 
of  myxomatous  tissue  in  the  lachrymal  gland.  The  cases 
described  as  epithelioma  of  the  lachrymal  gland  should 
probably  with  more  correctness  be  regarded  as  cases  of 
adeno-carcinoma. 

6.  In  the  older  ophthalmological  literature,  a  number  of 
cases  of  cystic  degenendion  of  the  lachrymal  gland,  or  its 
ducts,  have  been  described  as  dukryops.  These  cysts  grew 
very  slowly,  and  had  to  be  removed  on  account  of  their 
impairing  the  motility  of  the  eyeball.  It  is  not  known 
wheUier  the  whole  of  the  lachrymal  gland  is  likely  to  un- 
dergo such  a  change. 

XII.  Tumors  of  the  Lachry-mal  Caruncle.— The 
lachrymal  caruncle  is  sometimes  the  seat  of  a  new  forma- 
tion. Thus,  congenital  dermoid  tumors  have  been  ob- 
served in  this  region.     Papillomata  are  not  rare. 

In  advanced  life  the  caruncle  may  become  the  seat  of 
epitheliomatous  new  formations  as  well  as  of  sarcoma. 
The  latter  kind  of  tumors  are  usually  pigmented.  The 
development  of  these  tumors  is  almost  always  attributed 
to  an  injury. 

XIII.  Tumors  of  the  Lachrymal  Drainage  Appa- 
ratus.—In  rare  cases  small  grauulomata  (polyps)  have 
been  found  in  the  lachrymal  sac,  and  even  in  the  lach- 
rymal canaliculus.  It  is  obvious  that  such  little  tumors 
may  gain  some  clinical  importance  by  the  stoppage  of  the 
canals  through  which  the  tears  ought  to  be  carried  off. 
Their  formation  is  due  to  chronic  inflammatory  condi- 
tions of  the  mucous  membrane  of  these  channels. 

Adolf  Alt. 

EYELIDS,  AFFECTIONS  OF  THE.  — The  eyelids 
present  two  surfaces,  both  of  which  are  subject  to  dis- 
ease. The  posterior,  or  under  surface,  i.e.,  the  surface 
which  is  in  contact  with  the  eye,  is  covered  with  con- 
junctiva, and  affections  of  this  surface  are  described 
under  this  head.  (Cf.  Conj-unctira,  Diseases  of .)  In  de- 
scribing the  affections  of  the  eyelids  we  have  to  consider 
the  anterior  or  upper  surface,  and  the  structure  between 
the  two  surfaces. 

The  upper  surface  of  the  eyelid  is  covered  with  integu- 
ment which  is  continuous  with  the  integument  of  the 
forehead  and  face.  It  differs  from  the  integument  of  the 
forehead  and  face  in  being  thinner.  Under  the  skin  of 
the  eyelids  we  find  the  subcutaneous  areolar  tissue,  which 
frequently  becomes  infiltrated  with  effusions,  and  dis- 
tended with  air  in  injuries  to  the  nose  and  air  sinuses. 
The  next  tissue  is  the  orbicularis  muscle,  the  function  of 
which  is  to  close  the  eyelids.  This  is  the  muscle  which 
is  affected  in  paralysis  of  the  facial  nerve,  producing  in- 
ability to  close  the  ej'elids,  or,  as  it  is  sometimes  called, 
lagophthalmus.  Beneath  this  muscle  are  the  tarsal  car- 
tilages, upper  and  lower,  the  functions  of  which  are  to 
add  to  the  protection  of  the  eye,  to  preserve  the  contour 
of  the  lids,  and,  in  the  upper  lid,  to  give  attachment  to 
the  muscle  which  raises  the  lid — the  levator  palpebrsB 
superioris. 

The  tarsal  cartilages  contain  in  their  substance  the 
Meibomian  glands,  whose  sebaceous  secretion  lubricates 
the  edges  of  the  lids.  The  tarsal  cartilages  are  thicker 
at  the  free  margins  of  the  lids,  and  gradually  taper  back 
to  a  thinner  edge;  they  are  about  one  inch  in  length. 
The  upper  cartilage  is  about  one-third  of  an  inch  in 
breadth  at  its  centre,  and  narrowing  toward  its  outer  and 
inner  extremities  has  a  somewhat  semilunar  shape.  The 
cartilage  of  the  lower  lid  is  much  smaller  in  width,  hav- 
ing a  more  or  less  elliptical  shape.  The  free  margins  of 
the  upper  and  lower  lids — i.e.,  the  edges  where  tlie  an- 
terior or  cutaneous  surface  and  the  posterior  or  conjunc- 
tival surface  meet — lie  in  contact  with  each  other  when 
the  eye  is  closed,  and  contain  the  cilia,  or  eyelashes,  to- 
gether with  the  openings  of  the  ducts  of  the  Meibomian 
glands.  The  extremities  of  the  margins  of  the  upper  and 
lower  eyelids  are  joined  together,  and  are  called  the  outer 
canthus  and  the  inner  cauthus. 

These  canthi,  with  the  extremities  of  the  cartilages, 
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are  attached  to  the  frontal  processes  of  the  superior  max- 
illas  at  the  inner  sides,  and  to  the  malar  bones  on  the 
outer  sides,  by  the  canthal  ligament.  It  is  important  to 
bear  this  in  mind  in  operations  on  the  outer  canthi 
especially. 

The  inner  canthi  are  shaped  somewhat  like  horseshoes, 
and  at  the  free  extremities  of  the  shoes  are  the  openings 
of  the  lachrymal  canals,  the  piinrta  lachrymalia.  Under 
the  tarsal  cartilages  is  the  palpebral  portion  of  the  con- 
junctiva. 

The  eyelids  are  subject  to  diseases  affecting  the  in- 
tegument generally,  as  well  as  to  affections  peculiar  to 
themselves,  because  of  the  structures  involved. 

The  departures  from  the  normal  which  may  affect  the 
cutaneous  surfaces  of  the  eyelids,  either  separately  or  in 
common  with  the  skin  of  the  forehead  and  face,  are, 
erysipelas,  exanthemata,  ecchymoses,  herpes,  oedema,  em- 
physema, venereal  sores,  eczema,  and  acne. 

Erysipelas  and  exanthematous  diseases  seldom,  if  ever, 
attack  the  eyelids  except  as  they  affect  the  cutaneous 
surface  generally.  Erysipelas  is  never  confined  to  the 
integument  of  the  eyelids  alone,  except  that  the  attack 
may  originate  In  this  situation  and  spread  to  other  parts. 
Its  restriction  to  the  eyelids,  under  these  circumstances, 
would  be  only  temporary,  lasting,  at  most,  not  more 
than  forty-eight  hours.  The  writer  has  seen  a  patient 
attacked  with  what  appeared  at  the  onset  to  be  a  puru- 
lent conjunctivitis,  with  eyelids  red,  swollen,  and  ede- 
matous, together  with  a  moderately  profuse  purulent 
discharge  from  the  conjunctiva,  develop  in  less  than 
thirty-six  hours  into  a  case  of  facial  erysipelas,  the  eye 
symptoms  subsiding  as  the  disease  spread  over  the  face. 
There  are  none  of  the  exanthemata  in  which  the  eruption 
manifests  itself  first  about  the  eyelids,  and  when  the  eye- 
lids are  involved  it  is  onlj^asapart  of  the  general  cutane- 
ous Involvement.  Eczema  may  manifest  itself  on  the 
eyelids  as  the  result  of  a  general  facial  condition,  or  maj^ 
be  secondary  to  the  inflammatory  condition  of  the  edges  of 
the  lids  known  as  blepharitis ;  of  this  we  will  speak  later. 

Acne  may  also  affect  the  eyelids  as  the  result  of  a  gen- 
eral cutaneous  affection. 

The  treatment  of  tfiese  general  inflammatory  affections 
of  the  integument  of  the  eyelids  does  not  differ  from  the 
treatment  of  the  same  disease  when  located  elsewhere  in 
or  on  the  cutaneous  surface.  It  may  be  necessary  to  be 
cautious  in  the  employment  of  lotions,  embrocations,  and 
ointments,  containing  irritating  substances,  because  of 
the  danger  of  injuring  the  delicate  structure  of  the  eye 
itself,  but  other  than  this  the  treatment  of  affections  of 
the  lids,  such  as  we  have  mentioned,  will  not  differ  from 
the  usual  treatment  employed  when  these  affections  are 
situated  in  other  parts  of  the  body. 

Venereal  sores  which  may  affect  the  integument  of  the 
eyelids  are  chancres,  chancroids,  and  venereal  ulcers. 
One  would  be  naturally  suspicious  of  the  nature  of  an 
ulcer  or  sore  on  the  eyelid  in  a  patient  known  to  be  suf- 
fering from  syphilis,  or  in  one  who  had  chancroids  or 
sores  known  to  be  of  venereal  origin,  located  elsewhere. 
Even  when  symptoms  of  venereal  disease  do  not  exist 
elsewhere,  venereal  sores  may  exist  on  the  eyelids.  When 
patients  present  ulcerations  of  the  integument  of  the 
eyelids  which  do  not  yield  promptly  to  treatment,  and 
which  the  microscope  does  not  demonstrate  to  be  malig- 
nant, our  suspicions  should  be  aroused  at  once  as  to  their 
possible  venereal  origin. 

Chancres  of  the  integument  of  the  eyelids  are  not  so 
common  as  chancres  of  the  conjunctiva,  and  we  do  not 
wish  to  be  understood  as  intimating  that  they  are  com- 
monly met  with  in  the  latter  situation.  They  are,  how- 
ever, occasionally  encountered  in  the  integument  of  the 
eyelids,  and  are  not  always  easily  distinguished,  macro- 
scopically,  from  malignant  diseases,  especially  epithe- 
liomata.  The  diagnosis  may  have  to  be  made  with  the 
microscope.  ,     ,  .„  ,  _ 

The  treatment  of  venereal  sores  and  ulcers  will  depend 
on  whether  their  origin  is  syphilitic ;  but  whether  syph- 
ilitic or  not,  their  treatment  will  differ  radically  from  the 
treatment  of  malignant  growths  or  neoplasms. 


Syphilitic  and  venereal  sores  and  ulcers  of  the  eyelids 
will  require  the  local  and  constitutional  treatment  com- 
monly given  this  class  of  affections  without  regard  to 
their  situation.  Malignant  growths,  on  the  other  hand, 
will  generally  require  operative  treatment. 

Herpes  afl'ecting  the  eyelids,  oftener  the  upper,  is  not 
uncommon.  We  commonly  meet  with  a  mild  form  of 
herpes — fever  sores  as  they  are  called' — but  we  also  meet 
with  a  severe  form,  the  two  differing  so  as  almost  to 
warrant  describing  them  as  different  affections.  We  have 
herpes  in  the  mild  form,  occurring  as  the  result  of  febrile 
disturbances  in  children,  occasionally  also  in  adults.  It 
may  follow  exposure  to  high  winds,  sunburn,  and  irrita- 
tions of  the  skin  generally.  The  herpetic  eruptions  from 
these  causes  afi'ect  all  parts  of  the  integument  of  the  face 
indiscriminately,  often  both  sides  at  the  same  time,  in- 
cluding the  eyelids.  There  appears  a  slightly  elevated 
red  spot,  more  or  less  rounded  in  outline,  varying  in  size 
from  3  to  20  mm.  in  diameter,  or  even  larger.  This  red 
spot  tingles  and  burns,  and  in  twenty-four  hours  begins 
to  be  vesicular  in  character,  composed  of  a  number  of 
small  vesicles.  The  fluid  in  these  vesicles,  which  in  the 
beginning  is  watery,  soon  becomes  flocculent,  changing 
into  pus.  The  vesicles  coalesce  and  break  down,  form- 
ing a  scab.  If  this  scab  is  removed  we  find  the  surface 
beneath  ulcerated.  Whether  removed  or  not,  the  sore 
heals  in  a  week  or  ten  days,  leaving  a  reddened  surface, 
which  may  persist  for  a  week  or  two  weeks  longer.  At- 
tacks of  herpetic  eruption  such  as  this  are  of  frequent 
occurrence  in  neurotic  people,  the  result  of  some  slight 
nervous  irritation,  or  of  direct  irritation  of  the  terminal 
endings  of  the  sensory  nerves.  The  course  is  mild,  the 
treatment  palliative,  and  the  prognosis  good. 

We  have  another  form  of  herpes,  as  we  have  said, 
known  as  herpes  zoster,  which  affects  the  supra-orbital 
branch  of  the  fifth  nerve,  generally  unilateral,  and  often 
very  serious  in  its  consequences.  Herpes  zoster  is  ushered 
in  with  violent  pain  over  the  distribution  of  the  nerve, 
producing  intense  supra-orbital  neuralgia,  which  may  last 
a  day,  or  even  two  days,  before  the  eruption  takes  place, 
and  at  times  persisting  during  and  after  the  eruptive 
period.  The  skin  of  the  upper  eyelid  becomes  reddened 
and  swollen,  and  the  lid  itself  (Edematous.  There  is 
more  or  less  marked  febrile  action.  The  eruption  ap- 
pears to  be  the  same  as  that  described  in  the  simpler  form 
of  herpes,  except  that  the  underlying  ulcers  are  deeper 
and  frequently  leave  scars.  The  condition  takes  its 
name  from  the  parts  affected,  as  herpes  zoster  frontalis, 
herpes  zoster  palpebralis,  and  herpes  zoster  ophthalmicus- 
When  it  affects  the  eye  itself  (herpes  zoster  ophthalmicus) 
very  serious  results,  even  destruction  of  the  eyeball,  may 
follow. 

The  writer  has  seen  several  cases  of  herpes  zoster 
affecting  the  eyelids  and  forehead  which  have  been  diag- 
nosed by  attending  physicians  who  were  not  familiar 
with  the  disease  as  erysipelas,  all  coming  from  malarial 
districts. 

The  treatment  consists  of  cathartics,  hot  applications  to 
the  affected  parts  to  relieve  the  pain,  and  even  opiates 
may  be  necessary.  During  the  beginning  of  the  eruptive 
stage,  the  intense  irritation  may  be  allayed  by  applica- 
tions of  weak  solutions  of  acetate  of  lead,  lead  and  opium 
wash,  or  carbolic  acid.  After  the  vesicular  stage  has 
passed,  an  ointment  of  carbolic  acid  and  vaseline  will 
soften  the  scabs  and  prevent,  possibly,  the  formation  of 
deep  scars.  In  the  writer's  experience  the  best  results 
have  followed  the  internal  administration  of  quinine. 

ffidema  of  the  eyelids  is  a  symptom  of  importance  in 
affections  of  the  eye  itself,  as  denoting  the  intensity  of 
the  exciting  cause,  which  is  generally  of  an  inflammatory 
nature.  (Edema  may  occur  in  the  eyelids  also  because 
of  disease  of  organs  remote  from  the  eye,  as  in  cardiac 
and  renal  disease,  and  in  anasmia. 

When  due  to  local  causes  situated  in  the  eye  or  ad- 
jacent structures,  the  amount  of  tiie  oedema  will  gener- 
ally be  in  proportion  to  the  intensity  of  the  disease  which 
produces  it,  as  well  as  to  the  location  of  the  affection. 
For  example,  we  frequently  find  in  iritis,  both  primary 
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and  when  due  to  cataract  extractions,  an  csdema  of  the 
lids  at  the  inner  canthus.  The  same  will  be  true  of  kera- 
titis, scleritis,  tenonitis,  and  inflammations  of  the  eye  and 
its  appendages  generally.  CEdema  of  the  eyelids  from 
afiectious  of  the  eye  itself  is  never  so  extensive  or  marked 
as  we  sometimes  find  it  as  the  result  of  purulent  inflam- 
mations of  the  conjunctiva,  dacryocystitis,  panophthal- 
mitis, frontal -sinus  disease,  and  retrobulbar  abscesses  or 
tumors,  in  which  affections  it  may  become  so  marked  as 
to  threaten  the  destruction  of  the  eye  from  pressure. 
CEdema  of  the  eyelids  may  also  be  present  as  the  result 
of  stings  of  insects.  There  is  ordinarily  very  little  to 
be  done  for  adema  of  the  eyelids.  When  due  to  renal 
disease  it  is  more  pronounced  after  rest  in  a  recumbent 
position ;  when  due  to  cardiac  disease  it  is  more  or  less 
constant,  although  more  pronounced  after  physical  ex- 
ertion. There  is  no  local  treatment  which  will  remove 
oedema  when  due  to  these  two  causes.  If  we  find  asso- 
ciated with  the  oedema — as  we  sometimes  do — an  irrita- 
tion of  the  eye  and  the  under  surface  of  the  eyelids,  we 
can  obtain  a  certain  amount  of  relief  from  the  use  of 
biborate  of  soda  and  tannic  acid,  each  ten  grains  to  the 
ounce,  or  a  solution  of  boric  acid  in  camphor  water. 

When  due  to  inflammatory  conditions  of  the  eye  and 
surrounding  parts  there  is  nothing  to  be  done  for  the 
oedema  itself — beyond  the  application  of  a  light  bandage 
— except  when  the  swelling  of  the  lids  is  so  great  as  to 
threaten  the  eye,  when  the  pressure  can  be  relieved  by 
the  operation  known  as  external  canthotomy,  or  division 
of  the  external  canthus.  Such  extreme  treatment  is,  of 
course,  seldom  necessary. 

It  this  connection  we  may  mention  an  affection  of  the 
eyelids  which  may  be  mistaken  for  oedema.  This  is 
emphysema,  due  to  injury  of  the  nose  or  of  the  sinuses 
which  suiTOund  the  eye.  The  onset  is  sudden,  following  a 
traumatism,  and  characterized  by  swelling  of  the  eyelids, 
one  or  both,  depending  on  the  situation  and  extent  of  the 
injury.  There  may  be  redness  of  the  integument  of  the 
lids, — which,  in  fact,  is  true  in  any  swelling  of  the  lids, 
even  when  not  of  an  inilammatory  nature;  and  palpation 
gives  to  the  lingers  a  crackling  sensation.  This  distention 
is  apt  to  be  more  marked  in  the  lids  than  in  the  surround- 
ing parts,  for  the  reason  that  the  integument  of  the  lids 
is  so  loosely  connected  with  the  underlying  parts,  and 
its  areolar  tissue  has  so  little  adipose  tissue  in  its  meshes 
that  it  becomes  easily  inflated  when  the  walls  of  the 
sinuses,  or  other  air  cells  which  abound  in  this  situation, 
are  broken.  No  treatment  is  necessary  for  the  emphy- 
sema itself,  except  in  extreme  cases,  when  a  bandage  may 
be  applied.  When  the  cause  of  the  emphysema  is  re- 
moved the  air  disappears. 

The  pathological  conditions  grouped  and  described 
under  the  heading  of  skin  diseases  may  affect  the  integu- 
ment of  the  eyelids,  acne  and  comedo  being  perhaps  the 
least  common,  while  milium,  molluscum,  and  xanthel- 
asma occur  frequently ;  acne  merits,  at  our  hands,  no  de- 
scription, differing  in  no  way  from  the  acne  seen  in  other 
parts  of  the  body.  Comedones,  or  black-heads,  can  be  re- 
moved, here  as  elsewhere,  excepting  that  while  in  other 
parts  they  may  be  removed  with  the  time-honored  watch 
^ey  OT  the  expressly  designed  comedo  pressers,  in  the 
eyelids  they  are  best  removed  by  pressure  between  the 
thumb  nails.  The  minute  white  elevations  with  sebaceous 
concretions  known  as  milia,  or  the  larger  masses  with 
depressed  centres  known  as  mollusca,  require  a  slight  in- 
cision made  in  their  apices  before  they  can  be  expressed 
without  the  infliction  of  considerable  traumatism  or 
bniising  of  the  skin. 

Xanthelasma,  the  buff  or  yellowish-colored  patches 
which  are  found  at  the  inner  part  of  the  lids,  and  which 
affect  middle-aged  people,  especially  women,  can  be  re- 
moved only  with  the  knife  or  scissors.  If  they  are  not 
ZVf^^-  f"^  7"*"'''  "'•'''1°'^  '«  to  Srasp  them  with  a 
ThP  =S°"'''t^K''':'P-'  ^'''^/"^P  ^^""^  °2  ^ith  scissors. 
Ivhti  ■  J  °^  '5  """^l  ^°°^''  oil  *e  eyelids,  can  be 
shghtly  undermined  with  the  same  scissors,  and  one  ot 
two  sutures  will  obliterate  all  trace  of  the  affection 
which  IS  never  anything  more  serious  than  a  blemish.     If 
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the  xanthelasma  is  large  it  may  be  impossible  to  excise 
it  without  sacrificing  more  skin  than  it  is  wise  to  re- 
move. In  such  a  case  It  would  be  better  to  advise  the 
patient  to  tolerate  the  blemish,  with  the  assurance  that 
it  will  never  assume  a  serious  or  malignant  character. 

We  meet  occasionally,  in  or  under  the  skin  of  the  eye- 
lids, with  horny  and  warty  growths,  lipomata,  and  cysts. 
These  are  easily  removed,  under  either  cocaine  or  general 
aniEsthesia,  leaving  only  small  scars,  which  time  effaces. 
The  skin  of  the  eyelids  is  not  infrequently  the  seat  of 
malignant  growths,  the  most  common  form  being  epithe- 
liomata. 

Epitheliomata  seldom  appear  in  the  eyelids  before 
middle  age ;  indeed,  most  of  the  cases  seen  by  the  writer 
have  occurred  long  after  middle  age.  The  history  is 
alike  for  all  cases ;  there  has  appeared  a  small,  roundish, 
elevated  patch  or  pimple,  which  may  exist  for  months 
or  even  years,  without  causing  very  much  annoyance. 
Then  without  apparent  cause,  or  sometimes  as  the  result 
of  the  patient's  picking  it,  this  patch  or  pimple  becomes 
ulcerated,  and  refuses  to  heal  under  ordinary  treatment. 
When  these  patients  present  themselves  to  the  specialist 
the  growths  have  passed,  as  a  rule,  into  the  ulcerative 
stage,  and  the  patients  are  prepared  to  hear  that  they 
have  malignant  disease  or  cancer. 

Even  when  ulceration  has  begun,  a  long  time  may 
elapse  before  the  affection  takes  on  a  rapidly  growing 
malignant  character.  There  is  always,  in  cancerous 
affections  of  the  eyelids,  a  long  period  during  which 
removal  can  be  effected  without  serious  deformity  to  the 
lid,  and  during  which  time  removal  means  permanent 
cure.  It  is  only  after  the  disease  has  existed  long  enough 
to  involve  the  entire  structure  of  the  eyelid,  the  skin,  the 
conjunctiva,  and  the  tissues  between,  when  not  only 
is  there  a  deeply  ulcerated  spot,  but  the  surrounding 
tissues  are  infiltrated,  that  the  question  of  extensive 
operation,  possibly  the  removal  of  an  entire  upper  or 
lower  lid,  has  to  be  considered. 

It  is  not  just  to  our  patient  to  conclude  hastily  that 
a  suspicious-looking  ulcer  of  the  eyelid  is  a  malignant 
growth,  any  more  than  it  is  to  defer  action  in  the  hope 
that  it  may  not  be  malignant.  We  of  course  consider 
the  history  of  the  case,  the  age  of  the  patient,  and  other 
points  which  may  occur  to  us  at  the  time,  but  the 
knowledge  which  should  influence  us,  and  which  we 
should  obtain  as  soon  after  seeing  the  patient  as  possible, 
is  that  furnished  by  the  microscope.  When  we  have 
this  information,  and  are  satisfied  that  a  patient  has 
malignant  disease,  the  indications  for  treatment  are  very 
clear.  There  is  but  one  thing  to  do  in  cancerous  disease 
of  the  eyelid  as  elsewhere,  and  that  is  to  remove  the 
offending  neoplasm ;  and,  should  we  elect  to  remove  it 
with  the  knife,  we  should  not  hesitate  to  remove  sufficient 
tissue  to  include  not  only  the  growth  itself  but  all  in- 
filtrated structures  as  well. 

In  removing  cancerous  disease  of  the  eyelids,  ophthal- 
mic surgeons,  almost  without  exception,  prefer  to  resort 
to  the  knife.  Some  of  the  authorities  mention  the  use  of 
caustics,  but  the  writer  has  been  unable  to  find,  among 
the  various  text-books  on  diseases  of  the  eye,  even  one 
which  recommends  any  other  method  than  the  knife. 

It  is  safe,  as  a  rule,  to  be  guided  by  the  advice  of  those 
who  have  had  large  experience  and"  who  are  considered 
authorities ;  the  exclusi\'e  use  of  the  knife  in  removing 
cancerous  growths  of  the  eyelids  is,  no  doubt,  advocated 
as  the  result  of  experience.  One  author  on  diseases  of 
the  eye  (Noyes)  mentions  the  use  of  caustics,  and  his 
objection  to  their  use  is  that  they  leave  scars  which  have 
to  be  removed  by  operation  later,  while  with  the  knife 
in  the  beginning  both  the  cancerous  growth  can  be  re- 
moved, and  the  resulting  deformity  remedied  at  the  same 
time,  which  is  of  course  true.  Still,  a  deformity  of  the 
eyelid,  while  it  may  be  disfiguring,  is  not  fatal  to  life, 
and  many  persons  have  so  great  a  fear  of  the  knife  that, 
to  them,  death  may  be  preferable.  Then  too  the  element 
of  time  may  be  a  consideration.  A  surgeon  would  hesi- 
tate to  perform  a  plastic  operation  for  the  removal  of  a 
cancerous  growth  and  the  repair  of  the  eyelid  except  under 
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general  anesthesia,  and  with  the  knowledge  that  his  pa- 
tient would  remain  quiet  for  at  least  two  weeks  followinff 
the  operation,  in  order  to  secure  proper  healing.     With 
the  caustic  treatment  it  would  perhaps   be  possible  for 
a  patient  to  attend  to  his  ordinary  business  occupation 
'%".,?  iiudergoing  treatment.     We  have  in  mind  a  case 
ot  this  kind.  _  An  elderly  gentleman,  earning  a  precarious 
living  as  an  insurance  agent,  witli  a  large  and  helpless 
tamily  depending  on  him,  presented  himself  for  treat- 
ment toi-  an  epithelioma  of  the  upper  eyelid      The  dis- 
ease had  entered  upon  the  ulcerative  stage,  and  involved 
a  spot  in  the  centre  of  the  lid,  about  3  mm.  in  diameter 
He  was  willing  to  submit  to  an  operation  providing  it 
did  not  interfere  with  his  work;  he  was  unable  to  stop 
his  work  for  even  one  week.     In  such  a  case  it  seems  as 
It  one  would  be  justified  in  employing  a  caustic  applica- 
tion.    1  he  resulting  scar  could  be  remedied  at  any  time 
while  the  epithelioma,  if  allowed  to  go  on  unchecked' 
would  destroy  tissue,  and  involve  structures  which  could 
be  remedied  only  by  great  sacrifice,  if  at  all.     Dr  A  R 
Robinson,  in  "  Observations  in  the  Treatment  of  Cancer  " 
concludes  "  that  the  majority  of  cases  of  cutaneous  cancer 
can  be  removed  with  the  greatest  certainty  and 
with  least  deformity  by  caustics,  provided  the 
patients  are  seen  before  the  lymphatic  glands  are 
invaded. "     This,  of  course,  applies  to  cutaneous 
surfaces  generally,  but  with  less  force,  perhaps, 
when  the  disease  is  in  the  integument  of  the  eye- 
lid, because  of  the  danger  to  the  eye  itself  from 
the  caustic  application.     It  is  impossible  to  lay 
down  rules  which  shall  be  invariable  guides,  or 
to  give  advice  which  is  to  apply  to  all  cases  indis- 
criminately, but  the  writer  believes  that  while 
the  use  of  the  knife  is  the  best  method  of  treat- 
ment in  most  cases  of  cancer  of  the  eyelids,  there 
are  times  when  caustics  may  be  employed  with 
advantage. 

_  Of  the  affections  which  are  situated  at  the  mar- 
gins of  the  eyelids,  one  which  is  not  uncommon 
is  phthiriasis,  or  pediculi  ciliares.  This  affection, 
which  is  not  by  any  means  confined  to  unclean 
people,   is  discovered  by  the  specialist  or  the 

family  physician,  and  its  discovery  horrifies  the  Fro.  2086.— Panas'  Operation  for  Ptosis, 
patient  and  fills  him  with  wonder.  The  symp-  (After  de  Schweinltz.)  a,  a,  Sutures 
toms  are  itching  and  redness  of  the  margins  of  g,Ts!turTs  ^d^fseTrfan^' t'oTei 
tne_  eyelids,  and,  it  the  condition  is  neglected,  vent  possibiUty  ol  ectropion  resulting. 
falling  of  the  eyelashes.  Inspection  reveals  the 
presence  of  the  pediculi  on  the  edges  of  the  lids  and  the 
ova  pediculi  on  the  lashes.  The  treatment  will  consist  in 
the  removal  of  the  offending  parasites,  crushing  them  be- 
tween the  thumb  nails,  and  the  application  of  some  para- 
siticide. Bichloride  of  mercury  wash  must  be  used  with 
caution,  because  of  the  irritating  effect  of  this  drug  on 
the  cornea.  As  a  rule  removing  the  parasite  with  the 
nails,  as  mentioned  above,  and  the  application  of  the 
yellow  oxide  of  mercury  ointment,  will  effect  a  cure  in  a 
few  days. 

Hordeolum  is  an  inflammation  of  one  of  the  glands  of 
the  skin  of  the  eyelids,  situated  at  or  near  the  margins  of 
the  lids,  and  often  attended  with  considerable  swelling 
and  tenderness,  and  even  constitutional  disturbance. 
There  are  generally  a  succession  of  the  hordeola,  a  new 
one  appearing  as  another  gets  well,  until  a  dozen  or 
more  have  appeared.  Such  a  condition  has  often  under- 
lying it  some  general  constitutional  debility,  and  will  re- 
quire for  its  treatment  nourishing  diet,  fresh  air,  and 
tonics.  It  is  doubtful,  however,  if  this  condition  of  fu- 
runculosis,  if  it  may  be  given  this  name,  ever  attacks 
and  is  confined  to  the  eyelids,  even  when  there  is  marked 
constitutional  debility,  unless  there  is  added  to  the  gen- 
eral derangement  a  local  exciting  cause  as  conjuncti- 
vitis, or  some  weakness  or  abuse  of  the  eye  itself.  It  is 
advisable,  as  a  preliminary  to  the  general  treatment,  to 
give  attention  to  the  local  cause.  If  there  is  found  to  be 
an  uncoiTscted  refractive  error  in  the  eye,  it  should  be 
corrected,  and  a  coexisting  conjunctivitis  should  be 
treated.  For  the  hordeolum  itself,  nothing  relieves  the 
pain  and  hastens  the  termination  of  the  inflammation  so 


much  as  the  application  of  hot  water.  Warm  poultices 
to  hasten  suppuration,  which  would  be  advisable  else- 
where,^ should  not  be  used  for  inflammations  here,  because 
ot  their  effect  on  the  conjunctiva.  Some  of  the  most 
aggravated  cases  of  conjunctivitis  the  writer  has  ever 
seen  have  been  caused  by  the  application  of  flaxseed  and 
tea-leaves  poultices.  Suppuration  is  the  final  outcome 
ot  a  hordeolum,  but  it  has  seldom  been  necessary  in  the 
writer  s  experience  to  employ  the  knife  for  the  evacuation 
ot  the  pus  this  being,  as  a  rule,  rapidly  brought  about 
by  the  hot  applications.  Spirits  of  camphor  has  been 
recommended  to  abort  the  inflammatoi-y  process,  and 
While  It  does  not  invariably  accomplish  this,  the  writer 
has  seen  beneticial  results  follow  its  use. 

A  chalazion  is  a  distention  of  a  Meibomian  gland  with 
its  normal  secretion.  This  is  caused  by  an  oSclusion  of 
the  duct  of  the  gland,  which  may  be  either  permanent 
or  temporary.  The  distended  gland  sometimes  becomes 
inflamed,  when  it  simulates  a  hordeolum.  Ordinarily  a 
chalazion  presents  itself  as  a  circumscribed  swelling 
hard  to  the  touch,  and  of  variable  size.  It  may  be  in 
either  the  upper  or  lower  eyelid,  and  not  infrequently 


FIG.  3067.— Van  Fleet's  Modification  of 
Panas'  Operation  for  Ptosis:  a,  a. 
Sutures  uniting  flap  to  integument  of 
brow ;  6,  b,  sutures  closing  extremi- 
ties of  Incision  in  brow. 


there  are  more  than  one  in  the  same  lid,  and  they  often 
exist  in  all  four  eyelids  at  the  same  time.  They  also 
are  caused  by  conjunctivitis,  which  may  or  may  not  be 
due  to  uncorrected  errors  of  refraction. 

A  chalazion  may  sometimes  be  cured  by  massage  of 
the  eyelids,  the  accumulation  within  the  gland  being 
pressed  out  through  the  duct.  When  this  cannot  be  ac- 
complished the  cyst  can  be  incised  and  the  sac  curetted. 
It  has  been  recommended  that  the  incision  be  made  into 
the  sac  through  the  margin  of  the  lid,  or,  if  the  incision 
is  made  through  the  conjunctiva,  that  it  be  perpendicu- 
lar to  the  margin  of  the  lid,  so  as  to  avoid  cutting  other 
Meibomian  glands  than  the  one  involved.  While  the 
incisions  can  be  made  equally  well  in  either  situation, 
i.e.,  through  the  margin  of  the  lid  or  through  the  con- 
junctival surface,  in  some  cases,  in  others  the  method  to 
be  employed  will  depend  on  the  size  of  the  tumor  and 
its  location.  There  is  no  danger  of  the  incision  destroy- 
ing other  glands  in  either  case,  and  no  evil  results  ever 
follow  incisions  made  in  either  situation. 

Blepharitis  marginalis  can  be  properly  classed  as  an 
affection  due  to  the  same  causes  as  hordeola  and  chalazia. 
It  is  possible  to  have  blepharitis  as  the  result  of  phthi- 
riasis, but  the  affection  commonly  known  as  blepharitis 
is  due  either  to  conjunctivitis  or  to  uncorrected  errors  of 
refraction,  and  more  often  to  the  latter. 

Blepharitis  is  characterized  by  a  redness  of  the  mar- 
gins of  the  eyelids,  with  which  is  associated  a  scaly  con- 
dition, and  finally  by  an  interference  with  the  nutrition 
and  growth  of  the  eyelashes. 
TMs  may  be  the  cause  of  trichiasis  and  districhiasis,  but 
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oftener  it  results  in  the  death  of  the  eyelashes,  the  lids 
finally  becoming  entirely  devoid  of  these  hairs. 

The  treatment  of  this  condition  is  local,  and  consists 
in  applications  to  the  eyelids  themselves,  and  the  cor- 
rection of  errors  of  refraction  with  suitable  glasses.  _  It 
is  not  unusual  to  see  stubborn  cases  of  blepharitis,  which 


FIG.  2068. 


resist  treatment,  or  after  frequent  relapses,  finally  be- 
come cured  and  remain  so,  when  properly  fitted  glasses 
have  been  adjusted  and  worn. 

Pagenstecher's  ointment  (Unguentum  hydrargyrum 
oxidum  flavum)  is  the  local  remedy  generally  employed 
in  this  affection.  It  is  often  made  too  strong,  when  it  is 
very  irritating ;  the  greatest  care  should  also  be  exercised 
in  selecting  a  proper  base,  and  having  it  thoroughly 
mixed.  The  ointment  should  never  be  made  stronger 
than  one  grain  to  the  drachm  (except  as  a  parasiticide)  and 
the  best  base  to  employ  is  vaseline.  Fatty  bases,  as  cold 
cream,  simple  cerate  and  others — which  contain  lard — 
decompose;  the  fatty  acids  alter  the  chemical  nature  of 
the  yellow  oxide,  making,  as  before  mentioned,  an  irritat- 
ing ointment.  This  is  an  important  consideration  which 
should  not  be  forgotten. 

Trichiasis  and  districhiasis,  together  with  entropion, 
are  the  results  of  inflammatory  afllections  of  the  conjunc- 
tiva, such  as  chronic  conj  unctivitis  and  chronic  trachoma. 
As  a  result  of  cicatrization  of  the  conjunctiva,  the  tarsal 
cartilage  becomes  curved,  and  the  eyelashes,  instead  of 
curving  outward,  curve  inward  and  sweep  over  the 
eyeball.  The  eyelashes  can  be  pulled  out,  and  for  this 
purpose  specially  devised  forceps  have  been  made,  called 
epilation  forceps.  The  relief  afforded  by  this  treatment 
is  only  temporary  and  incomplete.  The  eyelashes  grow 
again,  and  even  if  pulled  again  the  inner  edge  of  the 
margin  of  the  lid  rubbing  over  the  eye  keeps  up  the  irri- 
tation. The  radical  cure  of  this  condition  is  by  opera- 
tion, and  the  writer  prefers  the  operation  in  which  a 
wedge-shaped  piece  of  the  tarsal  cartilage  is  removed. 
The  results  obtained  from  this  operation  are  good  and 
lasting.  It  is  performed  as  follows :  The  patient  is  anes- 
thetized (which,  by  the  way,  is  best  in  all  plastic  opera- 
tions about  the  eyelids).  Cocaine  gives  satisfactory  re- 
sults only  in  operations  on  the  eye  itself.  An  incision 
is  made  through  the  skin,  parallel  with  and  about  3  mm 
from  the  tarsal  margin,  extending  down  to  the  tarsal  carti- 
lage. Pushing  the  muscle  and  connective  tissue  aside 
the  operator  should  expose  the  whole  surface  of  the  carti- 
lage and  should  carry  the  incision  straight  down  in  such  a 
manner  as  to  involve  almost  the  entire  thickness  of  the  car- 
tilage.   Sometimes  the  knife  will  go  through  the  cartilage, 
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but  this  does  no  harm.  A  second  incision  is  then  made  in 
the  cartilage,  about  2.5  mm.  from  the  first,  tapering  to  and 
meeting  the  first  incision  at  the  ends.  This  second  in- 
cision, instead  of  going  straight  down  through  the  car- 
tilage, is  made  obliquely,  and  meets  the  first  incision  not 
only  at  its  ends,  but  at  the  bottom  as  well.  The  wedge- 
shaped  piece  of  cartilage  thus  formed  is  removed.  A 
central  suture  is  then  passed  through  the  lower  edge  of 
the  incision  in  the  skin,  and  through  the  lower  edge  of 
the  incision  in  the  cartilage.  It  is  then  carried  through 
the  upper  part  of  the  cartilage,  passing  over  the  groove 
made  in  the  cartilage  by  the  removal  of  the  wedge,  and 
finally  brought  down  through  the  upper  edge  of  the 
cutaneous  incision.  Two  more  sutures  like  the  first  are 
inserted,  one  on  either  side  of  the  central  suture,  and  as 
many  more  as  the  operator  thinks  necessary.  When 
these  sutures  are  tied  the  margin  of  the  lid  and  the  lashes 
will  be  permanently  everted.  This  operation  can  be  em- 
ployed only  in  the  upper  lid.  Operations  for  the  relief 
of  entropion  of  the  lower  lid  are  not  nearly  so  satisfactory. 
The  cartilage  in  the  lower  lid  being  so  small,  the  best  we 
can  do  is  to  remove  an  elliptical  piece  of  skin,  which  will 
give  relief,  often  lasting  a  long  time. 

Ectropion  is  the  result,  as  a  rule,  of  cicatricial  contrac- 
tions of  the  skin  of  the  eyelids,  and  requires  for  its  relief 
a  plastic  operation.  We  will  consider  these  operations 
under  wounds  and  burns.  There  are  two  forms  of  ectro- 
pion of  the  lower  lid,  however,  one  due  to  chronic  con- 
junctivitis, in  which  the  hypertrophy  of  the  conjunctiva 
and  the  underlying  connective  tissue  everts  the  lid,  and 
the  other  the  result  of  senile  change,  which  can  be  re- 
lieved by  applications  of  alum  or  sulphate  of  copper  to 
the  conjunctiva. 

Blepharophimosis,  a  narrowing  of  the  palpebral  orifice, 
which  may  be  congenital  or  the  result  of  chronic  tra- 
choma, can  be  remedied  by  the  operation  known  as  can- 
tholysis,  or  canthotomy.  A  wire  speculum  is  inserted 
between  the  eyelids,  and  the  external  canthus  put  on  the 
stretch.  With  straight  and  strong  scissors  the  external 
canthus  is  then  divided,  both  mucous  membrane  and  in- 
tegument, back  to  the  margin  of  the  orbit.  The  mucous 
membrane  is  then  lifted  with  forceps  and  the  external 
cantha  Uigament  divided.  The  mucous  membrane  at  the 
bottom  of  the  wound  thus  made  is  united  to  the  integu- 
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ment  and  at  the  sides  as  well.  A  vaseline  dressing  is 
applied,  and  the  stitches  are  removed  in  three  or  four  days. 
Canities  is  a  name  given  to  white  eyelashes,  of  which 
there  may  be  one  or  more  in  an  eyelid  whose  other  lashes 
are  of  darker  color,  even  black.  This  condition  may  be 
congenital,  or  the  result  of  some  interference  with  the 
nutrition  of  the  cilia.     Nothing  can  be  done  for  this 


KEFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


Eyelids. 
Eyelids. 


except  epilation,  wliich  may  be  resorted  to  if  the  white 
lashes  are  not  too  numerous. 

Interference  witli  the  motility  of  the  eyelids,  due  to 
paralysis  or  other  causes,  is  of  frequent  occurrence  and 
demands  attention.  The  most  annoying  and  dangerous 
to  the  patient's  sight,  and  which  will  often  baftle  the 
physician,  is  the  inability  to  close  the  eyelids  in  paralysis 
of  the  seventh  nerve.     In  this  condition  the  eyelids  are 
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open  when  awake  and  when  asleep,  and  the  eye  fre- 
quently becomes  irritated  and  even  ulcerated  and  de- 
stroyed, from  this  constant  exposure  to  wind,  smoke,  and 
irritating  substances  generally.  If  the  paralysis  is  tran- 
sitory, it  may  only  be  necessary  to  protect  the  eye  with 
a  bandage  or  with  a  .shield ;  when  the  paralysis  becomes 
permanent,  however,  as  sometimes  happens,  it  may  be 
necessary  to  resort  to  operative  procedure,  and  to  close 
the  eyelids  by  suturing  the  upper  and  lower  lids  together, 
first  denuding  the  edges. 

The  opposite  condition  to  paralysis  of  the  seventh 
nerve  is  the  inability  to  open  the  eyelids  when  the  third 
nerve  is  paralyzed.  This  condition  is  known  as  ptosis, 
and  when  due  to  paralysis  of  this  nerve  is  generally  ac- 
quired, and  amenable  to  treatment  by  drugs.  Paralysis 
of  the  third  nerve — the  motor  oculi  communis — may  be 
due  to  intracranial  growths,  when  it  becomes  a  very 
serious  condition;  in  the  majority  of  cases,  however, 
this  paralysis  Is  due  to  acquired  syphilis,  and  responds 
quickly  to  antisyphilitic  treatment.  We  do  occasion- 
ally meet  patients  in  whom  ptosis  due  to  this  cause  per- 
sists, even  after  prolonged  treatment,  and  when  we  have 
every  reason  to  believe  the  syphilis  has  been  cured,  and 
then  it  is  necessary  to  resort  to  operative  treatment  if  we 
desire  to  remedy  the  defect.  We  may 
not  consider  it  advisable  to  remedy  this 
deformity  always,  as  we  shall  consider 
later. 

Ptosis  may  be  due  to  other  causes;  it 
may  be  congenital  or  it  may  be  the 
result  of  chronic  conjunctivitis  or  tra- 
choma. 

In  congenital  ptosis  there  may  be 
associated  with  the  paralysis,  or  imper- 
fect development  of  the  levator  pal- 
pebrse  superioris,  paralysis  or  imper- 
fect development  of  some  of  the  other 
muscles  of  the  eye,  notably  the  superior  _ 

rectus.  Any  or  all  the  recti  muscles  may  be  involved, 
generally  one  of  those  supplied  by  the  third  nerve.  Ihe 
writer  has  seen  a  patient  in  whom  not  only  were  the 
muscles  supplied  by  the  third  nerve  affected,  but  the 
external  rectus,  which  receives  its  motor  power  from  the 
sixth  nerve,  was  also  involved.  When  the  superior 
rectus  is  involved  the  eye  will  be  rotated  down^yard, 
and  when  the  internal  alone  is  affected  the  eye  will  be 
drawn  outward.  The  recti  muscles  are  generally  at- 
fected  in  syphilitic  ptosis,  and  frequently  are  not  at- 
fected  in  congenital  ptosis.  They  are  not  involved 
when  the  ptosis  is  due  to  inilammatory  conditions  of 
the  conjunctiva.     To  overcome  the  ptosis  by  operation 


when  any  of  the  recti  muscles  are  involved  may,  by  ex- 
posing a  deviating  eye,  produce  an  annoying  diplopia, 
and  this  will  have  to  be  considered  before  advising  such 
an  operation. 

In  trachoma,  after  the  disease  is  cured,  a  drooping  of 
the  upper  eyelid  will  sometimes  persist,  wliieh  may 
necessitate  an  operation,  and  it  is  in  cases  due  to  this  cause 
that  our  best  results  are  often  obtained.  Varioi.s  operations 
have  been  devised  to  overcome  this  defor- 
mity, and  the  results  have  been  until  re- 
cently rather  unsatisfactory.  The  levator 
palpebral  superioris  muscle,  which  raises 
tlie  upper  eyelid,  arises  in  the  orbit,  from 
tlie  lesser  wing  of  the  sphenoid  bone,  di- 
rectly in  front  of  the  optic  foramen.  Its 
insertion  is  in  the  upper  eyelid,  to  the  con- 
vex margin  of  th  e  tarsal  cartilage.  Its  action 
is  to  draw  the  lid  upward  and  backward. 
In  the  absence  or  imperfect  development 
of  this  muscle,  and  when  it  is  inoperative 
because  of  some  affection  of  the  nerve  sup- 
plying it  witli  motor  power,  operators  have 
endeavored  to  make  the  occipito-fron talis 
muscles — the  anterior  portion  of  which  is 
intimately  adherent  to  the  skin  of  the  fore- 
head— take  the  place  of  the  levator.  The 
results  obtained  by  Pagenstecher,  De 
Wecker,  and  otJiers,  have  been  only  partially  satisfactory, 
the  effects  not  being  permanent. 

The  operation  devised  by  Panas  has  given  satisfactory 
results,  which  have  been  permanent.  The  operation  is, 
however,  somewhat  complicated  and  difficult  to  per- 
form. The  writer  has  modified  tliis  operation,  making  it 
extremely  simple,  and  the  results  in  his  hands,  and  in 
the  hands  of  other  operators  as  well,  have  been  generally 
successful.  It  is  performed  as  follows:  The  patient  be- 
ing anaesthetized  and  the  brow  shaved,  the  face  and  fore- 
head are  thoroughly  cleansed  with  a  bichloride  wash.  An 
assistant  then  inserts  under  the  upper  eyelid  a  horn 
shield,  and  with  his  free  hand  steadies  the  skin  of  the 
brow,  as  directed  by  Panas.  The  operator  then  makes 
in  the  upper  lid,  at  or  slightly  above  the  upper  con- 
vex margin  of  the  tarsal  cartilage,  an  incision  which  com- 
mences at  the  inner  side  and  includes  the  middle  third 
of  the  lid.  Prom  the  inner  extremity  of  this  incision  an- 
other is  made  extending  down  to  the  ciliary  border,  and 
a  third  is  made  in  like  manner  from  the  outer  extremity 
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of  the  first.  The  integument  enclosed  by  these  three 
incisions  is  dissected  from  the  underlying  tissue,  down  to 
the  ciliary  border  of  the  lid,  making  a  flap.  A  final  incis- 
ion is  made  in  the  brow,  parallel  with  the  first  incision  in 
the  lid,  but  slightly  longer.  The  integument  between  these 
two  horizontal  incisions  is  then  undermined  in  such  a  man- 
ner as  to  make  a  bridge.  The  parts  are  carefully  cleansed, 
the  flap  is  passed  up  under  the  bridge  and  secured  by  stitch- 
ing its  upper  margin  to  the  upper  margin  of  the  incision 
in  the  brow.  This  is  accomplished  by  means  of  five  inter- 
rupted silk  sutures.  The  outer  and  inner  extremities  of  the 
final  incision  {i.e.,  the  outer  and  inner  extremities  ot  the 
incision  in  the  brow  after  the  flap  has  been  stitched  in 
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place)  are  sutiired,  and  the  whole  is  covered  with  steri- 
lized vaseline  and  bichloride  gauze,  and  bandaged.  1  he 
bandage  is  not  to  be  removed  for  two  days,  after  which  it 
should  be  removed  daily  for  a  week,  when  the  stitches 
can  be  taken  out  and  the  dressing  discontinued.  The 
.  epithelium  of  the  flap  becomes  macerated  and  exfoliates, 
and  the  true  skin  unites  with  the  under  surface  of  the 
bridge,  of  which  it  becomes  a  part,  or  perhaps  disappears. 
It  is  not  well  to  make  the  flap  too  narrow ;  it  may  even 
be  made  to  include  more  than  the  middle  third  of  the  lid. 
Its  length  should  vary  with  the  degree  of  ptosis  to  be 
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overcome.  Sometimes  after  the  operation  the  eyelids 
may  not  close  in  sleep,  but  this  is  only  temporary.  An- 
other point  to  be  considered  is  the  tendency  of  the  bridge 
to  curl,  causing  a  scar  in  the  brow.  This  can  be  avoided 
by  including  the  upper  edge  of  the  bridge  in  the  sutures 
which  unite  the  flap  to  the  skin  of  the  brow.  The  epi- 
thelial surface  of  the  flap  may  also  be  scarified  slightly, 
to  hasten  its  union  with  the  under  surface  of  the 
bridge. 

This  modification  difEers  from  the  original  operation 
of  Panas  in  that  the  lines  of  incision  are  straight,  and 
extend  only  through  the  integument,  whereas  Panas 
recommends  that  they  extend  down  to  the  periosteum, 
which  must  necessitate  a  longer  time  in  healing,  and 
adds  to  the  operation  the  danger  of  wounding  deeper 
tissues,  as,  for  example,  the  supra-orbital  nerve. 

The  object  of  this  operation  is  to  make  the  occipito- 
frontalis  muscle  take  the  place,  or  do  the  work,  of  the 
levator  of  the  lid;  the  flap,  uniting  by  first  intention 
with  the  upper  edge  of  the  incision  in  the  brow,  becomes 
a  part  of  the  skin  controlled  by  the  contractions  of  the 
occipito-frontalis,  quite  as  much  as  it  would  if  the  incis- 
ions were  deeper.  The  two  lateral  sutures  advised  by 
Panas  to  prevent  ectropion  are  not  necessary  in  the 
modified  operation  (see  Figs.  2066  and  2067). 

Blepharospasm  is  a  spasmodic  contraction  of  the  or- 
bicularis muscle,  present  in  inflammatory  conditions  of 
the  eye  or  the  conjunctiva.  Occasionally,  when  it  per- 
sists and  interferes  with  the  treatment  of  the  underlying 
inflammatory  condition,  it  may  be  necessary  to  perform 
the  operation  known  as  canthotomy,  which  we  have  al- 
ready mentioned.  Blepharospasm  may  also  be  associated 
with  the  afi:ection  known  as  tic  douloureux.  If  the 
cause  of  the  tic  can  be  ascertained,  the  treatment  will 
suggest  itself.  In  some  cases  nothing  seems  to  afford 
relief,  and  we  are  compelled  to  resort  to  operative  pro- 
cedure, namely,  stretching  or  dividing  the  trigeminus,  or 
even  extirpation  of  the  Gasserian  ganglion.  Even  these 
extreme  measures  often  fail  to  give  relief.  The  writer 
now  has  a  patient  under  observation  who  has  facial  tic 
with  blepharospasm,  and  who  has  become  an  opium 
victim,  whose  ganglion  was  removed  many  years  ago 
When  last  seen  this  patient  was  taking  sixteen  grains  of 
morphine  sulphate  daily  to  relieve  the  pain 

Nictitation,  or  winking  of  the  eyelids,  is  due  often  to 
local  troubles,  as  conjunctivitis  and  trachoma  Even 
uncorrected  errors  of  refraction  may  be  the  cause  When 
du(.  to  these  conditions,  the  removal  of  the  cause  will 
ettect  the  cure.  At  times  a  general  nervous  derangement 
seems  to  be  the  cause,  when  tonics  are  indicated  One 
must  not  expect,  however,  to  cure  all  these  cases,  espe- 
cially when  the  patients  are  markedly  neurasthenic 

JLcchymosis  of  the  eyelids  occurs  as  the  result  of 'trau- 
matism or  of  paroxysms  of  coughing,  as  in  whooplng- 
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cough  in  children  and  in  chronic  bronchitis  in  older  per- 
sons, or  it  may  occur  without  apparent  cause. 

When  ecchymosis  of  the  eyelids  occurs  in  elderly  peo- 
ple without  apparent  cause,  we  should  be  suspicious  of 
atheroma  of  the  blood-vessels,  and  the  interior  of  the  eye 
should  be  examined  for  hemorrhages.  We  should  also 
bear  in  mind  that  a  hemorrhage  of  this  character  may  be 
the  precursor  of  cerebral  hemorrhage.  Extremely  hot 
applications  are  recommended  by  some  authorities  as 
giving  the  best  results  in  ecchymoses  due  to  traumatism, 
while  others  recommend  iced  applications.  The  writer 
prefers  the  ice  for  the  reason  that  it 
is  easier  to  apply,  and  is  therefore 
likely  to  be  more  efficiently  applied 
than  hot  applications.  Either  very 
hot  or  very  cold  applications,  if  re- 
sorted to  as  soon  as  the  traumatism  is 
received,  will  prevent  extensive  dis- 
coloration of  the  skin,  but  neither  will 
accomplish  much  if  the  application  is 
delayed.  Warm  fomentations  are  not 
to  be  advised. 

Aside   from  painting    the    integu- 
ment of  the  eyelid  to  hide  the  discol- 
oration, time  is  the  best  remedy. 

Almost  every  conceivable  injury  which  can  happen  to 
the  integument  of  the  body  elsewhere  can  occur  about 
the  eyelids.  The  writer  has  seen  a  patient  whose  eyelid 
was  nearly  torn  off  in  a  street  fracas,  and  has  also  seen 
an  eyelid  split  by  the  branch  of  a  tree,  and  b}'  being 
caught  on  a  butcher  hook.  Any  of  these  injuries  can  be 
repaired  while  still  fresh  by  carefully  cleansing  the  parts 
and  bringing  them  together,  retaining  their  apposition 
with  sutures.  Larger  and  older  wounds  may  require 
extensive  plastic  operations,  the  extent  and  nature  of 
which  will  depend  on  the  wound. 

Burns  of  the  eyelids  are  not  uncommon,  and  especially 
gunpowder  burns.  It  is  well  in  powder  burns  to  remove, 
as  thoroughly  as  possible,  all  particles  of  powder  which 
may  be  in  the  skin.  The  only  way  in  which  this  can  be 
accomplished  is  to  pick  the  particles  out,  one  at  a  time, 
with  a  forceps  or  spud.  It  may  take  hours  of  patient 
work  to  do  this,  but  the  result  amply  repays  the  time  so 
spent. 

In  many,  perhaps  most,  powder  bums,  only  the  epi- 
thelium of  the  lid  will  be  injured.  When  this  is  the 
case,  it  is  only  necessary,  after  the  powder  specks  have 
been  removed,  to  apply  a  bichloride  vaseline,  bandage  the 
parts,  and  keep  them  clean. 

Where  more  than  the  epithelium  has  been  injured,  it 
may  be  necessary  to  stitch  the  lids  together  and  resort  to 
skin  grafting  in  order  to  prevent  the  deformity  which 
the  cicatricial  contraction  will  produce.     The  method  of 
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skin  grafting  which  gives  the  best  results  is  the  Thiersch 
method. 

The  repair  of  damages  to  injured  eyelids,  and  the  re- 
lief of  deformities  occasioned  by  cicatricial  contraction  of 
wounds  caused  by  Injuries  and  burns,  will  give  oppor- 
tunity for  the  display  of  all  the  ingenuity  and  skill  an 
operator  may  possess. 

It  is  impossible  to  lay  down  definite  rules  as  to  when 
deformities  ai-e  to  be  remedied  by  skin  grafting,  and  when 
it  may  be  necessary  to  resort  to  extensive  plastic  opera- 
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tionsand  the  trausplantation  of  large  pieces  of  skin  from 
the  forehead  and  face.  As  a  rule,  it  is  better  to  reserve 
the  Thiersch  method  for  those  cases  in  which  the  damage 
is  so  extensive  that  it  is  impossible  to  secure  enough  sound 
skin  from  the  face  or  forehead  to  repair  the  damage — a 
condition  sometimes  found  after  scalds  and  burns.  There 
may  be  times  wlicn  both  the  transplantation  of  skin  and 
the  Thiersch  method  may  be  employed. 

An  eyelid,  or  both  eyelids,  on  one  or  both  sides,  may 
be  required  to  be  replaced  by  skin  taken  from  the  fore- 
head or  cheek,  or  even  from  some  other  part  of  the  body, 
as  the  arm.  The  necessity  for  taking  a  flap  from  the 
arm  happens  infrequently,  and  can  be  considered  only 
when  a  cicatricial  condition  of  the  face  or  forehead  makes 
it  impossible  to  secure  it  from  these  parts.  To  remove 
a  large  piece  of  skin  in  toto  and  transplant  it  on  some 
other  part  of  the  body  would  result,  as  a  rule,  in  the 
speedy  death  of  the  part  so  transplanted,  unless  it  re- 
mained attached  to  its  original  situation  by  a  pedicle.  In 
order  to  transplant  a  flap  of  skin  from  the  forearm  to  the 
eyelid,  and  still  retain  the  attachment  of  the  flap  to  the 
forearm  by  a  pedicle,  would  necessitate  bandaging  the 
arm  to  the  head  in  a  firm,  immovable  position  for  at  least 
forty-eight  hours.  This  has  been  done, — indeed,  such  a 
transplantation  has  been  successful  without  a  pedicle, — 
the  pedicle  being  severed  when  the  flap  has  united. 
Generally,  however,  it  is  possible  to  obtain  enough  sound 
skin  from  the  face,  except,  as  we  said  above,  when  there 
is  extensive  cicatricial  contraction.  A  few  general  rules 
are  necessary  in  order  to  secure  a  good  result  in  plastic 
operations.  When  the  margins  of  the  lids  are  widely 
separated  or  everted,  by  cicatricial  contraction,  the  first 
step  must  be  to  divide  the  cicatrices  and  bring  the  lids 
together,  holding  them  in  proper  position  with  sutures. 
Every  contraction  which  draws  in  any  way  on  the  mar- 
gins of  the  lids  should  be  freely  loosened.  We  shall 
then  have  exposed  the  whole  denuded  surface  which  it  is 
necessary  to  repair. 

The  next  step  mvist  be  to  secure  the  flap  with  which 
to  cover  this  denuded  surface.  Undoubtedly  we  have 
selected  the  spot  from  which  this  is  to  come  before  we 
began  our  operation,  and  have  been  influenced  in  our 
choice  by  the  necessity  of  obtaining  a  strip  of  skin  large 
enough  to  fill  in  the  denuded  surface,  from  a  place  where 
it  is  possible  to  secure  also  a  healthy  pedicle.  The  flap 
should  be  as  nearly  as  possible  devoid  of  cicatricial 
tissue,  and  it  is  even  more  important  to  have  the  pedicle 
of  healthy  skin.  We  have  seen  transplanted  flaps  thrive 
when  they  included  superficial  cicatrices,  but  when  it  is 
possible  to  utilize  only  healthy  skin  It  is  better  to  do  so. 

The  flap  should  be  large  enough  to  prevent  any  tension 
on  it  or  the  parts  to  which  it,  is  sutured,  when  in  situ, 
and  it  should  be  as  free  as  possible  from  adipose  tissue. 
The  pedicle  by  which  it  retains  its  continuity  with  the 
surrounding  tissues  should  be  as  broad  as  it  is  possible  to 
make  it,  and  should  lie  as  flat  as  possible.  A  slight  twist 
in  the  pedicle  is  not  fatal  to  a  good  result,  but  any  twist 
which  is  likely  to  interfere  with  the  circulation  of  blood 
in  the  flap  is  to  be  avoided.  In  attaching  the  flap  to  the 
skin  with  which  it  is  desired  to  secure  union,  fine  iron- 
dyed  black  silk  is  to  be  preferred.  The  sutures  should  be 
close  together,  should  not  be  very  deep,  and  should  not 
be  tied  too  tightly.  The  writer  does  not  recommend  the 
use  of  harelip  pins,  believing  that  when  they  are  necessary 
there  is  apt  to  be  too  great  a  tension  on  the  flap  to  permit 
of  union  by  first  intention.  A  fatal  mistake  in  plastic 
operations  is  to  unite  the  parts  before  all  bleeding  has 
ceased.  Severed  arteries  which  persist  in  bleeding  de- 
spite torsion  should  be  tied  with  catgut  ligatures,  and 
the  oozing  of  capillaries  can  be  arrested  by  the  applica- 
tion of  hot  water,  or  by  gentle  pressure ;  we  must  not 
use  so  much  hot  water  that  we  destroy  tissues  and  cause 
sloughs.  The  writer  believes  in  the  frequent  washing 
of  the  parts  with  a  weak  bichloride  solution  during  the 

After  the  parts  are  stitched  in  place,  the  spot  from 
which  the  flap  was  taken  must  be  repaired.  This  can  be 
easily  accomplished  anywhere  about  the  face,  because  of 


the  looseness  with  which  the  integument  is  applied,  by 
freely  undermining  the  edges  and  bringing  them  to- 
gether. Here  is  a  con.sideration  which  must  be  taken 
into  account  when  choosing  a  site  from  which  to  take  a 
flap.  We  must  be  sure  that  the  bringing  of  the  parts 
together  after  the  flap  has  been  removed  will  not  create  a 
tension  on  the  edges  to  which  the  flap  is  stitched  after  it 
is  in  its  new  jiosition. 

Flaps  should  not  be  taken  from  the  cheek  of  a  man 
whose  beard  is  heavy  and  placed  on  the  eyelid.  The 
writer  has  seen  this  done,  the  flap  producing  a  thick 
growth  of  hair  which  was  annoying  as  well  as  disfiguring. 

When  the  flap  has  been  stitched  in  place,  and  the  parts 
have  all  been  adjusted  to  our  satisfaction,  a  dressing  of  bi- 
chloride gauze  should  be  placed  over  the  wounds  and  a 
bandage  loosely  apphed.  This  can  be  removed  in  two  or 
three  days,  the  parts  cleansed  if  necessary,  and  the  dress- 
ings reapplied.  It  is  desirable  to  disturb  the  wounds  after 
plastic  operations  as  little  as  possible.  The  stitches  can 
be  removed,  a  few  at  a  time,  in  from  three  days  to  a 
week.     (Figs.  2068-2076.) 

Epicanthus  is  a  congenital  defect  characterized  by  a 
flatness  of  the  bridge  of  the  nose,  and  by  the  presence  of 
crescentic  folds  of  skin  over  the  inner  canthi.  The  de- 
fect is  remedied  by  removing  an  elliptical  piece  of  skin 
from  the  bridge  of  the  nose  and  bringing  the  jiarts  to- 
gether.    (Fig.  2077.) 


FIG.  3077. 

Coloboma  of  the  eyelid  may  also  be  congenital,  and  is 
remedied  by  paring  the  edges  of  the  coloboma  and  sewing 
them  together. 

Nffvus,  another  congenital  defect,  assumes  a  variety 
of  forms.  A  simple  reddened  spot  which  varies  in  the 
intensity  of  its  hue,  often  is  seen  in  the  eyelids  of  the  new- 
born infant.  Frequently  these  spots  disappear  in  the  first 
few  months  of  life.  Sometimes  an  intensely  li  vid  spot  may 
cover  the  whole  lid,  or  even  the  whole  side  of  the  face 
as  well ;  when  marked,  these  spots  do  not  disappear,  and 
very  little  can  be  done  for  them.  Sometimes  the  distorted 
and  enlarged  blood-vessels  may  form  distinct  and  irreg- 
ular tumors.  Treatment  will  be  excision  by  means  of 
the  knife,  or  destruction  of  the  blood-vessels  by  means  of 
hot  needles  plunged  into  them.  At  times  it  may  be  pos- 
sible to  destroy  a  telangiectatic  tumor  by  tying  of  the 
blood-vessels.  The  variety  of  these  tumors  renders  it 
impossible  to  go  into  their  treatment  in  detail  in  this 
article.  Sometimes  the  results  obtained  are  very  satis- 
factory, and  at  other  times,  unfortunately,  they  are  not 
satisfactory.  Frank  Van  Fleet. 

EYE-STONES.— The  opercula  of  certain  species  of 
gastropod  mollusks.  These  organs  are  horny  or  calcare- 
ous valves,  situated  in  the  so-called  foot  of  the  mollusks, 
and  serving  to  close  the  apertures  of  their  shells  when 
the  animals  withdraw  themselves  into  them.  They  are 
of  different  shapes  and  variously  developed  in  different 
species — in  many  species  they  are  absent  altogether. 
Those  which  are  used  as  eye-stones  are  hard,  stony, 
plano-convex  bodies,  about  as  large  as  split  peas,  0.005 
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to  0.01  metre  in  diameter  (i  to  i  mcli  ,  ratlier  longer  than 
broad,  with  a  smooth  but  rather  dull  plajoe,  and  a  veiy 
smooth  and  shining,  convex  surface.  The  lormer  has 
an  excentric  white  nucleus,  from  which  a  brown,  nght- 
handed,  spiral  line  reaches  the  edge  in  about  two  turns; 
the  outer  portion  of  this  surface  is  variegated  with  light- 
brown  marldngs,  and  finely  striated  with  numerous  lines 
running  in  the  opposite  direction.  The  convex  surface 
is  slightly  asymmetrical,  the  thickest  point  being  nearly 
opposite  the  nucleus  of  the  spiral  just  mentioned.  It  is 
brownish  flesh-colored  in  the  centre,  shading  to  white  at 
the  margin.  Many  specimens  are  much  worn  by  the  ac- 
tion of  the  sea;  these  are  white  as  coral,  and  the  spiral 
structure  is  difficult  to  make  out.  Eye-stones  are  com- 
posed mostly  of  lime  carbonate,  and  perform  entertaining 
movements  occasioned  by  the  discharge  of  carbonic  acid 
from  the  surface  when  placed  with  the  flat  side  down,  in 
a  vessel  containing  dilute  acids.  They  have  long  been  a 
popular  resource  in  treating  foreign  bodies  in  the  eye,  for 
which  one  is  placed  under  the  lid,  where  it  is  carried 
around  by  the  movements  of  the  eye.  When  it  comes 
in  contact  with  the  mote,  this  is  carried  along  with  the 
"stone"  by  capillary  attraction,  and  is  finally  expelled 
with  it.  They  are  a  clumsy  means  of  doing  what  a  small 
amount  of  skill  will  accomplish  with  far  more  certainty, 
and  are  deservedly  nearly  obsolete.  The  belief  that  they 
are  alive  and  move  themselves  about  in  the  eye,  until 
they  "  find  "  the  mote,  is  a  popular  fallacy.  The  demand 
for  them  now  is  very  limited,  and  confined  to  the  Igno- 
rant. The  supply  is  also  small  and  uncertain,  those  of 
this  port  (Boston)  coming  mostly  in  little  lots  from  sailors 
who  bring  them  from  the  Bahamas  and  elsewhere,  as 
curiosities  or  private  ventures.  "Crab's-Eyes,"  lenticu- 
lar concretions  found  in  the  lining  membrane  of  the 
stomach  of  the  crawfish,  look  much  like  eye-stones,  and 
are  described  for  them  by  several  authors.  The  descrip- 
tion lust  given  will  easily  distinguish  them. 

W.  P.  BoUes. 

EYES,  ARTIFICIAL.    See  Ariifcial  Bj/es. 

FACIAL  NEURALGIA.    See  Neiiralgia. 

FACIAL  PARALYSIS  (Bell's  Palsy).— Etiology.— In 
a  large  proportion  of  cases,  peripheral  facial  paralysis  is 
the  result  of  so-called  rheumatic  influences,  such  as  ex- 
posure of  one  side  of  the  face  to  a  draught,  working  in 
a  damp  room,  or  sudden  chilling  of  the  body  while  in  a 
state  of  perspiration. 

The  disease  may  also  be  produced  by  a  large  number 
of  organic  lesions,  which  may  be  situated  in  the  cranial 
cavity,  in  the  course  of  the  nerve  through  the  Fallopian 
canal,  or  after  its  exit  from  the  mastoid  foramen. 

The  lesions  within  the  cranial  cavity  which  may  give 
rise  to  this  disease  include  basilar  meningitis,  tumors  or 
exostoses  situated  at  the  base  of  the  brain,  syphilitic 
lesions  in  this  situation,  and  aneurisms  of  the  vessels  of 
the  base  of  the  brain. 

Within  the  Fallopian  canal  the  paralysis  may  be  the 
result  of  caries  of  the  petrous  portion  of  the  temporal 
bone,  otitis  media,  tumors  which  extend  into  the  canal 
from  adjacent  parts,  fracture  of  the  base  of  the  skull 
extending  through  the  temporal  bone,  syphilitic  depos- 
its within  or  near  the  nerve,  or  an  accumulation  of  wax 
in  the  external  auditory  canal. 

After  the  exit  of  the  nerve  from  the  mastoid  foramen, 
the  paralysis  may  he  produced  by  direct  violence  to  the 
nerve  (a  slap  on  the  face,  fall,  etc.),  pressure  ujion  the 
nerve,  for  example,  the  pressure  of  the  forceps  during 
parturition  (a  few  cases  have  also  been  reported  in  whicii 
facial  paralysis  occurred  during  difficult  and  tedicms  la- 
bor, although  the  forceps  had  not  been  used),  extension 
of  inflammation  to  the  nerve  from  adjacent  parts  (tuber- 
culous abscesses  of  the  glands  situated  near  the  angle  of 
the  jaw,  parotitis,  incised  wounds  during  operations  in 
this  region,  etc.).  A  case  has  also  been  reported  in  which 
the  disease  was  produced  by  leukoemic  infiltration  of  the 
nerve. 


In  comparatively  rare  cases  facial  paralysis  follows 
certain  of  the  infectious  diseases,  such  as  diphtheria, 
smallpox,  erysipelas,  typhoid  fever.  Gowers  and  others 
report  cases  of  facial  paralysis  after  tonsillitis,  and  Hals- 
chek  has  seen  a  case  of  double  facial  paralysis  after 
mumps.  This  symptom  has  also  been  observed  as  a 
part  of  multiple  neuritis.  Many  writers  regard  the  dis- 
ease as  usually  infectious  in  its  origin.  Several  cases 
have  also  been  reported  in  which  the  disease  occuired 
during  the  secondary  stage  of  syphilis,  and  was  attrib- 
uted to  the  direct  action  of  the  syphilitic  virus,  von  Bur- 
ski  reports  two  cases  in  which  the  paralysis  developed 
ten  weeks  after  syphilitic  infecdon,  during  the  roseola. 

The  disease  is  more  frequent  in  males  than  in  females. 
It  occurs  very  rarely  during  childhood  and  infancy. 

Some  writers  believe  that  there  may  be  a  neuropathic 
predisposition  to  the  disease.  Browning  reports  the  fol- 
lowing case  which  bears  on  this  point :  A  girl  had  facial 
paralysis  after  a  cold ;  a  few  years  later  an  older  sister 
had  a  similar  attack.  The  younger  sister  had  two  daugh- 
ters ;  one  of  these  had  facial  palsy  after  a  cold,  the  other 
had  a  similar  attack  during  childbed,  from  sleeping  at 
an  open  window. 

Clinical  History.- Facial  paralysis  is  almost  always 
confined  to  one  side  of  the  face.  In  very  rare  cases  it  is 
bilateral  (diplegia  facialis) ,  and  In  such  cases  the  paraly- 
sis sometimes  appears  on  the  two  sides  at  different  times. 
Sometimes  a  similar  cause  operates  upon  both  facial 
nerves  (usually  the  so-called  rheumatic  influences) ;  some- 
times one  lesion  acts  upon  one  nerve,  an  entirely  differ- 
ent lesion  upon  the  other  nerve.  Diplegia  facialis  is 
also  a  symptom  of  certain  bulbar  affections,  but  the  con- 
sideration of  the  symptoms  which  distinguish  the  periph- 
eral from  the  central  variety  will  be  reserved  for  the 
section  on  diagnosis. 

Ordinary  peripheral  facial  paralysis  may  begin  sud- 
denly, or  it  may  be  preceded  for  some  time  by  a  feeling 
of  fulness  and  pufflness  in  the  face,  and  by  peculiar  gusta- 
tory sensations  on  the  affected  half  of  the  tongue.  Rare 
prodromes  consist  of  tinnitus  aurium,  dizziness,  and  pain 
in  the  face.  Gowers  has  observed  fever  and  temporary 
albuminuria.  In  Hofl:man's  case  the  paralysis  was  pre- 
ceded by  severe  pains  in  the  right  side  of  the  neck  and 
face,  and  was  attended  by  unconsciousness.  Hence  this 
writer  believed  that  the  attack  was  constitutional  in  ori- 
gin. The  paralysis  may  occur  suddenh'  and  completely 
in  all  branches  (in  rheumatic  cases  from  a  couple  of  hours 
to  one  or  two  days  from  the  action  of  the  exciting  cause) , 
or  it  may  spread  from  one  group  of  muscles  to  another 
(when  it  is  the  result  of  compression  by  a  slowly  grow- 
ing external  tumor  or  other  lesion  which  acts  in  a  similar 
manner).  In  the  majority  of  cases  all  the  muscles  are 
affected  in  an  approximately  equal  degree. 

The  appearance  of  the  face  is  well  shown  in  Fig.  2078. 
The  patient,  whose  photograph  is  here  shown,  was 
directed  to  contract  all  the  muscles  of  the  face,  but,  as 
is  evident  from  the  illustration,  power  over  the  left  facial 
muscles  is  entu-ely  lost.  The  left  eyebrow  is  slightly 
elevated,  the  palpebral  fissure  is  enlarged,  the  naso-labial 
fold  is  effaced,  the  angle  of  the  mouth  droops  slightly 
and  is  drawn  nearer  to  the  median  line  (this  is  observed 
even  \\hen  the  face  is  in  repose),  the  mouth  is  kept  a 
little  open  on  this  side,  and  the  tip  of  the  nose  deviates 
slightly  to  the  healthy  side. 

A  patient  suffering  from  complete  facial  paralysis  is 
unable  to  wrinkle  or  corrugate  the  brow,  on  account  of 
the  paralysis  of  the  frontalis  and  corrugator  supercilii 
muscles.  On  making  a  vigorous  effort  to  close  the  eye- 
lid the  globe  is  rolled  upward  and  inward  (or  rarely  out- 
Avard),  so  that  often  only  the  sclera  remains  visible.  But 
the  upper  lid  descends  a  little,  even  when  tlie  nerve  ap- 
pears to  be  completely  paralyzed.  The  descent  of  the 
eyelid  has  been  attributed  to  a  partial  relaxation  of  the 
levator  labii  superioris,  but  it  must  be  confessed  that 
this  explanation  is  not  very  satisfactory.  On  account  of 
the  paralysis  of  the  orbicularis  palpebrarum  the  puncta 
lachrymalia  are  no  longer  kept  applied  to  the  globe,  and 
consequently  the  tears  cannot  make  their  way  into  the 
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lachrymal  canal  and  nasal  cavity.  Hence,  the  patients 
suffer  from  overflow  of  tears,  The  paralysis  of  the  or- 
bicularis also  prevents  winking  and  the  closure  of  the 
eye  during  sleep.  The  consequent  irritation  of  the  eye- 
ball may  give  rise  to  conjunctivitis  and  keratitis,  though 
this  does  not  happen  very  often.  The  lower  lid  may  be- 
come everted. 

The  ala  nasi  on  the  paralyzed  side  cannot  be  distended 
so  vigorously  as  on  the  healthy  side,  and  hence  smell  is 
somewhat  impaired.  This  impairment  of  smell  is  in- 
creased still  further  owing  to  the  fact  that  diversion  of 
the  tears  from  the  nasal  cavity  causes  dryness  of  the 
Schneidei'ian  mucous  membrane. 

The  angle  of  the  mouth  droops  a  little,  and  is  drawn 
slightly  toward  the  median  line.  This  phenomenon  is 
increased  upon  bringing  into  play  the  muscles  which  are 
inserted  into  the  opposite  angle  of  the  mouth,  as  In  the 
act  of  laughing.     The  lips  cannot  be  closed  on  the  af- 


FIG.  2078.— Well-marked  Facial  Paralysis  of  the  Left  Side.  (From  a 
photograpli  taken  at  the  moment  when  the  patient  was  told  to  con- 
tract all  the  muscles  of  his  face.) 

fected  side,  and  hence  whistling  is  rendered  impossible. 
The  pronunciation  of  labials  may  be  interfered  with,  but 
in  many  cases  articulation  is  undisturbed.  The  cheek 
on  the  paralyzed  side  flaps  loosely  when  the  patient  at- 
tempts to  puff  it  out.  Mastication  is  also  interfered  with 
to  a  certain  extent,  on  account  of  the  paralysis  of  the 
buccinator  muscle.  The  food  is  apt  to  accumulate  be- 
tween the  cheek  and  teeth,  and  must  be  dislodged  fre- 
quently by  the  patient's  finger.  In  a  considerable  pro- 
portion, perhaps  the  majority,  of  cases  taste  is  impaired 
upon  the  anterior  third  of  the  tongue  on  the  paralyzed 
side,  and  sometimes  the  patient  complains  of  peculiar 
subjective  sensations  in  this  locality.  This  is  owing  to 
the  fact  that  the  chorda  tympani  nerve,  which  supplies 
the  anterior  third  of  the  tongue  with  gustatory  fibres, 
joins  with  the  seventh  nerve  during  its  course  through 
the  Fallopian  canal.  Some  doubt  still  attaches,  how- 
ever, to  the  anatomical  and  physiological  relations  of 
this  nerve. 

The  tongue  is  protruded  in  a  straight  line,  but,  on  ac- 
count of  the  displacement  of  the  oral  fissure  toward  the 
healthy  side,  there  is  an  apparent  deviation  of  the  organ 
toward  the  paralyzed  side. 

In  certain  cases  (vide  the  section  on  diagnosis)  the  pal- 
ate and  uvula  are  found  to  be  paralyzed.  Upon  inspec- 
tion the  paralyzed  velum  palati  is  seen  to  hang  lower 
than  on  the  opposite  .side,  and  the  uvula  may  be  deflected 
to  one  or  the  other  side  (the  latter  phenomenon  is  some- 
times observed  in  healthy  individuals).  These  parts  also 
remain  almost  motionless  during  phonation,  or  when  re- 


flex action  is  excited  by  irritation  of  the  fauces.  Deglu- 
tition is  also  interferecl  with  to  a  certain  extent,  so  that 
the  patients  often  swallow  the  wrong  way.  Some  writ- 
ers deny  the  occurrence  of  an  affection  of  the  velum  dur- 
ing facial  paralysis.  Lermoyez  comes  to  the  conclusion 
that  the  velum  is  innervated  almost  entirely  by  the  pneu- 
mogastric. 

As  a  rule,  the  sensibility  of  the  integument  remains 
unaffected,  but  in  a  few  ca.ses  the  patients  complain  of  a 
feeling  of  numbness  of  the  skin.  In  these  cases,  how- 
ever, we  have  never  been  able  to  detect  any  objective 
evidences  of  disturbed  sensation.  The  symptom  in  ques- 
tion is  probably  the  result  of  an  implication  of  some  of 
the  recurrent  fibres  of  the  trigeminus  in  their  course 
along  the  facial  nerve. 

Hearing  may  be  affected,  sometimes  as  the  result  of  the 
lesion  which  gave  rise  to  the  paralysis,  sometimes  as  the 
result  of  the  pai'alysis  itself.  In  the  latter  event  the 
patient  suffers  from  hyperacusis  (also  called  oxyokoia), 
i.e.,  increased  sensitiveness  to  auditory  impressions.  This 
has  been  explained  by  the  paralysis  of  the  stapedius 
muscle  (which  is  supplied  by  the  facial  nerve),  and  the 
consequent  predominance  of  the  action  of  the  tensor 
tympani  (supplied  by  the  fifth  nerve).  Herpes  zoster 
is  sometimes  seen.  Klippel  distinguishes  febrile  zoster 
(infectious  disease)  combined  with  facial  paralysis  from 
the  accidental  herpes  eruptions,  which,  like  the  accom- 
panying facial  paralysis,  are  due  to  definite  lesions  of 
central  parts  or  of  the  peripheral  nerve.  In  the  former 
event,  the  eruption  may  be  present  only  on  the  paralyzed 
side  of  the  face  or  also  in  other  parts,  or  it  may  not  be 
located  in  the  face  at  all.  Remak  reported  a  case,  com- 
plicated with  zoster  of  the  anterior  two-thirds  of  the 
tongue  on  the  paralyzed  side.  The  zoster  recovered 
during  the  first  week  of  the  paralysis. 

In  some  cases  the  muscular  and  nerve  irritability 
remains  normal  throughout  the  course  of  the  disease. 
Such  cases  usually  recover  spontaneously  and  with  great 
rapidity. 

Many  cases  present  various  stages  of  transition  from 
normal  electrical  excitability  to  the  complete  form  of  de- 
generation reaction.  Indeed,  we  find  not  infrequently 
that  one  case  pi'esents  various  conditions  of  electrical  ex- 
citability in  different  muscles  and  branches  of  the  nerve. 
If  the  patient  does  not  recover  from  the  disease,  the 
electrical  irritability  of  the  muscles  gradually  diminishes, 
and  is  finally  abolished. 

Experimental  investigations  have  shown  that  the  de- 
generation reaction  is  the  result  of  certain  lesions  of  the 
paralyzed  nerve  and  muscles.  When  the  degeneration 
reaction  is  at  its  height,  it  is  found  that  the  axis  cylinder 
has  disappeared,  the  medullary  substance  has  undergone 
fatty  degeneration,  and  the  nuclei  of  the  sheath  of 
Schwann  are  increased  in  number;  the  interstitial  con- 
nective tissue  and  nuclei  undergo  prohferation.  At  the 
same  time  the  muscular  fibrillie  are  diminished  in  size 
and  their  nuclei  increased  in  number ;  the  transverse  striae 
are  less  distinct  or  absent,  and  the  interstitial  connective 
tissue  is  increased  in  amount.  If  recovery  ensues  all 
these  changes  gradually  disappear. 

Flatau  reports  a  case  of  left  facial  paralysis  due  to 
chronic  tuberculous  otitis  media,  with  total  degeneration 
reaction  (D.  R. ).  Death  occurred  within  a  year  from  tuber- 
culosis. The  central  portion  of  the  nerve  was  found  de- 
generated in  its  intramedullary  and  basal  course ;  the  cells 
of  the  left  facial  nucleus  were  swollen,  misshapen,  etc. 
The  degeneration  extended  to  the  intranuclear  facial  fibres, 
the  left  ascending  root,  the  efferent  root,  etc.  These 
findings  show  that  Waller's  law  of  degeneration  is  no 
longer  tenable  as  first  laid  down.  The  peripheral  motor 
nerve  is  dependent  on  the  cell,  but  is  only  part  of  a  co- 
herent, indivisible  entity  (the  neuron),  and  the  destruc- 
tion of  any  part  of  this  unit  leads  to  changes  in  the  entire 
neuron. 

In  another  case  of  paralysis  from  middle-ear  disease, 
Darkschewitsch  and  Tichonow  found,  on  autopsy,  the 
neurilemma  unaffected ;  the  lesions  were  those  of  purely 
parenchymatous  neuritis. 
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In  a  few  cases  recovery  is  not  complete,  and  spasms 
and  contracture  of  the  muscles  are  left  over  as  sequel®. 
These  conditions  may  exist  separately,  but  they  are  usu- 
ally associated  with  one  another.  The  spasms  consist  ot 
short,  quick  contractions  of  the  muscles,  occurring  irreg- 
ularly, and  very  much  resembling  facial  tic.  These  spas- 
modic movements  are  unattended  with  pain  and  are  otten 
unnoticed  by  the  patient.  .     ,     ,       ^         i 

Contracture  is  observed  particularly  m  the  levator  pal- 
pebrse  superioris  alseque  nasi  and  zygomatici  muscles 
and  causes  retraction  of  the  angle  of  the  mouth  upward 
and  outward.  It  thus  tends  to  overcome  the  original 
deformity  produced  by  the  paralysis.  When  the  con- 
tracture is  very  marked,  the  deepening  of  the  naso-labial 
fold  to  which  it  gives  rise  may  create  a  deceptive  ap- 
pearance of  paralysis  upon  the  opposite  side  of  the  face. 
An  error  in  diagnosis  may  be  obviated  by  directing  the 
patient  to  laugh,  whereupon  it  becomes  evident  that  the 
contractured  muscles  remain  motionless,  while  those  on 
the  healthy  side  contract  normally. 

Gowers  thinks  it  probable  that  contractures  and  clonic 
spasms  are  due  to  changes  in  the  facial  nucleus,  caused 
by  continued  interruption  in  the  nerve  tracts  and  constant 
irritation  of  the  centre  during  attempts  to  move  the  facial 
muscles.  The  cell  resistance  is  diminished  and  hence 
the  cells  react  with  abnormal  facility. 

If  complete  paralysis  of  the  muscles  remains  per- 
manent, the  muscles  will  undergo  atrophy,  so  that  the 
affected  half  of  the  face  looks  smaller  than  the  other 
side. 

Oppenheim  has  described  a  rare  combination  of  per- 
ipheral facial  paralysis  with   hysterical   symptoms, 
viz.,  hysterical  hemiansesthesia  on  the  same  side.     The 
paralysis  persisted  but  the  hemiansesthesia  disappeared 
in  a  short  time. 

In  diplegia  facialis  the  face  presents  a  remarkable  ap- 
pearance inasmuch  as  it  is  absolutely  devoid  of  expres- 
sion, and  even  the  most  violent  emotions  are  experienced 
by  the  patient  without  the  slightest  change  of  counte- 
nance. The  lower  lip  droops,  and  saliva  is  constantly 
flowing  from  the  mouth.  Articulation  and  deglutition 
are  interfered  with  to  a  very  marked  degree. 

Diagnosis. — The  differentiation  of  peripheral  from 
central  facial  paralysis  is  usually  quite  easy.  In  the  lat- 
ter affection  the  muscles  of  the  forehead  and  eyelid  are 
very  slightly  involved.  As  a  rule,  however,  on  direct- 
ing the  patient  to  close  only  the  ey3  on  the  paralyzed 
side,  it  becomes  evident  that  this  is  done  with  less  vigor 
and  promptitude  than  on  the  healthy  side.  The  affected 
muscles  present  no  changes  of  electrical  excitability, 
however  profound  the  paralysis  may  be.  It  will  also  be 
noticed  that  the  voluntary  and  the  reflex  contractility  of 
the  paralyzed  muscles  are  often  in  marked  contrast  to  one 
another,  the  latter  being  much  greater  than  the  former. 
Furthermore,  the  clinical  history  of  the  two  affections  is 
usually  decisive.  In  the  cerebral  variety  the  facial  pa- 
ralysis is  almost  always  associated  with  paralysis  in  some 
other  part  of  the  body,  usually  of  the  arm  and  leg  upon 
the  same  side.  In  addition,  cerebral  facial  paralysis  gener- 
ally develops  after  an  apoplectic  seizure,  which  is  usu- 
ally accompanied  by  unconsciousness. 

In  a  certain  proportion  of  cases  the  disturbance  of  gus- 
tation on  the  anterior  portion  of  the  tongue,  the  paraly- 
sis of  the  velum  palati  and  uvula,  and  the  history  of  a 
previous  disease  which  may  have  produced  a  lesion  of 
the  seventh  nerve,  will  aid  us  in  clearing  up  any  possible 
doubt  in  diagnosis. 

In  rare  cases,  however,  facial  paralysis  produced  by 
lesions  of  the  pons  Varolii  presents  most  of  the  charac- 
teristics of  peripheral  facial  paralysis.  If  the  lesion  is 
situated  in  the  lower  half  of  the  pons,  the  facial  paraly- 
sis is  associated,  as  a  rule,  with  hemiplegia  of  the  oppo- 
site side  of  the  body.  When  the  lesion  is  situated  in  the 
upper  half  of  the  pons  (before  the  decussation  of  the  sev- 
enth nerves),  the  face  and,  limbs  are  paralyzed  on  the 
same  side  of  the  body.  The  frontalis  and  orbicularis 
palpebrarum  may  bo  entirely  paralyzed,  as  in  ordinary 
peripheral    paralysis,  and,  in  addition,   thei-e   may  be 
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marked  changes  in  the  electrical  excitability  of  the  facial 
nerve  and  muscles.  But  a  mistake  in  diagnosis  is  usu- 
ally obviated  by  the  presence  of  other  symptoms  of  a 
pons  lesion,  such  as  contraction  of  the  pupils,  marked 
difliculty  in  swallowing  and  articulation,  and  paralysis 
of  various  cerebral  nerves  (trigeminus,  abducens,  hypo- 
glossus),  etc. 

After  the  diagnosis  of  the  peripheral  character  of  the 
disease  has  been  made,  we  should  also  endeavor  to  deter- 
mine its  location  more  accurately.  As  a  rule,  this  can  be 
done  with  great  certainty  on  account  of  the  peculiar  ana- 
tomical relations  of  the  nerve. 

If  the  lesion  is  situated  above  5  (Pig.  3079),  the  patient 
will  suffer  from  paralysis  of  all  the  facial  muscles,  of  the 
uvula  and  velum  palati,  and  from  disturbances  of  hear- 
ing, but  gustation  will  be  unimpaired.  This  is  owing  to 
the  fact  that  the  chorda  tympani  nerve  enters  the  facial 
nerve,  in  all  probability,  at  the  ganglion  geniculatum 


Fig.  2079.— Schematic  Representation  of  the  Hamlflcatlons  of  the 
Facial  Nerve.  (After  Eichhorst.)  /c.  Trunk  of  facial  nerve;  ac, 
trunk  of  acoustic  nerve ;  pai^  internal  auditory  foramen :  og,  gan- 
glion geniculatum ;  psm,  nervus  petrosus  superflcialis  major ;  stp, 
nervus  stapedius ;  cht,  chorda  tympani ;  fst,  styloid  foramen ;  nax), 
posterior  auricular  nerve ;  hv  and  sth,  nerves  to  the  digastric  and 
stylo-hyoid  muscles ;  trg,  trg',  trg",  irg'",  trunk  and  branches  of 
the  trigeminus ;  gsp,  spheno-palatine  ganglion ;  Ig,  lingual  nerve. 

through  the  petrosus  superflcialis  major  nerve,  psni  (from 
the  trigeminus).  The  chorda  tympani  leaves  the  facial 
nerve  between  3  and  3,  cht,  and  then  joins  the  lingual 
branch  of  the  trigeminus. 

If  the  lesion  is  situated  between  the  ganglion  genicu- 
latum and  the  point  at  which  the  nerve  to  the  stapedius 
muscle,  stp,  is  given  off,  the  symptoms  will  consist  of 
paralysis  of  all  the  facial  muscles,  disturbances  of  hear- 
ing, and  impairment  of  taste  on  the  anterior  third  of  the 
tongue.  The  velum  palati  is  unaffected  in  this  case, 
probably  because  its  motor  fibres  are  given  ofl:  at  the 
ganglion  geniculatum,  Og.  If  the  lesion  is  situated  be- 
tween the  origin  of  the  stapedius  nerve  and  the  point 
at  which  the  chorda  tympani,  cht,  leaves  the  facial  nerve, 
the  symptoms  just  mentioned  will  be  present,  with  the 
exception  of  the  disturbances  of  hearing.  A  lesion  be- 
low the  point  at  which  the  chorda  tympani  is  given  off 
will  simply  produce  paralysis  of  the  superficial  muscles. 

It  must  be  remembered,  however,  that  these  remarks 
hold  good  only  in  those  cases  in  which  the  lesion  is  of 
such  character  as  entirely  to  destroy  the  conductibility 
of  the  nerve  at  the  affected  part. 

Prognosis, — The    prognosis  depends  chiefly  on  the 
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character  of  the  lesion  which  has  given  rise  to  the  paraly- 
sis, and  therefore  varies  according  to  that  of  the  pri- 
mary disease.  When  the  nerve  is  involved  directly,  as 
in  cases  of  rheumatic  origin,  or  those  due  to  infectious 
diseases,  etc.,  the  prognosis  may  be  determined,  in-  great 
measure,  by  the  changes  in  electrical  excitability. 

When  the  excitability  of  the  nerve  and  muscles  Is  un- 
changed, the  disease  will  usually  recover  spontaneously  in 
from  two  to  four  weeks.  If  complete  degeneration  reaction 
is  present,  recovery  cannot  be  looked  for  in  less  than  from 
three  to  six  or  nine  months.  But  the  case  should  not  be 
regarded  as  absolutely  hopeless,  even  if  the  electrical  ex- 
citability is  abolished  for  a  short  period. 

The  development  of  muscular  spasms  and  contracture 
is  a  very  unfortunate  event.  In  no  case  of  this  kind 
which  has  come  under  our  observation  has  recovery  oc- 
curred. The  contracture  usually  continues  to  increase 
in  severity,  and  after  a  while  the  muscles  undergo  a  cer- 
tain amount  of  atrophy.  These  two  factors  may  give 
rise  to  considerable  disfigurement  of  the  face. 

As  a  rule,  the  disease  runs  a  longer  course  in  those 
cases  in  which  the  lesion  is  situated  within  the  Fallopian 
canal. 

Treatment. — The  causal  treatment  varies  with  the 
nature  of  the  primary  disease  (affections  of  the  middle 
ear,  syphilitic  lesions,  tumors,  etc.).  The  use  of  leeches, 
blisters,  and  the  administration  of  strychnine,  which  are 
strenuously  recommended  by  some  writers,  have  been 
attended  with  such  unsatisfactory  results  in  our  hands 
that  we  now  rely  exclusively  upon  electrical  treatment. 

In  those  cases  in  which  the  electrical  excitability  of  the 
paralyzed  nerve  and  muscles  is  unchanged,  treatment  is 
unnecessary,  since  recovery  occurs  spontaneously. 

When  complete  degeneration  reaction  is  present,  elec- 
tricity should  be  applied  to  both  the  nerve  and  the  mus- 
cles, and  in  the  case  of  the  nerve  the  galvanic  current  alone 
should  be  employed.  A  small  electrode,  the  anode,  is 
placed  immediately  over  the  mastoid  foramen  (between 
the  mastoid  process  and  the  lobe  of  the  ear)  on  the  af- 
fected side,  the  cathode  (with  a  similar  electrode)  over 
the  opposite  mastoid  foramen.  The  current  will  there- 
fore pass  through  the  petrous  portion  of  the  temporal 
bone,  and  act  upon  the  nerve  in  its  passage  through  the 
Fallopian  canal.  It  should  not  be  strong  enough  to  pro- 
duce a  feeling  of  pain  or  vertigo,  no  interruptions  should 
be  made,  and  the  sittings  should  be  held  for  three  or  four 
minutes  every  other  day.  With  this  method  we  may 
combine  labile  galvanization  of  the  muscles.  One  me- 
dium-sized electrode  (usually  the  cathode)  is  placed  upon 
the  back  of  the  neck,  the  other  small  electrode  is  slowly 
passed  over  the  affected  muscles.  The  frontalis  and  cor- 
rugator  supercilii  muscles  are  brought  into  play  by  pass- 
ing the  electrode  horizontally  across  the  forehead,  a  little 
above  the  eyebrow.  The  levator  labii  superioris  alaeque 
nasi,  zygomatici,  and  buccinator  are  brought  into  play  by 
passing  the  electrode  along  the  side  of  the  nose  (begin- 
ning near  the  inner  angle  of  the  eye),  and  then  outward 
across  the  cheek,  immediately  below  the  malar  bone. 
Labile  applications  may  also  be  made  directly  to  the  or- 
bicularis oris  and  chin  muscles.  In  apphcations  to  the 
orbicularis  palpebrarum,  we  are  in  the  habit  of  placing 
a  very  small  electrode  upon  the  muscle,  at  the  outer 
angle  of  the  eye,  and  then  interiupting  the  current  (by 
means  of  an  interrupter  in  the  handle  of  the  electrode). 

In  an  apparently  incurable  case  of  facial  paralysis  due 
to  a  gunshot  wound,  Faure  and  Furet  stitched  the  per- 
ipheral extremity  of  the  facial  nerve  to  the  adjacent 
branch  of  the  spinal  accessory.  The  results  in  this  case 
were  not  very  satisfactory,  but  in  view  of  the  experi- 
ments made  by  various  observers  it  is  probable  that  sur- 
gical interference  will  prove  useful  in  a  limited  number 

of  cases.  .        ,    ,  ,         .„  ,. 

In  some  cases  the  excitability  of  the  muscles  will  be 
found  to  have  sunk  to  such  a  low  ebb  that  it  becomes 
necessary  to  employ  the  intrabuccal  method  of  galvani- 
zation. One  electrode  is  then  placed  upon  the  muscle 
which  we  desire  to  stimulate,  the  other  directly  opposite 
upon  the  mucous  membrane  of  the  cheek. 


After  the  nerve  has  recovered  its  electrical  excitability, 
the  faradic  current  may  be  employed,  either  upon  the 
muscles  themselves,  or  by  simply  passing  the  electrode 
along  a  vertical  line  immediately  in  front  of  the  ear,  in 
order  to  stimulate  the  pes  anserinus  as  it  spreads  out  in 
this  locality. 

We  may  attempt  to  relieve  contractures  by  stabile  gal- 
vanization of  the  affected  muscles,  the  negative  pole 
being  applied  to  the  mastoid  foramen,  the  positive  pole 
to  the  contractured  muscle.  Massage  of  the  muscles  has 
also  been  employed  for  this  purpose. 

In  all  electrical  applications  in  this  disease,  the  elec- 
trodes should  be  very  thoroughly  moistened,  and  the 
current  should  merely  possess  suflBcient  strength  to  pro- 
duce visible  muscular  contractions.         Leopold  Putzel. 

F>€CES. — The  term  " faeces  "  is  applied  to  the  excre- 
mentitious  substance  that  normally  leaves  the  body 
through  the  anus.  The  material  consists  of  the  waste 
from  the  intestinal  walls  and  the  unabsorbed  residues  of 
the  various  secretions  into  the  alimentary  tract,  together 
with  an  admixture,  in  varying  amounts,  of  undigested  and 
partially  digested  food,  and  at  times  such  adventitious 
substances  as  may  be  taken  into  the  alimentary  canal  per 
OS  and  which  are  not  absorbed.  The  common  idea  that 
the  faices  in  health  consist  chiefly  of  food  residue  is  not 
sustained  by  the  results  of  recent  investigations. 

After  the  intestinal  contents  have  passed  the  ileo-csecal 
valve,  they  rapidly  take  on  the  characteristic  consistence, 
color,  and  odor  of  fsecal  matter,  being  altered  by  the  ab- 
sorption of  the  liquids  and  soluble  substances,  as  well  as, 
to  some  extent,  by  the  continuation  of  putrefactive  and 
fermentative  processes  and  by  admixture  with  the 
strongl}'  alkaline  secretions  of  the  large  intestine.  The 
extent  of  these  changes  is  largely  influenced  by  the  rapid- 
ity with  which  the  contents  pass  through  the  colon. 

Physical  Chakacteks. — The  quantity  passed  in 
twenty-four  hours  varies  greatly,  but  is  estimated  to 
average  120-200  gm.,  in  a  healthy  man  on  a  mixed  diet. 
It  is  dependent  to  some  extent  on  the  quantity  and  qual- 
ity of  food  eaten,  but  is  influenced  as  well  by  the  condi- 
tion of  the  digestive  organs  as  regard  secretion  and  ab- 
sorption, and  the  frequency  of  evacuation.  As  a  rule  the 
quantity  of  fiEces  increases  with  the  relative  increase  in 
the  amount  of  vegetable  food  in  the  diet.  It  is  probable 
that  this  is  due  largely  to  the  greater  resistance  of  veget- 
able food  to  digestive  action  and  the  subsequent  stimula- 
tion of  peristalsis  by  the  undigested  residues,  with  a  re- 
sulting diminution  of  absorption.  In  an  infant  fed  on 
cow's  milk  the  quantity  is  regularly  considerably  greater, 
even  up  to  ten  times,  tlian  the  amount  passed  by  a  breast- 
fed babe.  This  is  due  not  alone  to  difference  in  digesti- 
bility, but  to  a  considerable  extent  to  the  much  larger 
quantity  of  milk  given  in  artificial  feeding,  which  both 
adds  to  the  quantity  of  undigested  food  residue  and  in- 
creases the  residue  from  intestinal  secretion  and  waste. 
The  quantity  of  faeces  evacuated  is  occasionally  increased 
by  pathological  products,  including  mucus,  blood,  pus, 
and  serous  fluid. 

The  mlor  is  normally  derived  from  the  intestinal  secre- 
tions, notably  from  the  bile,  and  under  certain  conditions 
is  also  very  considerably  influenced  by  the  food,  the 
stools  of  a  mixed  diet  usually  being  a  medium  shade  of 
brown,  those  of  a  meat  diet  dark  to  blackish-brown,  and 
the  evacuations  following  the  exclusive  ingestion  of 
vegetable  food  being  a  light  brown.  The  stools  of  an 
exclusive  milk  diet  vary  in  color  from  orange  to  light 
yellow.  The  dark  color  is  due  to  hsematin,  and  to  some 
extent  to  the  compact,  dry  condition  of  the  fscal  matter. 
In  particular  instances  the  color  may  be  modified  by 
special  coloring  matters  ingested  with  the  food,  as,  for 
example,  chlorophyl,  derived  from  large  quantities  of 
green  vegetables.  Adventitious  ingesta  as,  e.g".,  certain 
medicaments,  may  determine  the  color.  Thus,  calomel 
may  cause  a  green  coloration,  probably  by  causing  the 
presence  of  biliverdin,  and  bismuth  or  iron  may  each  be  re- 
duced or  may  exceptionally  appear  as  the  black  sulphide. 
Again,  unusual  changes  in  the  intestinal  contents  may 
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modify  the  color,  as  the  growth  of  bacteria,  producing 
pigment,  notably  green,  or,  as  occurs  fi'equently  m  in- 
fants, there  may  be  a  production  of  unusually  strong 
alkalinity  in  the  upper  intestinal  tract,  causing  the  pres- 
ence of  biliverdiu  in  the  faeces  in  quantities  sufficient  to 
impart  a  green  color.  Finally,  there  are  the  clay  stools 
after -complete  suppression  of  the  bile  and  the  similar 
appearance  incases  without  jaundice  due  to  the  presence 
of  excessi-ve  amounts  of  fat.  .    . 

The  odor  of  the  ftecal  matter  of  adults  is  characteristic 
and  is  to  be  attributed  to  the  presence  of  skatol  and 
iudol,  and  probably  to  other  aromatic  products  formed 
by  tli'e  putrefaction  of  the  intestinal  contents.  When  the 
passage  througli  the  intestines  is  rapid  tliere  may  be  little 
or  no  production  of  skatol,  as  in  the  rice-water  stools  of 
cholera,  which  are  almost  or  quite  odorless.  The  stools 
of  an  infant  do  not  normally  liave  a  putrid  odor,  but  if 
strongly  acid  tliey  may  have  a  rancid  smell. 

Nornial  stools  are  cylindrically/oj'OTcd  and  have  a  defi- 
nite consistence.  When  the  passage  through  the  large  in- 
testines is  rapid  or  the  secretion  into  the  bowels  unusually 
abundant,  they  may  become  soft  or  even  watery,  while 
under  opposite  conditions  they  may  be  considerably 
hardened  and  assume  the  form  of  balls  or  very  thin 
cylinders,  these  hardened  masses  being  known  asscybala. 
Tlie  so-called  lead-pencil  form  is  in  no  way  indicative  of 
intestinal  stenosis,  but  is  the  rule  when  there  has  been 
complete  abstinence  from  food,  and  may  be  caused  by 
spastic  or  paralytic  conditions  of  the  large  intestines. 

After  the  exclusive  ingestion  of  soft  food  the  structure 
is  usually  homogeneous,  while  in  feeces  of  the  various 
mixed  diets  hard  and  undigested  portions  of  food  may  be 
distinguished — as,  for  example,  seeds,  fragments  of  fruits 
and  vegetables,  or  fibrous  tissue.  Adventitiousadmixtures 
of  foreign  substances  are  occasionally  observed,  such  as 
fragments  of  wood,  pieces  of  quill,  buttons  and  pins. 
The  appearance  in  the  stools  of  bits  of  food  tissue,  recog- 
nizable to  tlie  naked  eye,  sometimes  results  from  digestive 
in.sufficiency,  either  mechanical  or  chemical.  Insufficient 
mastication  is  the  most  frequent  mechanical  fault.  A 
failure  of  the  chemical  processes  of  gastric  digestion  is 
followed  by  the  appearance  of  bits  of  connective  tissue, 
while  insufficient  pancreatic  digestion  leads  to  the  pres- 
ence of  undigested  muscle  fibre.  Either  biliary  or  pan- 
creatic insufficiency  may  be  followed  by  the  appearance 
of  much  fat.  Food  fragments  are  more  abundant  in 
diarrhoeal  discharges,  the  material  in  some  instances  pass- 
ing the  entire  length  of  the  alimentary  tract  in  a  few 
hours  and  almost  unchanged.  In  such  stools  pieces  of 
meat  may  be  seen  or  milk  clots  of  various  shapes  and 
sizes.  As  a  rule,  the  inner  portion  of  formed  stools  is 
more  recent  than  the  outer,  the  passage  through  the  in- 
testines following  the  ordinary  rule  of  flow,  being  more 
rapid  in  the  centre  and  retarded  at  the  periphery. 

Faecal  matter  has  a  certain  coli^rence.  If  it  does  not 
contain  evident  food  residue  the  mass  usually  does  not 
crumble  readily,  when  stirred  with  water,  as  do  stools  in 
which  much  food  residue  is  present,  particularly  plant 
tissue  and  undigested  casein.  A  large  amount  of  fat  in- 
creases the  coherency,  as  does  also  in  some  instances 
much  mucus,  though  possibly  this  is  due  to  the  accom- 
panying fat. 

Inspection  of  the  alvine  discharges  occasionally  reveals 
the  presence  of  pathologiaal  admixtures.  Blood,  if  from 
the  lower  bowel,  is  recognizable  to  the  unaided  eye,  but,  if 
changed  by  contact  with  the  digestive  juices,  it  merely  im- 
parts a  dark  color  or  tarry  consistence  to  the  stool.  Like- 
wise pus  is  recognizable  only  when  it  has  been  discharged 
into  the  lower  part  of  the  large  intestine.  The  normal 
stool  may  contain  on  its  surface  visible  mucus  but  not 
m  any  considerable  amounts.  In  catarrhal  conditions  of 
the  intestines,  however,  the  amount  of  mucus  mav  be 
greatly  increased,  appearing  either  as  a  glassy  layer  "sur- 
rounding the  faical  matter,  as  in  diseased  conditions  of 
the  lower  portion  of  the  bowel,  or  mixed  with  soft  faces  in 
which  case  the  mucus  adheres  to  a  glass  rod  dipped  into 
the  evacuation;  or,  finally,  it  appears  in  watery  dejecta 
as  small  floatmg  particles,  readily  recognized.     In  mem- 
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branous  enteritis  mucus  is  passed  in  long  strings  or  as 
a  continuous,  tubular  membrane,  sometimes  dense  and 
opaque  so  as  almost  to  appear  fibrinous.  In  cholera  and 
to  a  less  extent  in  some  other  conditions  great  quantities 
of  serous  fluid,  a  true  transudate,  are  evacuated  with  the 
intestinal  contents. 

Microscopic  Ciiaractebs. — Microscopic  examination 
of  faecal  matter  reveals  a  mass  of  bacteria  and  detritus  in 
which  is  embedded  a  greater  or  less  number  of  recogniz- 
able morphological  and  crystalline  elements,  some  being 
residue  of  food  or  adventitious  ingesta,  others  being  prod- 
ucts from  inhabitants  of  the  intestinal  tract,  while  still 
otlier  such  elements  are  those  derived  from  the  body  itself 
and  its  secretions. 

Vn/HiiUe  cells  and  fibres  of  variable  form  may  be  en- 
countered, some  containing  starch  granules  or  masses  of 
chlorophyl.  Occasionally,  especially  in  diarrheal  stools 
and  where  there  is  a  failure  of  pancreatic  digestion, 
starch  granules  more  or  less  unaltered  are  recognized  in 
considerable  number.  They  turn  blue  in  contact  with  a 
solution  of  iodine.  Rosenheim  states  that  he  could  not 
detect  0.6  per  cent. ;  hence  it  appears  that  less  than  one- 
half  per  cent,  of  starch  cannot  be  detected  with  certainty 
by  microscopic  examination. 

Of  the  residues  from  animal  food,  connective  tissue  may 
be  present  in  variable  amount,  being  increased  when  this 
class  of  food  is  ingested  in  large  quantity,  and  when  there 
is  a  deficiency  of  gastric  digestion.  Where  such  food  has 
been  sparingly  eaten,  the  appearance  of  areolar  fibres  in 
notable  numbers  is  nearly  always  indicative  of  deficiency 
of  the  chemical  processes  of  gastric  digestion.  Elastic 
fibres,  except  to  a  very  limited  extent  in  the  instances  In 
which  they  come  from  swallowed  tuberculous  sputa,  are 
derived  from  the  food  and  are  not  indicative  of  any  con- 
dition of  disease.  Partially  digested  bile-stained  muscle 
fibres  are  nearly  always  found  in  the  stools,  still  preserv- 
ing their  transverse  striae  so  as  to  be  recognizable,  though 
the  general  appearance  of  the  fibres  may  be  much  altered. 
They  are  not  rendered  more  numerous  by  gastric  defi- 
ciency,but  they  are  apt  to  remain  bound  together  by  bands 
of  undigested  connective  tissue.  A  large  increase  on  a  lim- 
ited meat  diet  is  indicative  of  deficiency  of  intestinal  diges- 
tion. Undigested  milk  clot  is  at  times  present  in  the  ex- 
crement of  adults,  and  is  frequently  seen  in  the  stools  of 
infants.  They  are  recognized  by  the  absence  of  structure, 
the  presence  of  fat  globules  and  proteid,  as  indicated  by 
microchemical  tests,  and  the  solubility  of  the  coagulated 
proteid  in  dilute  alkali  and  its  reprecipitation  by  acetic 
acid. 

Fat,  in  the  form  of  globules  and  as  fat  tissues,  is  oc- 
casionally seen,  but  is  commonly  present  as  needles, 
single  or  in  clusters.  These  are  probably  fatty  acids  in 
combination  with  calcium  and  magnesium,  alkali-earth 
soaps.  They  are  present  in  enormous  numbers  in  acholic 
stools  and  are  regularly  increased  when  there  is  a  de- 
ficiency in  the  absorption  of  fat. 

Cholesterin  crystals  rarely  appear  in  the  stools,  this 
substance  not  being  a  normal  constituent  of  faecal  matter. 
Since  it  is  usually  present  in  meconium,  in  the  stools  of 
starvation,  and  in  evacuations  when  digestion  is  arrested, 
its  appearance  in  crystalline  form  is  to  be  looked  for  in 
these  conditions.  Stercorin,  into  which  cholesterin  is 
normally  converted  in  the  intestinal  tract,  ciystallizes  in 
thin  delicate  needles  and  hence  is  distinguished  with  diffi- 
culty from  alkali -earth  soaps.  Whether  this  substance 
appears  in  crystalline  form  in  the  stools  is  unknown. 

Phosphate  crystals  are  regularly  seen  in  the  microscopic 
examinati(m  of  fa'ces,  either  as  wedge-shaped  prisms, 
single  or  in  clusters,  of  the  neutral  calcium  salt  or  as  the 
triple  phosphate  in  its  various  forms  (see  under  Urine). 
They  are  Avitliout  pathological  significance. 

Calcium  oxalate  crj-stals  are  frequently  recognized  in 
f:ecal  matter.  They  are  in  many  instances  derived  from 
the  food,  but  there  is  reason  to  believe  that  oxalate  is  at 
times  formed  in  the  fermentative  and  putrefactive  proc- 
esses of  alimentation.  In  the  light  of  our  present 
knowledge  its  occurrence  in  crystalline  form  cannot 
be  considere<l  significant  of  any  pathological  process. 
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Crystals  of  other  organic  salts  of  calciiun  are  described 
as  occurring  in  stools,  the  lactate  in  the  discharges  of 
children,  appearing  as  sheaves  of  radiating  needles,  and 
the  acetate  and  butj'rate  in  the  discharges  of  gastric  and 
intestinal  catarrh.  The  occurrence  ot"  amorphous  par- 
ticles or  dumbbell  crystals  of  calcium  carbonate  and  of 
prisms  or  dumbbell-shaped  amorphous  masses  of  calcium 
sulphate  is  exceedingly  rare  and  probably  devoid  of  patho- 
logical signilicance.  After  the  administration  of  bis- 
muth black  crystals  appear  in  the  stools;  in  shape  they 
closely  resemble  hoemin  crystals. 

Charcot-Leyden  crystals  are  occasionally  seen,  most 
frequently  when  intestinal  parasites,  particularly  worms, 
are  present.  The}'  are  also  seen  in  typhoid  fever  and 
in  catarrhal  conditions  of  the  bowel. 

Of  the  morphological  eleineiita  derived  from  the  body 
epithelial  cells  are  most  frequently  seen,  as  thej'  are  al- 
ways present.  Squamous  epithelia  come  from  the  region 
of  the  anus,  and  are  the  least  changed.  The  columnar 
variety  is  less  frequently  recognized,  being  much  altered 
by  partial  digestion  and  abstraction  of  moisture.  If  in 
great  numbers  they  point  to  intestinal  catarrh,  but  are 
of  no  further  diagnostic  importance.  The  possibility  of 
the  presence  of  bits  of  neoplasm  should  always  be  borne 
in  mind,  but  their  recognition  when  suc:h  a  growth 
exists  is  only  occasionally  possible.  The  casts  of  mucous 
enteritis  and  colitis  frequently  seem  to  be  librinous, 
but  microscopic  examination  shows  that  they  consist  of 
dense,  more  or  less  transformed  mucus.  Portions  may 
be  intiltrated  with  large  numbers  of  small  round  cells. 
Blood,  unless  present  in  large  amount,  is  recognized  from 
the  red  corpuscles  only  when  it  comes  from  the  lower 
portion  of  the  rectum.  Hemorrhagic  stools  frequently, 
however,  contain  reddish-brown  hamatoidin,  sometimes 
presenting  a  somewhat  crystalline  structure,  the  crystals 
appearing  in  some  instances  after  a  hemorrhage  had  oc- 
curred several  days  before  the  stools  were  passed.  In 
black  tarry  stools  the  presence  of  biood  can  be  proved 
only  by  chemical  tests  (see  Vol.  II.,  page  74).  Pus  cor- 
puscles occur  in  dysentery,  ulcerative  processes,  and 
where  an  abscess  has  emptied  into  the  bowel.  Leuco- 
cytes are  usually  much  degenerated  and,  if  present  in  con- 
siderable numbers,  are  usually  significant  of  ulceration. 

Parasites. — Ffeces  contain  lower  forms  of  vegetable  life 
which  von  Jaksch  divides  into  two  classes  according  to 
the  manner  in  which  they  stain  with  iodo-potassic-iodide 
solution,  viz.,  those  that  stain  brown  or  brownish-yellow, 
and  those  that  stain  blue.  The  latter  occur  in  relatively 
small  numbers  in  health.  Moulds  are  rarely  present  in 
faecal  matter,  only  the  thrush  fungus  being  occasionally 
seen,  and  then  in  children  with  thrush.  Yeast  cells  are 
very  common,  being  present  even  in  the  stools  of  breast- 
fed infants.  They  are  more  abundant  in  the  acid  stools 
of  children.  The  fission  fungi,  chiefly  bacteria,  probably 
in  most  instances  constitute  the  greater  portion  of  the 
bulk  of  fsecal  matter,  occurring  in  enormous  numbers, 
the  figures  obtained  by  different  observers  who  have 
attempted  to  enumerate  them  ranging  from  15,000  to 
80,000  or  even  higher  as  an  average  for  each  milligram. 
Animals  thrive  in  the  absence  of  these  forms  of  life  in 
the  intestinal  contents,  and  they  are  not  present  during 
fojtal  life,  yet  their  presence  is  probably  not  without  bene- 
fit. On  a  strict  milk  diet  the  number  rapidly  diminishes. 
In  the  stools  of  infants  the  bacteria  commonly  present 
are  the  Bacillus  cohc  ommunis  and  the  Bacillus  lactis  aero- 
genes;  they  give  rise  to  acid  fermentation  with  the  pro- 
duction of  acetic  and  higher  fatty  acids  and  occasionally 
formic  acid,  but  they  do  not  occasion  a  true  putrefac- 
tive process.  The  varieties  in  the  stools  of  adults  are 
very  numerous,  more  than  fifty  species  having  been 
identified,  a  number  that  docs  not  at  all  adequately  ex- 
press the  many  species  that  probably  are  present  under 
all  possible  conditions.  It  is  generally  accepted  that  the 
colon  bacillus  is  the  most  constant  inhabitant  of  the  lower 
bowel  and  with  it  are  several  of  the  different  species 
active' in  putrefactive  processes.  For  an  account  of  the 
individual  species  and  of  the  pathogenic  bacteria,  see 
the  article  on  Bacteria  and  those  that  treat  of  the  various 
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diseases.  Animal  parasites  of  various  description  at  times 
inhabit  the  intestinal  tract,  and  may  be  passed  with  the 
stools.  They  include  various  protozoa,  many  species  of 
worms,  and  not  a  few  insects.  For  an  account  of  these 
see  the  article  on  Pdraxites. 

Chemical  Composition.  —  Normal  fteces  contain 
moi.sdf/re  and  wirtfoVe  substances  to  the  extent  of  from  sixty- 
eight  to  eighty-two  per  cent,  of  their  weight,  the  water 
comprising  about  five  per  cent,  of  the  total  amount  lost  by 
the  body  through  the  various  channels.  In  soft  and  watery 
stools  the  amount  of  water  may  increase  to  ninety -seven 
IJer  cent,  or  more,  while  in  hard  stools  it  may  diminish 
considerably.  The  other  volatile  constituents  present  in 
relatively  small  amounts  are  volatile  fatty  acids,  phenol, 
indol,  and  skatol. 

On  ignition  fieees  usually  yield  an  amount  of  asli  equal 
to  about  one-eighth  or  less  of  the  total  solids,  but  this 
does  not  represent  the  condition  of  the  mineral  matter  in 
the  fresh  material,  since  the  acids  of  the  ash  are  to  a 
considerable  extent  formed  from  the  organic  matter  in  the 
process  of  combustion.  Avoiding  this  error,  Grundzach 
found  in  a  normal  adult,  living  on  a  mixed  diet,  that  the 
bases  were  chiefly  calcium  and  in  smaller  amounts  potas- 
sium and  magnesium,  with  still  less  of  sodium  and  a  very 
small  amount  of  iron,  and  that  twenty-two  per  cent,  of 
these  bases  were  combined  with  inorganic  acids,  chiefly 
phosphoric,  but  with  small  amounts  of  sulphunc  and 
hydrochloric,  and  that  the  remaining  seventy-eight  per 
cent,  were  combined  with  organic  and  carbonic  acids.  In 
stools  containing  much  serous  transudate  the  quantity 
of  chloride  is  greatly  increased.  Studying  the  secretions 
of  the  large  intestine  in  a  patient  with  an  artificial  anus 
in  the  lower  ileum,  Kobert  and  Koch  found  that  on  an 
average  one-fourth  of  the  solids  is  ash,  about  one-half  of 
this  in  one  examination  being  phosphate.  It  is  evident, 
then,  that  the  inorganic  solids  are  derived  from  the  in- 
testinal and  other  secretions  as  well  as  from  the  food 
residue.  The  quantity  of  iron  is  usually  found  to  vary 
between  3  and  25  mgm.  in  twenty-four  hours,  but  it  has 
been  found  to  be  50  mgm.  or  more  in  malarial  infection 
with  much  destruction  of  haemoglobin. 

The  chief  class  of  organic  substances  in  the  foeces  is  the 
pi-oteids,  the  most  important  of  these,  the  albuminoid  bases 
of  intestinal  mucus,  forming  the  chemical  basis  of  fajcal 
matter.  This  is  not  mucin  as  was  formerly  supposed, 
but  a  phosphorus-containing,  albuminous  substance, 
probably  identical  with,  or  closely  allied  to,  nucleo- 
albumin.  True  mucin  is  not  regularly  present  in  fsecal 
matter.  It  is,  however,  the  chief  substance  imparting  to 
human  bile  its  mucilaginous  character,  and  presumably 
may  at  times  pass  from  the  bile  into  the  ffeces,  as  well 
as  from  the  saliva  in  which  it  is  an  important  constituent, 
and  from  the  food ;  but  it  has  not  been  proved  to  be  a 
regular  constituent  of  human  excrement.  Appreciable 
quantities  of  albumins  and  globulins  are  present  in  patho- 
logical conditions  only,  namely,  when  there  is  serous  fluid 
present,  or  when  the  food  has  passed  through  the  body 
so  rapidly  as  to  escape  complete  digestion,  and  less  fre- 
quently when  the  digestive  function  itself  is  not  prop- 
erly maintained.  Thus  in  typhoid  and  dysentery  al- 
bumins may  be  found;  in  the  rice-water  stools  of  cholera 
they  are  constantly  present;  they  have  likewise  been 
fouiid  in  stools  deficient  in  bile.  Since  microscopic  bits 
of  bile-stained  meat  fibres  can  always  be  recognized  in 
stools  after  a  meat  diet,  it  is  presumable  that  myosin  is 
present  at  the  same  time ;  but  the  quantity  under  ordinary 
conditions  is  hardly  appreciable.  Another  class  of  pro- 
teids  not  present  in  the  faces  of  health  is  the  products 
of  digestion,  the  proteoses  and  peptones.  They  are  con- 
stantly present  whenever  pus  is  found  in  the  stools,  and 
irregularly  in  certain  other  conditions.  Nucleins  are 
stated  to  be  commonly  present  in  faecal  matter.  Whether 
in  most  instances  they  are  true  nucleins  derived  from  the 
f (5od  or  are  paranucleins  from  mucus  and  nucleo-albumins 
of  the  food  residue  is  uncertain,  but  it  seems  probable 
that  in  many  instances  they  are  paranucleins.  Leucin 
and  tyrosiu  are  not  present  in  the  evacuations  of  health, 
and  in  diseases  only  when  the  passage  through  the  lower 
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bowul  has  been  so  rapid  as  not  to  permit  of  absorption. 
Hence  tlie\-  are  to  be  looked  for,  and  are  frequently  found 
in  the  stools  of  cholera  and  other  conditions  characterized 
by  watery  movements.  Crystals  of  calcium  and  mag- 
nesium soaps  were  at  one  time  believed  to  be  tyrosin 
crystals,  but  their  true  nature  is  now  recognized. 

An  important  class  of  substances  appearing  in  the  f sees 
in  greater  or  less  quantity  is  the  fnts  and  their  derivatives, 
consisting  chiefly  of  neutral  fal  and  soaps  with  some 
free  fatty  acids.  The  total  quantity  of  these  in  an  adult 
on  an  average  mixed  diet  in  health  is  only  exceptionally 
as  high  as  twenty -five  per  cent,  of  the  dry  solids  of  fascal 
matter,  the  soaps  and  free  fatty  acids  usually  present 
making  up  three-quarters  of  the  amount,  with  jierhaps 
rather  more  soaps  than  free  acids.  The  absolute  quantity 
is  influenced  by  the  character  of  the  food,  only  to  a  limited 
extent.  In  starvation  and  on  some  diets  the  fat  of  the  ex- 
crement even  exceeds  the  quantity  Ingested,  while  it  has 
been  observed  that  increasing  the  fats  of  the  diet  as 
much  as  twenty  times  only  doubles  the  amount  in  the 
stools.  When  100  gm.  are  ingested  not  more  than 
from  4  to  6  per  cent,  of  this  amount  should  be  contained 
in  the  foeees.  It  is  interesting  that  the  fat  of  lower  melt- 
ing-point is  more  readily  absorbed,  the  fatty  acids  re- 
covered from  the  stools  usually  melting  seven  degrees 
higher  than  those  of  the  food.  With  diminished  absorp- 
tion the  difference  is  less,  and  in  diarrha'a  may  be  almost 
inappreciable.  The  presence  of  free  fatty  acids  in  the 
ingested  fats  likewise  favors  absorption  and  correspond- 
ingly diminishes  the  amount  excreted.  In  obstructive 
jaundice  the  total  quantity  of  fat  is  greatly  increased, 
the  amount  in  some  instances  reaching  seventy-five  per 
cent,  or  more  of  the  dry  solids,  without  there  being  any 
considerable  relative  increase  of  neutral  fat.  With  a 
failure  of  the  pancreatic  secretion,  either  with  or  without 
obstruction  of  the  bile,  there  is  likewise  an  increase  in  the 
fats  excreted,  but  with  a  marked  relative  increase  in  the 
neutral  fat.  When  the  fats  are  thus  increased,  whether 
from  insufficient  bile  or  pancreatic  fluid,  the  stools  take 
the  gray-white  color  and  soft  consistence  that  character- 
izes the  so-called  acholic  stool.  Mention  should  be  made 
of  the  enormous,  thick,  pulpy  stools  of  a  dirty  dark  gray 
color  and  greasy  appearance  sometimes  seen  in  diabetics. 
They  contain  a  large  quantity  of  neutral  fat  and  other 
food  residue,  and  are  to  be  attributed  to  a  diminution  or 
absence  of  pancreatic  fluid,  from  extensive  lesion  of  the 
pancreas,  which  in  these  cases  is  the  primary  cause  of  the 
diabetic  condition.  Other  conditions,  in  which  an  increase 
in  the  excretion  of  fats  has  been  observed,  are  fevers, 
though  usually  not  typhoid,  and  some  cases  of  anremia. 

Cdi-buliydmte^  appear  in  the  fasces  only  when  tliey  are  in- 
gested and  escape  digestion  and  absorption.  If  they  are 
easily  soluble  their  utilization  is  usually  complete,  being 
determined  entirely  by  the  motor  and  absorptive  func- 
tions, while  starch  demands  the  action  of  diastatic  ferments 
for  solution,  and  starch  .granules  enclosed  in  cell  walls  are 
dependent  still  more  on  this  latter  function,  and  also  call 
into  exercise  the  action  of  bacteria  to  dissolve  or  decom- 
pose the  cell  cellulose.  These  facts  are  in  accord  with 
the  observation  that  raw  starch  is  more  apt  to  appear  in 
the  stools  than  cooked  and  soluble  carbohydrates.  Con- 
siderably smaller  quantities  of  starch  can  "be  detected  by 
the  fermentation  test  than  by  microscopic  observation 
of  the  iodine  reaction,  by  the  former  method  0  1  per 
cent,  in  one  instance  having  been  readily  indicated  while 
by  the  latter  0.6  per  cent,  was  not  recognized  thou"h  it 
■does  not  seem  improbable  that  here  tlie  structural  form 
was  lost  and  even  that  the  starch  was  present  in  the  solu- 
ble condition  Dextrin  and  gums  may  sometimes  be 
detected  m  the  stools,  but  even  in  diabetes  dextrose  is 
not  present,  though  secretion  into  the  intestines  be  in- 
duced by  purgation.  Of  the  pentoses  rhamnose  readily 
appeare  m  the  stools,  xylose  less  readily,  and  arabinose 
only  after  its  ingestion  m  large  quantities.  Cellulose  is 
not  dissolved  by  the  digestive  ferments,  but  to  a  slight 
extent  IS  decomposed  into  melhan  and  carbon  dioxid,  by 
changed  '  '^'  Percentage  is  evacuated  nl 
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Of  the  bile  Herirative.s  the  most  important  is  the  pig- 
ment. Untler  ordinary  conditions  bilirubin  is  reduced  in 
the  intestines  to  the  color  constantly  present  in  fa'ces, 
known  as  hydrobilirubin,  and  to  certain  colorless  closely 
allied  substances  capable  of  ready  oxidation  into  pig- 
ment. The  name  "stercobilin,"  used  by  Vanlair  and 
JIasius,  who  supposed  the  color  to  be  formed  from  bili- 
rubin by  oxidation,  is  still  used  by  some  writers  rather 
than  Maly's  term,  which  expresses  the  true  chemical  re- 
lationship. The  average  amount  contained  in  the  twenty- 
four  hours'  evacuation  was  found  by  one  observer  to  be 
0.36  gm.,  not  including  the  colorless  products  capable  of 
yielding  pigment  by  oxidation,  of  which  a  very  consider- 
able amount  may  be  passed.  Under  certain  conditions, 
as  has  been  seen,  the  usual  change  in  bile  pigment  docs 
not  occur,  and  biliverdin  is  present,  giving  to  the  dis- 
charge a  green  color.  In  the  gray  "acholic"  stools, 
either  bile  pigment  is  absent  or  it  is  obscured  by  tlie  pres- 
ence of  excessive  quantities  of  fats.  In  the  latter  in- 
stances, the  residue  of  f:eces  will  be  seen  to  be  colored, 
when  the  fatty  matter  lias  been  extracted  with  alcohol- 
ether.  Biliary  acids  are  to  a  large  extent  absorbed  from 
the  intestinal  tract,  either  as  such  or  after  decomposition. 
C'holalic  and  choloidic  acids  are  regularly  present  in  the 
fseces,  but  not  in  large  amount.  Taurin  is  likewise  pres- 
ent, but  it  has  been  found  that  the  quantit}^  in  twenty- 
four  hours  is  only  0.32  gm.  When  the  passage  through 
the  intestines  is  very  rapid,  so  as  not  to  permit  either  the 
usual  chemical  changes  or  absorption,  the  bile  acids  or  the 
products  of  their  decomposition  appear  in  the  fasces  in 
greater  amount. 

Lecithin  is  not  present  in  more  than  traces,  being  either 
decomposed  or  absorbed  as  such ;  of  the  products  of  its 
decomposition  the  fatty  acids  are  in  part  excreted  with 
the  fjBces.  It  has  been  already  stated  under  what  condi- 
tions cholesterin  is  present  and  that  ordinarily  this  sub- 
stance is  reduced,  during  its  passage  through  the  in- 
testines, to  stercorin.  This  discovery  of  Flint  has  received 
abundant  confirmation  in  the  last  few  years,  and  it  is  now 
established  that  normal  fseces  of  the  adult  do  not  contain 
cholesterin.  The  amount  of  stercorin  is  usually  one  gram 
or  less  in  twenty-four  hours.  This  substance  difliers  from 
cholesterin,  not  only  in  crystalline  form  but  in  chemical 
composition,  its  formula  being  CstH^bO  (cholesterin 
C27H46O),  and  in  chemical  behavior.  The  chloroform 
solution  gives  with  concentrated  sulphuric  acid  a  yellow 
coloration  which  on  long  standing  changes  to  deep  yel- 
low and  finally  deep  red.  It  does  not  form  halogen  ad- 
dition products.  The  crystalline  needles  melt  at  95-96' 
C.  Little  need  be  said  of  the  fats  and  soaps  of  the  bile, 
since  they  meet  the  same  fate  as  these  substances  in  food. 
That  they  appear  in  the  fseces  in  part  is  indicated  by  the 
passage  of  fat  in  starvation,  and  also  with  a  fat-free 
diet. 

The  volatile  substances  of  fteces  include  volatile  fatty 
acids  and  aromatic  products  of  decomposition.  Of  the 
former  three-fourths  consist  of  acetic  acid  and  the  re- 
mainder of  butyric,  isobutyric,  valerianic,  and  caproic 
acids,  and  perhaps  traces  of  others  higher  in  the  fatty 
acid  series.  These  bodies  are  formed  very  largely  as  a 
result  of  putrefying  and  fermenting  of  the  intestinal 
contents.  Lactic  acid  should  be  mentioned  in  this  con- 
nection since  it  is  regularly  present  in  the  acid  stools  of 
infants  on  a  milk  diet.  The  aromatic  decomposition 
products  phenol,  iudol,  and  skatol  are  present  in  the  putrid 
faeces  of  the  adult.  Occasionally  liydrogen  sulphide, 
ammonia  and  other  volatile  bases  contribute  to  the  odor. 
In  the  milk  stools  of  infants  decomposition  products  are 
usually  absent,  though  occasionally  indol  may  be  found. 
Indol  and  skatol  are  colorless  crystalline  solids  formed  in 
the  large  intestines  from  albuminous  substance  by  putre- 
faction and  possessing  a  disagreeable  pungent  odor. 
Indol  has  the  formula  CMI„.NH,  while  skatol  is  methyl 
indol,  ClaHsCIIa.NH.  Each  of  these  substances  may  Idc 
absorbed  and  is  then  eliminated  in  the  urine  or  sweat, 
after  undergoing  slight  oxidation  and  entering  into 
ethereal  combination  either  with  acid  potassium  sulphate 
or  with  glycuronic  acid,  the  indol  in  this  condition  ap- 
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pearing  as  indoxyl,  the  indican  of  the  uriiie.  In  the  faeces 
the  quantity  of  tliese  substances  is  small,  but  sulHcient 
to  give  characterto  the  excrement. 

The  lutivgeiioiiKitiil/ntdiiccs,  usually  excreted  by  the  kid- 
neys, at  times  leave  the  body  in  thefieces  ii\  considerable 
amounts.  Thus  both  urea  and  ammonium  salts  may  be 
present  in  \iiu'mia  in  notable  quantities,  while  it  appears 
that  the  purin  bases,  xanthiu  and  liy|ioxanthiu,  are  in 
leukamia  excreted  through  this  channel  to  the  extent  of 
1  gm.  a  day,  wljieh  amount  is  even  greater  than  leaves 
the  body  in  the  urine.  Since  these  substances  are  pres- 
ent in  small  quantities  in  health,  they  must  be  considered 
normal  constituents  of  the  faces.  They  are  not  increased 
in  gout.  Uric  acid  has  not  been  found  in  the  f;eces  of 
man 

Mention  should  be  made  of  the  components  of  intes- 
tinal flatus.  They  consist  of  carbon  dioxide,  h3'drogen, 
nitrogen,  and  methau.  Ad.  Schmidt  concludes  that  the 
amount  of  nitrogen  decreases  with  an  increase  in  the 
tendency  of  the  material  to  undergo  fermentation,  which 
condition  depends  on  the  amount  and  degree  of  digestion 
of  the  carbohydrate  of  the  food.  The  quantity  of  methan 
varies  in  the  same  way. 

There  are  present  in  the  ffeces  substances  that  render 
this  material  poisonous.  Regarding  them  and  the  poison- 
ous products  in  the  various  diseases  the  reader  is  referred  1  o 
the  article  on  Ayto-intoxication,  and  he  is  also  reminded  of 
the  probability  that  the  faeces  will  at  times  contain  the  tox- 
ins produced  by  the  bacteria  that  are  active  in  the  intes- 
tines during  the  formation  of  the  fffices. 

An  account  of  the  chemistry  of  the  ffcces  is  incomplete 
without  mention  of  the  cheniicnl  i-enrtitm.  In  the  adult 
it  is  alkaline,  the  acid  contents  of  the  upper  intestinal 
tract  being  more  than  neutralized  by  the  abundant  secre- 
tion of  sodium  carbonate  b}'  the  large  intestine,  and 
furnishing  conditions  favorable  for  ammoniacal  fermenta- 
tion. In  typhoid,  ammonium  carbonate  is  present  in 
unusual  quantity,  giving  an  increased  alkalinit}-.  After 
a  diet  rich  in  vegetables  the  fa?ces  may  be  slightly  acid ; 
when  bile  is  wanting  they  are  strongly  so.  They  are 
usnally  acid  in  infants,  and  in  adults  as  well  are  markedly 
so  in  acute  indigestion,  the  acidity  being  due  to  lactic  and 
butyric  acid  fermentation. 

Finally,  mention  should  be  made  of  ceT:ta.m ferments 
usually  present  in  faecal  matter.  A  diastatic  ferment  is 
constantly  present,  derived  apparently  from  tlie  lower 
part  of  the  small  intestine,  the  amount  varying  inversely 
with  the  solids,  being  greatest  in  diarrhoea.  It  is  not 
influenced  by  the  character  of  the  diet.  Invertin  is  said 
to  accompany  diastase  in  the  stools  of  infants.  A  pro- 
teolytic ferment,  which  is  apparently  trypsin  that  has  es- 
caped destruction  in  its  rapid  passage  through  the  bowel, 
is  reported  to  be  present  in  diarrhoeal  discharges. 

In  the  study  of  the  digestibility  or  utilization  of  a 
definite  food  or  dietary,  it  is  important  to  distinguish  the 
faecal  matter  containing  the  residue  from  this  particular 
ingested  material.  The  separation  of  the  stools  thus  be- 
comes an  important  part  of  the  experimental  observa- 
tion. This  is  accomplished  by  the  ingestion,  at  the  be- 
ginning and  end  of  the  experimental  period,  of  material 
which  so  marks  or  characterizes  the  ffecal  discharge  as  to 
render  possible  a  mechanical  separation,  both  from  the  fae- 
cal matter  preceding  and  from  that  immediately  follow  ing. 
A  considerable  number  of  substances  have  been  employed 
for  this  purpose,  including  in  dogs  bone,  silica,  and  cork, 
and  in  man  lampblack,  milk,  and  carrain.  Perhaps  the 
most  satisfactory  procedtire  is  to  limit  the  meal  imme- 
diately preceding  the  periled  of  the  special  dietary,  and 
also  the  meal  immediately  following,  to  milk,  with  which, 
at  the  same  time,  several  gelatin  capsules  containing  lamp- 
black are  to  be  taken.  In  the  separation  advantage  can  then 
be  taken  both  of  the  salve-like  consistence  of  milk  stools 
and  the  dark  color  imparted  by  the  lampblack.  In  many 
instances  this  separation  is  very  satisfactory,  but  in  diar- 
rhoea and  particularly  in  constipation  with  formation  of 
scybala,  the  boundary  line  is  not  always  well  marked. 

After' the  ficces  corresponding  to  a  definite  period  have 
been  obtained,  it  is  then  desirable  to  distinguish  what  por- 


tion of  the  material  is  residue  from  the  Ingested  diet,  and 
wliat  is  waste  from  the  intestinal  tract.  The  distinction  he- 
twaan  ihatjiettibtdisin  rcxiilite,  as  these  products  are  called, 
and  the  food  lesidue  isa  matter  of  extreme  difficulty,  and 
although  it  has  received  much  attention,  there  is  no 
method  known  at  the  present  day  that  serves  to  accom- 
plish this  end,  (•xecpt  tmderdetinite  and  restricted  condi- 
tions. The  procedure  of  estimating  the  metabolic  prod- 
ducts  in  the  ftcces  of  starvation  and  deducting  this 
amount  from  the  total  is  inapplicable,  since  the  meta- 
bolic products  are  increased  with  the  ingestion  of  food 
and  are  dependent  upon  its  character  and  amotmt.  In 
many  instances  no  effort  is  made  to  distinguish  between 
metabolic  and  food  residues,  the  total  fa;ces  being  de- 
ducted from  the  amount  of  food  ingested  and  the  difl'er- 
ence,  instead  of  being  termed  "digestible"  food,  being 
called  "  available  "  or  "  utilized  "  food,  and  the  factors  de- 
ducted being  termed  "  coefficient  of  availability  "  or  "  co- 
efficient of  utihzation."  Evidently  these  factors  repre- 
sent the  net  gain  to  the  body  rather  than  the  digestibihty 
of  the  food. 

The  fajces  are  at  times  the  subject  of  special  examina- 
tion to  ascertain  the  condition  of  the  intestinal  processes. 
The  macroscopic  appearance  alone  may  indicate  a  diminu- 
tion of  the  chemical  or  an  increase  in  motor  function,  by 
showing  an  excess  of  fat  or  particles  of  food  residue ;  but 
the  microscopic  appearances  are  of  greater  service  to  this 
end.  When  more  exact  knowledge  is  desired,  the  coeffi- 
cients of  availability  of  the  nutrients  of  a  given  dietary 
of  known  amount  and  composition  may  be  determined 
and  these  results  compared  with  the  coefficients  in  health. 
Ad.  Schmidt  and  Strasburger  have  recently  recommended 
different  procedures  that  promise  to  be  of  some  value  in 
determining  the  utilization  of  carbohj'drates.  At  the 
outset,  after  the  ingestion  of  0.3  gm.  carmin,  the  patient 
is  put  on  a  special  diet,  known  as  Xo.  2,  consisting  daily 
of  milk,  1,560  c.c,  foureggs,  100 gm.  zwieback,  one  plate 
barley  soup  (40  gm.  barley),  one  plate  flour  soup  (3.5  gm. 
flour),  375  c.c.  bouillon,  all  containing  20  gm.  sugar,  in 
combination  with  the  more  common  diet  of  60  gm.  chopped 
beef,  and  250  gm.  mashed  potatoes  (potatoes  190  gm.,  milk 
60gra.,  butter  7gm.).  In  diet  No.  1  the  chopped  beef  and 
mashed  potatoes  are  omitted.  No.  3  consists  of  1,690  c.c. 
milk,  3  eggs,  flour  soup,  bouillon,  and  mashed  potatoes, 
as  in  diet  No.  3,  sugar  10  gm.,  milk  rolls  235  gm.,  meat 
(cutlet)  150  gm.  The  diets  are  seen  to  contain  carbohy- 
drate in  increasing  amounts  from  1  to  3  and  successively 
in  more  difficultly  utilizable  form,  as  well.  For  most 
cases  either  or  both  1  and  3  will  be  found  advantage- 
ous in  addition  to  2.  After  the  disappearance  of  the 
carmin,  usually  after  an  interval  of  three  or  four  days, 
during  which  the  diet  is  continued,  the  fa;ces  are  sub- 
mitted to  a  fermentation  test,  as  follows ;  The  fresh  stools 
are  mixed  with  water  (usually  two  parts)  to  the  consistence 
of  a  thick  fluid,  and  the  mixture  is  put  in  a  fermentation 
tube  of  about  30  c.c.  capacity  and  left  at  body  tempera- 
ture. The  formation  of  gas  in  twenty -four  hours  to  one- 
third  the  capacity  of  the  tube  is  a  weak  reaction ;  to 
two-thirds  moderate,  and  more  than  this  strong.  Five 
conditions  determine  the  development  of  the  reaction, 
namely,  the  presence  of  (1)  starch,  (2)  nutritive  ma- 
terial, (3)  obligatory  bacteria,  (4)  a  diastatic  ferment, 
and  (5)  the  absence  of  a  high  grade  of  acidity.  A  late 
appearance  of  gas  is  dtie  to  putrefaction  of  the  material, 
and  is  not  to  be  given  the  same  consideration  as  the  early 
fermentation.  Strasburger  concludes  that  early  fermenta- 
tion with  diet  1  is  always  pathological ;  with  diet  2,  is  on 
the  boundary,  but  is  more  frequently  pathological;  with 
diet  3,  is  normal,  yet  in  the  majority  of  normal  stools  does 
not  appear.  Only  positive  results  are  of  diagnostic  value. 
Under  most  conditions  carbohydrate  is  the  variable  factor, 
and  it  is  apparent  that  Schmidt's  method  is  primarily 
directed  to  the  estimation  of  the  utilization  of  this  class 
of  nutrients.  The  same  investigator  has  devised  a  method 
of  measuring  the  bulk  of  undigested  meat  fibre  in  the 
ffeces  after  the  ingestion  of  these  same  dietaries.  The 
method  consists  essentially  in  determining  the  reduction 
in  volume  which  the  residue  In  the  faeces  undergoes  . 
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when  submitted  to  the  action  of  pepsin-hydrochloric  acid. 
The  value  of  the  procedure  remains  to  be  detenu  ned 

FAHRENHEIT   AND    CENTIGRADE   SCALES.- The 

following  table,  showing  the  value  m  degrees,  tenths  ot 
a  degree  and  hundredths  of  a  degree,  according  to  the 
Fahrenheit  scale,  of  every  tenth  of  a  degree  of  tempera- 
ture from  44°  to  33°  Centigrade,  while  perhaps  belong- 
ing more  properly  in  the  article  entitled   Thermomi'Ur, 
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is  introduced  in  this  place  for  the  reason  that  such  early 
introduction  is  likely  to  prove  a  convenience  to  many 
readers  of  the  HandlBOOK.  In  the  determination  of  the 
limits  of  this  short  table  only  the  needs  of  the  clinician 
have  been  considered. 

FAINTING.     See  Brain,  Anmmia  of,  and  Si/ncope. 

FALKENSTEIN,  GERMANY.— There  is  nothing  re- 
mai-kable  about  the  climate  of  Falkenstein  which  would 
warrant  any  extended  account  of  it  as  a  health  resort. 
The  name  "Falkenstein,"  however,  has  become  famous 
in  connection  with  the  renowned  sanatorium  situated 
there,  and  this  demands  notice  as  being  one  of  the  best 
exponents  ot  the  sanatorium  treatment  of  pulmonary 
tuberculosis  in  the  world. 

Nine  miles  out  of  Frankfort  is  the  picturesque  village 
of  Cronberg  in  the  Taunus  Hills,  where  resided  the  late 
Dowager  Empress  of  Germany  for  a  good  part  of  the  year. 
A  walk  of  about  forty  minutes  up  the  hill  from" here 
brings  one  to  the  tiny  village  of  Falkenstein,  command- 
ing an  extended  view  over  the  valley  of  the  Main  with 
Frankfort  in  the  distance.  Here,  in  a  location  protected 
on  the  north,  west,  and  east  is  situated  the  sanatorium, 
1,300  feet  above  sea-level.  The  institution  consists  of  a 
main  building  with  two  wings  joining  it  at  an  obtuse  an- 
gle and  enclosing  a  large  terrace,  and  two  annexes  united 
to  the  main  building  by  covered  promenade  galleries. 
The  terrace  enclosed  by  the  wings  of  the  main  building 
and  looking  toward  the  south,  has  a  continuous  liroad 
veranda  of  glass,  provided  with  sun  blinds  and  curtains, 
whereupon  cushioned  reclining  chairs  one  sees  long  rows 


of  patients  lying  rolled  in  rugs,  taking  the  rest  cure,  some 
i-eading  or  writing,  others  conversing,  and  a  few  sleeping. 
There  are  also,  near  by,  pavilions,  some  revolving,  afford- 
ing fui-ther  opportunity  for  the  same  treatment.  The 
climate  is  that  of  central  Germany,  its  principal  charac- 
teristic being  a  pure  atmosphere  fi'ce  from  dust,  which, 
from  Dettweiler's  point  of  view,  is  the  chief  considera- 
tion in  the  climatic  treatment  of  phthisis,  provided  it  can 
be  utilized  continuously.  Only  about  half  the  days  in  the 
month  are  sunny. 

The  internal  arrangements  are  similar  to  those  In  the 
other  large  sanatoria;  A  large,  well- ventilated dining-hall 
accommodating  two  hundred  persons;  reading,  music, 
and  billiard  rooms;  post  and  telegraph  ofHce ;  bacterio- 
logical and  analytical  laboratory;  throat  and  douche 
rooms;  various  offices  and  consulting  rooms.  Each 
sleeping-room  has  a  special  ventilating  flue  and  the  usual 
simple  furnishings ;  linoleum  floors,  washable  walls;  they 
are  never  swept  but  cleaned  with  damp  or  -wet  cloths. 
The  windows  are  always  open.  Near  by  are  the  dairy  and 
stable,  gas-works,  and  a  disinfecting  apparatus.  As  in 
most  of  the  other  sanatoria  the  system  of  drainage  is  on 
the  principle  of  chemical  precipitation  with  cleansing 
basin .  The  large  corridors  for  rest  treatment  {Liegehallen), 
which  were  first  introduced  as  a  means  of  treatment  at 
Falkenstein,  have  a  powerful  gaslight  between  the  heads 
of  every  two  chairs,  permitting  the  patients  to  read  as  they 
lie  out  in  the  evening,  Blue-glass  spittoons  containing 
water  are  distributed  in  the  halls  on  brackets,  smaller 
ones  in  the  rooms,  and  white  crockery  ware  ones  on  the 
grounds.  Each  patient  is  required  to  carry  with  him  the 
Dettweiler  pocket  spit-cup,  and  expectoration  except  in 
these  receptacles  is  absolutely  prohibited — handkerchiefs 
or  cloths  not  being  allowed.  The  compliance  with  this 
law  seemed  to  be  perfect.  The  sputum  is  disposed  of  by 
throwing  it  into  the  waste  water  or  by  burning. 

'Yh.QJour  medical  for  an  average  patient,  as  told  by  one 
of  them,  is  as  follows : 

7  A.M.  Rubbing — dry  or  wet — or  a  douche. 
8.  Breakfast,  consisting  of  coffee,  tea,  or  chocolate, 
with  rolls,  butter,  honey,  and  milk. 
Until  10,  the  rest  treatment  in  the  reclining  chairs. 
10.  Second  breakfast,  of  bread,  butter,  milk  and  soup, 
with  wine  or  cognac.     (Upon  this  latter  Dr.  Dettweiler 
places  a  high  value. ) 
10;  30  to  1  P.M.     The  rest  treatment  again. 
1.  Dinner:    soup,   fish,    vegetables,    several  kinds  of 
meat,  fruit,  dessert,  and  coffee. 
2  to  4;  30.     The  rest  cure  again. 
4.  Milk. 

4 ;  30  to  7 :  30,     Rest  or  walking. 

7 ;  30.  Supper,  consisting  of  soup,  hot  and  cold  meats, 
salads,  preserves. 

After  supper  the  rest  treatment  until  10,  with  milk 
at  9. 

10.  Retire. 

It  will  be  seen  from  the  above  that  the  rest  treatment  in 
the  open  air  (Muheluft-Kur)  occupies  most  of  the  day,  and 
herein  is  a  marked  difference  between  GiJrbersdorf  and 
Falkenstein.  Dettweiler  lays  great  stress  upon  reM  in  the 
open  air,  while  Brehmer  puts  the  emphasis  upon  methodi- 
cal liiU-diiiibing.  Dettweiler  so  insists  upon  this  system 
of  open-air  rest  treatment  that  the  most  of  his  patients 
spend  from  seven  to  eleven  hours  daily  in  the  open  air  in 
spite  of  rain,  fog,  or  snow,  and  of  cold,  even  to  12°  below 
zero.  As  Ransom  observes ;  "  This  form  of  treatment  is  al- 
most independent  of  weather. "  Eacli  patient  on  admission 
is  carefully  studied,  not  only  his  phj'sical  condition,  but  his 
teinpeiiiment  and  will  power,  and  bis  intelligent  and  will- 
ing ro-operation  wilh  the  pliysiciau  is  obtained.  His  plan 
ot  life  is  then  arranged  in  all  its  details.  He  is  constantly 
under  the  eye  of  the  physicians,  and  always  sees  them  at 
the  principal  meuls.  To  this  skilled  watchfulness  and 
care,  the  hygienic-dietetic  measures,  and  the  hyperafira- 
tiou  is  due  the  success  attained  in  such  an  institution. 
Here,  as  at  the  other  sanatoria,  the  treatment  of  fever  is 
continued  lest,  physically  and  mentally,  and  this  applies 
to  all  patients  who  have  a  temperature  of  37.5°  to  38°  C. 
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(99.5  to  100.4°  F.)  or  over.  At  some  sanatoria,  as  at 
Hohenhonnef,  the  patient  is  not  even  allowed  to  lie  out 
in  the  JAi'fjehcdk'ii,  for  fear  the  moving  and  e.xcitenient 
may  keep  up  or  increase  his  fever,  but  is  kept  absolulelx' 
quiet  m  liis  room.  Generally  this  ti-eatment  alone,  A\it'h 
some  Hungarian  wine  or  cognac,  sutliees  in  a  short  time 
to  reduce  the  tempei-ature  to  normal.  Knopf  explains 
this  disappearance  of  fever  after  a  short  sojourn  at  a  san- 
atorium by  the  almost  total  absence  of  pathogenic  mi- 
crobes, especially  the  streptococci,  in  the  pure  atmos- 
phere. 

I  was  struck  with  the  appearance  of  the  patients  as  I 
saw  them  at  dinnei' ;  they  hardly  differed  from  the  per- 
sons one  would  see  in  the  dining-room  of  an  ordinary 
hotel,  and  presented  only  to  a  slight  degree,  if  at  all, 
the  appearance  one  usually  associates  with  a  consumptive. 
During  the  entire  meal  I  hardly  heard  a  cough.     More- 


siasni,  and  well  illustrates  the  power  of  Ihe  personal 
factor  in  the  success  of  tlie  physician.  He  makes  his  pa- 
tients love  him,  and  in  consequence  they  readily  yield  to 
his  will  and  guidance.  "In  him,"  as  Dr.  Thorne  says, 
"reason,  science,  and  long  experience  are  correlated  into 
action  by  discrimination,  adaptability,  sympathy,  and 
unbending  will.  In  both  of  the  senses  in  which  the  term 
can  be  employed,  he  is  a  presiding  genius." 

Echmnl.  0.  Otis. 


FALLOPIAN  TUBE. 
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(ANATOMICAL.)- 


FALLOPIAN  TUBES,  DISEASES  OF.— Anatomy.— 
In  order  to  comprehend  completely  the  nature  of  the 
diseases  and  neoplasms  of  the  Fallopian  tubes  or  oviducts, 
a  thorough  knowledge  of  their  anatomy  and  embryology 


Fig.  2080.— The  Sanatorium  at  Falkenst.ein,  as  seen  Irom  Adollslelsea. 


over,  it  was  as  contented  and  happy-looking  an  assem- 
blage as  one  would  see  anywhere.  The  average  length 
of  residence  is  about  three  months. 

The  results  at  Falkenstein,  from  1876  to  1886,  of  the 
patients  who  have  been  kept  under  observation  since 
their  discharge,  is  13.2  per  cent,  of  complete  cures,  and 
11  per  cent,  of  relative  cures  (disease  arrested),  a  total  of 
34.3  per  cent. ;  60  per  cent,  or  more  are  improved.  The 
expense  here,  as  at  most  of  the  other  sanatoria,  is  from 
130  to  135  a  week. 

One  cannot  leave  Falkenstein  without  carrying  away  a 
lasting  impression  of  its  founder  and  guiding  genius.  Dr. 
Dettweiler.  It  was  my  good  fortune  to  ride  up  to  the 
sanatorium  with  him  from  his  modest  home  in  Cronberg. 
It  was  a  chilly,  disagreeable  morning  in  May,  much 
like  our  March  weather,  which  perhaps  suggested  his 
remark  that  it  was  not  so  much  a  climate  as  a  method ; 
tuberculosis  could  be  cured  in  any  climate.  He  told  me 
of  Ills  early  struggle  with  tuberculosis  in  his  own  case. 
when  it  seemed  that  he  could  not  live.  But  the  struggle 
was  successful,  and  now  he  is  a  man  of  middle  age  or 
more,  and  has  accomplished  an  immense  amount  of  work, 
and  is  still  the  inspiration  of  his  sanatorium.  He  is  a 
man  of  great  simplicity  and  sympathy,  inspiring  enthu- 


is  requisite.  The  oviduct  has  a  common  origin  with  the 
vagina  and  uterus  from  the  MliUerian  ducts.  The  upper 
portion  of  these  ducts  remains  open  externally  and  that 
portion  forms  the  pavilion  of  the  tube.  The  occurrence 
of  secondary  pavilions,  or  ostia,  may  be  explained  by 
supposing  that  the  canal  of  MilUer  is  not  completely  closed 
in  all  its  extent  at  that  period  of  embryonic  life  when  the 
two  borders  of  the  gutter  which  give  origin  to  it  arc 
turned  toward  each  other  to  transform  the  channel  into 
a  tube.  The  Miillerian  duets  imite  lower  in  their  course 
to  form  the  uterus  and  vagina,  and  the  limit  of  this  union 
is  the  insertion  of  the  round  ligament.  The  similarity  in 
structure  and  the  continuity  of  mucous  membrane  ex- 
plain how  readily  disease  of  vagina  and  uterus  extends  to 
and  involves  the  tubes.  These  structures  are  veritably 
the  excretory  ducts  of  the  ovaries  and  are  placed,  one  on 
each  side  of  the  uterus,  to  permit  the  passage  of  the 
spermatozoid  toward  the  ovary  and  to  transmit  the  ovule 
from  that  organ  to  the  uterus.  They  are  in  the  upper 
folds  of  the  broad  ligaments,  and  their  average  length  is 
from  10  to  13  cm.  Their  length  may  be  unequal  and  is 
subject  to  considerable  variation,  as  in  cases  of  ovarian 
tumors,  when  it  may  be  very  much  increased.  The  tube 
consists  of  three  coats,   the  incomplete  peritoneal,   the 
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longitudinal  and  circular  muscular,  and  the  mucous  It 
is  divided  into  the  isthmus,  the  ampulla,  and  tiie  tim- 
oriated  extremity.  The  uterine  extremity,  or  istlinius, 
IS  its  narrowest  portion  and  will  barely  admit  a  hristJe_ 
The  ostium  abdominale  is  surrounded  by  a  numl)er  ol 
fimbria;  which  are  formed  by  the  outward  bulging  ot  the 
mucous  membrane.  These  fimbriae  are  lined  upon  the 
inner  surface  by  mucous  membrane  and  externally  by 
the  peritoneum,  so  that  there  is  a  direct  continuity  ot 
mucous  and  serous  membranes  at  this  point.  No  distinct 
glands  such  as  ai'c  found  in  the  cervix  and  uterus,  have 
been  observed  in  the  tubes.  The  mucous  crypts  formed 
by  the  folds  of  the  mucous  membrane  are  probably 
glandular  in  character  and  secrete  an  albuminous  fluid. 
This  membrane  has  a  single  layer  of  ciliated  columnar 
epithelium  upon  two  or  three  layers  of  supporting  cells 
which  are  round  or  pyriform.  The  cells  abruptly  ter- 
minate at  the  ends  of  the  fimbria;,  where  the  margin 
between  the  columnar  and  pavement  epithelium  is  dis- 
tinctly marked. 

Malfokmations.— Malformations  of  the  Fallopian 
tubes  are  rare.  One  tube  may  be  longer  than  the  other. 
Sometimes  the  lumen  of  the  tube  is  increased.  The  ab- 
normality which  is  most  likely  to  attract  attention  is  the 
presence  of  one  or  more  accessory  abdominal  ostia. 
Tliey  are  usually  situated  near  the  abdominal  end  of  the 
tube,  in  the  upper  part  of  its  wall,  and  are  surrounded 
by  fimbriiE.  Ferraresi  found  six  openings  upon  one 
tube,  all  of  which  were  surrounded  by  fimbriae.  These 
openings  are  probably  due  to  failure  in  closure  of  the 
groove  in  the  germinal  epithelium,  or  to  splitting  of  the 
Miillerian  duct  after  it  has  closed,  There  may  also  be 
accessory  tubes,  either  as  cystic  diverticula  starting  from 
the  tube,  or  as  independent  tubes  with  fimbriae  starting 
from  the  mesosalpinx.  The  tubes  may  be  absent  on  one 
or  both  sides,  which  absence  is  due  to  a  destruction  of 
the  corresponding  part  of  the  Miillerian  ducts  in  the 
embryo.  Veiy  often  a  small  pedunculated  cyst,  about 
the  size  of  a  hazelnut,  is  found  attached  to  the  fimbriae 
or  to  the  outer  aspect  of  the  tube.  These  cysts  are  called 
hydatids,  or  cysts  of  Morgagni.  They  are  said  to  occur 
in  eight  percent,  of  adults,  and  are  not  of  surgical  interest. 
Diseases  op  the  Fallopian  Tubes. — The  diseases 
of  the  Fallopian  tubes  may  be  either  inflammatory  or 
neoplnntie.  The  inflammatory  changes  produced  in  the 
Fallopian  tubes  are  variously  classified  according  to  the 
extent  of  involvement.  Salpingitis  is  the  ordinary  term 
applied  to  inflammation  of  the  oviducts.  Perisalpingitis 
is  inflammation  of  the  peritoneal  covering  of  the  tube, 
a  condition  which  occurs  only  as  a  part  of  a  more  ex- 
tended pelvic  peritonitis.  Endosalpingitis  is  the  term 
applied  to  inflammation  of  the  mucous  lining  of  the  tube. 
Hydrosalpinx  indicates  an  accumulation  of  serous  fluid 
within  the  structure.  If  it  is  distended  with  blood,  it  is 
termed  hematosalpinx;  or,  when  a  purulent  collection  is 
present,  the  term  pyosalpinx  is  applicable.  Hydrops 
tulioe  profluens  is  the  term  applied  to  an  accumulation  of 
fluid  in  a  tube  in  which  the  uterine  end  remains  perme- 
able, and,  as  the  fluid  increases,  permits  the  excess  to  be 
drained  through  tlio  uterine  canal.  The  open  tube  acts 
as  a  safety  valve,  preventing  the  ovcrdistention  of  the 
oviduct  wliich  occasionally  completely  collapses  after 
evacuation.  Tuberculosis  will  be  discussed  under  infec- 
tions of  the  tube,  and  the  neoplasms  affecting  the  tube 
will  be  considered  later. 

Etiology.— A  knowledge  of  the  causation  of  salpin- 
gitis is  requisite  for  its  prophylaxis  and  treatmeni  Ac- 
cording to  Noeggerath  gonorrhaal  infection  is  I  he  most 
usual  cause  of  inflammation  of  the  tubes.  Polk  believes 
that  puerperal  endometritis  is  the  most  frequent  cause  of 
salpingitis,  while  the  most  dentruetiiv.  form  is  that  pro 
duced  by  gonorrhceal  infection.  Salpingitis  is  haidlv 
ever  a  primary  disease,  being  as  a  rule  secondary  to  in- 
flammation of  the  uterus  or  peritoneum.  The  intlamma- 
tion  may  follow  tlie  mucous  membrane  by  a  direct  exten 
sion,  or  be  propagated  from  the  uterus  through  tlie 
lymphatics  of  the  broad  ligament.  It  may  be  due  to  in- 
fectious and  exanthematous  disease.     iMal'position  of  the 
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uterus,  neoplasms  affecting  the  uterus,  or  stenosis  of  the 
uterine  os  with  retention  of  secretion  in  its  cavity,  may 
produce  tubal  inflammation.  Exposure  to  cold,  too  fre- 
quent coition,  or  violent  exercise  immediately  before 
menstruation  are  causative  factors.  Puerperal  infection 
following  labor  or  abortion  under  septic  conditions  may 
be  placed  among  the  chief  causes  of  inflammation  of  the 
appendages.  Unfortunately,  in  many  cases  unwise  sur- 
gical interference,  intra-uterlne  exploration,  the  introduc- 
tion of  the  sound,  and  the  employment  of  stem  pessaries, 
are  to  be  classified  among  the  sources  of  tubal  infection. 
Too  often  the  gynecologist  is  called  upon  to  perform 
sacrificial  operations  upon  the  adnexa  to  relieve  the  pa- 
tient from  the  results  of  gynecological  tinkering.  The 
practice  of  some  physicians,  now  fortunately  nearly  ob- 
solete, of  making  intra-uterine  application  of  caustics  or 
astringents  with  routine  introduction  of  the  sound,  is  re- 
sponsible for  endometritis  and  a  secondary  salpingitis. 
There  is  a  direct  relationship  between  the  diseases  of  the 
endometrium  and  tubal  affection.  Salpingitis  cannot 
be  considered  an  uncomplicated  entity ;  it  is  invariably 
associated  with  more  or  less  metritis  or  ovaritis,  and  tliere 
is  the  constant  danger  of  the  process  involving  the  pelvic 
peritoneum.  The  various  micro-organisms  that  have  been 
identified  in  tubal  affections  are  the  gonococcus,  the 
staphylococcus,  streptococcus,  and  Bacillus  tuberculosis. 
In  a  few  cases  tlae  presence  of  the  Bacterium  coli  commune 
has  been  demonstrated.  Frommel  and  Witte  have  found 
the  pneumococus  in  puerperal  salpingitis.  One  of  the 
saddest  things  to  contemplate  is  the  possibility  of  the  in- 
nocent, newly  married  woman  being  infected  with  the 
gonococci,  and  yet  this  is  observed  over  and  over  again 
and  emphasizes  the  necessity  for  complete  cure  of  men 
contemplating  marriage.  The  ravages  of  gonorrha?al 
infection  and  the  dire  results  produced  upon  the  appen- 
dages demand  plain  speech  and  earnest  teaching  upon  this 
point.  Another  cause  of  these  diseases  is  the  neglect  of 
proper  attention  being  paid  to  the  pubescent  girl.  Engel- 
mann  in  a  tabulation  of  5,000  cases  among  school  girls 
found  that  66  per  cent,  were  afliicted  with  more  or  less 
menstrual  suffering ;  and  no  doubt  a  large  proportion  of 
these  cases  presented  more  or  less  sj'mptoms  of  tubal 
congestion. 

Pathology. — Many  classifications  have  been  presented 
of  the  various  forms  of  tubal  disease ;  but  here  simplicity 
is  the  secret  of  lucidity.  Like  inflammations  of  other 
structures,  salpingitis  may  be  either  acute  or  chronic  and 
it  may  affect  one  or  both  tubes.  As  it  becomes  chronic, 
or  the  infection  increases  in  severity,  the  various  changes 
noted  occur,  such  as  the  formation  of  hydro-,  hamato-, 
or  pyosalpinx. 

Acute  Setlpiiiffitis. — In  the  first  stages  of  acute  salpin- 
gitis the  disease  is  confined  to  the  mucous  membrane  of 
the  tube,  whence  it  quickly  extends  to  the  muscular  and 
peritoneal  coats.  The  whole  tube  is  soft,  congested,  and 
friable.  In  early  salpingitis  a  prominent  feature  is  small- 
celled  infiltration  of  the  pliciie  which  causes  them  to 
become  thick  and  club-shaped.  Blood-vessels,  at  first 
dilated,  soon  appear  narrower  than  in  health.  The  folds 
become  O'dematous  and  hyperaoiiic.  The  epithelial  cells 
are  swollen,  show  slight  increase  in  the  size  of  their 
nuclei,  and  vacuoles  form  in  their  protoplasm.  The 
secretion  is  increased  and  contains  mucus,  albuminoids, 
and  epithelial  debris.  This  secretion  exudes  from  the 
abdominal  ostium  when  the  tube  is  squeezed.  When 
the  infected  material  escapes  into  the  peritoneal  cavity, 
the;  danger  of  pelvic  peritonitis  is  great.  The  direct 
channel  established  by  the  tubes  between  the  uterine  and 
peritoneal  cavities  facilitates  peritoneal  infection.  But 
the  frequency  of  this  is  diminished  by  nature's  provision 
in  producing  occlusion  of  the  abdominal  ostia  of  the 
tubes,  which  closes  those  orifices.  JIany  cases  of  acute 
salpingitis  undergo  resolution  and  the  tubes  are  restored 
to  their  normal  condition.  This  is  particularly  true  of 
the  milder  forms  of  catarrhal  salpingitis. 

In  chrniiic  sdljiiiu/itis  there  is  an  extension  of  the  in- 
flammation and  the  formation  of  adhesions  with  more 
definite  changes  in  the  tubal  structure.     Many  cases  are 
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either  subacute  or  chronic  from  tlie  beginning;  that  is, 
they  never  present  violent  or  acute  symptoms.  Tlio 
lesions  produced  are  numerous.  The  tube  may  become 
enlarged  and  more  tortuous  than  normal,  its  muscular 
coat  more  extensively  involved,  producing  interstitial 
salpingitis.  As  it  progresses,  the  cilia  of  the  lining  cells 
disappear,  the  wall  of  the  tube  becomes  thicker  and 
harder,  with  an  increased  amount  of  connective  tissue. 
The  conservative  closure  of  the  abdominal  ostium  is  of 
much  importance,  because  it  prevents  leakage  of  the 
septic  material  through  this  cliannel  and  consequently 
diminishes  the  danger  of  peritonitis.  When  the  inflam- 
mation extends  from  the  tubal  mucous  membrane  to  the 
peritoneal  covering,  the  fimbria)  retract  and  become  in-  , 
vaginated  in  the  tube ;  and  this  opening,  instead  of  being 
surrgunded  with  protruding,  divergent  fimbria;,  becomes 
rounded  and  smaller.  The  process  continues  until  the 
edges  finally  meet  and  unite  by  peritoneal  adhesions, 
causing  complete  closure  of  the  opening.  As  the  tube 
increases  in  size  and  weiglit  its  position  is  frequently 
changed  and  it  becomes  adherent  to  the  uterus,  ovaries, 
or  the  pelvic  peritoneum.  Usually  there  is  obstruction 
of  the  uterine  extremity  of  the  tube,  which  is  produced 
by  swelling  of  the  mucous  membrane  in  the  narrow 
istlimus,  by  cicatricial  contraction,  or  by  a  sharp  flexure 
along  the  course  of  the  tortuous  tube.  The  greatest  dis- 
tention is  at  the  outer  extremity  of  the  tube  so  that  it 
assumes  a  pear  shape.  If  the  tube  be  brought  into  con- 
nection with  the  ovary,  either  by  agglutination  of  the 
flmbrial  extremity  to  the  surface  of  that  organ  or  by 
burrowing  between  the  layers  of  the  broad  ligament,  the 
tissue  intervening  between  the  cavity  of  the  tube  and  the 
cyst  of  the  ovary  may  be  absorbed  or  perforated,  and 
the  two  cavities  thrown  into  one,  forming  a  tubo-ovarian 
cyst;  or,  if  infection  has  occurred,  a  tubo-ovarian  abscess. 

llydroHalpinx. — The  fluid  of  a  hydrosalpinx  may  be 
colorless,  slightly  yellow,  or  brownish  when  colored  by 
th^  presence  of  blood.  As  the  accumulation  increases, 
the  walls  of  the  cyst  atrophy  and  become  very  thin ;  the 
epithelium  and  the  mucous  membrane  in  time  disappear 
until  nothing  but  a  thin-walled  sac  remains.  The  size 
of  the  tube  varies  from  that  of  the  finger  to  that  of  a 
foBtal  head.  In  a  ca.se  reported  by  the  writer,  the  hydro- 
salpinx was  the  size  of  a  cocoanut  and  was  mistaken  for 
un  ovarian  cyst.  Asa  rule  the  fluid  from  a  hydrosalpinx 
is  sterile,  unirritating  to  the  peritoneum,  and  readily  ab- 
sorbed. 

n(cmatosalpin.r:.— True  hsematosalpinx  rarely  occurs. 
Extra-uterine  pregnancy  is  the  most  common  cause  of 
an  accumulation  of  blood  in  the  Fallopian  tube  and 
should  not  be  termed  hsEmatosalpinx.  [Tlie  subject  of 
ectopic  gestation  is  treated  elsewhere.]  Hsematosalpinx 
may  occur,  however,  when  hemorrhage  takes  place  into 
a  tube  previously  closed  by  inflammatory  action.  Such 
an  accident  may  result  from  traumatism  or  by  the  torsion 
of  the  pedicle  of  a  tubal  cyst,  or  when  there  is  an  obstruc- 
tion to  egress  of  menstrual  fluid.  The  writer  has  never 
seen  a  case  of  tubal  hemorrhage  in  which  ectopic  gesta- 
tion could  be  excluded.  Although  the  positive  evidence 
of  impregnation  may  not  be  present,  yet  uridoubtedly 
the  vast  majority  of  these  cases  are  of  such  origin. 

Pyosalpinx,  or  a  collection  of  pus  in  the  closed  Fallopian 
tube,  produces  a  gradual  thinning  of  its  wall.  This 
thinning  predisposes  to  rupture  and  the  escape  of  the 
pus  into  the  peritoneal  cavity.  The  pyosalpinx  often 
becomes  adherent  to  the  posterior  wall  of  the  uterus,  to 
the  rectum,  or  to  the  small  intestine.  The  contents  of  the 
sac  are  usually  at  first  clear,  non-odorous  pus;  but  prox- 
imity to  the  bowel  frequently  causes  this  to  assume  a 
more  offensive  character.  The  possibility  of  a  pyosal- 
pinx being  evacuated  through  the  uterus  has  been  asserted 
by  some  authorities.  This,  however,  is  a  very  unusual 
occurrence,  and  it  is  probable  that  in  such  cases  the 
escaped  fluid  has  been  retained  uterine  secretion.  The 
pus  of  a  pyosalpinx  varies  greatly  in  character  In  the 
early  stages  of  the  disease  it  is  actively  septic;  but  later 
the  micro-organisms  become  inert,  die,  and  disappear 
According  to  Penrose,  out  of  133  cases  of  acute  and 


chronic  suppuration  of  the  uterine  appendages  in  which 
the  pus  was  examined  bacteriologically,  no  organisms 
whatever  were  found  in  8a  cases ;  in  other  words,  the  pus 
was  sterile  in  about  61  per  cent,  of  the  cases.  Out  of  116 
cases  Wertheim  found  that  in  72  there  were  no  bacteria  at 
all;  in  32  there  were  gonococci;  in  6  there  were  strepto- 
cocci, and  in  1  staphylococci.  It  is  only  when  the  pus  is 
in  contact  with  an  absorbing  surface,  or  escapes  into  the 
peritoneal  cavity,  that  general  inflammation  or  septic 
symptoms  develop.  It  is  surprising  what  a  quantity  of 
pus  may  exist  in  ca.ses  in  which  there  has  been  no  devia- 
tion of  the  pulse  or  temperatui'e  from  the  normal.  In 
this  connection  it  is  well  to  call  attention  to  the  frequent 
coexistence  of  appendiceal  and  adnexal  disease.  Adhe 
sions  will  be  found  between  the  appendix  and  the  tube 
and  ovary  in  about  fifteen  per  cent,  of  all  cases  of  tubal 
disease.  The  proximity  of  the  appendix  to  the  right  ap- 
pendage and  the  frequent  coexistence  of  inflammation  in 
both  are  often  perplexing  to  the  diagnostician. 

Symptoms. — In  acute  salpingitis  the  patient  usually 
complains  of  pelvic  pain  and  tenderness  which  is  most 
marked  in  the  ovarian  regions.     The  temperature  is  ele- 
vated, the  pulse  rapid,  and  the  knees  are  often  drawn  up 
as  in  peritonitis.    There  are  no  pathognomonic  sj'mptoms. 
A  chill    may   occur.       Bimanual    examination    reveals 
marked  tenderness  upon  pressure  in  the  vaginal  fornices, 
and  there  is  a  sense  of  fulness  in  the  region  of  the  tubes. 
If  the  pelvic  peritoneum  and  cellular  tissues  are  involved, 
the  whole  vaginal  vault  will  feel  resistant.     If  the  patient 
is  thin  and  the  abdominal  walls  are  sufficiently  relaxed, 
the  enlarged,  tender  tube  may  be  palpated  by  the  eon- 
joined  method.     When  the  disease  becomes  chronic,  with 
more  extensive  pathological  changes,  the  symptoms  vary 
and  may  in  part  be  attributed  to  associated  ovarian  dis- 
ease.    Pain  is  generally  continuous,  but  may  be  relieved 
by  the  recumbent  posture.     It  is  increased  by  exercise, 
coition,  and  during  defecation.     It  may  be  felt  in  one  or 
both  ovarian  regions  or  in  the  sacral  region.     It  often  has 
a  colicky  character  due  to  the  contractions  of  the  inflamed 
muscular  coat.     It  may  be  dull  and  aching,  or  at  times 
sharp  and  lancinating,  and  is  very  much  worse  at  each 
menstrual  period.     The  dysmeuorrha?a  in  salpingitis  is 
usually  characteristic,  beginning  several  days  before  the 
flow  and  lasting  throughout  the  whole  of  the  period. 
While  the  disease  is  quiescent  there  may  be  no  accelera- 
tion of  the  pulse  or  increase  of  the  temperature.     The 
patient  frequently  has  marked  exacerbation  of  the  pain 
and  sometimes  acute  attacks,  with  symptoms  of  local 
peritonitis.     Her  life  is  in  constant  jeopardy,  as  there  is 
the  ever-present  possibility  of  intraperitoneal  rupture, 
with  escape  of  septic  material  and  consequent  peritonitis. 
Leucorrhffia  is  common,  more  or  less  constant,  and  may 
vary  from  a  slight,  thin  watery  to  a  profuse,  purulent, 
or  sanguinolen  t  discharge.     Menorrhagia  or  metrorrhagia 
is  frequently  present.     The  general  health  suffers,  the 
patient  loses  flesh  and  strength,   and  marked  nervous 
and  reflex  symptoms  develop.     SteriUty  is  the  rule  in 
these  cases,  as  the  disease  of  the  mucous  membrane  and 
destruction  of  the  ciliated  epithelium  render  the  passage 
of  the  ovum  into  the  uterus  difficult.     A  careful  study 
of  the  history  of  the  patient  will  aid  in  diagnosis;  but 
our  chief  reliance  must  be  upon  our  bimanual  examina- 
tion.    If  the  diagnosis  is  obscure  and  the  patient's  ab- 
dominal walls  are  ligid,  it  is  wise  to  employ  an  anesthetic. 
For  this  purpose  the  bromide  of  ethyl  is  convenient.     The 
small  amount  of  anaesthetic  required,  the  rapidity  of  its 
influence,  and  the  quick  return  to  consciousness  make 
this  ana-sthetic  of  distinct  value  where  a  brief  period  of 
auffisthesia  is  desired.     By  bimanual  examination  the  tube 
may  be   felt  lying  beside  the  uterus  or  behind  it  in 
Doiiglas'  pouch.     The  shape  of  the  tube  and  its  connec- 
tion with  the  uterus  may  be  traced,  and  it  will  appear 
tender,  thickened,  and  often  distorted.     Fluctuation  may 
not  be  elicited  even  when  there  is  a  large  amount  of  fluid, 
if  the  sac  is  much  thickened.     If  tli,e  inflammation  has 
been  extensive  and  the  disease  is  bilateral,  the  tubes, 
ovaries,  and  uterus  may  form  one  conglomerate  mass  till- 
ing the  true  pelvis.     Usually  the  uterus  is  pushed  for- 
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ward  in  the  pdvis  and  the  appendages  occupy  the  recto- 
uterine space.  Frequently  the  appendage  primarily 
d Leased  hccomes  prolapsed  first,  and  the  other  append- 
age rests  upon  it  and  may  be,  felt  by  the  abdomina 
elamining  hand.  Recto-abdominal  examination  should 
also  be  practised.  Disease  of  the  tubes  may  be  mistaken 
for  cellulitis,  oophoritis,  or  pelvic  ha;matocele.  An  ad- 
herent retrodisplaced  uterus  must  also  be  differentiated. 
In  women  with  very  thick  abdominal  walls  physical  ex- 
amination is  unsatisfactory ,  but  the  history  of  the  case 
and  the  symptomatology  usually  justify  the  diagnosis 

Treatment.— The  treatment  of  tubal  disease  is  prophy- 
lactic, palUatiw,  anil  sun/ical  In  order  to  prevent  dis- 
ease of  the  tubes  attention  must  be  paid  to  the  woman  s 
health  from  puberty  to  the  menopause.  At  puberty  the 
young  girl  should  be  carefully  advised  by  her  parents 
or  physician  in  regard  to  the  menstrual  function.  The 
false  inodesty  which  keeps  her  in  ignorance  of  her  sexual 
physiology  is  responsible  for  untold  suffering.  During 
menstruation  she  should  avoid  exposure  or  violent  exer- 
cise and  should  evacuate  the  bladder  whenever  the  desire 
is  present.  Proper  clothing  should  be  worn  at  all  times ; 
and  corsets,  if  worn  at  all,  should  support  rather  than 
compress  the  viscera;  but  they  should  be  positively  in- 
terdicted until  complete  development  has  occurred,  since 
it  is  reprehensible  to  compress  the  waist  of  a  growing 
girl  by  anything  tight  or  constricting.  In  married 
women  tubal  trouble  may  be  prevented  by  the  rules  of 
health  already  mentioned,  by  careful  attention  after 
abortion  or  labor,  by  repair  of  all  lacerations  of  the  cer- 
vix or  perineum  which  do  not  heal  immediately  after 
labor.  If  gonorrhcea  develops,  energetic  treatment  will 
often  prevent  the  disease  extending  from  the  vagina  and 
uterus  to  the  appendages.  Whenever  there  is  metritis  or 
endometritis,  palliative  measures  should  be  used.  Care- 
ful antisepsis  in  the  treatment  of  abortion  or  during  the 
puerperium  will  diminish  the  frequency  of  salpingitis. 
As  gonorrhoea  and  sepsis  are  tAvo  great  causes  of  inflam- 
mation in  these  organs,  our  attention  should  be  devoted 
to  their  prevention.  In  all  necessary  intra-utcrine  ex- 
ploration there  should  be  the  same  rigid  asepsis  as  though 
the  peritoneal  cavity  were  to  be  invaded ;  for  the  tube 
is  a  direct  channel  of  communication  between  the  uterus 
and  that  important  serous  membrane,  the  peritoneum. 

Palliative  Treatment.  — When  a  ]iatient  is  suffering  from 
acute  salpingitis  in  its  early  stages,  the  treatment  should 
be  expectant:  1.  Absolute  rest  in  the  recumbent  position. 
3.  The  administration  of  saline  purgatives:  from  one  to 
two  drachms  of  Rochelle  salts  every  two  hours  until  the 
bowels  have  moved  freely;  or  four  to  six  ounces  of  li- 
quor magnesiie  citratis  may  be  given  in  the  same  manner. 
It  is  far  better  to  keep  the  bowels  open  by  such  drugs  as 
these  than  to  keep  the  patient  under  the  influence  of 
opiates.  Hot  vaginal  douches  of  some  antiseptic  solution 
such  as  corrosive  sublimate,  creolin,  or  lysol,  of  a  tempera- 
ture of  from  100°  to  110°  F.,  and  not  less  than  one  gallon 
in  quantity,  should  be  employed  two  or  three  times  a 
day.  Much  relief  will  be  afforded  by  the  use  of  ice- 
bags  over  the  lower  abdomen.  In  fact  the  cold  ap- 
plications are  preferable  to  hot  fomentations,  as  the  cold 
relieves  the  pain  and  has  a  tendency  to  prevent  the  ex- 
tension of  inflammation.  If  there  is  elevation  of  tem- 
perature, with  a  rapid,  liigh-tensioned  pulse,  tincture  of 
aconite  in  small  doses  is  indicated.  If  there  is  a  Icudency 
to  abdominal  distention,  high  enemata  of  sulphate  (if 
magne.sia,  glycerin  and  water,  or  of  the  milk  of  asafci'tida 
will  favor  peristalsis  and  the  expukion  of  gas.  All  ex- 
aminations should  be  made  with  great  care  and  gentle 
ness  and  no  oftener  than  is  essential  to  determine  the 
progress  of  tlie  disease.  The  patient  should  be  carefully 
watched,  and  if  the  temperature  and  pulse  rate  deereasr 
and  the  tenderness  is  subsiding,  the  palliative  treatment 
should  be  continued  ;  but  if  the  symptoms  are  increasiuK 
m  severity  and  the  possibility  of  peritonitis  or  alisccs^ 
formation  is  at  hand,  operation  is  demanded  for  the  pur- 
pose of  removing  the  source  of  infection.  In  .some  e'lse.s 
of  acute  salpingitis  with  virulent  infection  fatal  peritonitis 
will  result  in  three  or  four  days  after  the  onset  of  the  at- 
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tack.  On  the  other  hand,  in  a  great  number  of  these 
cases  the  closure  of  the  abdominal  ostium  of  the  tube 
prevents  extension  to  the  peritoneum ;  but  the  tube  itself 
is  badly  damaged  by  the  disease  and  remains  in  a  condi- 
tion of  chronic  catarrhal  or  purulent  salpingitis. 

The  treatment  of  clironic  mlpingitis  varies  somewhat 
from  that  of  the  acute.  It  must  be  borne  in  mind  that 
tubal  disease  is  almost  invariably  associated  with  metritis 
and  oophoritis,  and  that  these  must  be  considered  if  effec- 
tive treatment  is  to  be  given.  The  patient's  condition 
and  the  degree  of  suffering  experienced  are  to  be  our 
guides  in  deciding  whether  we  shall  employ  palliative 
treatment  or  surgical  interference.  Curative  measures 
should  be  directed  to  any  accompanying  endometritis. 
If  this  is  chronic,  aseptic  curetting  is  the  proper  remedy ; 
but  it  must  be  used  with  great  caution,  as  intra-uterine 
manipulations  are  apt  to  produce  an  acute  attack  of  the 
tubal  trouble.  For  chronic  salpingitis  hot,  germicidal 
solutions  should  be  daily  employed ;  and  vaginal  tampons 
of  sterilized  lamb's  wool  saturated  with  fifty-per-cent 
solution  of  boroglyceride  in  glycerin,  or  a  fifteeu-per-cent. 
solution  of  ichthyol  in  glycerin,  should  be  inserted  two 
or  three  times  a  week.  The  tampon  improves  the  pelvic 
condition  by  raising  the  uterus  to  a  higher  level  and 
maintaining  it  there.  The  tampon  may  be  left  in  posi- 
tion twenty -four  hours ;  and,  after  its  removal,  a  copious 
vaginal  douche  of  the  antiseptic  solution  should  be  used 
twice  daily,  with  the  patient  in  a  recumbent  position. 
The  same  attention  should  be  paid  to  the  bowels,  diet, 
etc.,  as  in  acute  salpingitis.  Rest  at  the  menstrual 
period,  the  avoidance  of  exposure  to  cold,  and  absti- 
nence from  coition  will  aid  in  relieving  the  symptoms. 
Internally,  preparations  of  viburnum,  hydrastis,  or  ergot 
may  be  given.  In  some  cases  of  chronic  salpingitis  bene- 
ficial results  have  been  derived  from  the  use  of  pelvic 
massage  as  advocated  by  Thure  Brandt.  It  produces  a 
rapid  alteration  in  the  inflammatory  accumulations,  set- 
ting free  the  uterus  and  its  adjacent  organs.  It  may, be 
emploj'ed  in  subacute  or  chronic  inflammation  unassoci- 
ated  with  pus  formation.  American  physicians,  how- 
ever, have  not  secured  the  same  brilliant  results  by 
massage  as  have  been  reported  by  European  gynecolo- 
gists. The  writer  has  found  that  patients  were  unwill- 
ing to  undergo  the  discomfort  of  the  prolonged  seances 
of  pelvic  massage  neces.sary  to  secure  definite  results. 

Surgical  Tiratuient. — ^Vhen  palliative  methods  have 
failed  and  the  woman  experiences  suffering  constantly, 
or  at  the  menstrual  periods,  and  is  unwilling  longer  to 
lead  the  life  of  an  invalid  ;  then  it  is  necessary  to  consider 
surgical  interference.  When  there  are  gross  tubal  lesions 
such  as  hydro-,  hsmato-,  or  pyosalpinx,  or  retrodisplace- 
ments  of  the  uterus  with  adherent  tubes  and  ovaries, 
nothing  but  operation  will  afford  permanent  relief.  One 
of  two  routes  may  be  selected  according  to  the  individual 
preference  of  the  surgeon.  These  are  the  vaginal  and 
the  abdominal ;  but  no  fast  rule  can  be  laid  down  as  to 
which  route  should  be  preferred,  as  the  choice  depends 
upon  the  condition  of  the  patient,  the  environment  in 
which  the  operation  must  be  performed,  and  the  skill  of 
the  surgeon.  Often  both  routes  will  be  employed  in 
the  same  operation,  as  in  the  evacuation  and  irrigation 
of  a  tubal  abscess  per  vaginam  prior  to  its  removal  by 
abdominal  section.  If  the  patient  is  very  weak,  the 
pulse  rapid,  and  the  abscess  bulging  into  the  vagina,  a 
vaginal  c<cliotomy  may  be  rapidly  perfcirmed,  the  pus 
evacuated,  and  drainage  introduced  without  ana?sthesia 
or  with  a  very  brief  period  of  it.  In  a  great  many  cases 
of  vaginal  section  the  patient  will  so  far  recover  her  health 
as  to  obviate  the  necessity  for  abdominal  cceliotomy. 
The  technique  of  the  vaginal  operation  is  as  follows: 
After  complete  evacuation  of  the  bowels  and  the  neces- 
sary ana'st  hesia,  the  vagina  should  be  thoroughly  scrubbed 
with  a  solution  of  creolin  or  lysiil,  I  i. ;  tincture  of  green 
soap,  3  i.  ;  hot  water,  O.i.  ;  after  which  it  should  be 
irrigated  with  sterilized  water  and  alcohol.  A  curvilinear 
incision  is  then  made  through  the  posterior  vaginal  wall 
and  the  finger,  or  a  pair  of  scissors,  is  carefully  pushed 
into  the  tubal  mass.     The  pus  or  blood  is  evacuated,  the 
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cavity  being  constantly  irrigated  with  liot  normal  salt  so 
lution.  Care  should  be  taken  that  all  accumulations  be 
evacuated  and  that  no  injury  be  done  to  the  viscera. 
After  the  cavity  has  been  perfectly  cleansed,  it  shoidd 
be  packed  with  iodoform  gauze,  which  by  its  pressure 
controls  any  slight  oozing  that  may  occur  and  serves  as 
a  vaginal  drain.  If  the  vagina  is  capacious  and  the 
adhesions  are  not  too  tirm,  salpingo-oophorectomy,  if  in- 
dicated, may  be  done  through  this  incision.  The  gauze 
packing  is  allowed  to  remain  for  three  or  four  days,  and 
after  its  removal  vaginal  douches  of  normal  salt  solution, 
or  of  a  1  to  2,000  formalin  solution,  should  be  given.  The 
advantages  of  the  vaginal  route  are  the  absence  of  abdom- 
inal incision,  less  shock,  less  danger  of  hernia,  and  more 
rapid  convalescence.  There  is,  however,  always  the  pos- 
sibility of  a  secondary  operation  being  required. 

The  operations  which  may  be  done  by  the  abdominal 
route  are:  salpingotomy,  salpingostomy,  and  salpingec- 
tomy. In  all  of  these  the  same  general  preparation  is  to 
be  observed  as  in  other  abdominal  operations.  t<alpin(jot- 
omy,  or  resection  of  the  Fallopian  tube,  is  the  result  of 
conservative  evolution ;  and  it  has  been  proved  that,  after 
the  resection  of  a  diseased  portion  of  the  tube,  regenera- 
tion may  take  place  and  the  tube  continue  to  functionate. 
Dudley,  of  New  York,  has  reported  some  splendid  opera- 
tive results  and  has  resected  the  tubes  even  when  gonor- 
rhoea! pyosalpinx  was  present.  The  success  in  these 
conservative  operations  depends  upon  the  careful  selec- 
tion of  cases  and  the  skill  of  the  individual  surgeon. 

Salpingostomy  is  the  establishment  of  a  new  opening 
in  the  Fallopian  tube  when  the  normal  one  has  been  closed 
by  some  inflammatory  process,  and  is  particularly  indi- 
cated when  it  is  desirable  to  retain  the  child-bearing  func- 
tion. The  new  opening  in  the  tube  may  be  sutured 
directly  over  the  ovary  so  that  when  the  Graafian  follicle 
ruptures  the  ovule  may  pass  directly  into  the  tube.  In 
all  conservative  surgery  upon  the  tubes  care  must  be 
taken  thoroughly  to  cleanse  that  canal  and  to  protect  the 
peritoneal  cavity  from  its  contents. 

Salpingectomy. — In  nearly  all  cases  requiring  removal 
of  the  tubes,  the  ovary  demands  extirpation  also.  Salpin- 
gectomy is  required  when  the  symptoms  are  marked  and 
the  tube  is  irreparably  diseased.  There  must  be  danger 
to  life  or  serious  impairment  of  health  before  this  opera- 
tion is  resorted  to.  The  exact  nature  and  the  extent  of 
the  operation  depend  upon  the  disease  for  which  it  is 
performed,  the  age  and  social  condition  of  the  patient, 
and  the  ability  of  the  operator.  In  performing  salpin- 
gectomy the  abdomen  is  aseptically  prepared,  and  an 
incision,  from  two  to  three  inches  in  length,  is  made  in 
the  median  line,  midway  between  the  umbihcus  and  the 
pubes.  An  examination  is  made  to  ascertain  the  position, 
extent,  and  strength  of  adhesions.  When  the  pelvic  vis- 
cera ai-e  found  in  one  conglomerate  mass,  it  is  well  first 
to  find  the  fundus  of  the  uterus  and  then  proceed  to  the 
tubal  enucleation.  The  intestines  and  general  peritoneal 
cavity  should  be  walled  off  by  gauze  pads.  The  use  of 
the  Trendelenburg  position  is  of  great  advantage,  as  it 
permits  the  operator  to  see  as  well  as  feel  the  visceral  ad- 
hesions. In  old  cases  in  which  the  adhesions  are  firm  and 
organized,  gi-eat  care  must  be  taken  to  prevent  visceral  in- 
jury. If  the  tubal  sac  in  a  pyosalpinx  ruptures  during  re- 
moval, gauze  pads  should  be  at  hand  to  catch  the  escaping 
fluid  and  the  cavity  should  be  irrigated  with  a  large 
quantity  of  normal  salt  solution.  After  the  appendages 
have  been  freed,  chromicized  catgut  ligatures  should  be 
applied  to  the  pedicle  in  small  sections  rather  than  en, 
manse.  A  supporting  button  should  be  left  beyond  the 
ligature  to  prevent  its  slipping  and  the  possibility  of 
secondary  hemorrhage.  If  the  interstitial  portion  of  the 
tube  is  involved,  it  is  of  ten  wise  to  remove,  the  fundus 
of  the  uterus  also.  Frequently  there  will  be  denuded 
peritoneal  surfaces  which  require  suturing  to  control 
oozing  A  careful  examination  should  be  made  to  find 
whether  the  rectum,  sigmoid  flexure,  or  small  intestine 
has  been  injured.  Drainage  is  not  so  often  employed  as 
formerly  as  it  has  been  shown  by  Clark  that  by  thorough 
irrigation  and    postural   drainage   the  use  of  tubes  or 


gauze  is  unnecessary.  If  there  is  an  extensive  raw  oozing 
surface  or  fear  of  infection,  then  the  pelvic  cavity  may 
be  packed  with  iodoform  gauze,  one  end  of  which  is  car- 
ried through  a  posteiior  vaginal  incision  into  that  canal. 
The  great  advantages  in  sucli  vaginal  drainage  are  that 
drainage  takes  place  from  the  most  dependent  portion  of 
the  pelvis  and  there  is  no  danger  of  a  ventral  hernia  or  ab- 
dominal fistula  along  the  drainage  tract.  Af  tci-  the  append- 
ages have  been  removed  and  a  most  vigilant  examination 
has  been  made  to  see  that  all  bleeding  is  controlled  and 
all  injuries  are  repaired,  the  abdominal  incision  should  be 
closed  and  the  patient  treated  according  to  the  usual 
methods  emi3loye(l  in  abdominal  surgery.  These,  how- 
ever, cannot  be  discussed  here  for  lack  of  space. 

TuhercHlims  is  more  apt  to  affect  the  tubes  than  any 
other  part  of  the  genital  apparatus.  They  are  involved 
in  nearly  all  cases  of  genital  tuberculosis,  wliich  is  much 
more  common  than  was  formerly  supposed.  According 
to  Penrose  and  Beyea,  it  is  present  in  eighteen  per  cent, 
of  cases  subjected  to  the  operation  of  salpingo-oOphorec- 
tomy;  while  Wilhams  found  tliat  in  one  out  of  every 
twelve  operations  for  the  removal  of  the  tubes  and 
ovaries  that  Avere  the  seat  of  inflammatory  disease,  this 
infection  was  present.  It  may  be  either  primary  or 
secondary,  but  is  usually  the  latter.  The  infection  may 
take  place  through  the  blood  from  the  peritoneum  or  tlje 
uterus.  Coition  with  men  aifected  with  geuito-urinary 
tuberculosis  may  be  an  occasional  cause.  This  disease 
majr  involve  the  tube  long  before  puberty.  Chaffe}'  has 
described  a  case  in  which  a  child  aged  four  died  with 
tuberculosis'  in  the  lungs  and  abdominal  organs,  and  the 
tubal  walls  presented  caseous  nodular  masses.  Silcock 
has  detected  a  similar  condition  in  a  child  aged  five. 

Tuberculosis  of  the  tube  may  be  divided  into  three 
classes:  miliary,  chronic  diffuse,  and  chronic  fibroid 
(Penrose).  Miliary  tuberculosis  of  the  tube  may  be  a 
part  of  a  general  condition,  or  itmaj^  belong  primarily 
to  the  tube,  when  micro-examination  shows  giant  epithe- 
lioid cell  tubercles  scattered  through  the  mucous  mem- 
brane. This  is  the  first  stage  and  the  process  may  pro- 
gress no  further  or  may  be  converted  into  one  of  the  other 
varieties.  In  the  chronic  diffuse  tuberculosis  the  mucous 
membrane  is  infiltrated  with  epithelioid  cells,  miliary 
tubercles,  and  areas  of  caseation.  The  tube  may  be  filled 
with  cheesy  material  or  with  pus,  and  in  time  the  mucous 
membrane  becomes  entirely  destroj'ed.  In  the  chronic 
fibroid  variety,  there  is  a  great  increase  of  connective 
tissue  between  the  tubercles,  the  lumen  of  the  tube  is 
distorted,  and  a  few  miliary  tubercles  are  found  scattered 
through  the  mucous  membrane.  This  form  advances  very 
.  slowly  and  not  infrequently  terminates  in  a  spontaneous 
cure.  The  symptoms  of  tubal  tuberculosis  resemble  those 
of  salpingitis  and  are  not  at  all  characteristic.  The  diag- 
nosis is  often  obscure,  but  occasionally  it  may  be  made  by 
careful  bimanual  examination,  by  an  inquiry  into  the 
question  of  hereditary  predisposition,  and  by  finding 
other  signs  of  it,  especially  in  the  lungs.  j\[ost  cases  of 
tubal  tuberculosis  have  been  discovered  unexpectedly  at 
the  time  of  operation  or  autopsy.  The  treatment  is  pro- 
phylactic, hygienic  or  medical,  and  surgical.  If  the  condi- 
tion of  the  patient  permits,  salpingo-oophorectomy  should 
be  performed ;  and  if  there  is  any  evidence  of  disease  of  the 
uterus  it  should  be  removed  at  the  same  time.  The  pres- 
ence of  tuberculous  peritonitis  indicates  rather  than  con- 
traindicates  operation.  The  curative  action  of  coeliotomy 
in  these  cases  is  probably  due  to  a  combination  of  the  peri- 
toneal traumatism  during  the  operation,  thermic  influence, 
penetration  of  air  into  the  abdominal  cavity,  and  the 
action  of  light.  Therefore  such  operation  offers  to  the 
patient  the  best  chance  of  cure. 

Neoplasms  of  tlie  oviducts  are  exceedingly  rare  except 
as  the  result  of  inflammatory  changes.  Cysts  varying  in 
size  from  a  pea  to  a  walnut  are  found  in  all  the  walls  of 
the  tube  but  most  frequently  beneath  the  peritoneum. 
Sanger  divides  these  cysts  into  three  classes :  1.  Serous 
cysts,  which  arise  from  the  accumulation  of  serous  fluid 
between  the  lamellae  of  the  mucous  membrane.  2,  Lym- 
phangiectatic  cysts.     3.  The  hydatid  of  Morgagni,  which 
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is  a  physiological  cyst  at  the  end  of  the  tubal  flnibnoe. 
¥™Hl«.-Notwithstanding  the  fact  that  fibroid  tumors 
of  the  uterus  are  of  such  common  occurrence,  myoma  ot 
the  tube  is  very  rare.  Bland  Sutton  reports  a  case  m 
-which  an  interstitial  myoma,  the  size  of  a  Tangerme 
orange  was  found  in  the  walls  of  the  tube  at  the  .luucture 
of  tlie  uterine  and  middle  thirds.  Most  of  the  reported 
mvomata  of  the  tube  are  pedunculated  and  of  the  sub- 
pe'ritoneal  class.  In  Sir  J.  Y.  Simpson's  case  the  tumor 
was  "of  a  size  equal  to  that  of  a  child's  head  "  ;  but  usu- 
ally the  growths  are  so  small  as  to  create  no  disturbance. 
Many  observers  have  mistaken  a  collection  of  tuberculous 
matter  and  inflammatory  changes  in  chronic  salpingitis 
for  minute  fibroids.  Cas^icer.— Carcinoma  of  the  tube 
may  be  either  primary  or  secondary,  though  the  latter  is 
more  frequent  and  results  from  involvement  of  the  tube 
in  cancer  of  the  uterus  or  ovaries.  The  disease  is  gene- 
rally confined  to  one  tube.  Until  recently  it  was  asserted 
in  text  books  that  the  secondary  was  the  only  variety, 
but  at  least  seventeen  authentic  cases  of  primary  car- 
cinoma of  the  tube  have  been  described.  The  cancer  in 
nearly  every  case  assumed  a  villous  or  papillomatous  ap- 
peai'ance.  Sarcoma  has  also  been  noted.  Montgomery 
■refers  to  a  case  reported  by  Kahlden  in  which  the  tube 
formed  a  sausage-shaped  mass  filled  with  soft,  cauliflower- 
like material.  Under  the  microscope  it  showed  various 
degenerations  such  as  round-cell  and  spindle-cell  sarcoma 
and  a  papillomatous  structure  wanting  in  connective 
tissue.  Lipamata,  or  fatty  tumors,  from  the  size  of  a 
bean  to  that  of  a  walnut,  have  been  found  in  connection 
with  the  tubes.  Parona  reports  a  case  in  which  the  lipoma 
weighed  a  little  under  three  ounces  and  measured  three 
and  a  half  inches  in  the  longest  diameter;  traces  of  the 
wall  of  the  tube  with  characteristic  ciliated  epithelium 
were  seen  through  the  adipose  tissue  of  the  lipoma,  Be- 
ciduoma  malignnm. — Two  cases  of  this  remarkable  disease 
have  been  described,  both  in  Sanger's  opinion  quite  au- 
thentic; and  if  we  can  have  the  malignant  degeneration 
of  a  portion  of  the  placenta  or  chorion  within  the  uterus,  it 
is  not  surprising  that  a  similar  malignant  change  may 
occur  in  the  tubal  sac  of  ectopic  pregnancy.  Sanger 
claims  that  this  is  an  additional  argument,  not  only  for 
active  interference  in  cases  of  extra-uterine  pregnancy, 
but  also  for  the  extirpation  of  the  appendages  in  which 
tubal  abortion  has  occurred.  Papillomatn. — According 
to  Doran  papilloma  is  the  term  applied  to  an  exuberant 
morbid  growth  which  lies  in  the  interior  of  the  Fallopian 
tube.  Sutton,  however,  classifies  such  tumors  as  adeno- 
mata. Doran  considers  that  these  tubal  papillomata  are 
allied  to  the  condylomata  and  warts  seen  on  the  external 
genitals  irritated  by  venereal  discharges.  These  ordi-  ■ 
narily  are  innocent  but  may  undergo  malignant  degenera- 
tion, Sitnger  divides  them  into  two  forms:  simple  cj'stic 
and  hydropic.  ZJerwioi'ds.— According  to  Doran  there  is 
no  sound  evidence  that  a  dermoid  tumor  of  the  tube  has 
ever  been  seen.  Eiichondromaid  are  small,  semitrans- 
parent,  cartilaginous  masses,  occasionally  situated  on  the 
ends  of  the  fimbriae  (Montgomery). 

The  general  treatment  for  all  these  tubal  neoplasms 
is  salpingectomy.  They  are  rarely  differentiated,  as  sub- 
jective symptoms  throw  no  light  upon  the  diagnosis  and 
examination  reveals  merely  a  tubal  mass  without  any 
determination  of  its  character.  Wilmer  Krusen. 

FARCY.     See  Glanders. 

FARMVILLE     LITHIA     SPRINGS.-Prince    Edward 
County,  Virginia. 
Post-Ofpice.— Farmville.     Boarding-houses, 
Access,— Viit  Norfolk  and  Western  Railroad  to  Farm- 
ville,  thence  one-half  mile  to  springs,     Farmville  is  a 
thriving  town  of  4,000  inhabitants,  located  55  miles  east 
of  Lynchburg  and  72  miles  south  of  Richmond,     The  rail- 
road depot  is  within  convenient  walking  distance  of  the 
springs,  but  carriages  are  at  hand  for  all  those  \vho  pre- 
fer to  ride.     There  are  many  features  of  interest  in  this 
J.^*T'iJn^i°°-      '^^"^  spnngs  are  beautifully  situated 
about  550  feet  above  the  sea-level.     The  surrounding 
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country  is  very  pleasing  to  the  eye,  and  on  every  hand 
the  visitor  is  met  by  names  and  locations  of  familiar 
memory.  Not  far  from  the  springs  are  found  the  battle- 
fields of  Chancellorsville,  Appomattox,  Rapidan,  Five 
Forks,  and  others  of  lesser  note.  The  climate  here  is 
bracing,  the  temperature  ranging  from  40°  to  50°  F.  in 
winter  and  from  80°  to  90°  F.  in  summer.  The  springs 
are  eight  or  ten  in  number,  and  yield  about  fifty 
gallons  of  water  per  hour.  The  following  analysis 
is  by  Prof.  E.  T.  Fristoe,  of  the  Columbian  University, 
Washington : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  chloride 3-30 

Sodium  sulphate -i-Sa 

Potassium  sulphate .lo 

Calcium  sulphate l.°l 

Lithium  bicarbonate o.ib 

Calcium  bicarbonate l-oo 

Magnesium  carbonate 3.71 

Ferrous  carbonate 1.2d 

Man^anous  carbonate ''''^o'fi 

Alumina 3.53 

Silica „  <>-"'^ 

Iodine Trace. 

Sulphuric  acid Trace. 

Organic  matter Small  quantity. 

Total 38.38 

Carbonic  acid  gas,  T4.30  cubic  inches. 

It  will  be  observed  that  this  water  contains  a  fair  pro- 
portion of  the  bicarbonate  of  lithium.  It  is  also  abun- 
dantly charged  with  carbonic  acid  gas,  and  contains  suflS- 
cient  sulphate  of  sodium  to  give  it  a  mild  laxative  action. 
The  water  has  come  into  wide  use  as  a  corrective  of  the 
uric-acid  diathesis,  and  is  sold  in  all  parts  of  the  country. 
Its  best  effects  have  been  observed  in  gout,  renal  and 
vesical  calculus.  Bright's  disease,  and  dyspepsia.  The 
iron  in  the  water  gives  it  also  excellent  properties  as  a 
ferruginous  tonic.  James  K.  Crook. 

FAT  NECROSIS.     ^e&  Pancreas,  Diseases  of . 

FATTY  DEGENERATION;  FATTY  INFILTRATION. 

See  Lipogenesis. 

FAUQUIER  WHITE  SULPHUR  SPRINGS.— Fauquier 

County,  Virginia. 

Post-Ofpice. — Fauquier  White  Sulphur  Springs. 
Hotel. 

Access. — From  Washington  viii  Virginia  ^Midland  Rail- 
road to  Warrenton,  56  miles  southward,  thence  a  drive 
of  six  miles  to  the  springs.  The  visitor  to  this  favored 
locality  is  pleasantlj'  impressed  during  the  forty  minutes' 
ride  from  the  picturesque  town  of  ^^'arrenton  to  the 
springs.  The  drive  is  over  a  fairly  graded  road  through 
a  country  where  the  well-stocked  farms  and  handsome 
residences  are  indicative  of  an  advanced  degree  of  thrift 
and  refinement.  The  springs  are  charmingly  situated 
among  the  foothills  of  the  Blue  Ridge  at  an  elevation  of 
1,000  feet  above  the  sea-level.  The  surrounding  grounds 
comprise  an  area  of  400  acres  in  a  high  state  of  cultiva- 
tion and  abounding  in  shaded  walks  and  drives  through 
hills  and  valleys.  Beii\g  shellered  (ui  the  west  by 
wooded  hills,  the  location  admits  of  invalidsenjoying  the 
open  air  with  safety  almost  daily  throughout  the  year. 
The  clear  waters  of  the  Rappahannock  River  border 
the  western  boundary  of  the  park  and  sweep  along 
the  base  of  the  mountains,  where  the  huntsman  or  the 
disciple  of  Izaak  Walton  will  find  an  ample  reward 
for  his  tramp  among  the  hills  or  his  patience  liy  the 
waterside.  The  waters  of  tliese  springs  have  been  well 
known  for  upward  of  seventy-five  years.  As  early 
as  WM  a  company  was  formed  of  well-known  men 
from  iMaryland  and  Mrginia,  and  two  large  hotels  and 
a  number  of  cottages  capaliie  of  accommodating  1,000 
persons  were  built.  So  attractive  were  the  resort  and  its 
surroundings  that  the  Legislature  of  Virginia  held  a 
summer  session  there  in  1849.  At  the  beginning  of  the 
war  the  place  was  in  the  full  blast  of  prosperity  In 
August,  1862,  it  was  the  scene  of  a  fierce  fight  between 
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the  Federal  aud  Confederate  forces,  and  the  two  hotels 
were  burned.  lu  1877  a  company  was  formed  for  the 
purpose  of  restoring  the  famous  old  resort  to  public  uses. 
The  present  accommodations  consist  of  an  elaborate  and 
commodious  fire-proof  hotel  fitted  with  all  modern  im- 
provements. There  are  besides  a  number  of  cottages 
capable  of  accommodating  500  guests;  they  are  located 
m  a  fine  grove  of  elms  convenient  to  the  main  hotel. 

The  following  analysis  of  the  spring  water  was  made 
m  1878  by  Prof.  Thomas  Antisell,  of  Washington,  D.  C. 
One  United  States  Gallon  Contains  : 
Solids.  Qrains. 

Calcium  bicarbonate 7  H8 

Magnesium  bicarbonate 2'47 

Sodium  chloride 375 

Calcium  sulphate a'sg 

Iron  phosphate   (  

Iron  sulphate      f  3.14 

Sodium  and  potassium  sulphate 1  63 

Calcium  and  magnesium  phosphate 64 

Gaseous  matter,  etc !lo 

Total "^2lO 

Gases.  Cu.  in. 

Carbonic  acid IIqo 

Sulphureted  hydrosren Siiiaii  quantity. 

Temperature  of  water  at  springs,  55»  F. 

The  source  of  the  mineral  ingredients  of  the  springs 
lies  in  the  country  rock,  which  is  an  aluminum  slate,  the 
beds  of  which  lie  nearly  horizontal,  or  with  a  slight 
slope,  and  hold  between  their  layers  sandy,  ferruginous 
seams,  in  which  are  embedded  crystals  of  iron  pyrites 
with  some  hydrated  oxide  of  manganese.  The  water  is 
properly  classed  as  a  sulphureted  alkaline-chalybeate, 
posses.sing  alterative,  tonic,  and  diuretic  properties.  It 
has  long  been  recommended  in  the  various  foi-ms  of 
dyspepsia,  in  intestinal  disorders  and  in  liver  complaints. 
Its  diuretic  properties  are  utilized  in  dropsical  affections 
due  to  renal  and  cardiac  diseases,  as  well  as  in  the  early 
stages  of  Bright's  disease.  In  the  condition  known  as 
neurasthenia,  produced  by  overwork,  anxiety,  or  other 
causes,  a  course  of  this  water  has  been  found  to  be  mark- 
edly advantageous.  In  certain  female  complaints,  no- 
tably in  menstrual  disorders  due  to  anaemia,  its  action 
is  prompt  aud  permanent.  James  K.  Crook. 

FAVUS.     See  Tinea. 

FEBRICULA  (diminutive  of  Febris.  fever).— (Syno- 
nyms: Simple  fever.  Simple  continued  fever.) 

Pebriculais  a  convenient  term  which  finds  its  justifica- 
tion in  ignorance  rather  than  in  knowledge. 

A  pyretic  state  lasting  from  one  (ephemera)  to  tenda3'S, 
in  which  the  temperature  probably  does  not  rise  above 
102°  P.  except  temporarily,  nor  the  pulse  usually  above 
100  to  130,  accompanied  by  a  white,  furred  tongue,  con- 
stipation, loss  of  appetite,  by  headache  which  may  be 
sharp;  but  without  other  derangement  of  the  bowels 
than  constipation,  without  any  exanthem,  without  any 
distinguishable  internal  or  external  local  lesion.  Inflam- 
matory or  otherwise;  ending  in  sudden  resolution  and 
rapid,  easy  recovery — this  is  febricula,  and  we  agree  to 
call  this  general  condition,  whatever  may  be  the  cause, 
by  that  name  for  want  of  a  better,  and  because  it  requires 
some  designation. 

Febricula  has  no  pathology,  because  it  always  ends  in 
recovery.  Febricula  ending  in  death  takes  on  another 
name.  Abortive  typhoid,  typhus,  or  relapsing  fever; 
scarlet  fever  or  measles  without  their  rash ;  tonsillitis 
with  an  inappreciable  tonsillar  affection ;  acute  rheuma- 
tism or  erysipelas  without  localization,  may  all  conceal 
themselves  under  the  term  febricula. 

On  the  other  hand,  the  same  symptoms — as  shown  in 
a  mild  or  short  continued  fever — may  result  from  expo- 
sure to  extremes  of  temperature,  from  exhaustion,  from 
digestive  disturbances,  from  derangement  of  the  nervous 
centres. 

The  febria  ardens  of  the  tropics,  various  degrees  of 
which  are  encountered  in  the  United  States  during  the 
occasonal  hot  "  waves  "  of  our  summer  months,  belongs 
more  appropriately  under  insolation,  or  heat  or  sun-fever. 


The  Di.iGNOSis  of  febricula  can  be  reached  only  by  ex- 
clusion, and  should  only  be  made  subiect  to  ready  re- 
vision. 

_  The  Tkeatmknt  is  simple  and  consists  of  a  saline  laxa- 
tive, diuretics,  diaphoi-etics,  or  refrigerants,  as  indicated 
in  the  particular  case.  George  B.  Hliattuck. 

FEEDING,  FORCIBLE.— Forcible  feeding  means  the 
introduction  oi  food  into  the  organism  against  (or  with- 
out) the  will  of  the  individual.  It  is  employed  in  two 
groups  of  cases:  (1)  In  patients  exhibiting  a  comatose  or 
semi  comatose  condition  for  a  considerable  period  of  time ; 
and  (2)  in  patients  afl^icted  with  brain  troubles  (insanity' 
melancholia),  when  they  refuse  nourishment. 

The  insane  form  the  largest  contingent  of  cases  in 
which  forcible  feeding  must  be  resorted  to.  Here  it  is 
the  most  important  measure  not  only  to  prolong  life  but 
also  often  for  the  establishment  of  a  cure,  whenever  this 
is  possible. 

In  some  instances  small  quantities  of  liquid  or  semi- 
hquid  food  are  introduced  into  the  mouth  of  the  patient 
and  the  latter  is  told  to  swallow.  In  case  this  procedure 
is  effective,  enough  nourishment  may  be  slowly  ingested 
in  this  way.  But  if  this  means  fails,  as  it  often  does,  or 
in  patients  who  are  not  accessible  to  our  exhortations,  the 
principal  measure  of  forcible  feeding  consists  in  the  arti- 
ficial ingestion  of  nourishment.  The  latter  is  performed 
in  three  ways :  (1 )  Gastric  alimentation  by  means  of  a  tube 
inserted  into  this  organ ;  (3)  rectal  alimentation ;  (3)  sub- 
cutaneous alimentation. 

By  far  the  most  frequently  employed  and  the  most 
eflioient  method  of  forcible  feeding  consists  in  the  first 
measure.  It  seems  that  the  stomach  pump  was  used  for 
this  purpose  long  before  its  application  in  gastric  affec- 
tions as  a  therapeutic  measure  (Kussmaul,  1867);  for  in 
1857  Wilh'am  Hamilton  '  mentions  the  stomach  pump 
as  a  well-known  procedure  in  the  feeding  of  the  insane. 
The  same  writer  had  also  introduced  a  new  means  of 
gastric  alimentation  by  inserting  a  tube  through  the  nos- 
tril into  the  oesophagus  and  providing  it  with  a  funnel. 
This  method  is  still  used  nowadays,  and  I  may,  there- 
fore, be  allowed  to  cite  Hamilton  in  full.     He  says: 

•"Acting  upon  a  method  advised,  in  cases  of  trismus, 
of  introducing  into  the  nostrils  a  tube  to  the  posterior 
fauces,  through  which  nourishment  may  be  passed  to  a 
point  beyond  voluntary  muscular  control,  an  instrument 
was  constructed  which  was  efficaciously  employed  on  the 
24th  of  June  last.  It  consists  of  an  elastic  tube,  twenty- 
four  inches  long,  the  size  of  a  catheter,  at  the  open  end 
of  which  a  funnel  is  attached.  Near  its  end  the  tube  is 
slightly  curved.  The  curve  is  maintained  by  the  intro- 
duction of  a  silver  wire,  two  inches  in  length,  one  end 
being  bent  upon  itself  to  preserve  it  in  position,  to  pre- 
vent ils  impinging  at  right  angles  upon  the  posterior 
wall  of  the  pharynx  during  the  first  stage  of  the  process, 
and,  during  the  second,  keeps  the  tube  from  interfering 
with  the  glottis.  The  tube  being  adjusted,  the  operator 
pours  through  it  nutritious  or  medicated  liquids,  which 
are  immediately,  by  automatic  action,  conveyed  into  the 
stomach.  This  operation  is  not  disturbed,  owing  to  the 
length  and  fiexibihty  of  the  tube,  by  any  considerable 
motion  of  the  patient's  head." 

Forcible  gastric  alimentation  is  performed  in  the  fol- 
lowing manner:  A  soft-rubber  tube  (regular  stomach 
tube),  provided  with  a  connecting  glass-piece  at  the  out- 
side end,  is  introduced,  cither  by  way  of  the  mouth  (when 
this  is  possible,  or  after  keeping  the  mouth  open  by  a 
gag)  or  by  way  of  the  nostril,  into  the  stomach.  A  rub- 
ber tube  with  funnel  attachment  is  next  slipped  over  the 
glass  piece,  and  the  apparatus  is  then  ready  for  the  recep- 
tion of  food.  The  latter,  in  liquid  or  semi-liquid  form, 
is  poured  from  a  pitcher  into  the  funnel,  which  at  first 
must  be  somewhat  lowered,  in  order  to  prevent  the  en- 
trance of  too  much  air  into  the  stomach,  and  then  after- 
ward raised  to  about  the  level  of  the  patient's  face,  until 
the  whole  quantity  desired  has  been  ingested.  Then  the 
entire  apparatus  is  quickly  removed  after  compressing 
the  tube  with  the  fingers  in  such  a  manner  that  no  con- 
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tents  may  escape  from  it  while  in  the  pharynx.  It  wi.I 
be  readily  understood  that  assistance  is  oftentimes  re- 
quired during  this  procedure,  especially  when  we  are 
dealing  with  maniacal  patients.  The  arms  and  feet  of 
such  a  patient  must  sometimes  be  kept  quiet  by  strong 

The  amount  and  kind  of  foods  to  be  introduced  into  the 
stomach  can  be  varied.  The  principle  is,  to  introduce 
liquid  and  semi-liquid  food  in  sufficient  quantity  for  the 
maintenance  of  life.  As  a  rule  a  combination  of  milk  and 
eggs  beaten  up  together  is  the  most  important  and  most 
frequently  used  form  of  nourishment.  F.  Jolly '  recom- 
mends using  one  quart  and  a  half  of  milk  and  three  raw 
eggs  for  each  feeding,  twice  daily.  The  milk  can  also 
be  combined  witli  cream,  with  somatose,  or  with  plasmon, 
or  indeed  with  any  of  the  beef  juices  in  use.  A  table- 
spoonful  or  two  of  sugar  and  some  table  salt  may  also  be 
conveniently  added.  In  the  same  manner  meat  powder, 
puree  of  brain,  peas,  etc.,  can  be  mixed  with  water  or 
milk  and  introduced  into  the  stomach. 

Inasmuch  as  forcible  gastric  feeding  permits  us  to  uti- 
lize a  great  variety  of  foods,  and  especially  a  considerable 
quantity  of  them,  it  lies  within  our  power  not  only  to 
keep  the  patient  in  balance,  but  also  sometimes  to  make 
him  gain  in  flesh.  Forcible  gastric  feeding  is  therefore 
the  means  par  excellence  for  forcible  feeding.  The  other 
two  methods  mentioned  above — rectal  alimentation  and 
subcutaneous  feeding — play  here  but  an  unimportant 
part.  Rectal  alimentation  may  be  for  a  time  combined 
with  gastric  alimentation  when  it  is  very  difficult,  on  ac- 
count of  the  patient's  struggles,  to  introduce  the  tube  into 
the  stomach.  Subcutaneous  alimentation  is  still  less  im- 
portant, as  the  amount  of  nutritive  value  introduced  in 
this  way  hardly  amounts  to  anything.  William  H.  Mur- 
ray'' recommends  subcutaneous  injections  of  olive  oil 
(10-20  c.c.)  twice  daily.  M/i.v  Einhorn. 

Eefeeenoes. 

1  William  Hamilton :  On  Forced  Alimentation.  Journal  of  Insanity. 
January,  1857,  p.  278. 

2  I'.  Jolly :  Ernahrungstberapie  bei  NeryenkranlJlieiten.  E.  von 
I-eyden's  Handbucb  der  Ernahrungstberapie,  Bd.  ii.,  p.  168,  1898. 

2  William  H.  Murray:  Buck's  Reference  Handbook  of  the  Medical 
Sciences,  1886,  vol.  lii.,  p.  53. 

FEES,  LEGAL  RULES  GOVERNING  THE  COLLEC- 
TION OF. — As  far  back  as  liistory  goes  we  find  mention 
of  physicians;  physicians'  fees  are  probably  nearly  as 
ancient,  but  the  privilege  of  being  able  to  recover  these 
fees  in  a  court  of  law  is,  in  countries  other  than  our  own, 
of  quite  recent  date.  In  the  United  States  the  law  has 
never  made  any  distinction  between  the  professional 
man  who  works  with  his  brain  and  the  laborer  who 
works  with  his  hands.  Honoraria,  with  their  interesting 
history  and  subtle  legal  evasions,  are  imknown  here; 
and  the  rules  governing  the  collection  or  recovery  of 
physicians'  fees  are,  in  the  main,  the  same  as  would  be 
enforced  in  any  other  vocation.  But  still,  there  are  a 
few  peculiarities  arising  from  the  nature  of  the  services 
rendered,  or  from  the  circumstances  tliat  attend  the  need 
of  these  services ;  also  there  exist  in  many  minds  certain 
superstitions  or  fallacies  with  regard  to  a  physician's  ser- 
vices and  remuneration.  Hence  a  few  general  rules  on 
these  topics  may  be  of  value.  At  the  outset  it  must  be 
premised  that  only  a  very  general  sketch  can  be  given- 
on  pomts  of  detail  the  various  States  differ  oonsiderablv 
apnong  themselves,  and  even  in  the  same  State  diverse  de- 
cisions have  been  rendered  on  a  single  point  This  arti 
cle  IS  intended  to  be  for  physicians  what  an  article  of 
similar  length  in  a  "Family  Medicine  Book"  mieht  bo 
for  lawyers.  r,v.  a  guide  till  proper  professional Tidviee 
can  be  obtained.  A  phy.sician  ought  to  know  enough 
law  to  avoid  being  his  own  lawyer  ^ 

A  physician's  right  to  receiVe  compensation  for  his 
serv  ces  is  based  upon  a  contract  either  express  or  in 
phed,  and  this  same  contract  will  form  a  basis  for  an  acHon 
to  recover  that  compensation  in  a  court  of  law  Iftl  .^v 
IS  an  express  agreement  between  the  parties  (1)  as  to  the 
amount  or  rate  of  compensation,  and  (2)  as  to  the  pwson 
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or  persons  to  be  considered  responsible  for  the  same,  then 
no  difficulty  is  likely  to  arise.     But  this  is  seldom  tlie 
case,  and  as  a  rule  an  implied  contract  will  be  inferred  as 
existing  between  the  physician  and  either  the  patient  or 
some  one  representing  the  patient.     In  this  implied  coxi- 
tract  thep%«8C2rt7i  will  be  expected  to  treat  his  patient 
with  reasonable  skill,  judgment,  and  experience,  accord- 
ing to  the  standard  prevailing  in  the  locality  in  which  he 
practises,  he  will  pay  such  visits  as  he  may  deem  neces- 
sary; and  the  patient,  by  his  acceptance  of  these  ser- 
vices, undertakes  to  obey  the  physician's  instructions 
and  to  pay  a  reasonable  remuneration.     What  consti- 
tutes a  reasonable  remuneration  will  depend  upon  the 
usual  rate  of  charges  for  similar  services  in  the  neigh- 
borhood.    Here  it  may  be  remarked  that  failure  to  cure 
will  be  no  bar  to   the  physician's  recovering  his  fee. 
The  physician  as  a  rule  does  not  guarantee  a  cure ;  but 
should  lie  undertake  a  case  on  the  distinct  understanding 
that  "  no  cure  no  pay  "  shall  hold,  he  will  be  required  to 
abide  by  it.     A  patient  will  not  be  allowed  to  allege  that 
he  got  no  benefit  from  the  physician's  treatment  pro- 
vided the  physician  uses  reasonable  care,  skill,  etc. ;  but  it 
has  been  held  that  where  the  treatment  was  such  that  it 
could  under  no  circumstances  effect  any  possible  benefit, 
the  patient  might  allege  this  as  a  reason  for  non-pa}'- 
ment.     If  the  services  were  intended  to  be  gratuitous, 
and  the  physician  so  declared,  no  action  will  lie  for  re- 
covery; but  if  the  physician  intended  his  services  to  be 
free,  and  did  not  at  the  time  declare  such  intention,  an 
action  for  recovery  will  lie;  and  in  any  case  the  law  will 
presume  the  existence  of  liability  on  the  patient's  part,  and 
it  will  be  for  him  to  prove  that  such  services  were  in- 
tended to  be  without  charge.     But  an  implied  contract  can 
exist  not  only  with  the  patient,  but  in  some  cases  with  a 
person  or  persons  who  stand  in  such  relation  to  the  patient 
as  to  be  legally  liable  for  necessaries  furnished.     Thus,  in 
medical  ser\ices  rendered  to  a  child  under  age,  the  parent 
is  held  by  the  implied  contract  to  pay ;  so,  too,  is  the  hus- 
band for  services  rendered  to  his  wife,  and  the  guardian 
for  services  rendered  to  his  ward.    It  is  very  necessary  that 
the  proper  peison  be  held  responsible,  and  the  physician 
will  do  well  to  ascertain  the  individual  to  whom  he  should 
present  his  account.     I'hus,  where  a  married  daughter 
was  taken  ill  in  her  father's  house,  and  received  a  physi- 
cian's services,  the  father  acquiescing,  the  father  was  not 
liable,  but  the  husband,  and  it  was  held  that  even  if  the 
father  had  sent  for  the  physician  it  would  have  made  no 
diiference.     AVith  regard  to  parent  and  child  under  age, 
it  may  be  said  that  as  a  rule  the  father  is  liable,  even  if 
tlie  child  is  away  from  home,  provided  he  is  absent  with 
his  father's  consent,  but  not  if  the  child  has  run  away  or 
left  without  the  father's  approval.     If  the  father  is  dead, 
the  mother  is  liable  only  so  far  as  the  child  has  a  sepa- 
rate estate,  and  if  the  child  has  no  separate  estate  she  is 
not  liable.     In  the  case  of  husband  and  wife  the  husband 
is  liable;  and  if  the  wife  be  divorced,  the  husband  will 
still  be  liable  unless  the  physician  is  made  acquainted 
with  the  fact.     So,  too,  where  the  husband  declines  to  be 
responsible  for  deljts  incurred  by  his  wife,  it  is  incumbent 
on  him  to  furnish  this  information  to  the  physician,  or 
else  the  courts  will  uphold  the  physician  in  recovering 
his  fee  from  the  husband. 

"Tliere  are  Iavo  eases  in  which,  in  the  absence  of  an 
express  contract,  the  physician  may  recover  if  either  hus- 
band or  wife  lias  property.  The  tirst  is  the  case  in  which 
a  pliysician  renders  services  to  a  woman  not  knowing  her 
to  be  married.  Here  the  husliand  is  liable  as  an  undis- 
clo.sed  principal,  but  the  wife  is  also  liable  as  an  agent 
wlio  has  made  a  contract  without  disclosing  the  fact  of 
agency,  and  cither  could  be  sued  notwithstanding  a  pre- 
vious judgment  against  the  other  for  the  same  cause,  if 
it  has  not  been  satisfied."  "The  second  is  the  casein 
Axliich  a  married  woman,  who  has  been  abandoned  by 
lier  husband,  or  is  living  apart  from  him  for  good  cause, 
renders  him  liable  for  necessaries  furnished  to  herself  and 
her  children.  Here  the  debt  is  tliat  of  the  husband,  and 
the  wife  may  not  be  sued  directly.  But  a  judgment 
against  the  husband  may  be  enforced  against  the  wife's 
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separate  property,  by  an  action  instituted  for  tliat  pur- 
pose" (Willard  A.  Mitchell,  in  Medical  Record,  1894,  vol. 
xlv.,  p.  98). 

In  the  case  of  a  third  party  other  than  the  parent,  hus- 
band, or  guardian,  what  are  the  liabilities  of  such  third 
parties  for  the  payment  of  the  physician's  fees?  When 
a  physician  depends  on  the  promise,  express  or  implied, 
of  a  third  party,  it  is  necessary  to  understand  whether 
that  third  party  promises  as  for  himself  or  as  a  guaran- 
tor. In  the  former  case  he  is  liable,  and  the  physician 
can  recover  from  him.  In  tlie  latter  case  it  is  necessary 
that  such  promise  should  be  in  writing.  The  Statute  of 
Frauds  declares  that  "no  action  shall  be  brought  .  .  . 
whereby  to  charge  the  defendant  upon  any  special  prom- 
ise to  answer  for  the  debt,  default,  or  miscarriage  of  an- 
other person  .  .  unless  the  agreement  upon  which  such 
action  shall  be  brought,  or  some  memorandum  or  note 
thereof,  shall  be  in  writing,  and  signed  by  the  party  to 
be  charged  therewith,  or  some  other  person  thereunto  by 
him  lawfully  authorized."  To  take  a  few  illustrative 
cases :  (1)  A  asks  a  physician  to  attend  X,  and  says,  "  I 
will  pay,"  or  "I  will  see  you  paid  "  ;  A  is  liable,  and  the 
physician  can  recover  from  him.  (2)  A  asks  a  ph3'sician 
to  attend  X,  and  says,  "  If  X  does  not  pay  you,  I  will " ; 
unless  this  is  in  writing  the  physician  cannot  recover 
from  A.  (3)  A  says  to  a  physician,  after  services  have 
been  rendered  to  X,  "  I  will  pay  "  ;  A  is  not  liable.  In 
Case  1  above,  there  is  an  ordinary  contract,  and  the 
transaction  does  not  come  under  the  Statute  of  Frauds 
because  it  is  an  independent  promise.  Case  3  is  covered 
by  the  Statute  of  Frauds.  In  Case  3  there  is  no  consid- 
eration upon  which  to  found  a  contract,  and  therefore, 
whether  oral  or  written,  such  a  promise  has  no  legal 
value.  But,  in  the  large  majority  of  cases,  although 
third  parties  are  ready  enough  to  call  a  physician  for  a 
friend  or  neighbor,  they  are  singularly  reticent  on  the 
subject  of  remuneration.  If  the  third  party  avers  that 
he  is  merely  an  agent,  he  has  no  responsibility;  but 
where  he  docs  not  state  that  he  is  acting  as  an  agent  the 
courts  differ  as  to  the  question  of  liability.  This  subject 
of  agency  has  been  condensed  as  follows :  "  It  is  a  gen- 
eral principle  of  the  law  of  agency  that  one  who  pro- 
cures services  to  be  done  for  another  is  not  himself 
chargeable  as  the  debtor,  unless  he  omits  to  make  known 
his  principal,  or  erroneously  supposes  that  he  has  author- 
ity, or  exceeds  his  authority,  or  expressly  or  implicitly 
engages  to  be  answerable  either  by  directly  promising  to 
pay  for  them  if  rendered,  or  by  doing  or  saying  some- 
thing which  justifies  the  person  who  is  to  perform  them 
in  supposing  that  the  one  who  applies  to  him  engages 
to  pay  for  them  "  (Judge  Daly,  in  Buck  vs.  Amidon).  In 
dealing  with  corporations,  such  as  railway  companies, 
the  physician  will  do  well  to  remember  that  unless  he 
has  an  express  contract  with  the  corporation,  an  implied 
contract  is  with  the  person  who  receives  his  services. 
Thus,  in  a  railway  accident,  a  conductor  asks  a  physi- 
cian to  attend  X ;  the  company  is  not  liable.  Doubtless 
there  is  in  every  corporation  some  officer  whose  acts  will 
bind  the  corporation ;  if  such  an  officer  requests  profes- 
sional services  for  an  injured  person,  the  company  will 
be  held  responsible,  but  not  otherwise ;  and  it  will  be  for 
the  physician  to  prove  that  the  officer  who  employed 
him  had  such  authority,  or  else  that  the  company  subse- 
quently ratified  the  action  of  an  inferior  officer.  The 
question  of  the  liability  of  corporations,  with  the  various 
decisions,  is  far  too  large  to  enter  upon  here. 

Having  now  seen  how,  in  most  cases,  a  contract  is 
made,  let  us  note  the  points  necessary  to  success  in  in- 
voking the  aid  of  the  law.  In  the  first  place— with  re- 
gard to  his  own  legal  status— the  physician  must  have 
fulfilled  all  the  legal  requirements  of  the  State  in  which 
he  practises,  and  of  the  county  or  counties  in  which  he 
has  an  office.  He  must  be  legally  qualified  to  practise. 
If  there  is  any  omission  or  flaw  in  this  respect  he  cannot 
recover  his  fees  in  any  State,  with  the  possible  exception 
of  Missouri.  And  as  with  professional  services  so,  too, 
with  medicines  supplied.  Generally  the  physician  will 
be  presumed  to  have  fulfilled  all  legal  requirements,  and 


the  burden  of  proving  that  tliere  is  any  irregularity  will 
rest  upon  the  defendant.  The  legally  qualified  physician 
can  also  recover  for  services  rendered  by  students  work- 
ing under  his  direction,  and  also  for  a  physician  employed 
to  assist  him,  even  when  this  assistant  is  not  legally  qual- 
ified. But  it  would  seem  that  a  physician,  being  unable 
lo  attend  a  case,  and  sending  in  his  place  another  phy- 
sician not  his  assistant,  cannot  recover  for  that  other 
physician.  The  patient  is  also  liable  for  the  expenses  of 
a  consultant,  even  when  there  is  no  express  stipulation. 
Next,  the  physician  will  have  to  prove  that  he  has  ren- 
dered the  services  for  which  the  charges  are  made.  This 
is  a  difficult  and  delicate  matter,  and  the  physician  must 
proceed  cautiously,  for  the  question  of  "  professional  se- 
crecy "  presents  itself.  In  the  States  of  Arizona,  Arkan- 
sas, California,  Colorado,  Idaho,  Indiana,  Iowa,  Kansas, 
Michigan,  Minnesota,  Missouri,  Montana,  Nebraska,  Ne- 
vada, New  York,  North  Carolina,  North  Dakota,  Ohio, 
Oklahoma,  Oregon,  Pennsylvania,  Utah,  Washington, 
Wisconsin,  and  Wyoming  a  duly  qualified  physician  is 
positively  restrained  from  disclosing  anjthing  that  the 
patient  has  confided  to  him  professionally.  In  States  not 
mentioned  above,  the  physician  may  be  allowed  to  tes- 
tify in  detail  as  to  the  services  that  he  has  rendered.  In 
case  the  physician  should  be  unlicensed  the  patient  has 
no  such  protection,  and  a  full  account  of  the  services 
may  be  given.  Great  diversity  exists  as  to  the  interpre- 
tation of  these  rules,  and  chiefly  as  to  what  is  included 
in  the  term  "privileged  communication."  In  the  next 
place  the  account  sent  in  will  be  scrutinized.  The  court 
will  hardly  recognize  an  account  as  vague  as  the  "  To 
professional  services "  so  commonly  rendered.  While 
there  is  some  difference  in  the  requirements  of  the  vari- 
ous States,  the  safest  course  is  to  present  an  account  in 
which  each  item  is  specifically  given  under  its  proper 
date,  and  with  its  own  charge  against  it.  "  The  general 
rule  that  one  who  receives  a  bill  or  account,  and  retains 
it  without  objection,  will  be  deemed  to  have  acquiesced 
in  its  correctness,  does  not  apply  to  a  bill  rendered  for 
personal  services  without  previous  agreement  as  to  rate 
of  compensation.  But  where  a  part  payment  is  made  on 
such  bill  without  protest,  it  becomes  an  account  stated, 
which  may  be  sued  upon  without  giving  evidence  as  to 
the  value  of  the  services  rendered ;  and  the  bill  need  not 
have  been  an  itemized  one"  (Willard  A.  Mitchell,  in 
Medical  Record,  1894,  vol.  xlv.,  p.  98).  With  regard  to 
the  value  of  the  services  rendered — in  case  this  is  dis- 
puted (and  the  defendant  is  likely  to  dispute  everything) 
— the  custom  of  other  physicians  in  the  locality,  and  the 
plaintiff's  own  custom  in  other  cases  may  be  cited ;  but 
it  will  be  proper  for  the  defendant  to  urge  that  the  phy- 
sician had  on  previous  occasions  charged  him  less  for  sim- 
ilar services.  Expert  opinion  as  to  the  value  of  the  ser- 
vices may  be  given  by  physicians  only;  but  juries  are 
not  bound  to  accept  their  valuation,  and  in  case  of  differ- 
ent witnesses  making  different  appraisals  the  lowest  is 
most  likely  to  be  taken.  Another  possible  defence  is 
that  the  physician  made  more  visits  than  were  actually 
necessary ;  but  the  physician  is  recognized  as  the  only 
judge  as  to  the  number  and  frequency  of  the  visits  re- 
quired, and  as  a  rule  the  physician  remains  in  attendance 
on  a  case  just  so  long  as  he  deems  it  necessary,  or  until 
the  patient  dismisses  him,  or  until  he  leaves  by  mutual 
assent.  It  may  possibly  be  urged  that  the  physician  was 
intoxicated ;  this  would  -be  a  good  plea  if  the  patient  on 
this  ground  refused  to  allow  the  physician  to  treat  him, 
but  if  the  patient  continues  to  receive  that  physician's 
services  this  defence  will  not  be  allowed.  "  Malpractice  " 
is  a  common  assertion ;  if  proven  it  is  a  good  defence ; 
but  to  sustain  this  the  defendant  will  have  clearly  to 
prove  gross  neglect  or  culpable  lack  of  skill.  With  re- 
gard to  "limitation  of  action,"  where  there  is  only  one 
item  to  the  account,  the  matter  is  easily  settled  by  refer- 
ring to  the  Statute  of  Limitations  for  the  particular 
State ;  but  where,  as  is  generally  the  case,  there  are  sev- 
eral items,  covering  a  number  of  years,  with  possibly 
certain  payments  made  from  time  to  time,  the  different 
States  have  decided  differently  on  the  question  of  this 
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constituting  a  "mutual  account."    In  this  case  proper 
advice  must  be  sought.  1^-  J-  ^-  ^ott- 

FELL-0'DWYER  METHOD  OF  INSUFFLATING  THE 

LUNGS— lusufBatiou  of  tlie  lungs  is  evidently  the  most 
direct  and  instant  method  of  restoring  the  suspended  re- 


no  2081.-Tlie  Original  Chaussier  Tube  for  Direct  Mouth 
Insufflation  in  Asphyxia  Neonatorum.  (From  Depaul  s 
article  In  the  "  Diet.  Encyclopedlque,"  vol.  xili.) 


spii'atory  function,  and  yet  until  recent  years  it  had  been 
practically  abandoned  or  forgotten  by  the  medical  world. 
Such  was  not,  however,  always  the  judgment  upon  it. 
It  has  an  ancient  and  honorable  history.  Passing  by  the 
statement  of  Depaul  that  reference  to  it  may  be  found  m 
the  Scriptures,  and  that  Hippocrates  considered  it,  be 
lets  us  know  that  Paracelsus  (1493-1541)  applied  a  bel- 
lows to  the  mouth  and  by  its  aid  gently  inflated  the 
lungs,  while  Panarolus  had  recourse  to  the  same  proce- 
dure to  revive  the  victims  of  charcoal  fumes.  Vesalius 
(1514-1564)  demonstrated  that  in  animals,  after  the  thorax 
had  been  opened  for  observation,  respiration  could  be 
maintained  by  the  use  of  an  insufflating  bellows  and 
tube. 

In  the  latter  part  of  the  eighteenth  century  this  method 
of  relieving  asphyxia  was  widely  popular.  It  was  in 
particular  used  to  restore  those  who  had  been  asphyxi- 
ated by  drowning,  and  the  numerous  appliances,  which 
weie  tlie  product  of  the  ingenuity  of  medical  men  in 
England  and  on  the  continent  of  Europe,  were  placed  in 
the  hands  of  life-savers  and  the  police 
to  be  \ised  at  their  discretion,  or,  too 
often,  their  indiscretion. 

The  names  of  many  eminent  physi- 
cians are  connected  with  the  invention 
of  insufflating  apparatus  at  this  time. 
In  all  of  these  machines  the  air  was 
supplied  from  a  bellows  or  pump  and 
injected  into  the  lungs  by  means  of  a 
tube  inserted  into  the  mouth,  the  nos- 
trils, or  the  glottis,  or  through  a  tra- 
cheotomy wound.  In  England  William 
Hunter,  Monroe,  James  ("!urry ;  on  the 
continent,  Des  Granges,  Hans  Courtois, 
Fine,  Pia  and  Garcy,  devised  instru- 
ments that  were  more  or  less  widelj^ 
adopted.  And  Lecat,  Louis,  Marc, 
Portal,  Troja,  and  many  others  were 
warm  in  their  praises  of  this  method  of 
treating  asphyxia. 

The  indiscriminate  use  of  these  ma- 
chines by  ignorant  persons  resulted  in 
bringing  the  method  into  disfavor.    In 
1829,  Leroy  d'EtioUes announced  to  the 
French    Academy  that  the   mortality 
from  drowning  had  increased  since  this 
^'" klrmSre^'prn    P™'^''''^'^  ''^fl  become  general.     He  con- 
monlque."  (From   te^'led  that  insufflation  was  dangerous 
Depaul's  article.)      to  the  integrity  of  the  respiratory  or- 
gans.     Numerous   experiments   upon 
animals  and  upon  human  cadavers  had  convinced  him  that 
violent  insufflation  could  produce  empliysema  and  rup- 
ture of  the  air  cells  and  smaller  bronchioles.    He  therefore 
contlemned  the  practice,  and  being  supported  in  his  con- 
clusions   by  a  committee,  composed   of    Dunicril    and 
Magendie,  appointed  by  the  Academy  of  Sciences  to  in- 
vestigate the  matter,  the  fate  of  insufflation  was    for  the 
time  at  least,  sealed,  in  spite  of  tlie  vigorous  protests  of 
Marc,  the  physician-in-chief  of  tlie  life-saving  service  of 


Paris,  and  of  other  members  of  the  Academy 
The  sentence  seemed  tinal  when,  in  1845,  Depaul  started 
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a  propaganda  in  its  favor  for  the  resuscitation  of  the  as- 
phj'xiated  new-born.  He  demonstrated  that  InsuSiation 
was  dangerous  only  when  done  by  the  inexperienced  and 
with  violence,  and  he  proved  that  the  human  lung  was 
more  resistant  than  that  of  most  of  the  animals  used  in 
Leroy's  experiments. 

Chaussier,  who  preceded  him  at  the  Maternite,  in  Paris, 
had,  in  1806,  recommended,  for  intralaryngeal  insuffla- 
tion, a  tube  which  met  the  approval  of  Madame  La 
Chapelle,  and  which  Depaul  adopted  with  some  slight 
modifications. 

The  eminence  of  Depaul,  the  brilliancy  of  his  argu- 
ment, and  the  convincing  character  of  his  clinical  evi- 
dence stimulated  other  inventors  to  attempt  to  improve 
upon  his  instrument.  Gairal,  in  1879,  proposed  an  in- 
strument which  he  called  the  "aSrophore  pulmonaire." 

Ribemont,  in  1877,  presented  a  somewhat  similar  tube 
with  conical  Up,  to  which  he  too  attached  a  rubber  bulb. 

Depaul,  in  his  article,  objects  to  these  so-called  im- 
provements upon  his  method  of  insufflation,  claiming 
that  the  operator's  lungs  are  the  safest  form  of  bellows 
to  use  in  filling  the  lungs  of  the  new-born  babe,  and  that 
the  wedging  of  the  conical  tip  of  Ribemont  might  endan- 
ger the  structures  of  the  larynx. 

Matas  calls  attention  to  the  fact  that  Dr.  Truehead,  of 
Galveston,  Texas,  in  1869,  described  a  complex  machine 


Fig.  2083.— Rlbemont'3  Intubating  Cannula,  with  Conical 
Tip  to  which  a  Bulb  may  be  Attached  as  In  Gairal's  In- 
strument.    ( From  Depaul's  article.) 


of  his  invention  for  the  purpose  of  inflating  and  aspirat- 
ing the  lungs.  His  article  was  contributed  to  the  Berlin 
Obstetrical  Society  and  appeared  in  their  Transactions  for 
1869-72,  but  was  never  published  in  America. 

From  this  review,  it  is  evident  that  the  idea  of  com- 
bating asphyxia  by  means  of  insufflation  was  too  funda- 
mental ever  completely  to  receive  its  quietus.  Individ- 
ual and  original  minds  were  attracted  to  it,  but  to  the 
great  body  of  the  profession  it  was  a  discredite<l  pro- 
ceedure,  when,  in  1887,  Dr.  John  R.  Fell,  of  Buffalo,  N. 
Y.,  after  vainly  trying  every  recognized  method  to  main- 
tain respiration  in  a  case  of  opium  narcosis,  employed  the 
tracheal  cannula  and  bellows,  used  on  dogs  in  the  Buffalo 
Medical  College,  and  succeeded,  after  carrying  on  res- 
piration with  its  help  for  three  hours  through  a  tra- 
cheotomy opening,  in  saving  the  life  of  his  patient.  This 
success  was  followed  by  others,  and  in  1893,  at  the  meet- 
ing of  the  Pan-American  Congress  in  AVashington,  he  was 
able  to  present  a  list  of  thirty  cases  whose  lives  had  been 


Fig.  3084.— Original  Fell  Apparatus,  showing   Face  Mask  and  Air 
Valve  Attached  to  Tube.     (Truax's  "  Mechanics  of  Surgery.") 

preserved  bj-  the  use  of  his  instrument,  which  he  had 
meantime  modified  by  substituting  a  face  mask  for  the 
tracheotomy  cannula. 

It  is  iiiteicsting  in  passing  to  notice  that  while  the  ar- 
guments of  Leroy  and  his  adherents  had  succeeded  in 
discrediting  insufflation  for  the  relief  of  asphyxia  in 
man,  it  had  continued  to  be  the  universal  custom  in 
physiological  laboratories  to  maintain  respiration  during 
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Fig.  2085.  -Dr  Bloom's  Latest  Modiflca- 
tlon  o£  the  Intubator  tor  Adults,  with 
Automatic  Ball- Valve. 


vivisection  experi- 
ments by  injecting 
air  through  a  tra- 
clieotomy  tube  b}' 
means  of  a  bellows 
connected  to  it  by 
lubber  tubing. 

The  disadvantages 
of  liaving  to  do  a 
preliminary  tracheot- 
omy led  Fell  to  sub- 
stitute a  face  mask. 
But  there  were  ob- 
vious objections  to 
the  latter,  tlie  chief 
of  \\hich  was  that 
part  of  the  air  was 
liable  to  pass  down 
into  the  stomach 
and,  by  distending  it, 
interfere  with  the 
descent  of  the  dia- 
phragm. Joseph 
O'Dwyer,  whose  ex- 
periments in  intuba- 
tion had  admirably 
qualified  him  for  the 
work,  oveicame  these 
objections  by  the 
tubes  which  he 
constructed, 
for  use  with 
the  bellows, 
Annual  of  the 


and   which  he   described  in  the 
Unirersal  Medical  Sciences  for  1894. 

The  tube  and  bellows,  very  properly  called  the 
Fell-O'Dwyer  apparatus,  have  been  in  use  in  the 
Presbyterian  Hospital,  in  New  York,  where  they 
were  introduced   by  Dr.   William   P.   Northrup, 
since  1895,  and  in  the  Charity  Hospital  at  New 
Orleans,  for  which  they  were  purchased  by  Dr, 
J.  D.  Bloom,  since  1896.     Ample  experience  in  the 
use  of  the  apparatus  in  these  two  hospitals  has 
demonstrated  its  great  practical  value.     It  con- 
sists of  a  foot  bellows,  connected  by  a  long  flex- 
ible rubber  tube  with  the  intubation  attachment. 
The  latter  is  of  metal,  is  curved  at  the  laryngeal 
end  at  a  right  angle,  and  has  detachable  conical 
tips,  of  various  sizes  to  suit  different  ages,  and 
designed  to  wedge  in  the  larynx  and  prevent 
the  escape  of  air  alongside.     The  extra  oral 
end  has  two  branches,  one  to  receive  the  tub- 
ing and  admit  the  air  from  the  bellows,  the 
other  to  permit  the  escape  of  the  air  in  ex- 
piration.   The  latter  is  stopped  by  the  thiimb 
of   the   operator   during   forced   inspiration. 
No  effort  is  made  to  aspirate  the  chest,  it  hav- 
ing  been   demonstrated  during  the  days  of 
Hunter  and  Monro  that  the  elasticity  of  the 
lung  is  amply  sufficient  to  expel  the  air.     To 
give  a  better  grasp  on  the  instrument,  a  row 
of  metallic  rings  is  attached  near  the  free 
end  of  the  tube.    These  receive  the  fingers 
and  give  excellent  control  over  the  instrument. 

Matas  has  recently  modified  the  O'Dwyer  tube  by  the 
addition  of  a  pistol-shaped  handle,  and  by  addmg  a  third 
branch,  provided  with  a  stopcock,  through  which  an 
anajsthetic  can  be  admitted  without  interfering  with  the 
continuance  of  forced  respiration.  .    ,   t^     t 

Since  its  introduction  into  the  Charity  Hosprtal,  Dr.  ,1. 
D  Bloom  has  made  a  number  of  improvements  in  the 
bellows,  consisting  of  (1)  a  long  lever  to  facilitate  com- 
pression of  the  bellows;  (3)  a  metal  chamber,  filled  with 
cotton  to  filter  the  air  on  its  way  from  the  bellows  to  the 
lungs-  (3)  a  similar  chamber,  through  which  oxygen  can 
be  passed  into  the  bellows  from  a  bag  or  cylinder,  when 

deemed  advisable.  .      „  ^,  ,  n..  -ri^.-,,,. 

For  use  in  the  asphyxia  of  the  new-born,  Dr.  Bloom 


has  had  made  a  smaller  tube,  to  which  is  attached  the 
bulb  of  an  ordinary  atomizer,  in  place  of  the  large  bel- 
lows, thus  preventing  over-distention  of  the  infant's 
lungs.  In  this  small  instrument  the  thumb  of  the  op- 
erator is  replaced  by  a  ball  valve,  which  automatically 
closes  the  exit  tube  when  the  bulb  is  compressed,  and 
falls  out  of  the  wav  when  the  jiressure  from  the  bulb 
is  stopped.     (Fig.  3085.) 

Since  tlie  days  of  Leroy  the  objections  to  the  use  of 
insufflating  ai)pliances  have  been:  (1)  That  the  instru- 
ment ignorantly  or  rouglily  used  was  capable  of  inflict- 
ing serious  injury  upon  the  larj'iix  and  upon  the- 
structures  of  the  lungs  themselves.  To  this  it  may  be 
answered,  as  was  done  long  ago  by  Depaul,  that  it  is 
not  intended  to  be  either  ignorantly  or  roughly  used; 
that  the  same  objections  might  be  urged  against  any  of 
the  operations  of  surgery  ;  and  that  extended  experience 
in  at  least  two  great  hospitals  has  demonstrated  not  only 
tliat  it  can  lie  employed  without  danger  to  the  integrity 
of  the  larynx  and  lungs,  but  that  even  after  many  hours 
of  continuous  insufflation  by  the  Fell-O'Dwyer  appa- 
ratus the  voice  is  seldom  affected. 

(2)  It  is  objected  tliat  it  is  difficult  to  introduce  the 
tube  into  the  larynx.  It  is  true  that  a  certain  amount  of 
dexterity  is  required,  particularly  in  the  infant,  but  the 
uecessar_y  skill  is  very  quickly  acquired.  It  is  certainly 
far  easier  to  introduce  than  the  intubation  tubes  used  in 
laryngeal  diphtheria. 

"The  instrument  is  introduced  exactly  as  in  the  opera- 
tion of  intuba- 
tion. The  head 
of  the  patient  is 
kept  in  the  me- 
dian line  with  the 
face  i^ointing  di- 
rectly up.  The 
mouth  is  kept 
well  open  bj' 
means  of  a  gag, 
and  the  tongue  is 
best  pulled  for- 
ward with  a 
tongue  forceps  to 
bring  the  epiglot- 
tis well  in  reach. 
With  the  tube 
lightly  poised  in 
the  fingers  of  the 
right  hand  the 
left  index  finger 
is  passed  along 
the  tongue  till  the 
epiglottis  and  the 
opening  of  the 
larynx  are  felt, 
piglottis  is 
■     the 


FIG.  2086.-Original   Fell-O'Dwyer  Apparatus.    (From    Medk-al  and 
Surgical  Reports,  Presbyterian  Hospital,  ol  New  York  city,  Ibab.) 
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finger,  which  is  slipped  a  little  to  one  side  The  tube  is 
now  passed  alongside  of  the  Anger  exactly  m  he  me^ 
dian  line,  till  it  reaches  the  tip  of  the  hngei^  The 
handle  is  now  sharply  raised  and  the  tube  pressed  home 
into  the  larynx.  A  gentle  inflation  from  the 
bellows  will  cause  the  chest  to  rise  and  will 
be  followed  by  expiration,  if  the  tube  is  m  the 
larynx  On  the  other  hand,  if  it  has  passed 
down  into  the  oesophagus,  the  chest  will  not 
rise  and  in  addition  the  air  will  be  heard  hiss- 
ing in  the  throat.  Occasionally  the  end  of  the 
tube  gets  blocked  by  the 
folds  of  the  larynx.  In 
these  cases  a  little  manip- 
ulation will  generally 
clear  it,  or  it  may  have  to 
be  withdrawn  and  again 


Fig.  2087.— Matas'  Modiflcatlon  of  O'Dwyer's  Tube. 
"  Intralaryngeal  Insufflation.") 


(From  Us  article  on 


introduced.  It  is  hardly  necessary  to  say  that  these 
manipulations  should  be  executed  with  gentleness  and 
deliberation.  The  most  common  mistake  is  to  see  the 
operator  frightened  at  a  little  delay  in  getting  the  tube  in 
proper  position  and  the  inflow  of  air  started.  Seconds 
seem  minutes  in  such  cases,  but  it  is  very  rare  to  see 
cyanosis  develop  which  is  not  quickly  cleared  up  when 
the  bellows  has  been  compressed  once  or  twice. 

The  Fell-O'Dwyer  apparatus  is  certainly  the  simplest 
and  most  efficient  instrument  so  far  invented  for  carrying 
on  artificial  or  "forced"  respiration.  In  1897  Doyen 
("  Technique  Chirurgicale  ")  described  an  apparatus  for 
insufilation,  which  he  had  devised  for  use  in  operations 
upon  the  thorax,  to  prevent  the  alarming  symptoms  of 
sudden  pneumothorax.  He  was  led  to  this  invention  by 
the  experimental  work  of  TuflSer  and  Hallion,  Quenn 
and  Longuet,  who,  recognizing  the  great  danger  from 
sudden  pneumothorax,  tried  to  find  a  way  to  prevent  it. 
This  they  accomplished  by  insufflation,  but  they  did  not 
produce  a  suitable  instrument.     Doyen's  apparatus  is  a 


Fig. 


-Dr.  J.  D.  Bioom's  Modlflcation  of  Fell-0'Uwyer's  Apparatus  as  used  in 
New  Orleans  Charity  Hospital. 


credit  to  his  inventive  genius,  but  Is  manifestly  Inferior 
to  the  Fell-O'Dwyer  apparatus. 

The  latter  is  an  admirably  practical  addition  to  our 
resources,  and  it  is  confidently  recommended  in  the  treat- 
ment of  asphyxia  in  the  following  classes  of  eases: 

1.  In  asphyxia  neonatorum,  by  the  use  of  Dr.  J.  D. 
Bloom's  modification.  The  small  size  of  the  instru- 
ment permits  its  inclusion  in  any  obstetrical  bag. 
When  its  use  is  successful,  the  feeble  and  infrequent 
heart  beat  becomes  more  rapid  and  distinct.  The 
skin  loses  its  livid  color  and  assumes  the  rosy  hue  of 
health,  and  even  when  no  effort  at  independent  res- 
piration has  been  made  by  the  infant  the  circulation 
appears  to  be  perfectly  normal.  Generally  a  very 
short  time  elapses  before  the  child  can  be  left  to  carry 
on  its  respirati(m  without  assistance.  I  have  myself 
now  resuscitated  too  many  asphyxiated  infants  with 
this  instrument  to  feel  any  doubt  of  its  superiority 
to  any  other  method  of  meeting  this  condition. 

2.  In  opium  poisoning,  with  respiratory  failure. 
This  is  the  condition  for  which  Fell  originally  recom- 
mended the  method.  Any  one  who  has  witnessed  the 
transformation  which  occurs  in  the  appearance  of  such 
a  patient  after  the  establishment  of  "  forced  respira- 
tion "  with  the  Fell-O'Dwyer  apparatus,  and  has  com- 
pared its  quiet  efficiency  with  the  strenuous  and  unsat- 
isfactory effects  of  artificial  respiration  by  Sylvester's 
and  other  methods,  or  with  electrical  stimulation  of 
the  respiratory  function,  will  need  no  further  argu- 
ment to  recommend  it.  Under  its  use  the  lividity  of 
cyanosis  is  replaced  by  an  unusually  rosy  color,  the 
heart's  action  is  improved,  and,  these  two  centres  be- 
ing kept  going,  the  system  has  time  to  eliminate  the 
poison.     The  use  of  the  instrument  is  to  be  continued 

until,  when  the  bellows  is  stopped,  the  patient  breathes 
of  his  own  accord  at  least  twelve  or  fourteen  times  a 
minute  and  shows 
signs  of  being 
aroused  from  the 
narcotic  stupor. 
We  have  frequent- 
ly noticed  that  even 
after  having  re- 
gained conscious- 
ness these  patients 
will  lie  quiet  and 
permit  the  operator 
to  carry  on  respira- 
tion  for  them. 
Sometimes  after 
having  regained  the 
power  to  breathe 
for  himself  the  patient  will  relapse  and  the  tube  will  have 
to  be  again  applied.  At  the  Charity  Hospital  in  New 
Orleans  the  apparatus  has  been  used  continu- 
ously for  twelve  or  more  hours,  with  ultimate 
success  in  saving  the  patient's  life.  It  has 
undoubtedh^  saved  cases  which  would  have 
been  fatal  under  other  methods  of  treatment. 
It  has  markedly  reduced  the  number  of  cases 
of  post-narcotic  pneumonia,  which  was  for- 
merly very  frequent. 

(3)  In  other  cases  of  respiratory  failure,  as 
instanced  by  the  following  case:  A  young 
woman  was  brought  into  the  Charity  Hos- 
pital unconscious.  She  had  been  drinking 
long  and  heavily  and  appeared  to  be  in  a 
condition  of  alcoholic  coma.  No  trace  of 
opium  could  be  found  in  either  the  stomach 
contents  or  the  urine.  The  pulse  was  fairly 
good;  respiration  rapid  and  shallow.  Sud- 
denly the  pulse  became  very  feeble,  the  pu- 
pils became  dilated  and  unequal,  respiration 
practically  ceased,  and  the  skin  quickly  got 
blue.  The  pupils  remained  unequal  for  sev- 
eral hours  afterward.  Hypodermic  stimula- 
tion and  artificial  respiration  were  at  once 
resorted  to,  but  she  could  not  be   made  to 


Fig. 


Dr.  J.  D.  Bloom's  Adaptation  of 
Fell-O'Dwyer's  Apparatus  for  Use  in 
Asphyxia  Neonatorum.  A  and  F  are 
tips  of  different  sizes ;  D  is  the  ball  valve 
to  replace  operator's  thumb ;  C,  metal 
rings  into  which  the  operator's  Angers 
may  be  introduced ;  E,  air  bulb. 
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breathe.  Death  seemed  imminent,  when  the  Foll- 
O'Dwyer  apparatus  was  introduced.  In  a  few  moments 
the  pulse  liad  sliglitly  improved,  and  under  Ihe  inliu- 
ence  of  the  regular  respiratory  movements  the  cyanosis 
disappeared.      After  three  hours  she  was  sent  to  bed 


Fig.  2090.— Doyen's  Intralaryngeal  Tube  and  Rubber  Connections,  with  Funnel  At- 
tached, (or  Laryngeal  Tamponade  and  Ohlorolorm  Anaesthesia.  The  cut  shows  the 
special  forceps  used  to  Introduce  the  tube.  The  Intubating  cannula  may  be  used  fOT- 
direct  air  insufflation.     (From  Doyen's  "Technique  Chirurgicale,"  Fig.  43,  p.  123.) 

breathing  for  lierself,  and  on  the  next  day  she  was  partly 
conscious.  Total  suppression  of  urine,  however,  termi- 
nated her  life  in  coma. 

(4)  In  chloroform  narcosis,  when  the  respiration  fails 
before  the  heart.  Unfortunately,  in  most  cases  the  heart 
fails  along  with  the  respiration,  and  then  I  believe  noth- 
ing will  save  the  patient. 

(5)  In  the  surgery  of  the  mouth,  to  prevent  the  en- 
trance of  blood  into  the  trachea  and  to  secure  free  ad- 
mission of  air  to  the  lungs,  the  anoesthetic  being  given 
through  the  tube ;  a  very  limited  field  of  application,  and 
one  better  met  by  preliminary  tracheotomy. 

(6)  In  thoracic  surgery,  when  the  pleura  is  widely 
opened  and  there  is  danger  to  life  from  the  production 
of  sudden  pneumothorax,  with  collapse  of  the  lung.  As 
demonstrated  by  Parham  at  the  Charity  Hospital,  in  a  case 
of  sarcoma  of  the  ribs,  the  frightful  anxiety  which  at- 
tends this  accident  may  be  prevented  by  the  use  of  the 
Pell-O'Dwyer  apparatus,  and  the  expansion  of  the  lung 
quietly  maintained  while  the  organ  is  being  secured  to 
the  chest  wall  by  sutures. 

There  can  be  no  doubt  that  the  most  brilliant  future 
for  this  method  of  "  forced  respiration  "  lies  in  the  field 
of  thoracic  surgery.  Milton,  of  Cairo,  has  succeeded  in 
doing  some,  remarkable  work  upon  the  mediastinum 
with  the  assistance  of  insufflation,  and  Parham  has,  in 
this  country,  conclusively  demonstrated  its  wonderful 
utility  in  forestalling  the  pneumothorax  which  has  al- 
ways been  the  bugbear  of  operative  interference  with 
the  thoracic  walls.  Erasmus  D.  Fenner. 
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FENNEL.— FcENicuLUM.  The  fruit  of  Fmniculum. 
Fmiiculum (L.)  Karst.  ("  F.  cainllaceum  Gilibert, "  U.  S.  P. 
— fam.  VwibellifercB). 

From  a  perennial  or  biennial  herb  with  a  tall,  smooth, 
green  branching  stem,  and  pinnate,  skeleton-like  leaves, 
the  latter  consisting  of  but  little  more  than  straggling, 
branching  midribs  and  veins,  arising  from  broad,  concave, 
half -sheathing  petioles.  Umbels  'compound,  naked, 
many-flowered. 

Vol.  IV.— 10 


Native  of  Southern  Europe,  Western  and  Southern 
Asia,  etc. ;  it  exists  in  several  varieties,  and  has  been 
long  and  extensively  cultivated. 

Of  two  separate  or  united  carpels,  each  0..5  to  1  cm.  (\ 
to  I  in.)  long,  about  one-third  as  broad  and  one-sixth  as 
thick,  oblong  or  a  little  narrowed  at  the 
summit,  more  or  less  curved,  bearing  five 
very  prominent  and  stout  light-colored  ribs 
upon  the  back,  otherwise  smooth,  yellow- 
ish or  brownish-green;  pericarp  containing 
an  oil  lube  l)etween  each  two  ribs  and  two 
upon  the  flat  .side;  odor  plea.santly  aro- 
matic ;  taste  sweet  and  pleasantly  aromatic. 
Sweet,  or  Roman  fennel,  with  very  large, 
long,  light-colored,  pale-greenish  fruits, 
and  a  particularly  pleasant  odor  and  taste, 
from  cultivated  plants  of  southern  Europe, 
is  much  the  best.  German,  or  Saxon,  with 
shorter  and  proportionately  thicker  fruits, 
is  cultivated  in  Germany.  Wild,  or  bitter 
fennel,  is  from  wild  plants  growing  in  the 
south  of  France. 

.Fennel  contains  about  three  and  a   half 

per  cent,  of  an  essential  oil  very  much  like 

that  of  anise,  being   composed  of  a   large 

proportion  of  anethol,    a  smaller  one  of  a 

hydrocarbon  of  the  terpenc  series,  etc. 

Fennel  is  a  mild  aromatic  of  exactly  the  same  medicinal 

qualities  as  anise.     It  is,  however,  less  used  in  medicine 

than  that,  but  is  considerably  consumed  as  a  flavor  in 

cordials,  as  a  spice  and  in  veterinary  practice.     It  also 

enters,   as  a  carminative,   to  prevent  griping,   into  the 

compound  infusion  of  senna,  and  its  oil  similarly  into  the 

compound  spirit  of  .I'uniper  and  the  compound  licorice 

powder.     Both  are  often  added  to  prescriptions,   with 

this  object.     The  dose  of  fennel  is  0.5  to   2.0  gm.  (gr. 

viij.-xxx.).  W.  P.  Bolles. 

FENNEL,  OIL  OF— a  volatile  oil  distilled  from  the 
above — is  thus  described  in  the  Pharmacopoeia : 

A  colorless  or  pale  yellowish  liquid,  having  the  char- 
acteristic, aromatic  odor  of  fennel,  and  a  sweetish,  mild, 
and  spicy  taste. 

Specific  gravity:  not  less  than  0.960  at  15°  C.  (59°  F.). 

Between  5°  and  10°  C.  (41°  and  50°  F.)  it  usually 
solidifies  to  a  crystalline  mass,  but  occasionally  it  re- 
mains liquid  at  a  considerably  lower  temperature. 

Soluble  in  an  equal  volume  of  alcohol,  the  solution 
being  neutral  to  litmus  paper ;  also  soluble  in  an  equal 
volume  of  glacial  acetic  acid. 

The  oil  is  not  colored  by  the  addition  of  a  drop  of  ferric 
chloride  T.  S.  (absence  of  some  foreign  oils  containing 
phenols,  and  of  carbolic  acid). 

,  If  the  oil  be  dropped  into  water,  without  agitation,  it 
should  not  produce  a  milky  turbidity  (absence  of  alcohol). 
It  should  contain  about  sixty  per  cent,  of  anethol.  The 
relatively  higher  temperature  at  which  crystals  of  this 
substance  begin  to  separate  indicates  its  percentage  and 
of  course  determines  its  quality.  Another  substance 
present  in  it  is  fenchone,  with  pinene,  phallandrene,  etc. 
Its  properties  and  uses  are  precisely  like  those  of  oil  of 
anise,  and  the  dose  is  lU  i.  to  v.  The  official  water  {Aqva 
Fmnieuii),  having  a  strength  of  one-fifth  of  one  per  cent., 
is  usually  employed  as  a  vehicle,  but  is  carminative  in 
doses  of  6  to  30  c'.c.  (fl.  i  i  to  1).  Henry  H.  Rushy. 

FENUGREEK.  — PosNDM  Gr^cum.  The  seeds  of 
Trigonella  Fonncm-Oroeciim  L.  (fam.  Legtiminosm),  a 
very  ancient  food  and  drug  of  India,  produced  upon  a 
cultivated  and  wild  erect,  branching  herb.  The  seeds 
are  about  one-eighth  inch  long  and  nearly  as  broad,  and 
a  little  more  than  half  as  thick.  They  are  irregularly 
rhomboidal,  with  rounded  edges,  and  grooved  diagonally, 
on  both  sides.  They  are  of  a  peculiar  brownish-yellow, 
sometimes  grayish-yellow,  smooth,  peculiarly  and  not 
very  pleasantly  odorous,  and  of  similar  fatty  and  bitter 
taste.  About  one-fourth  of  their  weight  is  gum,  nearly 
as  much  albumin,  and  there  is  seven  per  cent,  of  ash,  with 
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six  of  a  disagreeable  smelling  and  tasting  fatty  oil  and  a 
mtleresin.  There  a.-esnmll  amounts  o^./^^«e  (see  ^m^^ 
Indian)  and  triqonelUne  C,H,N02  +  H^O)  1  hey  are 
Sy  eatenas  an  albuminous  food  and  are  also  regarded 
as  S(doubtlessdue  to  the  ^^f  ^r  alkalojd)  and  carmma^ 
tive.  They  are  also  very  largely  used  m  the  g™™^ J*^**^ 
for  poultices.  The  absorbab^  properties  of  l'^  alka  oid 
so  applied,  are  unknown.  They  are  very  largely  used, 
as  food  and  medicine  for  cattle  and  this  is  almost  their 
exclusive  use  in  this  country.  The  very  young  herbage 
fs  slrilrly  used  as  a  sort  d medicinal  food,  rmich  as  are 
dock  leaves  and  dandelion  leaves.        Henry  H.  Busby. 

FERMENTATION.  — Fermentation  is  derived  from 
the  Latin  fermentntio,  which  has  the  force  of  the  root 
found  in  the  Latin  verb  fenrre,  to  glow  with  litat.  to 
seethe,  to  boil-a  good  idea  of  whicOi  may  be  obtained 
from  the  English  cognate  fernmt.  The  word  was  used 
to  describe  such  processes  as  take  place  m  a  beer- vat  or 
a  iar  of  working  preserves— processes  which  are  marKed 
by  an  elevation  of  temperature  and  the  production  ot  a 
scum  or  froth.  (For  a  historical  resume  of  the  work  by 
whicli  such  processes  were  shown  to  be  due  to  hying 
organisms,  see  article  Bacteria,  this  Handbook,  vol.  i., 
pp  677-680.)  Later,  the  word  came  to  be  used  m  a 
wider  sense  to  include  putrefactive  changes  in  general, 
and  its  use  finally  was  extended  to  take  in  the  processes 
which  are  now  best  known  by  the  name  of  zymolysis(see 
article  Enzymes,  this  Handbook,  vol.  iii.,  p.  840).  Fer- 
mentation, therefore,  in  its  fullest  significance  may  be  said 
to  include,  on  the  one  hand,  those  processes  brought  about 
by  the  lower  vegetable  organisms  (bacteria,  yeasts,  moulds, 
etc.),  which  increase  in  growth  as  they  produce  the  phys- 
ical and  chemical  changes  observed  in  the  medium  in 
which  tliey  grow ;  and,  on  the  other  hand,  the  tei-m  is 
sometimes  stretched  to  include  zymolysis  or  the  changes 
produced  by  enzymes,  which  enzymes  neither  increase 
nor  grow  less  as  the  process  is  continued. 

It  is  interesting  to  note  that  while  in  Germany  the 
word  Fementioirkung,  of  Latin  origin,  is  used  to  apply 
almost  exclusively  to  zymolysis,  in  England  and  in 
America  the  word  fermentation  is  used  to  apply  to  ex- 
actly the  other  half  of  the  field,  viz. ,  to  those  changes 
which  are  produced  by  the  lower  vegetable  organisms. 

In  this  Handbook  "Fermentation"  has  been  practi- 
cally treated  by  the  articles  on  Bacteria  &n&  on  Enzymes. 
As  these  deal  respectively  with  each  half  of  the  subject, 
it  will  not  be  entered  into  in  extenso  here.     There  are, 
however,  three  classic  theories,  inseparably   connected 
with  the  subject  of  fermentation,  which  have  not  been 
discussed  in  the  articles  referred  to  and  which  will  there- 
fore be  taken  up  now.     These  are : 
(a)  Berzelius'  theory  of  catalysis. 
(ft)  Liebig's  theory  of  fermentation. 
(c)  Pasteur's  theory  of  fermentation. 
Berzelius'   theory  of  catalysis,   while  not    advanced 
exclusively  as  part  of  a  study  of  fermentation,   was 
promptly  seized  upon  to  explain  the  action  of  enzymes, 
and  is  still  so  quoted — though  rarely — at  the  present  day. 
Prior  to  Berzelius'  classic  paper  on  this  subject,  it  had 
been  observed  that  certain  sul)stances  such  as  finely  di- 
vided platinum  would  cause  the  union  of  such  stable  ele- 
ments as  hydrogen  and  oxygen  with  the  evolution  of 
sufficient  heat  to  cause  the  platinum  to  glow.     Similarly 
such  platinum  would  cause  the  oxidation  of  alcohol  (in 
the  presence  of  water)  to  acetic  acid,  and  yet  the  platinum 
did  not  appear  (as  far  as  was  known  at  that  time)  to  enter 
into  the  reaction — at  least  it  was  not  used  up.     Platinum 
was  found,  furthermore,  to  decompose  hydrogen   per- 
oxide, and,  what  to  Berzelius  was  still  more  striking,  a 
flake  or  two  of  fibrin  would  have  the  same  efEect,  the 
amount  of  hydrogen  peroxide  decomposed  being  con- 
siderable, while  the  platinum  or  the  fibrin  was  little  or 
not  at  all  affected  and  apparently  did  not  enter  into  the 
reaction    (compare    with   illustration    ot    nitric    oxide, 
article  Enzymes,  this  Handbook,  vol.  iii.,  p.  839).     To 
account  for  such  phenomena    Berzelius  advanced  the 
theory  that  certain  substances  could  act  simply  by  their 


presence  and  produce  profound  reactions,  in  which,  as 
far  as  lie  could  see,  they  took  no  part.  Later  in  vestigations 
have  shown  there  is  probably  no  case  in  which  a  body 
acts  in  this  way  without  taking  part  in  the  reaction  and 
many  severe  criticisms  of  the  Berzelian  theory  have  been 
made  but  it  should  not  be  forgotten  that  the  theory  was 
put  forth  only  tentatively,  and  that  Berzelius  did  not 
insist  upon  the  discovery  of  a  new  force  which  could  not 
be  brought  into  line  with  other  forces  then  recognized 
as  active.  This  is  clearly  sliown  by  the  following  transla- 
tion from  Berzelius'  original  paper  (Ann.  de  chtmie  et 
de  physique,  1836,  vol.  Ixi.,  p.  150),  in  which  he  says: 
"  This  new  force,  which  has  been  unknown  up  to  the 
present,  is  common  to  both  organic  and  inorganic  nature. 
I  do  not  believe  it  to  be  a  force  quite  independent  of  the 
electrochemical  affinities  of  matter;  I  believe,  on  the 
contrary,  that  it  is  only  a  new  manifestation  of  these; 
but  inasmuch  as  we  are  not  able  to  see  their  connection 
and  their  mutual  dependence,  it  will  be  more  convenient 
to  designate  them  by  a  separate  name.  I  will  call,  then, 
this  force,  catalytic  force.  I  will  call,  in  the  same  way, 
catalysis,  the  decomposition  of  bodies  by  the  force,  just 
as  we  designate,  by  [the  name]  analysis,  the  decomposi- 
tion of  bodies  by  chemical  aflinity . "  From  a  comparison 
of  this  theory  with  the  action  of  enzymes  it  may  readily 
be  seen  how  it  was  called  in  to  explain  zymolysis,  but 
it  need  scarcely  be  said  that  the  simple  employment  of 
the  new  word  catalysis  did  not,  in  the  slightest  degree, 
explain  the  nature  of  the  process. 

Liebig  went  a  step  farther  than  Berzelius  in  attempt- 
ing to  show  how  ferments  acted.  He  applied  his  theory 
to  both  organized  ferments  and  enzymes.  According  to 
Liebig  enzymes  were  albuminous  in  nature  and  possessed 
intramolecular  movements  or  vibrations,  which  they 
tended  to  transmit  to  certain  other  (fermentable)  sub- 
stances around  them.  These  fermentable  substances, 
when  they  took  up  the  vibrations  in  question,  were 
shaken  to  pieces,  and  the  atoms  of  which  they  were 
formed  entered  into  new  combinations.  In  the  same  •way 
he  supposed  that  the  protoplasm  of  yeast  cells,  being 
highly  complex  and  tending  to  break  down,  would  trans- 
mit vibrations  to  non-living  matter  near  them  and  cause 
it  to  break  down. 

Pasteur  entered  the  field  with  a  new  theory,  viz.,  that 
yeast  cells,  bacteria,  etc. ,  as  a  result  of  needs  of  their  own 
in  their  life  process,  took  from  substances  in  solution 
around  them  what  they  needed — usualh'  oxygen — and 
by  this  means.  destro3'ed  the  fermentable  substance  as 
such.  The  atoms  which  remained  after  the  extraction  of 
what  the  yeast  cell  needed  then  formed  new  combina- 
tions in  accordance  with  their  chemical  affinities.  This 
has  often  been  compared  to  the  yeast  cell  pulling  out 
what  might  be  called  the  keystone  of  the  arch  (compar- 
ing the  molecule  to  an  arch);  the  other  stones  of  the  arch, 
so  to  speak,  would  fall  together  in  groups  corresponding 
to  the  chemical  affinities  they  possessed. 

For  a  number  of  years  the  scientific  world  was  inter- 
ested in  the  discussion  which  followed  between  Liebig 
and  Pasteur,  until  finally,  by  brilliant  researches  of  his 
own  and  of  others,  Pasteur  succeeded  in  making  his  theory 
the  favored  one.  Among  the  many  researches  which 
might  be  quoted  here  was  one  by  Dumas,  which  might 
almost  be  said  to  have  given  the  coup  de  grace  to  Liebig's 
theory.  Dumas  showed  that  a  thin  film  of  collodion,  not 
more  than  0.1  mm.  (about  r^^  in.)thick,  would  absolutely 
prevent  the  action  of  an  actively  fermenting  solution  be- 
ing transmitted  to  a  fermentable  solution  on  the  other  side. 
If  Liebig's  vibration  theory  was  true,  this  was  not  what 
would  have  been  expected,  while  it  harmonized  thor- 
oughly with  Pasteur's  theory  that  the  yeast  cell  would 
have  to  come  in  absolute  contact  with  the  fermentable 
substance  in  order  to  pull  out  the  parts  which  it  needed. 

The  theory  of  Pasteur,  more  or  less  modified  as  to  the 
importance  of  oxygen  in  the  process,  might  be  said  to  be 
the  one  most  generally  held  in  favor,  even  at  the  present 
day ;  but  more  recent  researches  indicate  that  a  new  theory 
radically  different  will,  not  unlikely,  take  its  place.  This 
new  theory  is  that  the  vegetable  organisms  so  long  identi- 
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tied  with  fermentation,  and  believed  to  be  the  efficient 
cause  of  the  same,  really  act  a  secondary  part — that  is,  they 
produce  enzymes,  and  the  enzymes  bring  about  the 
changes  to  which  we  give  the  name  fermentation  or  putre- 
faction.    {Bee  a,rtic\Q  Eiizytiies.)  Oewge  T.  Kemp. 

FERN,  MAIDEN-HAIR. —  Adiantum,  (Veiim-Hair 
Fern.)  Adiantum  is  a  large  genus  of  ferns,  several  of 
whose  species  have  been  used  in  medicine,  more  especially 
the  A.  Capillun-Veiierii  L.  of 
Europe  and  the  A.  pedatum  L., 
growing  throughout  North 
America,  except  the  far  North 
and  the  Southwest,  and  abun- 
dant also  in  parts  of  Asia. 
The  herb  is  the  portion  used. 
It  has  an  aromatic-bitter  taste, 
due  to  constituents  which  have 
not  been  studied.  Its  use  is 
historical,  it  having  been  em- 
ployed mainly  in  the  treatment 
of  catarrhal  affections,  espe- 
cially of  the  respiratory  tract. 
At  the  present  time  it  is  largely 
used  In  the  manufacture  of 
some  patent  medicines,  but 
scarcely  in  any  other  way. 

Hemii  a.  Rusby. 


FERN,  MALE.  — AspiDiDM. 
FiLix-MAS.  "The  dried  rhi- 
zome of  Dryopteria  Filix-mas 
Schott  and  of  DTyopteris  mar- 
ginalis  Asa  Gray  (nat.  ord. 
Filicfis) "  (U.  S.  P.) 

The  first-named  of  these 
species  is  a  large,  robust,  and 
handsome  fern.  It  is  one  of 
the  commonest  in  the  cooler 
parts  of  Europe,  and  abundant 
also  in  the  temperate  parts  of 
Asia,  in  the  northern  and 
southern  extremes  of  Africa, 
and  in  both  North  and  South 
America.  It  is  not  found  in 
the  Eastern  United  States,  but 
occurs  in  British  America  and 
in  the  Western  States.  Its  em- 
ployment as  a  tffinicidal  agent 
is  of  great  antiquity,  as  it  is 
mentioned  by  some  of  the 
earliest  writers  upon  medicine. 
The  introduction  of  the  "  oleo- 
resin"  (ethereal  extract)  dates 
from  the  recommendation  of  an 
apothecary  of  Geneva  named 
Peschier,  in  1825  (Flucldger). 
The  horizontal  or  decumbent 
rhizome  is  collected  and  either 
dried  and  marketed  in  its  nat- 
ural state,  or  (as  now  usual) 
after  stripping  it  of  its  dense 
coat  of  leaf  bases  and  chaffy 
scales,  then  constituting  the 
"  Peeled  Fingers. " 

Descuiption. — Before  being 
peeled,  10  to  15  cm.     (4  to  6 

in.)  long  by  5  to  7  cm.  (3  to  5  in.)  thick,  mcludmg  the 
densely  imbricated,  dark  brown,  cylindraceous,  slightly 
curved  stipe-bases  and  the  dense  mass  of  brown,  glossy, 
transparent,  soft,  chaffy  scales;  when  peeled,  1  to  2  or 
3  cm  (-1  to  about  1  in.)  thick,  slightly  curved  or  claw- 
shaped  somewhat  narrowed  toward  one  end,  bearing 
several'coarse  longitudinal  ridges  and  grooves,  pale-green 
when  first  peeled,  becoming  pale-brown,  or  when  too 
long  kept  rusty-brown,  smoothish  (or  somewhat  roughly 
scarred  with  remains  of  the  stipe-bases);  texture  rather 
spongy   pale-green,  with  age  becoming  gradually  brown 


from  the  outside  inward,  the  FilLi'-mus  showing  about 
10,  the  marginalis  about  6,  steles  in  a  loose  and  inter- 
rupted circle.  The  marginal  hairs  of  the  stipe-scales 
of  Filix-mas  consist  each  of  two  parallel,  slender  cells, 
neither  of  them  glandular;  those  of  marginalis  are 
almost  identical  in  appearance,  being  directed  slightly 
more  toward  the  apex  of  the  scale,  and  their  lower 
cell  often  a  little  narrower.  Upon  the  older  scales 
they  are  nearly  wanting.     Male  fern  has  a  disagree- 


PiG  2091  —Male  Fern.    Frond  about  one-third  natural  size ;  also  a  lobule  (a)  enlarged  about  four  times, 
sbowing  the  round-reniform  indttsfa  covering  the  sort.    (Luerssen.) 

able  odor  and  a  bittersweet,  acrid,  astringent,  and  nau- 
seous taste. 

The  chaff,  together  with  the  dead  portions  of  the  rhi- 
zome and  stipes,  should  be  removed,  and  only  such  por- 
tions used  as  have  retained  their  green  color.  The 
powder  should  be  freshly  prepared  and  bright  green. 

Several,  perhaps  many,  adulterants  and  substitutes 
have  been  and  are  sold.  Some  of  these  can  be  distin- 
guished by  their  different  numbers  of  steles,  while  the 
distinctions  of  others  are  microscopical  and  obscure. 
It  is  not  indeed  practicable,  without  a  very  elaborate 
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description,  to  exclude  all  the  possible  adulterants. 
Some,  not  readily  detected  in  the  peeled  drug,  are  so 
when  the  covering  of  stipes  is  present,  a  condition  which 
is,  for  other  important  reasons,  also  to  be  preferred. 

The  second  species  occurs  in  Eastern  and  Northwestern 
North  America.     It  is  scarcely  so  large  as  the  former. 

Of  late  years,  the  market  has  afforded  very  much  more 
male  fern  only  a  inch  and  a  half  in  length  by  a  quarter 
or  a  third  of  an  inch  thick,  than  of  the  larger  sort.  The 
size,  however,  does  not  appear  to  affect  the  quality 
greatly,  except  that  the  larger  form  retains  its  freshness 
longer. 

Few  drugs  are  more  certain  to  prove  effective  than 
male  fern  of  good  quality  and  properly  prepared,  yet 
there  are  few  whose  preparations,  as  found  in  pharmacies, 
are  more  uncertain.  The  quality  of  the  genuine  drug 
appears  to  depend  wholly  upon  its  freshness  and  correct 
and  careful  preparation.  The  freshness  is  at  once  de- 
terminable by  the  color,  and  no  pharmacist  is  excusable 
for  accepting  or  using  an  inferior  article.  The  outer 
surface  at  first  loses  its  green,  and  assumes  a  very  pale- 
brown,  then  a  deep  rusty-brown  color.  At  the  same 
time  a  similar  change  of  color  is  occurring  internally, 
beginning  at  the  exterior  and  gradually  working  inward. 
The  quality  is  in  a  general  way  proportional  to  the  re- 
tention of,  the  green  color. 

The  composition  of  male  fern  is  very  complex  and 
variable  with  the  length  of  time  that  the  drug  is  retained. 
Many  compounds  have  been  from  time  to  time  described 
and,  being  found  to  act  more  or  less  like  the  drug,  have 
been  credited  as  the  active  constituents.  We  are  unable, 
however,  to  state  positively  to  what  the  action  is  due. 
There  appears  to  be  little  doubt  that  several  of  the  constitu- 
ents are  active,  upon  both  the  system  and  the  parasite.  Fi- 
licic  acid,  which  is  certainly  somewhat  active,  was  long  re- 
garded as  the  chief  tsenicidal  agent,  but  since  it  increases 
upon  keeping  the  drug,  while  the  latter  becomes  less 
effective,  this  view  has  become  modified.  Aspidin  is 
more  abundant  in  the  fresh  drug  and  has  been  proven  to 
be  active,  as  has  aspidinin.  With  these  substances  occur 
six  or  seven  per  cent,  of  fixed  oil,  a  variable  amount  of 
volatile, oil  and  tannin,  and  various  less  known  bodies. 
The  20fo  to  30^  of  filicic  anhydride  or  filicin  is  not  active. 

In  medicinal  doses,  1  to  4  gm.  (  3  i  to  i. )  of  the  oleoresin, 
the  preparation  almost  entirelj'  employed,  male  fern 
ordinarily  has  a  purely  extraneous  action,  affecting  only 
the  parasite.  But  when  very  large  doses  are  taken,  or 
when  absorption  occurs,  this  being  favored  by  the  use 
of  fats  while  the  oleoresin  is  still  in  the  intestine,  for 
which  reason  castor  oil  is  an  ill-chosen  adjuvant,  poisonous 
symptoms  may  occur,  and  the  results  may  be  fatal.  The 
symptoms  of  poisoning  are  those  of  great  intestinal  irrita- 
tion and  inflammation,  purging  and  vomiting,  convulsive 
movements  and  powerful  depression,  ending  in  coma.  A 
favorable  result  from  the  use  of  male  fern  depends  in 
great  measure  upon  the  method  of  administration.  One 
of  the  most  important  points  in  its  administration  is  the 
dietetic  preparation  of  the  patient.  For  ten  or  twelve 
hours  before  the  first  dose  he  should  cat  no  solid  food 
whatever,  and  the  bowels  if  full  should  be  emptied  by  a 
cathartic.  Milk  may  be  taken  freely,  or  thin  soup  ;  then 
about  4  gm.  of  the  oleoresin  should  be  given  at  one 
dose ;  after  several  hours  a  second  dose  may  be  given,  to  be 
followed  by  a  cathartic,  if  needed.  The  discharges  should 
always  be  carefully  examined  for  the  head  and  upper 
portions  of  the  worm.  Unless  these  are  passed  the  cure 
cannot  be  considered  certain,  and  it  may  be  found  nee 
essary  to  repeat  the  treatment.  lUm-y  H.  Rusbij. 

FERN,  SWEET.— This  name  has  been  applied  to  a 
number  of  plants;  to  some  true  ferns,  because  of  llieir 
fragrance;  and  to  some  flowering  plants  with  leaves 
resembhng  those  of  ferns,  especially  to  the  Gon>pl„n,M 
peregenm  (L.)  Coulter  (fam.  Myricmec,),  also  called  Fern- 
Bush  Fern-Gale,  or  Sweet  Bush.  It  is  exceedinglv 
abundant  in  rocky  meadows,  especially  amidst  blueberrv 
hushes,  in  Northeastern  North  America.  The  leaves  ire 
peculiarly  pinnatifid,  with  nearly  semicircular  segments 
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alternating  upon  the  two  sides.  They  contain  tannin,  a 
small  amount  of  an  irritant  glucoside,  and  a  peculiar  vola- 
tile oil,  smelling  like  bay  oil  and  somewhat  like  cinnamon. 
This  oil  has  a  specific  gravity  of  0.926  and  solidifies  at  a 
freezing  temperature. 

The  leaves  are  useful  as  a  mild  astringent  of  delightful 
fragrance,  and  are  at  the  same  time  markedly  stimulant, 
owing  lo  the  oil.  The  bark  also  contains  tannin  and  is 
used  as  an  astringent.  The  dose  of  the  leaves  is  1  to  3 
gm.  (gr.  xv.-xxx.);  of  the  bark,  twice  as  much. 

Myvrhis  odorata  Scop.  (fam.  ifmbetliferce)  has  also  been 
called  sweet  fern.  It  is  the  sweet  chervil  of  Europe  and 
its  root  is  used  as  a  carminative.  Henry  II.  Rushy. 

FERNS. — (Nat.  ord.  Filicinem  or  Filices.)  This  im- 
mense and  interesting  class  of  exquisitely  beautiful  plants 
has,  unfortunately,  but  limited  practical  applications 
outside  of  decorative  art.  A  few  species  yield  extractible 
amouuts  of  starch,  while  the  rhizomes  or  young  shoots 
of  others  are  cooked  and  eaten.  Dye-stuffs  are  yielded 
bj'  a  number,  while  several  contain  cumarin.  There  are 
many  species  which,  although  used  to  a  large  extent,  and 
with  good  results,  as  domestic  remedies,  are  not  known  to 
professional  medicine.  The  commonest  property,  per- 
haps, is  that  of  being  anthelmintic,  and  many  species  of 
many  genera,  especiall.v  of  Pteris,  t)ry<ypteri»  (incorrectly 
called  "  Aspidium  "),  and  Polypodium,  are  so  used.  Many 
of  these  are  poisonous,  resembling  in  this  respect  the 
male  fern.  Next  in  importance  are  the  astringent  prop- 
erties, due  to  tannin-like  constituents,  for  which  a  ver}' . 
great  number  are  in  native  use.  In  one  or  two  cases, 
like  that  of  cibotium,  the  haemostatic  effects  are  mechani- 
cal, after  the  fashion  of  lint.  Many  species  are  distinct  ly 
diuretic,  and  a  few  carminative,  while  a  great  number, 
like  hart's-tongue  or  scolopendrium,  are  in  use  as  pec- 
torals. The  gummy  exudation  from  incisions  in  some  of 
the  South  American  tree  ferns  forms  a  most  useful,  per- 
manent, and  elastic  protective  covering  to  slight  wounds. 

Henry  H.  liiisby. 

FERNVALE  SPRINGS.— Williamson  County,  Ten- 
nessee. 

Post-Office.  — Fernvale  Springs.     Hotel  and  cottages. 

Access. — Via  Louisville  and  Nashville  Railroad  to 
Franklin ;  thence  13  miles  west  to  springs.  Or  via  Nash- 
ville, Chattanooga,  and  St.  Louis  Railroad  to  Bell  view; 
thence  12  miles  southwest  to  springs.  The  location  is 
25  miles  southwest  of  Nashville.  This  pleasant  summer 
resort  has  been  long  and  favorably  known  to  the  citizens 
of  Nashville  and  the  surrounding  country.  It  has  re- 
cently been  thoroughly  renovated,  and  it  is  said  that 
guests  as  far  away  as  Texas  are  beginning  to  find  their 
way  to  Fernvale.  Many  attractions  are  afforded  to  the 
visitor  in  the  picturesque  hilly  and  wooded  districts  sur- 
rounding the  springs.  The  situation  of  the  resort  is 
about  1,400  feet  above  the  sea-level.  The  springs  here 
are  six  in  number,  only  three  of  which  are  mineralized. 
An  analysis  was  made  in  1836  by  G.  Froost,  analytical 
chemist,  and  in  1879  by  Prof.  W.  T.  Lupton,  of  the  Van- 
derbilt  University.  The  former  analysis  is  antiquated 
and  incomplete.     Following  is  Lupton 's  analysis: 

0.\E  United  States  Gallon  Contains: 
Solids.  Grains. 

Potassium  sulphate l.u 

Sodium  sulphate 13.76 

Sodium  sulphite 8.30 

Sodium  chloride 8.85 

Lithium  carbonate Trace. 

Calcium  sulphate 37.63 

Calcium  carbonate 7.01 

Magnesium  carbonate 6.52 

Iron  oxide  and  alumina 55 

Silica 05 

Total 73.84 

Gas.  cu.  in. 

Sulphureted  hydrogen  gas 14.21 

This  water  is  very  clear  and  not  unpleasant  to  the 
taste.     It  has  proved  to  be  efficacious  in  skin  affections  of 
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the  squamous  variety  and  in  disorders  of  the  alimentary 
tract  and  kidneys.  It  is  also  used  locally  in  tlie  treat- 
ment of  soi-e  eyes,  chating  of  the  skin,  superticial  ulcera- 
tions, etc.  James  K.  Crook. 

FERRIS  HOT  SPRINGS.— (Formerly  iMatthcws),  Gal- 
latin County,  Montana. 

Post-Officb.=— Bozeman.  Hotel.  These  springs  are 
located  on  the  east  hank  of  the  West  Gallatin  River,  7 
miles  west  of  Bozeman,  from  which  place  they  axv.  reached 
hy  coach.  They  were  discovered  overtwenty  years  ago, 
but  were  not  much  improved  until  quite  recently.  The 
present  proprietor  has  erected  a  handsome  modern  hotel, 
improved  the  natural  charming  surroundings,  and  placed 
the  resort  on  a  par  with  the  most  attractive  in  tlie  West. 
The  location  of  the  hotel  possesses  unusual  advantages. 
To  the  northeast  and  south  a  broad  expanse  of  level 
country  stretclies  out,  dotteil  here  and  there  with  groves 
of  cotton-wood  and  poplars,  the  iutei'\ening  ground  being 
occupied  by  fields  of  growing  grain  and  verdant  meadow 
lands.  On  the  west  the  river  sweeps  along  in  magnificent 
curves,  the  line  of  tall  trees  conforming  to  the  meander- 
Ings  of  the  stream.  Back  of  all,  the  grand  old  Rockies 
— snow-crowned,  rock-ribbed,  majestic — form  an  appa- 
rently unbroken  guard  to  the  enchanting  scenes  «  hich  lie 
in  tranquil  loveliness  below.  The  location  is  4,500  feet 
above  the  sea-level.  Fish  and  game  are  found  in  great 
abundance  and  variety  in  the  neighborhood.  An  analysis 
of  the  waters  by  Messrs.  Riggs  and  Clark  of  the  United 
States  Geological  Survey  in  1885  resulted  as  follows: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Silica 4.61 

Sodium  silicate 6.40 

Calcium  carbonate 3.28 

Magnesium  carbonate 21 

Sodium  carbonate 4.37 

Potassium  chloride 78 

Sodium  chloride 4.12 

Sodium  sulphate 11.31 

Loss " 06 

Total 34.34 

The  analysis  shows  sufficient  sulphate  of  soda  to  give 
the  waters  a  laxative  effect  when  taken  in  considerable 
quantities.  They  are  recommended,  both  for  internal  use 
and  for  bathing,  in  the  diseased  conditions  to  which  hot 
saline  waters  are  applicable.  James  K.  Crook. 

FEVER.     See  Calorimetry. 

FEVER,  CLINICAL  SIGNIFICANCE  OF.-By  fever 
we  understand  an  abnormal  elevation  of  the  temperature 
of  the  body  continued  for  a  number  of  hours,  or  if  not 
continuous,  at  least  intermittently  repeated,  due  to  some 
infection  or  to  some  local  inflammatory  process,  or  to 
some  unexplained  disturbed  state  of  the  nervous  system. 

No  symptom  of  disease  was  more  carefully  studied  by 
the  ancients  than  the  temperature,  and  from  the  time  of 
Hippocrates  to  the  eighteenth  century  it  was  estimated 
by  the  rate  of  the  pulse.  Early  in  the  eighteenth  cen- 
tury Boerhaave  began  to  use  the  thermometer  in  fever 
cases,  but  the  thermometer  did  not  come  into  general 
clinical  use  until  Gavarret,  in  1839,  and  twenty  years 
later  Zimmermann,  Traube,  and  Wunderlich  urged  its 
advantages. 

During  the  next  twenty-five  years  the  prognostic  value 
of  the  height  of  the  temperature  became  more  and  more 
over-estimated,  but  during  the  last  fifteen  years  its  prog- 
nostic importance  has  become  much  better  understood, 
and  to-day  its  greatest  significance  lies  in  its  diagnostic 
advantages  as  a  day-to-day  indicator  of  the  progress  of 
the  disease. 

To  understand  well  the  pathology  of  fever,  it  is  neces- 
sary to  remember  the  normal  mechanism  of  animal  heat. 
The  sole  cause  of  tliis  heat  is  a  process  of  combustion  of 
food  substances  by  the  oxygen  absorbed.  About  four- 
flfths  of  the  total  body  heat  is  produced  in  the  skeletal 
muscles  through  an  oxidation  whereby  oxygen  is  absorbed 


and  carbonic  acid  given  olf,  though  the  processes  passed 
through  are  probably  much  more  complex  than  mere 
oxiil;ition.  The  other  one-fifth  of  the  animal  heat  is  fur- 
nished by  the  secreting  glands  and  the  alimentary  canal 
during  digestion,  and  the  liver,  the  largest  gland  of  the 
body,  contains  the' warmest  blood.  The  internal  tempera- 
ture will  be  higher  during  the  digestion  of  a  meal  than 
before. 

During  active  fevers  glandular  activity  and  digestion 
are  at  a  low  ebb,  and  almost  the  entire  heat  production  in 
these  conditions  is  due  to  oxidation  or  changes  in  the 
muscular  system;  hence  the  loss  of  weight.  Any  mus- 
cular ormental  activity  or  the  taking  of  food  will  sliglitly 
raise  the  temperature,  but  external  surroundings  do  not 
much  affect  the  temperature  of  adults.  But  the  adult 
during  convalescence  from  a  severe  sickness  is  easily 
made  colder  or  warmer  by  sudden  changes  in  the  ex- 
ternal air  or  by  any  internal  disturbance,  the  heat-regu- 
lating apparatus  having  become  temporarily  impaired. 
The  babe,  also,  has  its  temperature  easily  raised  or  low- 
ered by  external  or  internal  conditions  because  its  heat- 
regulating  apparatus  is  undeveloped. 

Strychnine,  caffeine,  cocaine,  and  atropine  all  raise  the 
temperature  by  increasing  muscular  and  cerebral  activity, 
the  latter  by  reducing  heat  loss  by  preventing  perspira- 
tion. Alcohol,  nicotine,  and  morphine  diminish  tempera- 
ture, the  first  two  by  relaxing  the  blood-vessels  and  in- 
creasing perspiration,  and  the  latter  by  preventing  all 
glandular  and  muscular  activity. 

Clinically,  then,  with  high  fever  we  should  stimulate 
with  alcohol,  but  with  depression  we  should  stimulate 
with  strychnine. 

A  word  as  to  the  physiology  of  heat  regulation.  The 
equilibrium  of  the  bodj^  temperature  must  be  governed 
by  the  relation  of  the  heat  loss  to  the  heat  production, 
and  as  the  one  increases,  so  must  the  other,  and  all  of 
this  mechanism  must  be  under  the  control  of  some  finely 
adjusted  nerve  governor.  The  theories  which  have  been 
offered  in  explanation  of  this  are  very  various ;  they  range 
fiom  Macalister's  three  centres,  namely,  a  thermogenic 
or  heat-producing  centre,  a  thermolytic  or  heat-dispersing 
centre,  and  a  tliermotaxic  or  heat-controlling  centre,  to 
Schaefer  and  Moore's  behef  that  the  vaso-motor  mechan- 
ism in  the  medulla  oblongata  is  probably  the  regulator 
of  the  relations  of  heat  loss  to  heat  production.  Ott's 
cortical  heat  centre  and  Reichert's  corpus  striatum  centre 
have  not  been  proved,  no  structural  difference  having 
been  discovered  before  and  after  the  heat-regulating 
power  has  developed.  But  this  power  appears  to  be  as- 
sociated with  the  control  over  the  skeletal  muscles  and 
blood-vessels. 

As  to  the  pathology  of  fever,  its  cause  must  be  an 
over-production  of  heat,  or  a  diminished  loss  of  heat,  or 
both.  This  may  be  due  to  anything  that  interferes  with 
the  vaso-motor  regulating  apparatus,  or  to  anything 
that  increases  chemical  activity,  be  it  glandular,  muscu- 
lar, or  metabolic. 

Probably  most  fevers  are  due  to  poisoning  from  some 
source,  the  character  of  the  fever,  of  course,  depending 
upon  the  kind  of  poison.  Anything  that  irritates  or  ex- 
cites the  brain  may  interfere  with  heat  regulation  and 
cause  fever.  This  is  especially  noticeable  in  convalescents 
and  in  infants  in  whom  too  much  excitement,  over-eat- 
ing, etc.,  cause  a  return  of  fever  in  the  convalescent,  or 
a  febricula  in  the  infant. 

The  purest  kind  of  nervous  pyrexia  is  seen  in  hysterical 
fever.  This  may  be  caused  bj^'  hyperfunctional  activity 
of  some  of  the  control  centres,  or  we  may  have  such  a 
nervous  shutting  up  of  the  peripheral  blood-vessels  as 
greatly  to  diminish  the  heat  loss.  Also  the  unceasing 
muscular  activity  present  in  some  hysterical  explosions, 
either  as  muscular  or  as  simple  fibrillar  contractions,  in- 
creases the  heat  production  without  adequate  increase  of 
heat  loss. 

A  malarial  paroxysm  is  perhaps  the  best  type  of  im- 
mediate stoppage  of  heat  loss  and  the  consequent  enor- 
mous sudden  rise  of  the  temperature.  As  the  infected  red 
blood  corpuscles  burst  from  the  pressure  of  the  matured 
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Plasmodia  the  tii'st  impression  on  tlie  nervous  system  is 
to  cause  a  sudden  irritation  of  the  vaso-motor  centres 
and  the  resultant  contraction  of  the  peripheral  vessels, 
and  the  symptom  is  a  chill  more  or  less  severe,  ihe  in- 
ternal temperature,  perhaps  partly  frpm  the  toxin,  per- 
haps largely  from  the  obstructed  heat  loss,  rises  rapidly 
and  often  to  a  great  height,  which  is  sustained  until  the 
now  superheated  skin  and  over-stimulated  sweat  glands 
begin  to  pour  out  a  profuse  perspiration  and  heat  loss 
first  exceeds  and  then  equals  heat  production,  and  the 
normal  equilibrium  is  once  more  established.  A  period 
without  fever,  the  intermittent  stage,  then  follows,  its 
length  depending  upon  the  type  of  Plasmodium  with 
which  we  are  dealing.  .    . 

In  the  same  individual  may  be  found  mixed  varieties 
of  malarial  parasites,  maturing  at  different  and  at  irregu- 
lar times,  and  one  set  so  overlapping  the  other  that  we 
have  the  so-called  remittent  fever— a  malarial  fever  with 
remissions  but  without  any  marked  intermissions.  A  fre- 
quent use  of  the  thermometer,  however,  will  generally 
show  some  short  period  of  intermittency. 

Our  best  type  of  a  continued  fever,  of  course,  is  ty- 
phoid. This  fever  undoubtedly  becomes  in  time  a  mixed 
ailair.  Very  soon  in  the  course  of  this  fever,  unless  laxa- 
tives and  bowel  antiseptics  are  freely  given,  fermentation 
and  decomposition  occur  in  the  intestines,  and  we  have  an 
increased  temperature  due  to  the  absorption  of  toxins  from 
these  processes,  and  the  infection  is  then  double. 

This  same  double  infection  occurs  in  diphtheria,  when 
added  to  the  mild  fever  caused  by  the  diphtheria  bacillus 
we  have  fever  from  the  absorption  of  the  putrefactive 
products  from  decomposition  of  the  diphtheritic  mem- 
brane. The  same  is  true  of  scarlet  fever  with  decom- 
posing membranous  exudation  on  the  tonsils. 

In  acute  colds,  follicular  tonsillitis,  measles,  and 
chickenpox  the  fever  is  short-lived  unless  some  com- 
plication occurs.  The  specific  germs  may  so  shock  the 
nervous  system  as  to  produce  the  premonitory  chill,  and 
this  in  turn  will  be  followed  by  a  fever  which,  however, 
soon  terminates  unless  some  focus  of  pus  formation  de- 
velops, or  the  secretions  undergo  jDutrefaction,  or  the 
fiBces  become  impacted. 

The  hectic  fever  of  chronic  tuberculosis  is  a  pus-fever, 
that  is,  a  streptococcus  fever,  and  is  not  caused  by  the 
tubercle  bacillus. 

Of  all  irregular  and  intangible  fevers  la  grippe  heads 
the  list.  The  germs  of  this  disease  can  cause  a  typical 
chill  which  is  followed  by  a  high  fever  that  lasts  two  or 
three  days  and  is  followed  by  more  or  less  nervous  de- 
pression and  by  catarrhal  symptoms ;  but  the  vaso-motor 
system  is  profoundly  affected,  often  for  a  long  time,  and 
irregular  chills,  shiverings,  hot  flashes,  and  even  hemor- 
rhages from  the  mucous  membranes  may  occur.  In  no 
fever  is  the  insomnia  so  noticeable  as  in  influenza,  un- 
doubtedly due  to  the  inability  of  the  blood-vessels  of  the 
abdomen  properly  to  dilate  and  thus  relieve  the  cerebral 
congestion  and  produce  sleep — in  other  words,  a  general 
vaso-motor  ataxia  is  present. 

Fevers  are  classified  as:  (1)  Continued,  (2)  remittent, 
and  (3)  intermittent,  according  to  the  character  of  the 
temperature  range. 

A  continued  fever  is  one  in  which  there  is  but  slight  de- 
viation in  the  temperature  line.  A  remittent  fever  is 
distinguished  by  intense  paroxysms.  In  the  intermittent 
type  we  have  paroxysiusof  fever  with  absolute  intermis- 
sions, or  periods  of  apyrexia. 

Fevers  are  also  sometimes  classed  as  dynamic  or  sthenic, 
and  as  adynamic  or  asthenic,  in  accordance  with  the  tone 
of  the  heart  and  nervous  system. 

Sthenic  fever  is  eharaetcrized  by  a  hard,  full  pulse  a 
flushed  face,  and  often  active  delirium.  The  crisis  in 
these,  cases  is  generally  positive  and  short. 

In  an  asthenic  fever  the  pulse  is  from  the  beginning 
feeble  and  compressible,  the  skin  is  pale  and  often  moist 
the  respiration  troubled,  and  if  there  is  delirium  it  is  of 
the  low  muttering  type,  and  the  patient  seems  to  die 
rather  from  exhaustion  than  from  the  lethal  nowei-  of 
the  disease.  ^ 
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To  study  the  range  of  temperature  carefully  in  a  giveii 
case  of  fever  the  thermometer  should  be  used  at  perfectly 
regular  intervals. 

Fevers  are  often  divided  into  four  stages:  First,  a 
period  of  incubation  extending  from  a  few  hours  to  a 
week;  second,  the  stage  of  invasion;  third,  the  fastigium, 
or  stage  of  greatest  power  of  the  disease ;  fourth,  the  stage 
of  declination  or  defervescence. 

The  stage  of  invasion  may  be  ushered  in  by  a  chill  or 
by  shiverings,  and  in  the  case  of  children  often  by  con- 
vulsions, or  by  vomiting,  or  by  both.  The  surface  of  the 
body,  especially  tiie  extremities,  tip  of  nose,  etc.,  is  cold 
for  a  short  period,  this  stage  being  soon  followed  by  my- 
algias, constipation,  loss  of  appetite,  thirst,  and  a  more  or 
less  heavily  coated  tongue.  The  stage  following  is  one 
in  which  the  temperature  and  pulse  become  higher  and 
higher.  This  stage  terminates  either  by  crisis  or  lysis. 
In  crisis  the  temperature  falls  in  the  course  of  from 
twenty-four  to  thirty-six  hours  to  the  normal,  and  the 
other  symptoms  undergo  a  similar  decline.  Such  a  sud- 
den decline  of  the  fever  may  be  attended  by  shock ;  hence 
this  period  is  one  of  considerable  danger.  At  this  time 
we  may  expect  hemorrhages,  diarrhoea,  profuse  perspira- 
tion, weak  heart,  and  collapse.  The  course  of  a  lobar 
pneumonia  furnishes  the  best  example  of  a  fever  ending 
by  crisis. 
"  When  the  declination  is  by  lysis,  several  days  are  gen- 
erally occupied  in  the  process,  the  morning  remissifins 
becoming  more  pronounced  from  day  to  day  and  the 
evening  rise  being  less  than  that  of  the  day  before.  This 
is  typical  of  the  declination  of  typhoid  fever. 

A  sudden  fall  of  temperature  at  an  unexpected  time  in 
the  disease  shows  that  something  serious  is  taking  place, 
and  is  almost  always  a  bad  omen.  A  sudden  rise,  on  the 
other  hand,  generally  shows  that  some  complication  has 
occurred,  and  the  case  must  then  be  carefully  studied. 

Before  we  consider  the  necessity  of  treating  a  fever, 
— that  is,  of  simply  lowering  the  temperature  of  the  pa- 
tient's body, — we  should  analyze  its  cause  and  should 
carefully  weigh  the  danger,  if  any,  which  threatens  the 
individual.  In  the  first  place,  it  is  a  question  whether 
the  fever  does  not  represent  nature's  method  of  combat- 
ing the  harmful  influence  of  the  toxic  products  of  the 
disease  germs.  On  the  other  hand,  however,  there  must 
be  taken  into  consideration  the  question  of  how  much 
fever  the  human  body  can  safely  bear.  It  is  permissible 
to  state  that  the  system  can  sustain  for  a  short  time  a  tem- 
perature of  105°,  or  even  106°  F.,  without  danger  or 
damage,  while  a  long-continued  temperature  of  101'  F. 
or  over 'seriously  threatens  the  integrity  of  the  heart, 
muscles,  and  nervous  system.  With  a  short-lived  fe\'er, 
as  of  a  malarial  paroxysm,  or  the  grippe,  or  a  cold,  if  the 
fever  is  high  it  may  cause  some  symptoms  that  are  very 
uncomfortable  and  may  call  for  some  treatment,  but  the 
temperature  as  such  requires  no  treatment. 

The  symptoms  of  high  fever  are  myalgia,  especially 
backache,  generally  localized  in  the  lumbar  region,  hea(i- 
ache,  rapid  heart  action,  and  quickened  respiration.  De- 
lirium may  or  may  not  occur,  according  as  the  patient  is 
or  is  not  suseeptibile  to  irritation  from  cerebral  conges- 
tion. The  tongue  is  dry,  and  the  mouth  and  lips  are 
parched,  not  only  from  the  fever,  but  from  the  mouth- 
breathing  that  is  present  if  the  lungs  are  much  congested 
by  a  disturbed  circulation.  The  surface  vessels  are  more 
or  less  contracted  as  shown  by  the  dry  skin  and  the 
tendency  to  hemorrhages  manifested  by  the  mucous  mem- 
brane. The  internal  organs,  especially  the  liver  and 
spleen,  generally  become  congested.  The  liver  thus  be- 
comes impaired  in  its  power  to  produce  materials  pro- 
tective against  tlie  toxins,  and  hence  is  unable  either  to 
render  the  poisons  of  the  specific  germs  innocuous  or  to 
neutralize  the  effects  of  the  toxins  which  are  absorbed 
from  the  intestines. 

Furthermore,  owing  to  its  congested  state,  the  liver  will 
secrete  a  diminished  amount  of  bile,  and  thus  there  will 
be  established  a  tendenc}^  to  constipation  and  to  fermenta- 
tion in  tlie  intestinal  canal.  These  changes,  coupled  with 
those  which  follow  the  diminished  production  of  hydro- 
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chloric  acid  in  the  stomacli,  may  lead  to  vomiting  and  to 
intermittent  diarrhoea. 

Aside  from  the  iact  that  it  easily  becomes  congested 
we  cannot  state  "vvlmt  effects  are  produced  in  the  spleen 
hy  fever. 

From  what  has  already  been  stated  it  is  apparent  that 
no  serious  harm  can  come  to  the  organism  provided  the 
fever  be  short-lived.  Hyperaamlas  give  place  to  normal 
vascular  conditions,  toxins  are  eliminated,  and  all  that 
we  need  do  is  to  hasten  nature's  cure  by  increasing  the 
loss  of  heat  through  the  emplo3'ment  of  any  measures 
which  tend  to  relax  the  peripheral  blood-vessels  and  to 
cause  perspiration.  It  is  also  possible  that,  in  the  efEort 
to  secure  this  result,  we  may  derive  some  aid  from  the 
administration  of  a  cathartic  or  from  cold  applications  to 
the  head. 

If,  on  the  other  hand,  the  fever  is  a  continued  one,  or 
even  continuous  for  a  few  days,  then  we  must  analyze 
the  condition.  If  we  decide  that  this  amount  of  fever  is 
due  to  the  specific  germ  and  its  associated  local  inflam- 
matory conditions,  our  duty  is  to  keep  the  patient  as 
quiet  as  possible.  The  importance  of  this  becomes  ap- 
parent when  we  consider  tliat  every  excitement  causes 
restlessness,  and  this  in  turn  means  muscle  movements 
through  which  heat  production  is  increased.  Hence  it 
will  frequently  be  necessary  to  give  hypnotics.  The 
bowels  should  be  daily  moved,  not  oidy  for  the  relief  of 
the  liver,  but  to  prevent  fermentation,  decomposition, 
and  the  absorption  of  all  of  the  products  of  bowel  in- 
fection. A  carefully  regulated  ingestion  of  iced  or  cold 
water  also  tends  to  diminish  the  temperature,  but  if  the 
latter  still  keeps  too  high  we  can,  in  short  fevers,  reduce 
it  by  means  of  the  coal-tar  products,  cautiously  adminis- 
tered in  appropriate  doses,  or,  in  long- continued  fevers, 
by  cold  applications. 

If  the  body -temperature  is  so  high  as  to  be  dangerous 
to  life,  even  though  brief  in  duration,  as  occurs  in  inso- 
lation, no  treatment  is  as  successful  as  immersion  in  cold 
water  made  gradually  colder  by  ice.  If  the  heart  can 
withstand  the  previo'us  high  temperature, .  under  this 
treatment  the  vaso-motor  system  recovers  and  heat  con- 
trol is  re-established. 

If  after  careful  survey  of  the  case  we  decide  that  the 
fever  is  in  excess  of  that  due  to  the  disease  per  se,  we 
must  search  for  the  additional  cause,  and  with  each  dis- 
ease we  know  where  to  seek  its  local  manifestations. 
In  the  varied  local  inflammations  such  an  abnormally 
liigh  body-temperature  generally  indicates  the  formation 
of  pus,  as  in  appendicitis,  pleuritis,  synovitis,  or  otitis 
^  media.  In  typhoid  fever  and  dysentery  it  means  ulcera- 
tions with  decomposing  membrane  and  sloughing,  and  the 
absorption  of  toxins  and  pus  products.  In  tuberculosis 
it  means  some  closed  up  or  incompletely  evacuated  pus 
cavity,— i.e.,  streptococcus  fever.  In  diphtheria,  infollic- 
ular  tonsillitis,  and  in  scarlet  fever  it  means  a  putrid  exu- 
dation, a  decomposing  membrane,  and  a  poorly  cleansed 
throat. 

While  it  is  good  treatment  to  keep  the  bowels  free  from 
fermentation  and  putrefaction  in  all  short-lived  fevers,  it 
is  absolutely  essential  in  typhoid  fever,  and  any  treatment 
that  gives  free  daily  movements  of  the  bowels  in  this 
disease  will  favorably  modify  the  course  of  the  fever. 
In  typhoid  fever  constipation  keeps  the  partially  digested 
milk  or  other  nutriment  long  in  the  intestines,  and  the 
mucous  deposits  and  ulcerative  sloughs  long  remaining  i  n 
situ  become  most  productive  culture  grounds  for  all  sorts 
of  bacilli  and  cocci,  and  the  colon  bacillus  is  often  stmiu- 
lated  to  migrate.  Also  fermentation  increases,  gas  is 
formed,  and  tympanites,  with  the  danger  of  perforation 
and  hemorrhage  from  distention,  readily  occurs.  We  then 
have  secondary  infection  with  high  fever  and  cerebral 

toxaemia.  ,      ,        .    ^, 

If  every  local  inflammation  that  develops  in  the  course 
of  any  fever  is  kept  as  clean  as  possible,  if  the  skin  is 
kept  "in  good  condition  by  hot  or  cold  sponging  as  the 
case  may  require,  if  plenty  of  water  is  given  to  drink, 
and  if  the  bowels  are  kept  nicely  opened,  there  will  be 
very  Httle  call  for  the  use  of  so-called  antipyretics,  and 


the  non-use  of  such  drugs  will  allow  a  more  careful  study 
of  the  temperature  curve,  and  therefore  a  bettei'  under- 
standing of  the  case.  Oliver  T.  Osborne. 

FIBRINOUS  BRONCHITIS.— (Synonyms:  Croupous, 
exudative,  plastic,  pseudo-membranous,  bronchitis;  Ger., 
Brmichialeniup,  erotijiim:  Bronchitia ;  Fr. ,  Broiickite 
X>aev(ht-iiieinbr(iiieu>ie.) 

Definition. — An  acute  or  chronic  inflammatory  affec- 
tion of  the  bronchial  mucous  membrane  characterized  by 
the  deposit  of  plastic  matter  which  becomes  detached 
and  is  expectorated  in  the  form  of  moulds  or  casts  of  a 
more  or  less  extensive  portion  of  the  bronchial  tiee. 

Classification. — A  distinction  must  be  made  between 
true  fibrinous  bronchitis,  a  comparatively  rare  disease, 
and  those  conditions  in  which  the  expectoration  of  simi- 
lar moulds  results  from  (1)  an  accumulation  of  clotted 
blood  in  the  bronchi,  as  in  hxmopty,sis,  (3)  the  extension 
of  a  plastic  formation  from  the  upper  respiratory  pas- 
sages, as  in  diphtheria,  or  (3)  the  upward  extension  of 
the  fibrinous  exudate  in  acute  pneumonia.  The  term 
bronchial  polypus  was  applied  to  all  these  conditions, 
as  well  as  to  the  disease  under  consideration,  by  many 
of  the  earlier  writers  from  Galen '  down  to  Laennec  '^  and 
Cheyne  ^ ;  many  indeed  regarded  the  casts  as  pieces  of 
flesh.  Cheyne  was  one  of  the  first  to  make  a  distinction 
between  casts  of  hemorrhagic  origin,  mere  coagula  of 
blood  "  moulded  into  shape  by  the  bronchial  vessels," 
and  those  due  to  an  inflammatory  process. 

Strumpell''  classifies  the- disease  into  a  true,  essential 
form,  or  that  which  attacks  persons  who  were  previously 
healthy,  and  a  secondary,  symptomatic  foim,  which  oc- 
curs in  those  who  have  already  suffered  from  some  other 
disease,  especially  chronic  pulmonary  affections.  An 
acute  and  a  chronic  foi-m  are  recognized,  but,  although 
they  differ  very  obviously,  it  is  not  always  possible  to 
assign  a  present  case  to  one  or  the  other  class  until  its 
full  clinical  history  has  been  revealed. 

Etiology. — No  specific  etiological  factor  has  been  de- 
termined.    It  is  quite  probable  that  the  exciting  cause  is 
not  the  same  in  all  instances,  so  various  are  the  condi- 
tions under  which  the  disease  occurs.     It  is  encountered 
at  all  times  of  life  from  infancy  to  old  age,  but  seldom 
before  the  tenth  or  after  the  fortieth  year.     Hayn  <■  re- 
cords a  case  with  autopsy  in  a  new-born  child,  and  W.  R. 
Brown*  saw  it  in  a  mau  of  seventy-four  years,  with  re- 
covery.    The  essential  form  is  not  frequent  in  childhood, 
many  reported  cases  having  been  merely  complications 
of  diphtheria.     Morrill'  states  that  of  seventy -six  cases 
only   eleven   occurred  in   children   of  twelve   years  or 
under.     It  is  about  twice  as  frequent  in  men  as  in  women, 
but  attacks  male  and  female  alike  in  childhood.     More 
cases  have  been  observed  in   England,    Germany,   and 
Switzerland  than  in  France,  Italy,  or  the  United  States, 
and  in  the  late    springtime  than  at   any  other  season 
(April  and  May— Beschorner;    May   and   June  — Eich- 
horst).     More  than  one  member  of  the  same  family  has 
been  attacked— Watson's  two  cases  were  in  brothers,*— 
and  Pichini"   observed   three   simultaneous   cases;    but 
neither  hereditary  nor  endemic  influences  have  been  de- 
monstrated.    Personal  idiosyncrasy  is  probably  a  more 
important  factor  (Mason '«).    Robust  individuals  are  some- 
times attacked,  but  more  frequently  those  who  have  been 
debilitated  by  some  previous  illness  such  as  typhoid  fever, 
pneuiiKmia,  measles,  scarlatina,  or  other  acute  infection. 
The  disease  has  occurred  during  pregnancy  and  in  the 
course  of  typhoid  fever,  and  the  menstrual  periods  have 
apparently  borne  some  etiological  relation  to  it  in  some 
cases.     The  recurrences  in  Schnitzler's  case  of  twenty 
four  years'  duration  occurred  regularly  for  several  years 
at  the  menstrual  periods,  but  continued  long  after  the 
menopause.     Its  association  with  such  cutaneous  affec- 
tions as  impetigo,  herpes,  and  pemphigus  has  been  re- 
peatedly observed.      Most  of    the  subjects  have  been 
auEemic,  and  many  have  been  the  victims  of  syphins, 
tuberculosis,  rickets,  or  alcoholism.     Six  of  iModel  's  seven 
cases  were  tuberculous."     Its  association  with  other  dis- 
eases has  no  doubt  been  merely  accidental  in  many  m- 
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stances.  The  disease  is  not  contagious,  and  ive  have  no 
direct  evidence  tliat  it  is  infectious.  The  bacteriological 
investigations  have  been  too  few  to  aid  iis  in  the  solution 
of  this  question.  In  some  instances  it  has  been  attributed 
to  the  Klebs-LofHer  bacillus,  but  Escherich  ''^  failed  In  his 


Pig.  2093.— Fibrinous  Casts  Photographed  by  the  Author  from  Speci- 
mens Obtained  from  a  Case  Coming  under  his  own  Observation. 
(Three-fifths  natural  size.) 

attempts  to  demonstrate  this  bacillus  in  the  bronchial 
mucus  or  to  inoculate  animals  successfully  with  the  mem- 
brane. Pichini  cultivated  three  varieties  of  bacteria,  and 
reports  that  by  the  injection  of  pure  cultures  of  them 
into  the  tracheas  of  animals  he  succeeded  in  producing  a 
condition  very  similar  to  bronchial  croup.  Various  micro- 
cocci found  in  the  secretions  by  other  investigators  prob- 
ably bore  no  relation  to  the  disease,  although  Sokolow- 
ski'5  reported  four  acute  cases  which  he  considered  due 
to  the  presence  of  the  Staphylococcus  albus  and  aureus. 

PAT^fOLOGY. — Hypersemia  and  swelling  of  the  bron- 
chial mucous  membrane  liave  been  found  in  most  of  the 
cases  examined  after  death,  but  the  autopsies  have  been 
few.  In  some  instances  the  epithelium  was  intact,  in 
others  It  had  been  lost.  Casts  when  present  were  more 
or  less  firmly  adherent  to  the  bronchial  walls  or  lay  de- 
tached within  their  lumen.  In  acute  cases  there  was 
often  evidence  of  extensive  inflammation  reaching  from 
the  trachea  to  the  terminal  bronchioles,  while  in  most 
chronic  cases  the  disease  had  been  confined  to  one  or 
more  isolated  regions. 

The  casts  (Fig.  2092),  pure  white  or  of  a  cream  color, 
sometimes  streaked  with  blood,  are  firm  and  very  elastic 
in  consistence.  They  correspond  in  size  and  contour  to 
the  lumen  of  the  bronchial  tree,  branching  dichotoni- 
onsly,  and  extending,  as  a  rule,  to  the  finest  branches. 
They  vary  in  length  from  5  to  15  cm.  the  main  stem  is 
cylindrical,  from  0.5  to  1.5  cm.  in  diameter,  and  corre- 
sponds to  the  second  or  third  subdivision  of  the  bronchus. 
It  is  either  patulous  or  is  filled  with  mucus.  The  small- 
est branches  are  generally  compact,  those  of  intermediate 
size  contain  air.  From  the  presence  of  small  masses  or 
nodules  at  the  extremities  of  the  terminal  branches  or 
along  their  sides  (Fig.  2093)  it  has  been  inferred  that  the 
plastic  formation  had  extended  into  the  infundibula 
Transverse  sections  of  the  largest  branches  have  to  the 
nakedeyea-lamellated  appearance,  and  the  microscope 
reveals  supenmposed  layers  of  a  delicately  fibiillatcd 
substance.  In  the  meshes  of  this  tis.sue  various  cellular 
elements  are  found— epitlielium,  leucocytes,  oil  Klobules 
and  sometimes  red  blood  corpuscles.  In  the  smaller 
branches  Charcot-Leyden  ci-ystals  and  Curschmann's 
spirals  are  sometimes  seen.  Klebs'^  attributes  the  for- 
mation of  casts  to  increased  transudation  into  the  alveoli 
arising  from  dilatation  of  blood  and  lymph  vessels  ad 
Eppinger-a  thinks  that  they  are  due  to  the  escape  o 
blood  serum  rich  in  fibrin  into  the  bronchial  tubes 
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The  chemical  structure  of  the  casts  has  not  been  defi- 
nitely determined,  although  they  have  generally  been 
regarded  as  composed  of  fibrin.  Striimpell  found  that 
the  Weigert  fibrin  stain  had  no  effect  upon  them.  Be- 
schorner  '*  reports  two  cases  examined  by  Neelsen,  in 
which  they  were  composed  chiefly  of  mucin;  Grandy ''' 
found  mucus  alone,  and  Herzog "  proved  them  to  be 
definitely  fibrinous  by  the  characteristic  fibrin  stains  and 
particularly  by  the  peptic  test.  From  these  different 
results  and  limited  personal  investigation  it  seems  prob- 
able that  the  casts  are  not  always  the  same  in  chemical 
composition,  or  that  they  are  composed  of  a  substance 
closely  related  to  both  fibrin  and  mucin,  but  not  identical 
with  either  of  them. 

Symptoms. — The  acute  form  may  have  a  sudden,  severe 
onset,  with  high  fever,  chill,  dry  cough,  dyspnoea,  and 
constriction  of  the  chest,  but  in  most  ca.ses  it  begins  as  a 
simple  acute  bronchitis,  with  cough,  scant  expectoration 
of  clear  mucus,  and  possibly  a  slight  elevation  of  tem- 
perature. In  children  it  is  often  preceded  by  malaise. 
Much  difference  is  noted  in  the  severity  and  abruptness 
of  the  initial  symptoms  in  different  cases.  A  chill  may 
mark  the  transition  from  the  simple  to  the  fibrinous  form. 
The  pulse  rate  is  accelerated,  partly  perhaps  as  a  result  of 
interference  with  the  bronchial  circulation.  With  the  de- 
velopment of  casts  the  cough  becomes  more  harassing  and 
paroxysmal,  and  th-e dyspnoea  and  substernal  constriction 
become  more  pronounced.  A  more  or  less  profuse  hem- 
orrhage sometimes  accompanies  or  follows  their  expul- 
sion. A  most  gratifying  relief  follows  the  removal  of 
the  obstruction,  but  it  is  transitory  and  the  paroxysm 
may  recur  within  a  few  hours.  The  casts  are  sometimes 
extensive.  Niemeyer"  records  the  ca.se  of  a  girl  fifteen 
years  old  who  for  several  j'ears  expectorated  almost  daily 
an  entire  cast  of  the  left  bronchial  tree.  In  severe  cases 
digestion  becomes  impaired,  nutrition  is  interfered  with, 
and  great  nervous  irritability  may  be  exhibited.  Recov- 
ery takes  place  by  a  gradual  subsidence  of  the  symptoms; 
the  casts  no  longer  appeal',  the  temperature,  although 
high,  rapidly  declines,  appetite  and  strength  return. 
Fatal  cases  generally  terminate  in  from  three  days  to  two 
weeks,  sometimes  suddenly  by  suffocation. 

The  chronic  form  generally  follows  a  more  or  less  pro- 
tracted bronchial  catarrh.  Its  course  is  one  of  exacerba- 
tions and  remissions.  Paroxysms  of  cough,  dyspnoea, 
and  constriction  occur,  to  be  followed  by  temporary  re- 
lief when  the  casts  are  expelled.  The  paroxysms  may 
be  of  short  duration,  but  they  recur  at  longer  or  shorter 


Fig.  2093.— Fibrinous  Cast  from  Case  Represented  in  Fig.  3092,  and 
Showing  Nodular  Masses  Supposed  to  have  Come  from  Infundibula. 
(Three-fifths  natural  size.) 

intervals  for  weeks,  months,  or  years.  Walshe  ■"  records 
a  case  of  seven  years'  duration,  Schnitzler"  one  of 
twenty-four  years,  and  Kisch"  one  that  lasted  twenty- 
five  years.  Every  grade  of  severity  is  seen  in  the  recur- 
rences, and  mouths  or  years  of  perfect  health  maj-  inter- 
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vene.  Only  a  limited  area  of  the  bronchial  system  is 
involved  in  most  cases,  and  the  casts  that  are  coughed 
up  from  day  to  day  may  be  almost  identical  in  size  and 
foi'm.  The  temperature  rises,  if  at  all,  during  the  exac- 
erbations and  does  not  generally  reach  so  high  a  degree 
as  it  does  in  the  acute  form. 

The  physical  signs  are  exceedingly  variable  in  both 
types  of  the  disease  and  depend  for  the  most  part  upon 
the  presence  or  absence  of  casts  in  the  bronchi  at  the 
time  of  examination.  Retraction  of  the  intercostal  spaces 
and  diminished  respiratory  excursions  on  the  affected 
side  have  been  note<l.  In  acute  cases  we  may  find  all 
the  evidences  of  au  acute  bronchitis ;  in  the  intervals  of 
quiescence  there  may  be  no  adventitious  signs.  Percus- 
sion is  usually  negative ;  if,  however,  a  considerable  por- 
tion of  the  lung  has  undergone  collapse  as  a  result  of  the 
plugging  of  its  bi'onchi,  corresponding  dulness  will  he 
elicited.  A  tympanitic  tone  has  been  more  frequently 
noted,  and  is  to  be  expected  over  the  other  parts  of  the 
lung  in  the  presence  of  atelectasis.  The  results  of  aus- 
CTiltation  are  equally  uncertain.  Every  variety  of  rfiles, 
from  the  sonorous  and  sibilant  to  the  fine  subcrepitant, 
may  be  heard,  and  blowing,  rasping,  rattling,  and  flap- 
ping sounds  have  been  described.  Over  a  collapsed  area 
the  normal  vesicular  murmur  is  replaced  by  bronchial 
breathing,  and  the  vocal  resonance  is  intensified.  Flint '^ 
regarded  the  subcrepitant  rSle,  confined  to  a  limited  area 
and  not  diffused  as  in  capillary  bronchitis,  of  value  in  the 
diagnosis.  Escherich  was  able  to  see  the  fibrinous  coat- 
ing of  the  trachea  surrounded  by  a  hypersemic  and 
swollen  area  of  mucous  membrane  in  the  laryngoscopic 
mirror,  but  as  a  rule  the  diagnosis  rests  solely  upon  the 
expectoration  of  the  characteristic  fibrinous  moulds.  To 
recognize  these  the  sputum  must  be  dropped  into  water 
where  they  unfold  from  the  mass  of  mucus  in  which  they 
are  usually  embedded.  It  is  possible  that  the  disease  is 
sometimes  overlooked  from  failure  to  make  this  test  or 
when,  as  often  happens  with  children,  the  sputum  is 
swallowed. 

Prognosis. — A  guarded  prognosis  should  always  be 
made  in  acute  cases.  Strilmpell  places  the  mortality  at 
twenty-five  per  cent.  If,  however,  those  cases  are  ex- 
cluded in  which  the  disease  is  merely  a  complication  of 
another,  perhaps  more  serious,  disorder,  neither  the  acute 
nor  the  chronic  form  can  be  regarded  as  in  itself  ex- 
tremely dangerous.  Recovery  is  the  rule  in  chronic 
cases,  but  the  duration  of  the  immunity  is  uncertain. 
Much  depends  in  either  type  upon  the  physical  condition 
of  the  patient.  The  prognosis  is,  therefore,  much  more 
favorable  in  the  primary  form  than  in  the  secondary. 
High  temperature  is  always  to  be  regarded  with  suspicion 
if  it  persists  through  the  intervals  between  the  parox- 
ysms, as  it  may  indicate  the  development  of  pulmonary 
complications.  There  is  at  all  times  a  possibility  of  ac- 
cidents even  in  the  most  hopeful  cases.  The  plastic 
membrane  may  quickly  extend  upward  into  the  trachea, 
or  a  capillary  bronchitis  may  develop.  Oppolzer  and 
Fagge  eacli  report  the  fatal  termination  of  a  case  through 
plugging  up  of  the  glottis  or  trachea  by  a  large  cast  after 
it  had  become  detached.  Death  has  occurred  before  casts 
had  been  expectorated.  The  danger  is  always  greatest 
in  the  extremes  of  life.  And  there  is  no  means  of  prog- 
nosticating the  course  of  the  chronic  form,  its  recurrences 
and  remissions,  for  each  case  has  its  own  peculiarities. 

Tkeatment. — No  uniform  metliod  of  treatment  has 
been  adopted.  Many  remedies  have  been  tried  with  more 
or  le^s  benefit,  but  it  is  difficult  to  estimate  the  results, 
since  so  few  cases  have  come  under  the  care  of  any  one 
observer.  Potassium  Iodide  has  been  employed  more 
extensively  than  any  other  medicine  with  a  view  to  hast- 
ening the  detachment  of  the  fibrinous  deposits.  It  has 
been  given  in  large  or  small  doses,  alone  or  with  the  alka- 
line carbonates,  but  its  effect  has  not  been  uniformly 
satisfactory.  Ammonium  chloride,  ipecacuanha,  senega, 
benzoic  acid  apomorphine,  and  other  expectorants  have 
been  recommended  for  the  same  purpose.  Emetics  may 
be  employed  in  robust  individuals  to  assist  in  the  expul- 
sion of  the  casts  after  they  have  become  detached.     Apo- 


morphine administered  hypodermically  in  the  dose  of  gr. 
Yiy  has  given  the  best  results.  Meicurial  inunctions  are 
recommended  by  Eichhorst  ''*  and  Strlinipell,  but  are  con- 
demned by  others,  except  iu  syphilitic  cases.  N.  S. 
Davis,  Sr.  ,■"  obtained  prompt  benefit  from  sodium  sali- 
cylate in  a  rheumatic  subject.  In  the  writer's  Ciise 
prompt  recover}'  followed  the  administration  of  creosote 
carbonate  in  fifteen-drop  doses. '^'  Steam  and  various 
medicaments  have  been  recommended  for  use  by  inhala- 
tion, but  it  does  not  seem  probable  that  any  I'emedy  can 
be  applied  to  the  smaller  tubules  by  this  method  in  suf- 
ficient quantity  to  be  of  real  benefit.  Ktewait  and  Gib- 
son" find  steam  of  undoubted  utility.  Lime  water  and 
solutions  of  the  alkaline  salts,  lactic  acid,  carbolic  acid, 
or  trypsin  have  been  employed  by  atoraization.  Schnitz- 
ler  suggests  the  employment  of  papayotin  in  this  man- 
ner, and  Ewart  recommends  the  intratracheal  injection 
of  oil. 

Every  effort  should  be  made  to  improve  the  general 
condition  of  tlie  patient  by  such  measures  as  are  advis- 
able in  cases  of  chronic  bronchitis.  In  this  way  onlj»is 
there  a  hope  of  preventing  future  attacks.  Residence  in 
a  dry,  bracing,  atmosphere  (Oliver"),  proijer  clothing, 
good  food,  exercise  especially  directed  to  the  develop- 
ment of  the  respiratory  muscles,  proper  bathing,  with 
the  administration  of  the  bitter  tonics,  arsenic,  iron,  and 
malt  preparations,  or  cod-liver  oil,  are  worthy  of  trial. 
In  many  cases  the  treatment  of  the  underlying  condition 
must  to  a  great  extent  take  precedence  over  that  of  the 
disease  itself.  James  J/.  French. 
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FIBROMA.— Definition;  Synonyms;  General  Char- 
acteristics.—A  fibroma  is  a  tumor  composed  of  fibrous 
connective  tissue,  i.e.,  of  cells,  flbrillse,  and  vessels.  It  is 
known  also  under  the  name  of  fibroid,  desmoid,  and,  in 
certain  positions,  polypus.  The  term  "  fibroma  "  is  ap- 
plicable only  to  circumscribed  new  growths  of  connective 
tissue,  and  does  not  include  the  diffuse  connective-tissue 
hyperplasia  seen  in  elephantiasis,  nor  the  connective-tis- 
sue stroma  entering  into  the  composition  of  other  sorts  of 
tumor.  In  this  connection  it  is  to  be  observed  that  the 
application  of  the  term  "fibroid"  to  the  common  tumor 
of  the  uterus  is  incorrect,  since  this  tumor  consists  pri- 
marily of  smooth  muscle,  and  is  therefore  a  myoma. 
The  fibroma  is  a  member  of  the  connective-tissue  or  his- 
toid group  of  tumors,  and  is  co-ordinate  with  the  lipoma, 
the  chondroma,  the  myoma,  etc.  It  is  non-maligrant, 
although  not  always  sharply  to  be  distinguished  from 
certain  forms  of  sarcoma.  It  is  widely  distributed,  and 
may  occur  in  any  part  of  the  body  containing  fibrous 
connective  tissue. 

General  Morphology.  Varieties.— Fibromata  oc- 
cur  as    rounded,   sometimes    lobulated,    masses,    often 
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Fig.  2094.— Section  of  a  Fibroma  of  the 
Ovary.  (From  Councilman.)  The  tumor 
is  dense  and  compact ;  the  cells  are  lew 
In  number ;  in  several  places  on  the  sec^ 
tlon  bands  are  seen  in  which  the  cells  are 
more  abundant.    X  75. 


sharply  circumscribed,  and  varying  in  size  from  a  few 
rniUimetres  to  many  centimetres  in  diameter.  One  variety 
of  this  form  of  tumor,  the  lieloid,  presents  a  more  diffuse 
and  less  circumscribed  character  than  is  typical  of  the 
fibromata  as  a  class.  Fibromata  originating  in  the  sub- 
cutaneous and  in  the  submucous  tissues  may  present  a 
papillary  form  and  constitute  certain  sorts  of  so-called 

papillomata  and 
polypi.  Accord- 
ing to  their  con- 
sistence and  in  a 
measure  to  their 
histological  struc- 
ture, fibromata 
present  two  gen- 
eral morphologi- 
cal types:  (1) 
Hard;  (2)  soft. 

I.  Hakd  Fibro- 
ma (F.  durum.).— 
(a)  Anatomical 
Oha  racteristics.  — • 
This  type  occurs 
usually  as  a  mass 
varying  iu  size 
from  that  of  a 
pin's  head  to  that 
of  a  cannon  ball, 
the  smaller  tumors  rounded,  the  larger  often  lobulated ; 
sometimes  encapsulated;  of  white  or  pink  color,  and  of 
very  firm,  tough  consistence.  Upon  section  the  tumor 
creaks  under  the  knife,  and  presents  a  dry,  white  or 
grayish  -  white,  rather  refractive  surface,  marked  by 
striae  traversing  it  in  various  directions,  sometimes  form- 
ing concentric  lamellae  or  whorls.  The  surface  of  section 
in  some  cases  presents  a  small  amount  of  fluid  resembling 
that  found  in  synovial  cavities,  or  is  marked  bj'  red 
points  corresponding  to  divided  blood-vessels.  The 
physical  properties  of  the  tumor  may  be  uniform 
throughout  its  entire  extent,  or  may  vary  iu  different 
localities. 

(h)  Histolofjiad  Characteristics. — The  constituents  of 
this  tyjie  of  fibroma  are  analogous  to  those  composing 
the  dense  fibrous  connective  tissue  of  the  tendons,  the 
fascite,  and  the  periosteum.  They  consist  essentially  of 
connective-tissue  cells,  variable  in  number,  but  usually 
few,  and  fibrillse  closely  compacted  and  running  in  vari- 
ous directions.  The  cells  ("connective-tissue  corpus- 
cles") possess  but  little  protoplasm  and  are  recognizable 
chiefly  by  means  of  their  nuclei,  which  are  rather  small, 
deeply  stained,  and  spindle-  or  rod-shaped,  sometimes 
curved  ;  when  cut  transversely,  the  nuclei  appear  round. 
In  a  fibroma  which  is  growing  rapidly  the  cells  are  rela- 
tively numerous,  large,  and  rich  iu  protoplasm.  The 
number  of  the  cells  is  of  no  special  significance,  provided 
that  they  present  the  characteristics  of  the  normal  con- 
nective-tissue cell.  The  fibrillce  (intercellular  substance) 
occur  in  CQmpact,  more  oi-  less  wavy,  refractive  bundles 
between  which  may  be  seen  the  nuclei  of  the  cells.  In 
some  instances  the  fibrillse  are  indistinct  and  appear  to 
be  merged  into  homogeneous  lamella'.  Besides  the  ordi- 
nary fibrilla;,  the  intercellular  substance  may  include  a 
variable  amount  of  elastic  fibre.  In  addition  to  these 
histological  elements,  the  hard  fibroma  presents  blood- 
vessels and  a  variable  number  of  leucocytes  and  of  lym- 
phoid cells,  the  last  named  occurring  usually  in  the  form 
of  perivascular  groups  which  may  he  regarded  as  small 
lymph  nodules  (Ribbert).  The  blood-vessc^ls  vary  both 
in  number  and  in  size ;  ordinarily  they  are  few  and  poorlv 
developed.  In  occasional  instances  the  veins  are  of  ab- 
normally large  size  (F.  telangiectaticum,  F.  cavernosum- 
angio-hbroma). 

According  to  their  situation,  hard  fibromata  may  em- 
brace yet  other  constituents,  and  thereby  present  a  more 
complex  structure  than  that  which  is  characteristic  of 
simple  fibroma,  and  one  which  in  some  instance's  war- 

growth.     Thus  fibromata  arising  from  epithelial  struct- 


ures  and  from  nerves,  or  occurring  in  their  vicinity, 
by  including  such  structures  within  them,  may  acquire 
special  and  distinctive  characteristics  (adeno-flbroma ; 
neuro-flbroma ;  papilloma).  Again,  the  development  of 
fibromata  from  periosteum  and  from  perichondrium  may 
result  in  the  presence,  in  such  tumors,  of  bone  or  of  car- 
tilage (ride  infra). 

II.  Soft  Fibroma  (F.  molle;  F.  areolare). — (a)  Ana- 
tomical (Jliaracteristies. — The  soft  fibromata  occur  as  cir- 
cumscribed, round,  or  lobulated  masses,  often  of  very 
large  size,  of  a  pale  yellow  color,  and  of  soft,  inelastic 
consistence.  Upon  section,  they  present  a  slightly  trans- 
parent, grayish-white  surface,  showing  a  fine  meshwork 
of  fibres,  sometimes  large  cystic  spaces,  filled  with  a  va- 
riable amount  of  clear,  watery  fluid  which  flows  freel}' 
from  the  cut  surface,  and  allows  the  tumor  to  collapse. 
Occasionally  the  surface  of  section  is  traversed  by  broad, 
fibrous  bands  running  iu  various  directions. 

(h)  Histological  Oharacteristica. — The  structural  ele- 
ments of  this  form  of  fibroma  correspond  to  those  seen 
in  the  areolar  type  of  fibrous  connective  tissue.  They 
consist  essentially  of  cells  and  fibrillar  intercellular  sub- 
stance. .  The  cells  in  general  are  of  the  type  common  to 
mature  connective  tissue.  Together  with  these  are  larger, 
round,  oval,  or  stellate  cells.  As  in  the  hard  fibroma, 
nodules  of  lymphoid  cells  are  frequently  present.  The 
intercellular  substance  is  relatively  scanty,  and  the  fibril- 
la3  are  delicate  and  arranged  iu  small  bundles.  Elastic 
fibres  occur  frequently,  and  in  some  cases  are  so  abun- 
dant as  to  form  a  large  part  of  the  tumor.  The  fluid 
content  of  the  tumor  upou  microscopic  examination  pre- 
sents but  few  cellular  elements,  and  therein  differs  dis- 
tinctly from  the  opaque,  milky  fluid,  rich  in  cells,  which 
may  be  expressed  from  malignant,  highly  cellular  tu- 
mors. 

The  distinction  between  these  two  tj'pes  of  fibroma  is 
not  absolute;  every  gradation  between  the  hard  and  the 
soft  varieties  occurs,  and  not  infrequently  both  sorts  are 
represented  in  the  same  tumor. 

III.  Keloid.  — Included  amongst  the  fibromata  is  a  con- 
nective-tissue new  growth  of  somewhat  variable  character 
and  known  by  the  name  of  keloid  (cheloid).  It  differs 
from  other  fibromata  in  manifesting  a  less  circumscribed 
mode  of  growth,  in  presenting  a  close  resemblance  to  scar 
tissue,  and  in  being  devoid  of  elastic  tissue  (Aschoff). 
The  keloid  develops  in  the  corium  of  the  skin  as  a  dense 
mass  of  connective  tissue  often  of  considerable  size,  situ- 
ated usually  just  beneath  the  epidermis  and  smoothly 
covered  by  it.  It  may  remain  as  a  scar-like  band,  or  by- 
its  weight  become  flattened  and  polypoid.  The  growth 
is  not  always  sharply  defined,  and  may  not  seem  to  pos- 
sess the   physical 

properties  of  a 
tumor.  Histolog- 
ically the  keloid 
consists  of  dense 
fibrous  connect- 
ive tissue  closely 
resembling  sear 
tissue  and  contain- 
ing thick,  refrac- 
tive bundles  of 
fibrilhe.  In  its 
earlier  stages  of 
development,  or 
when  growing  ra- 
pidly, the  tumor 
is  very  cellular. 
It  often  is  con- 
nected with  un- 
derlying parts  by 

fibrous  prolongations,  -which  render  its  complete  extir- 
pation diflicult.  Two  tj-pes  of  keloid  may  be  recognized, 
according  to  the  origin  of  the  tumor:  (a)  Cicatricial;  (J) 
spontaneous. 

(a)  The  cicatricial  keloid  occurs  after  injuries  to  the 
skin  as  an  hypertrophy  of  the  resulting  scar,  with  more 
or  less  tendency  to  recurrence  after  removal.     This  form 


Fig.  209,5. -Section  of  a  Spontaneous  Keloid 
from  the  Ear  of  a  Young  Negro.  (From 
Councilman.)     X  75. 


REFERENCE   HANDBOOK   OP  THE  MEDICAL   SCIENCES. 


Fibroma. 
Fibroma. 


of  keloid  is  move  apt  to  develop  in  the  scar  following 
burns  than  in  that  consequent  upon  other  sorts  of  injury. 
It  is  said  to  be  more  common  in  tuberculous  and  in  syphi- 
litic subjects  than  in  others.  Keloids  developed  from 
cicatricial  tissue  resulting  from  an  infected  wound  of  the 
skin  may  be  transitory  (Aschoff). 

'  (b)  The  spontaneous  keloid  ("true  keloid")  occurs  in- 
dependently of  trauma.  It  consists  of  dense  connective 
tissue.  Like  the  cicatricial  keloid,  and  owing  to  the 
difficulty  of  complete  extirpation,  it  possesses  a  marked 
tendency  to  recurrence.  It  appears  most  often  in  per- 
sons who  live  in  tropical  climates,  and  gives  rise  to  in- 
tense itching  in  stormy  weather. 

Mode  of  Growth. — Fibromata,  from  the  fact  of  their 
dense  consistence  and  relative  paucity  in  cells,  in  the 
course  of  their  development  present  no  tendency  to  in- 
vade surrounding  structures  nor  to  produce  metastases, 
and  are  thus  essentially  benign  tumors.  Increase  in  size 
is  by  central  growth ;  surrounding  structures  either  are 
pushed  aside  or  undergo  atrophy.  In  many  instances 
the  fibroma  is  enclosed  by  a  capsule  composed  of  dense 
tissue,  which  separates  it  sharply  from  surrounding  struc- 
tures. Others  are  less  sharply  defined,  and  bands  of 
fibrous  connective  tissue  pass  from  the  tiimorinto  adjoin- 
ing parts;  this  may  be  true  even  of  the  pedunculated 
forms.  The  total  extirpation  of  such  a  tumor  is  ditflcult 
and  at  times  almost  impossible.  This  fact  probably 
accounts  for  the  recurrence  of  fibromata  in  certain  in- 
stances after  operation.  Leucke  states  it  as  a  general 
rule  that  when  operation  for  removal  is  complete  there 
will  be  no  recurrence.  In  other  instances,  supposed 
fibroma  may  have  been  a  flbro-sarcoma.  Virchow  men- 
tions a  case,  however,  in  which  a  large  primary  fibroma 
of  the  uterus  was  associated  with  metastatic  secondary 
tumors  in  the  mesentery  and  the  omentum.  There  seems 
to  be  no  tumor  which  under  certain  circumstances  may 
not  become  malisnant. 

The  course  of  development  of  the  fibroma  is  slow  but 
continuous,  and  the  size  to  which  it  may  attain  indefi- 
nitely great.  The  dii'ection  of  growth  is  always  in  that 
of  least  resistance,  but  in  certain  positions  fibromata  may 
exert  considerable  pressure  and  thereby  injure  surround- 
ing parts.  Fibromata  developed  in  the  skin  and  in  the 
mucous  membranes,  if  of  sufficient  size,  may  push  up- 
ward, carrying  the  covering  epithelium  before  them,  and 
so  give  rise  to  warty  or  papillary  tumors  sometimes  pe- 
dunculated and  polypoid. 

OccuRKEscE.— Speci.vl  MORPHOLOGY.— The  occur- 
rence of  fibromata  is  not  associated  with  any  special 
locality,  but  tumors  of  this  class  may  originate  in  any 
part  of  the  body  which  contains  fibrous  connective  tis- 
sue They  develop  most  frequently  from  the  skin,  the 
subcutaneous  tissue,  the  periosteum,  the  intermuscular 
septa  the  submucosa  of  certain  mucous  membranes,  and 
the  nerve  sheaths ;  also  from  the  serous  membranes,  the 
retroperitoneal  tissue,  the  perichondrium,  and  from  the 
connective-tissue  stroma  of  such  organs  as  the  breast, 
the  kidney,  the  spleen,  the  ovary,  and  the  uterus.  Ine 
tumor  presents  distinctive  morphological  characteristics 
dependent  upon  its  locus  of  occurrence. 

I  Skill.— The  skin  is  very  commonly  the  seat  ot  fibro- 
mata They  here  may  be  of  either  variety,  but  are  usu- 
ally of  the  soft  type ;  may  originate  either  in  the  conum 
or  in  the  subcutaneous  tissue;  and  are  often  multiple 
The  multiple  fibromata  do  not  possess  genetic  unity,  but 
may  arise  in  various  ways.  The  more  common  form  of 
fibroma  of  the  skin,  and  one  frequently  multiple,  is  that 
designated  by  Virchow  as  .  ,  ,  „  ^v  ,, 
(a)  Fibroinn  nwUuscum.  This  develops  from  the  sub- 
cutaneous areolar  tissue  of  the  face  or  of' the  back  some- 
times of  the  entire  body,  as  a  rounded,  dependent,  often 
pedunculated  outgrowth,  at  times  no  larger  than  a  pea, 
often  attaining  an  enormous  size,  and  presenting  a  soft, 
almost  fluctuant  consistence.  The  tumor  is  sometimes 
broad  and  when  pendulous  from  its  weight  is  attached 
te  tl.;  body  by  a  wide  fold  of  skin.  Such  a  tumor  is 
known  as  'cutis  pendnla.  Histologically,  this  sort  of 
fibroma  is  rich  in  cellular  elements,  many  of  which  are 


spindle-shaped.     Anothermode  of  occurrence,  in  the  skin, 
of  multiple  fibromata  is  seen  in 

(J)  NeuTo-fihi-oiiia.  Thisformof  tumor  presents  itself  in 
the  form  of  multiple,  hard,  spindle-shaped  masses  vary- 
ing in  size  from  that  of  a  small  pea  to  that  of  a  walnut, 
and  distributed  along  the  course  of  a  single  nerve,  or  of 
all  the  nerves  of  an  extremity  or  even  the  whole  body. 
They  originate  from  the  connective  tissue,  of  the  nerve 
sheaths,  and  usually  contain  within  their  substance  a  cer- 
tain number  of  nerve  fibres  included  by  the  tumor  in  the 
course  of  its  development. 

(f)  Miiltijile  jihmiiiatii  of  the  skin  of  the  hard  type  have 
been  shown  (von  Recklinghausen)  to  originate  also  from 
the  connective-tissue  sheaths  surrounding  the  sebaceous 
glands,  the  sweat  glands,  the  hair  folhcles,  and  the  ves- 
sels of  the  corium. 

3.  ^^llclnls  Mi'iiilinuies. — Fibromata  of  the  mucous 
membranes' develop  from  the  submucous  tissues,  appear 
in  the  form  of  polypi,  and  are  often  multiple  (Ribbert). 
In  the  nares  they  occur  as  soft,  pedunculated,  often  cedo- 
matous  masses,  constituting  one  of  the  varieties  of  nasal 
polyp.  In  the  larynx  fibromata  are  common,  and  appear 
as  polypi  situated  usually  upon  the  vocal  chords  or  in 
the  fossa  of  Morgagni ;  the  tumor  may  be  of  the  hard 
type,  originating  from  the  periohondriuin.  Fibromata 
sometimes  occur  in  the  alimentary  tract,  especially  in  the 
large  intestine. 

3.  Periosteum. — Periosteal  fibromata  are  frequent ;  they 
contain  not  infrequently  bone,  which  in  amount  may  ex- 
ceed that  of  the  fibrous  connective-tissue  elements ;  and 
they  present  the  appearance  of  tirm,  hard  masses  easil}^ 
mistaken  for  either  chrondroma  or  osteoma.  An  import- 
ant example  of  periosteal  fibroma  is  seen  in  one  ot  the 
varieties  of  nasal  polyp,  viz.,  that  occurring  in  the  naso- 
pharynx. The  tumor  here  originates  from  the  peri- 
osteum of  the  base  of  the  skull,  extends  downward  and 
laterally  into  the  pharynx,  and  forward  into  the  nares,  and 
is  remarkable  for  the  destructive  energy  of  its  growth, 
which  may  suffice  to  force  apart  the  bones  of  the  face,  giv- 
ing rise  to  the  characteristic  "frog-face."  It  is  usually 
lobulatcd.  Histologically,  it  is  characterized  by  a  dense 
fibrous  structure,  although  at  times  large  vessels  arc  pres- 
ent, and  in  other  instances  the  cells  are  relatively  numer- 
ous and  indicate  by  their  protoplasmic  character  rapidity 
of  growth.  The  vascular  character  of  certain  of  these 
tumors  renders  considerable  the  hemorrhage  incidental  to 
their  removal.  The  naso-pharyngeal  polypi  contain  as  a 
rare  constituent  occasional  islands  of  cartilage.  Peri- 
osteal fibromata  not  infrequently  occur  as  small  masses 
upon  the  maxillae  of  old  people. 

4.  Parencliyiiiatous  Org<nis.—ln  the  mammary  gland 
the  fibroma  appears  as  a  firm,  circumscribed,  encapsu- 
lated tumor,  which  may  be  multiple ;  and  also  as  a  more 
diffuse  growth;  the  latter  can  with  difficulty  be  differen- 
tiated from  the  fibrous  induration-  consequent  upon 
chronic  inflammation.  The  fibroma  of  the  breast  fre- 
quently originates  in  the  periglandular  connective  tis- 
sue ;  in  this  case  there  is  usually  associated  hyperplasia 
of  glands.  Pressure  exerted  by  the  tumor  upon  the 
glands  and  their  ducts  may  lead  to  cystic  dilatation,  and 
into  the  resulting  spaces  papillary  projections  of  the 
tumor  may  extend,  carrying  upon  their  surface  the  glan- 
dular epithelium.  Certain  of  these  projections  may 
grow  for  a  considerable  distance  into  the  lumina  ot  the 
glands  and  of  their  ducts,  giving  rise  to  variable  and 
complicated  histological  appearances.  Anatomically, 
such  a  tumor  upon  section  presents  clefts  or  irregular 
fissures  with  occasional  small  cysts  containing  clear, 
viscid  fluid.  When  the  cyst  formation  is  extensive,  the 
major  part  of  the  tumor  may  project  into  the  cavity,  and 
upon  section  appear  as  a  large,  irregular  polypus.  I  his 
form  ot  tumor  belongs  to  the  class  of  adeno-fibroma.     ^ 

In  the  kidney  a  curious  form  of  fibroma  is  met  with. 
It  appears  as  a  peariy  white,  firm  nodule,  situated  usu- 
ally near  the  base  of  a  pyramid,  and  histologically 
presents  the  characteristics  of  a  circumscribed  inter- 
stitial nephritis. 
Retrograde  Metamorphoses.— Retrograde  changes 
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of  every  variety  occur  in  tlie  fibroma,  usually  after  pro- 
longed duration  of  the  tumor. 

1  jMiimkl  degeneration  is  the  more  frequent,  ancl  is 
characterized  by  the  formation  of  large  cysts  contammg 
thicli  viscid  fluid.  The  process  begins  with  an  mcrease 
in  the  cellular  constituents  of  the  tumor,  associated  with 
a  mucoid  degeneration  of  the  intercellular  substance 
which  thereby  undergoes  softening  and  is  reduced  to  a 
fluid  state.  The  cells  in  the  degenerated  area  then  disap- 
pear, the  resulting  space  being  occupied  bv  the  fluid. 
This  degeneration  may  readily  be  confused  with 

2.  (Edematous  infiltration,  a  condition  due  to  disturb- 
ances of  circulation  within  the  tumor;  here  the  ground 
substance  of  tlie  growth  becomes  soaked  with  fluid,  the 
fibrilte  are  pressed  apart,  and  the  tumor  becomes  soft 
and  spongy,  upon  section  presenting  the  appearances 
seen  in  gelatinous  infiltrat:iou  of  the  skin  or  in  the  um- 
bilical cord. 

3.  Fatty  degeneration  occurs  infrei|uently  in  the  cen- 
tral part  of  the  larger  fibromata;  tlie  region  involved 
becomes  yellow,  soft,  and  ultimately  may  be  converted 
into  a  cavity  filled  with  fatty  detritus.  Such  an  area  of 
softening,  if  it  extend  to  the  surface  of  a  fibroma  situ- 
ated near  a  free  surface,  may  lead  to  ulceration. 

4.  Calcification  is  sometimes  seen,  at  first  in  small  and 
circumscribed  areas,  latterly  in  perhaps  a  large  part  of 
the  tumor.  The  capsule  of  the  tumor  may  be  in  great 
part  calcified. 

5.  Ossification  is  common  in  fibromata  developed  from 
the  periosteum,  and  occasional  in  those  originating  else- 
where. 

Combination  with  other  Tumors, — The  fibroma  is 
frequently  in  combination  with  other  members  of  the 
connective-tissue  group  of  tumors.  It  is  most  often  seen 
in  association  with  sarcoina  in  the  form  of  a  tumor  parts 
of  which  are  made  up  exclusively  of  spindle  cells  and 
parts  of  fibrous  connective  tissue,  with  elsewhere  inter- 
mediate gradations;  such  a  tumor  is  known  as  21.  fibro- 
sarcoma. Another  combination  often  met  with  is  the 
myxo-fibrona,  which  is  a  more  common  tumor  than  sim- 
ple fibroma;  here,  in  addition  to  fibrous  connective  tis- 
sue, the  tumor  contains  myxomatous  tissue  consisting  of 
branched  and  stellate  cells  embedded  in  a  mucoid  matrix. 
Association  of  fibroma  with  hoinmngiomaia  seen  in  fibrous 
connective-tissue  tumors  containing  large,  intercommu- 
nicating venous  sinuses ;  and  with  lymphangioma  in  such 
tumors  of  that  class  as  show  marked  development  of 
their  connective-tissue  elements.  Combination  with  my- 
oma is  seen  in  the  common  tumor  of  the  uterus ;  connec- 
tive-tissue formation  is  here  usually  subsequent  to  the 
hyaline  degeneration  of  portions  of  the  primary  constitu- 
ents of  the  tumoi-.     (For  Neuro-fibroma,  see  A'euroma.) 

Etiology. — Fibromata  may  develop  at  any  time  of 
life,  and  are  sometimes  congenital ;  they  occur  more  fre- 
quently after  the  twentieth  year  than  during  childhood, 
but  are  not  common  in  old  age.  The  fibromata  of  the 
breast,  like  myomata  of  the  uterus,  occur  most  fre- 
quently between  the  thirtieth  and  the  fortieth  years; 
they  are  as  common  in  nuUiparous  women  as  in  those 
who  have  borne  children. 

As  to  the  cause  of  this  class  of  tumors  there  is  little  to 
be  said.  Irritation  is  often  supposed  to  stand  in  causal 
relation  with  the  origin  of  fibromata,  but  there  are  no 
better  grounds  for  regarding  mechanical  injury  as  a  fac- 
tor in  the  development  of  this  than  of  any 'other  tumor. 
One  of  the  forms  of  keloid,  the  cicatricial,  is  consequent 
upon  injury  to  the  skin,  but  that  fact  does  not  explain 
why  the  scar  tissue  in  which  it  develops  should  become 
hyperplastic.  It  is  possible  that  a  predisposition  to  tu- 
mor formation  may  in  this  case  exist  in  the  skin,  which 
becomes  manifest  as  a  weakening  of  the  phy.siological 
resistance  of  the  surrounding  tissues  toward  tlie  growinsr 
reparative  tissue,  or  in  a  tendency  on  the  part  of  the  con- 
nective tissue  to  assume  this  special  mode  of  i^rowth 
Ihere  is  some  evidence  of  a  family  predisposition  to  ke- 
loid formation  (Aschoff). 

Diagnosis.  —  Clinical  Significance.— The  clinical 
diagnosis  of  fibroma  in  a  majority  of  instances  precents 
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little  difficulty.  The  hard  fibroma  offers  distinguishing 
characteristics  in  its  circumscribed  form  and  in  its  dense 
and  homogeneous  consistence.  From  the  sarcomata  as  a 
class  it  may  be  differentiated  by  its  relatively  slow  rate 
of  growth.  From  scirrhous  carcinoma  it  is  usually  dis- 
tinguishable, save  in  those  instances  in  which  the  fibroma 
is  so  situated  as  to  cause  pressure,  by  the  absence  of  pain, 
by  the  mobility  of  the  tumor,  and  by  freedom  from  in- 
volvement of  overlying  skin.  The  dilferentiation  of  hard 
fibroma  from  fibrous  induration  of  glands  ofl'ers  more 
difficulty,  and  is  often  attended  with  error.  In  such 
cases  an  important  aid  to  diagnosis  lies  in  the  clinical 
history  of  a  previous  inflammatory  process.  The  soft 
fibromata,  or  such  of  the  hard  type  as  have  undergone 
degeneration  with  subsequent  softening,  may  easily  be 
mistaken  for  lipomata  or  for  cysts. 

Histological  diagnosis  offers  little  difficulty  save  when 
the  tumor  presents  an  appearance  intermediate  between 
fibroma  and  sarcoma,  or  when  there  is  a  question  of 
fibroid  induration,  or  of  scirrhous  carcinoma  containing 
but  few  epithelial  elements. 

The  clinical  significance  of  the  fibroma  is  comparatively 
slight.  An  essentially  benign  tumor,  it  is  harmful  only 
when  its  position  is  such  as  to  result  in  pressure  upon 
surrounding  and  possibly  vital  parts,  or  in  the  obstruc- 
tion of  important  natural  canals.  Fibromata  of  the  skin, 
from  their  exposed  situation,  are  liable  to  trauma,  and 
if  injured  may  become  the  seat  of  ulceration. 

George  Burgess  Magrath. 

FIG. — Ficus.  "The  fleshy  receptacle  of  Vicns  Curica 
L.  (fam.  Moracem)  bearing  fruit  upon  its  inner  surface  " 
(U.  S.  P.).  This  fruit  can  scarcely  be  regarded  as  a 
medicinal  substance,  though  nutrient,  and,  like  most 
sugary  fruits,  slightly  laxative.  It  is  retained  in  the 
Pharmacopoeia  merely  because  of  its  entering  into  the 
Gonfeetio  SenncB,  but  it  seems  likely  that  both  it  and  the 
latter  little-used  remedy  will  shortly  be  dropped.  Figs 
are  commonly  combined  with  purgatives.  One  method 
is  to  turn  them  inside  out  and  stuff  them  with  senna 
leaves,  the  mass  being  then  chewed  and  swallowed.  Figs 
grow  upon  a  large  shrub  or  small  tree,  natives  of  the 
Orient,  but  cultivated  in  all  warm  countries,  being 
hardy,  with  slight  protection,  as  far  north  as  Philadel- 
phia. The  dried  fruit  consists  of  nearly  two-thirds  its 
weight  of  sugar,  some  fat  and  gum,  and  small  amounts 
of  laxative  salts.  It  is  decidedly  nutritious  and  has  been 
known,  in  the  fresh  state,  to  constitute  the  chief  food  of 
armies  for  short  periods.  Besides  the  varieties  distin- 
guished by  the  names  of  the  places  from  which  they  are 
exported,  as  Smyrna,  Turkey,  Greek,  Marseilles,  etc., 
figs  are  imported  in  two  forms,  known  as  "pulled" 
and  natural.  The  former  are  rolled  and  kneaded  until 
their  structure  is  broken  up  and  they  have  become  soft 
and  pliable;  the  solidly  packed,  layered,  flattened  figs 
are  of  this  sort;  the  others  are  simply  dried  in  the  natu- 
ral condition.  These  are  oblong,  rounded,  and  longitu- 
dinally wrinkled.  Henry  H.  Rusby. 

FIGWORT.     See  Scrophnlariaceo'. 


FILARIA      MEDINENSIS; 
HOMINIS.     Beti  y<inatodes. 


FILARIA     SANGUINIS 


FILMOGEN  (Liquor  adhaesivus)  is  a  solution  of  soluble 
cellulose  nitrate  in  acetone,  with  the  addition  of  a  little 
castor  oil.  It  is  transparent,  adhesive,  and  impervious  to 
water,  and  resembles  flexible  collodion  in  its  appearance 
and  uses.  11'.  A.  Bastido. 

FISSION. — {Jj.  fissio,  a  cleaving,  fron\findere,  to  split.) 
Fission  is  a  process  of  multiplication  in  which  the  parent 
organism  divides  into  two  daughter  organisms  approxi- 
mately equal  in  size  and  development;  as  distinguished 
from  budding,  in  which  the  parent  remains  intact  and  the 
daughter  organism  is  a  new  individual  formed  by  a 
small  outgrowth  upon  the  parent.  (See  article  Bud- 
ding.) 
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Ordinary  cell  division  is  a  process  of  fission,  and,  cdu 
sequently,  this  is  the  usual  method  of  reproduction 
among  the  unicelhilar  organisms.  The  yeasts  and  some 
of  the  Protozoa,  however,  reproduce  by  a  process  more 
accurately  described  as  budding,  But  the  Bacteria,  Pro- 
top!n-ta,  and  nearly  all  of  the  Protozoa  nmtiplj'  by  fission 
and  often  with  almost  incredible  rapidity.  In  the  sim- 
pler forms  there  are  no  pi'eparatory  changes  other  than 
those  ordinarily  associated  with  cell  dixision  in  these 
groups.  But  in  the  more  highly  differentiated  Infusoria 
provided  with  permanent  oral  funnels,  ciliated  bands, 
etc, ,  these  structures  may  be  duplicated  in  the  two  new 
individuals  previous  to  their  separation,  a  process  analo- 
gous to  what  takes  jilace  in  many  multicellular  organ- 
isms. 

The  multiplication  of  individuals  by  fission  is  unknown 
among  plants  above  the  very  simple  Schizophyta. 

Among  the  Metazoa,  on  the  other  hand,  this  method  of 
multiplication  is  common  in  some  of  the  lower  orders  and 
may  occur  abnormally  in  so  high  a  group  as  the  verte- 
brates. 

In  a  few  cases  fission  occurs  without  any  previous 
preparation.  The  adult  animal  tears  its  body  apart  by 
its  own  efforts.  A  wound  is  formed  by  the  rupture  of 
the  tissues  with  a  loss  of  the  fluids  of  the  body.  This 
wound  heals,  and  from  its  surface  the  missing  parts  of 
each  of  the  new  individuals  are  regenerated  The  method 
has  been  observed  in  the  genus  Hydra,  in  two  annelids, 
Lumbriculus  and  Ctenodrilus,  and  in  certain  starfishes 
and  ophiurans.  In  the  latter  the  plane  of  fission  passes 
through  the  disc  dividing  the  mouth  and  the  stomach, 
while  to  one  part  of  the  disc  three  arms  remain  attached, 
to  the  other,  two;  and  each  half  regenerates  the  missing 
parts.  But  in  one  family  of  star-fishes,  the  Linckiidse, 
the  process  is  somewhat  different.  Here  the  five  arms 
separate  from  the  disc  and  then  the  disc  regenerates  five 
new  arms,  and  each  detached  arm  regenerates  a  disc  and 
four  new  arms.  Deluge  lelates  that  he  observed  once  the 
division  of  a  sea  anemone,  Anthea  cereus.  The  two  parts 
of  the  body  were  extended  as  if  trying  to  crawl  in  oppo- 
site directions.  -The  intermediate  portion  became  much 
constricted  and  finally  ruptured.  The  whole  operation 
occupied  about  two  hours. 

On  the  other  hand,  in  most  animals  in  which  fission  is  a 
normal  process  of  multiplication,  it  is  preceded  by  pre- 
paratory changes  which  result  in  each  of  the  new  indi- 
viduals being  provided  with  a  full  complement  of  organs 
befoi-e  separation  takes  place. 

According  to  Parker,  fission  in  the  common  sea  anem- 
one of  the  coast  of  New  England,  Metridimii  inargina- 
ium,  is  a  slow  process  occupying  many  months.  It  be- 
gins with  the  division  of  the  mouth  and  oral  disc 
accompanied  by  the  formation  of  new  septa,  and  pro- 
ceeds gradually  toward  the  l)ase.  The  final  separation 
has  not  been  observed,  however. 

In  many  worms  fission  takes  place  in  what  may  be 
regarded  as  a  larval  stage,  before  the  development  of 
eggs  and  spermatozoa.  This,  according  to  Mensch,  is 
the  case  with  Autolytus,  and  it  seems  to  be  so  with  most 
of  the  worms  in  which  fission  occurs.  In  Antolotus  and 
its  allies  an  area  of  embryonic  tissue  appears  at  about  the 
thirtieth  segment,  dividing  the  young  worm  into  two 
parts  On  the  posterior  part  there  is  developed  a  new 
head.  The  tissues  just  in  front  of  the  head  undergo 
degeneration,  and  by  their  own  movements  the  two  in- 
dividuals are  broken  apart. 

Among  the  jelly-fish  of  the  group  ScyphomedusK 
fission  is  associated  with  the  metamorphosis  from  the 
larval  to  the  adult  form.  In  Cassiopea,  for  example,  the 
scvphistoma  larva  is  a  graceful  little  ci-eature  shaped  like 
a  wine  glass  and  lives  attached  by  its  base  to  some  solid 
body  When  fully  developed  this  larva  becomes  divided 
into  two  portions  by  a  horizontal  constriction.  It  is  then 
called  a  strobila.  the  upper  part  of  the  strobila  becomes 
transformed  into  a  medusa,  while  new  larval  tentacles 
and  the  rudiment  of  a  proboscis  are  developed  on  the 
lower  part  Finally  the  narrow  isthmus  connecting  these 
two  parts  undergoes  degeneration  and  is  at  length  rup- 


tured by  the  violent  swimming  movements  of  the  young 
medusa. 

Fission  may  take  place  in  an  eaily  embryonic  stage 
of  development.  According  to  Kleinenberg  this  occurs 
normally  in  one  of  the  earth  worms,  Lii-mlir/ciin  trapezoich'n, 
in  which  the  embryo  divides  into  two  shortly  after  the  gas- 
trula  stage  and  both  develop  into  normal  individuals. 
This  has  been  observed  to  occur  under  abnormal  coudt- 
tions  in  the  trout  and  the  chick.  If  hen's  eggs  be  incu- 
bated at  a  temperature  slightly  above  normal  a  large 
proportion  of  the  embryos  will  be  found  to  show  a  ten- 
dency to  the  formation  of  double  monsters  and  occasion- 
allj'  the  area  embryonalis  will  be  found  to  contain  two 
distinct  embrj^os.  A  similar  division  of  the  embryo  may 
occur  in  man.  If  incomplete,  it  will  give  rise  to  a  double 
monster  or  to  sucIj  cases  as  the  Siamese  twins  and  Millie- 
Christine.  If  the  separation  be  complete  the  result  will 
be  a  pair  of  twins  of  the  same  sex.  In  every  case  of 
fission  all  the  individuals  produced  from  a  single  ovum 
are  of  like  sex. 

In  some  of  the  lower  forms  of  animal  life  fission  may 
be  normally  incomplete,  as  in  some  corals,  in  which  the 
individuals  remain  in  organic  union  forming  a  colony,  or 
cormus. 

There  are  some  animals  in  which  a  form  of  fission  oc- 
curs in  the  fully  mature  adult,  which  does  not  serve  to 
multiplj'  the  individual  but  for  a  more  favorable  dispersal 
of  the  sexual  products.  The  formation  of  proglottides  by 
the  common  tapeworm  is  an  example.  Another  ex- 
ample is  the  palolo  worm  of  Samoa,  an  annelid  that 
burrows  in  the  coral  rock.  When  mature  the  posteiior 
portion  of  tlie  body,  distended  with  eggs  or  spermatozoa, 
is  separated  off  and  swims  on  the  surface  of  the  water, 
where  the  sexual  products  are  discharged.  They  occur 
at  certain  times  in  great  abundance  and  are  gathered  by 
the  natives,  who  reUsh  them  greatly  as  an  article  of  food. 

The  relation  between  fission  and  budding  is  a  very  close 
one,  so  much  so  that  Bock  has  argued  that  they  are 
simply  two  forms  of  one  fundamental  process.  In  many 
sea  anemones,  for  example,  small  fragments  of  the  foot 
become  detached  and  subsequently  develop  a  moutli  and 
tentacles  and  become  complete  individuals.  Such  cases 
make  it  ditflcult  to  draw  a  sharp  line  between  fission  and 
budding.  In  forms  hke  Autolytus,  mentioned  above, 
the  two  processes  are  closely  associated.  For,  after  the 
original  posterior  part  of  the  body  is  separated  off,  the 
embryonic  area  on  the  end  of  the  anterior  portion,  or 
parent  stock,  may  give  rise  to  any  number  of  new  indi- 
viduals bv  a  continuous  process  of  budding.  Neverthe- 
less in  most  cases  the  distinction  between  fission  and 
budding  is  a  clear  one  and  is  useful  in  practice. 

Bobert  Payne  Bigelow. 
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FIXED  OILS.     See  Artire  C'onatiinc-nis  of  Plants. 

FLAG  BLUE — Iris,  "The  rhizome  and  roots  of  i)'!> 
■eersicolor  L,  (fam.  Iriclace(v) "  (U.  S,  P),  This  is  a  very 
common  swamp  plant  of  eastern  North  America,  erect, 
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about  two  or  three  feet  high,  with  sword-shaped,  equitant 
leaves  and  handsome  blue  flowers,  marked  in  the  centre 
with  white  and  yellow  stripes. 

Rhizome  of  horizontal  growth,  branched,  the  branches 
5  to  10  cm.  (3  to  4  in.)  long  and  1  to  2  cm.  (|  to  |  in.) 
thick,  cylindrical  in  the  lower  half,  thence  Ijecoming 
vertically  flattened  toward  the  crown,  where  it  is  termi- 
nated by  a  circular  scar ;  dark  brown,  wrinkled,  annulate 
with  tlie  leaf-bases ;  fracture  short,  purplish ;  roots  long, 
slender,  simple,  crowded  near  the  flattened  end;  odor 
peculiar ;  taste  pungent,  acrid,  and  nauseous. 

This  drug  was  in  use  by  the  aborigines,  and  has  been 
employed  to  a  moderate  extent  by  physicians  for  many 
years.  The  uncertainty  and  harshness  of  its  action  have, 
however,  prevented  its  becoming  a  favorite.  An  acrid 
resin,  fixed  oil,  tannin,  gum,  starch,  etc.,  are  given  as 
its  constituents. 

It  belongs  to  the  resinous  class  of  cathartics.  When 
quite  fresh,  it  is  an  irritant-emetico-cathartic,  easily 
acting  as  a  poison  in  over-doses.  Upon  drying  and 
keeping,  these  harsh  actions  are  continuously  ameli- 
orated, and  after  a  year  or  more  it  becomes  a  reliable 
purgative,  not  excessively  harsh  if  given  properly  di- 
luted and  with  the  drug  well  distributed  through  the 
excipient.  It  then  ranks  with  jalap,  leptandra,  and 
similar  drugs.  ' 

Dose  of  the  powder,  from  0.5  to  1.5  gm.  An  extract 
(Extracium  Iridis),  dose  gr.  i.  to  iij.,  and  a  fluid  extract 
{Extractum  Iridis  Fluidum),  dose  "Mix.  to  xxx.,  are  of- 
ficial. A  precipitated  extract,  "Irisin  "  or  "Iridin,"  is  in 
rather  common  use.  Henry  H.  Rusby. 

FLAG,  SWEET.     See  Calamus. 

FLEABANE.— Eeigbeon.  Several  species  of  the  large 
genus  Erigeron  L.  (fam.  Compositai)  have  been  official  and 
largely  used  in  medicine.  Because  of  their  inferiority, 
they  gradually  disappeared  from  use,  with  the  exception 
of  one,  known  as  E.  Canadense  L.  Botanists  now  accord 
this  generic  distinction  from  the  others.  It  is  known 
as  Caiiada  FUubane,  Oolts-tail,  Pride-weed,  Bitter-ioeed, 
Blood -staunch,  etc.,  the  leaves  and  flowering  tops  of 
Leptilon  Canademe  (L.)  Britton.  The  plant  is  a  very 
tall  and  robust  annual  weed,  exceedingly  common  and 
abundant  in  the  eastern  United  States  and  Canada,  and 
widely  distributed  over  the  entire  world,  in  tropical  as 
well  as  temperate  regions.  The  hairy  stem  is  from  two 
to  eight  feet  high,  erect,  slender,  simple  up  to  the  inflor- 
escence and  densely  clothed  with  ascending  or  nearly 
erect  lanceolate  leaves,  from  three  to  six  inches  in  length 
Above  this  the  tawny,  fluffy  paniculate  inflorescence 
strongly  suggests  the  appearance  of  a  colt's  tail  and  gives 
the  name.  The  drug  contains  much  tannin,  about  one 
per  cent,  of  the  volatile  oil  next  considered,  and  an 
amaroid.  It  is  not  remarkable  that  this  should  be  one  of 
the  most  valuable  of  all  household  remedies  for  control- 
Img  severe  attacks  of  serous  diarrhoea,  as  its  oil  power- 
fully stimulates  the  sympathetic  abdominal  nerves  while 
Its  tannm  astringes  locally.  It  is  at  the  same  time  a  good 
aromatic  bitter.  The  country  practice  of  giving  it  in  in- 
fusion, in  doses  of  3  ss.-i.,  is  improved  upon  by  givine 
2  to  4  c.c.  (fl.  3  ss.-i.)  of  the  fluid  extract. 

Henry  H.  Rvsby. 

FLEABANE     OIL   OF.-Oil  op  Beigeeon.     Oleum 

fCu^T'  <^i  ^-  ?,•)•  ^  ^°'^'"«  °"  distilled  from 
the  last  of  a  pale-yellow  or  brownish  color,  a  peculiar 
pleasant  odor,  and  a  warm,  pungent  taste.  It  has  a  sne  ■' 
grav.  of  about  0.850,  increasing  with  age  to  about  0  890 
and  consists  chiefly  of  dextrogyrate  limonen"  It  is 
quite  a  different  substance  as  distilled,  even  when  fresh 

kT  J*""'  1' ,''  ^"  *^"  P^'^"''  ^«  tl^«'-<^  i«  a  porZn  which 
IS  destroyed  by  even  a  moderate  heat.  This  fact  to 
gether  with  the  absence  of  the  other  constitiu  n  ,s  of  tl  e 
herb,  mdicaes  he  error  of  substituting  the  lattei  by  e 
on  Ibe  ol  IS,  however,  active.  It  belone.s  to  the 
astringent  class  of  volatile  oils,  acting  like  oil  ff  turpcJi" 
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tine  in  this  respect,  but  without  its  irritating  properties. 
It  is  administered  for  the  same  purposes  as  fleabane,  and 
for  the  control  of  hemorrhages  of  the  bowels  and  uterus, 
and  for  gonorrhoea.     The  dose  is  0.3  to  1  (tiiv.  to  xv.). 

Henry  H.  Rvsby. 

FLORIDA. — Twenty  years  or  more  ago  Florida  was 
perhaps  the  most  popular  winter  resort  in  this  country 
for  the  consumptive.  He  was  sent  there  in  all  stages  of 
the  disease,  especially  in  the  more  advanced  ones.  It 
was  the  final  resource  when  all  else  failed,  and,  in  the 
majority  of  cases,  proved  to  be  an  illusive  one. 

At  the  present  day  it  is  rare  that  the  phthisio-thera- 
peutist  directs  his  consumptive  patient  to  this  region, 
although  possessing  a  winter  climate  unexcelled  in  many 
of  its  characteristics  by  any  region  east  of  the  Rocky 
Mountains.  Why  is  this?  In  a  word,  it  is  because  we 
now  have  a  truer  conception  of  the  limitations  of  climate, 
in  its  application  to  pulmonary  tuberculosis.  The  hygi- 
enic-dietetic treatment  is  the  authoritative  one,  estab- 
lished on  the  firm  foundation  of  experience ;  and  in  the 
execution  of  this  treatment  climate  is  but  one  factor, 
and  perhaps  not  the  most  essential  one.  Formerly  climate 
was  supposed  to  be  the  great  determining  element  in  the 
treatment  and  all  else  was  merely  accessory ;  and  further, 
a  warm  climate  was  considered  to  possess  peculiar  ad- 
vantages for  the  consumptive. 

It  is  natural  that  such  should  have  been  the  idea  en- 
tertained with  the  knowledge  of  the  pathology  of  the 
disease  then  obtaining,  and  before  the  results  of  Brehmer 
and  other  German  jaioneers  in  the  sanatorium  treatment 
had  become  known  or  had  indeed    been  determined. 
What  more  natural  than  that  a  consumptive  depressed 
in  mind  and  body  should  look  to  a  warm,  sunny,  equable 
climate,    with  its   semi-tropical  attractions,   as  the  El 
Dorado  from  whence  he  should  receive  renewed  hope  and 
health?    Although  Florida  will  continue  to  be  a  great 
and  a  popular  health  resort  for  many  functional  and 
organic  diseases,  and  for  the  valetudinarian  in  general, 
as  will  be  more  fully  discussed  later,  it  will  still  also,  in 
the  writer's  opinion,  offer  certain  locations  which  possess 
the  essential  climatic  conditions  for  the  successful  ac- 
complishment of  the  hygienic-dietetic  treatment  of  tuber- 
culosis.   Jf  situated  on  the  more  elevated   portions  in 
the  central  part  of  the  peninsula,   it  would  seem  that 
sanatoria  would   justify   their    existence.     Or    even  if 
they  are  situated  upon  the  coast  at  one  side  or  the 
other,  they  should  serve  a  good  purpose,   for  at  these 
points  there  surely  would  be  pure  air,  an  abundance  of 
sunshine,  and  an  equable  temperature,  with  a  freedom 
from  high  winds.     The  objections  are  the  enervating 
character  of  a  warm  climate  of  this  nature,— a  climate 
that  increases  the  anaemia  usually  found  in  phthisical 
patients,  as  Solly  has  observed,— and  also  the  possibility 
of  malaria,  which  is  present  in  some  of  the  resorts  at 
certain   seasons  of  the  year,  and   to  the  influences  of 
which  the  consumptive  with   his  depressed  vitalitv  is 
peculiarly  susceptible. 

Such  places  as  Winter  Park,  Orlando,  Altamonte  in 
the  interior,  and  Tampa,  Los  Pinellas,  and  the  Lake 
Worth  district  on  the  coast,  would  seem  to  be  favorable 
for  the  experiment  of  the  genuine  open-air  treatment  of 
consumption. 

As  with  all  tropical  or  semi-tropical  countries,  however 
the  summer  climate  of  Florida  would  hardly  admit  of  a 
continuous  residence,  which  is,  in  many  cases  at  least, 
important  if  the  best  results  are  to  be  obtained,  although 
in  Southern  Florida  the  difference  between  the  summer 
and  winter  temperatures  is  comparatively  slight.  The 
rainfall,  however,  in  the  summer  months  is  considerablv 
higher. 

The  State  of  Florida  may  be  described  as  consisting  of 
a,  continental  portion,  immediately  contiguous  to  the 
Mates  of  Georgia  and  Alabama,— its  southwestern  por- 
tion washed  by  the  Gulf  of  Mexico,— and  a  peninsula 
portion  washed  by  the  Atlantic  Ocean  and  Gulf  of 
Mexico.  Keating  (Transactions  of  the  American  Clima- 
tological  Association,  1885)  divides  Florida  geographi- 
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cally  into  a  north  and  a  south  portion,  tl)e  boundary  line 
being  the  29th  degree  of  latitude,  and  topographically 
into  the  lowlands  on  the  rivers  and  coasts,  and  the  in- 
terior highlands,  -witli  an  altitiide  of  from  100  to  300  feet. 
Below  the  39th  parallel,  the  climate,  both  in  summer 
and  in  winter,  differs  from  that  of  the  region  north.  The 
cold  northwest  winds  are  tempered  by  the  warm  waters 
of  the  Gulf  of  Mexico,  which  prevent  the  sudden  changes 
of  temperature  that  sometimes  occur  in  the  northern  por- 
tion. In  summer  the  sea  breezes  from  both  sides  of  the 
peninsula  temper  the  heat  and  the  nights  are  generally 
cool  (Solly). 

The  land  (except  the  interior  highlands  before  men- 
tioned) is  for  the  most  part  low,  and  there  are  many  lakes, 
streams,  and  salt-water  channels.  The  jirincipal  river  is 
the  St.  John's,  running  north,  and  navigable  for  large 
steamers  a  distance  of  198  miles  to  Enterprise,  and  for 
smaller  ones  about  70  miles  further  up  the  river,  to  Salt 
Lake.  The  soil  is  "as  a  rule  sandy,  very  porous  in  hilly 
or  undulating  sections,  but  finer  and  more  compact  on 
level  reaches.  The  character  of  the  subsoil  hard-pan 
varies  greatly  in  different  localities,  being  sometimes  clay 
and  sometimes  lime  rock,  at  variable  depths  of  from  only 
a  few  to  ten  or  more  feet  from  the  surface  "  (J.  P.  Wall, 
in  the  CUmatologist,  October  15th,  1891). 

The  varieties  of  land  are  the  pine  land  in  the  highlands, 
high  hummock,  low  hummock,  savanna,  and  swamp. 
"  Tlie  pine-land  regions  are  those  in  which  the  sandy  soil 
predominates,  and,  for  the  residence  of  invalids,  places 
possessing  such  sandy  soil  appear  to  be  the  most  health- 
ful "  (Richards). 

The  climate  is  a  mild,  moist,  warm  one,  with  a  goodly 
number  of  sunny  days.  The  principal  season  begins  in 
January  and  lasts  until  April,  and  thousands  of  visitors 
who  desire  for  any  reason  to  avoid  the  inclemency  of  a 
Northern  winter  and  lead  an  outdoor  life,  frequent  the 
numerous  resorts.  Enormous  palatial  hotels  and  many 
boarding  houses  and  villas  exist  in  various  portions  of 
the  peninsula,  at  St.  Augustine,  Palm  Beach,  Tampa, 
Palatka,  Altamonte,  Magnolia,  Enterprise,  Titusville, 
and  at  many  other  places.  The  attractive  spots  where 
one  may  pleasantly  spend  the  winter  are  almost  innumer- 
able. The  outdoor  attractions  in  this  fascinating  country 
are  varied  and  numerous, — fishing,  hunting,  bathing, 
golf,  sailing,  riding,  and  all  the  many  excursions  by 
water,  chief  of  whicli  is  the  famous  journey  up  the  Ockla- 
waha  River,  where  one  passes  through  cypress  forests 
with  the  graceful  hanging  moss,  or  through  clusters  of 
palm  and  palmetto  trees,  and  all  the  varied  vegetation  of 
a  tropical  region.  Alligators  are  frequently  seen,  and 
"birds  of  the  most  curious  forms  and  brilliant  plumage 
are  everywhere  conspicuous  "  (Appleton's  "  General  Guide 
to  the  Southern  States,"  1899). 

The  orange  groves  are  always  a  delight;  and  the  cul- 
tivation of  the  many  fruits,  flowers,  and  vegetables 
which  grow  so  luxuriantly  in  this  climate  render  out- 
door life  on  the  land  a  constant  source  of  pleasure  and 
interest.  "  The  sun  shines  so  brightly,  the  air  is  so  balmy, 
the  songs  of  the  birds  are  so  enlivening,  and  the  orange 
trees  in  their  bloom,  or  laden  with  their  golden  fruit,  lend 
such  a  charm  to  the  outlook  from  the  windows  that  the 
most  indolent  or  most  cold-blooded  invalid  feels  little  in- 
clined to  stay  indoors  "  (Lente). 

The  climatic  characteristics  will  now  be  considered 
somewhat  in  detail,  and  for  this  purpose  the  following 
meteorological  tables  have  been  arranged  from  the  ob- 
servations of  the  United  States  Weather  Bureau. 

Average  Temperature. 


De- 
cember. 

Janu- 
ary. 

Febru- 
ary. 

March. 

July. 

Year. 

Jacksonville 

Jupiter 

Tampa 

Punta  Bassa 

Key  West 

55.8 
67.2 
62.3 
64.5 
70.1 

5.5.8 
63.4 
.58.6 
64.7 
70.3 

58.1 

.  66.7 

63.1 

66.2 

71.8 

62.7 
68.8 
66.4 
68.6 
73.6 

83.5 
80,5 
81.5 
81.3 
84.0 

69.2 
73.4 
71.6 
73.4 

77.5 

Average. Daily  Range. 


Jacksonville 

Jupiter . . 

Tampa 

Punta  Rassii 
Key  West . , . 


D<-- 
ceuiber. 


17.0 
12.3 
18.0 
13.5 
8.1 


Janu- 
ary. 


16.7 
1.5.0 
19.8 
13.7 
8.9 


Febru- 
ary. 


16.4 
13.4 
17.1 
13.9 
8.9 


March. 


17.4 
14.0 
18.9 
13.4 
9.4 


July. 


16.1 
13.2 
16.1 
13.0 
12.5 


Mean  or  Warmest  Temperature. 


Jacksonville 

Jupiter 

Tampa 

Punta  Rasaa. 
Key  West . . . 


Mean  of  Coldest  Temperature. 


Jacksonville. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West . . . 


Highest  or  Maxlmum  Temperature. 


Jacksonville. 

Jupiter 

Tampa 

Punta  Rassa 
Key  West . . . 


Lowest  or  Minimum  Temperature. 


Jacksonville 19.0 

Jupiter 41.0 

Tampa 34.7 

Punta  Rassa 34.0 

Key  West 44.0 


34.0 
38.5 
32.7 
33.0 
48.0 


33.0 


55.0 


31.0 
44.8 
39.7 
38.0 
53.0 


88.0 
69.1 
70.0 
67.5 

73.7 


Average  Relative  Humidity. 


Jacksonville  . 
Jupiter,  8  a.m 

Tampa 

Punta  Rassa.. 
Key  West . . . . 


Average  Precipitation  in  Inches. 


Prevailing  Direction  oe  Wind— From- 


Jacksonvllle. , 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West . . . , 


N.  E. 
N.  W. 

N. 
N.  E. 

N.  E. 


N.  E. 
N.  W. 

N. 
N.  E. 
N.  E. 


N.  E. 

N.  E. 

E. 


N.  W. 

S. 
S.  E. 
N.  E. 

E. 


S.  W. 
S.  E. 

E. 

E. 

E. 


49.4 

48.2 

53.1 

.58.3 

75.5 

61.1 

55.9 

60.0 

61.9 

74.4 

.53.2 

48.0 

54.6 

56.9 

73.5 

58.4 

58.6 

60.3 

82.7 

75.9 

67.3 

66.5 

68.3 

89.5 

78.8 

.81.0 

80.0 

83.0 

88.0 

104.0 

83.0 

80.0 

84.7 

85.5 

91.0 

81.3 

78.1 

80.5 

84.2 

93.3 

82.5 

81.5 

84.0 

85.0 

93.0 

88.0 

90.0 

87.0 

89.0 

97.0 

73.7 

74.6 

70.6 

65.4 

71.8 

83.7 

84.7 

84.0 

80.0 

81.0 

83.4 

81.6 

83.8 

80.0 

83.4 

■    75.3 

77.6 

75.3 

72.1 

"5.7 

78.7 

79.7 

76.6 

70.5 

70.3 

AVERAGE   HOURLY   VELOCITY   OE  WIND,    IN    MILKS. 


Jacksonville. 

Jupiter 

Tampa 

Punta  Rassa 
Key  West . . . 


13.6 
17.7 


68.4 

64.9 

UH.5 

73.8 

91.6 

73.3 

70.9 

73.4 

7.5.9 

86.6 

71.3 

07.8 

71.7 

76.8 

89.8 

71.9 

71.3 

73.2 

76.1 

88.9 

7.5.3 

75.4 

77.1 

78.9 

91.3 

79.7 
80.5 


67.1 


93.0 
94.4 


33.7 
38.1 


72.0 
82.0 
81.2 
74.9 
73.9 


Jacksonville 

3.89 
2.88 
1..57 
1.28 
1.84 

3.28 
3.43 
3.45 
2.36 
2.32 

3.45 
3.73 
3.81 
1.72 
1.84 

3.13 
3.59 
3.68 
1.30 
0.66 

5.18 
5.35 
7.99 

7.23 
4.27 

54.88 
82.14 

53.09 

Punta  Rassa 

Key  West 

43.54 
40.88 

N.  E. 
S.  E. 
N.  E. 
N.  E. 
E. 


8.0 

5.8 

6.9 

7.9 

8.3 

10.2 

9.9 

10.7 

10.6 

7.8 

6.0 

6.0 

8.9 

6.7 

5.3 

10.3 

10.2 

10.7 

12.0 

8.2 

11.3 

10.8 

10.4 

11.2 

7.5 

6.7 
9.7 
6.1 
101 
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AVEKAGE  NUMBER  OP  CLEAK  DAYS. 


De- 
cember. 

Janu- 
ary. 

Febru- 
ary. 

March. 

July. 

Year. 

Jacksonville 

10.2 
9.8 
12.1 
12.1 
11.0 

9.0 

13.0 

9.5 

9.8 

11.3 

9.7 
11.0 

8.4 
11.5 
11.7 

12.7 
17.4 
11.7 
14.7 
13.8 

10.2 
12.5 
7.0 
3.4 

5.7 

123.2 
131.4 

Tampa 

115.0 

Punta  Bassa 

Key  West 

103.9 
113.4 

Ateraqe  NniBEK  OP  Fair  Days. 


Jacksonville 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West . . . 


12.0 

12.8 

10.4 

13.0 

16.0 

14.1 

11.0 

11.1 

"9.7 

13.4 

12.3 

16.4 

14.3 

14.4 

30.0 

13.8 

15.0 

11.4 

11.8 

10.4 

15.5 

14.7 

12.6 

13.5 

19.8 

1.58.7 
1.53.8 
188.3 
186.1 


Average  Number  Clear  and  Fair  Days. 


Jacksonville 

Jupiter 

Tampa 

Punta  Rassa 
Key  West . . . 


23.3 

21.8 

30.1 

15.7 

26.2 

33.9 

34.0 

33  1 

37.1 

25.9 

34.4 

25.9 

33.7 

26.1 

27.0 

24.9 

34.8 

33.9 

36.5 

33.8 

28.5 

36.0 

34.3 

38.3 

35.5 

385.3 
303.2 
389.0 
305.9 


Five  points  are  talien  in  various  portions  of  the  State 
to  illustrate  the  different  climatic  factors :  Jacksonville, 
on  the  St.  John's  River,  about  thirty  miles  from  the  At- 
lantic; Jupiter,  on  the  Atlantic  Coast,  seventeen  miles 
north  of  Palm  Beach;  Tampa,  about  twenty -five  miles 
from  the  Gulf  Coast,  and  about  half-way  down  the  pen- 
insula ;  Punta  Rassa  on  the  Gulf  Coast,  almost  opposite 
Palm  Beach ;  and  Key  West  at  the  extreme  south,  an 
island  about  sixty  miles  from  the  mainland. 

In  observing  these  climatic  features  the  distinguishing 
characteristics  are  mildness  and  uniformity.  It  will  be 
seen  that  the  diurnal  range  for  the  coast  stations  is  small, 
while  that  of  Jacksonville  and  Tampa,  further  inland,  is 
considerably  greater,  and  least  of  all,  as  we  should  expect 
from  its  insular  position,  is  that  of  Key  West. 

From  the  table  of  maximum  and  minimum  tempera- 
tures it  will  be  observed  that  for  the  four  months  from 
December  to  March  inclusive  the  maximum  ranges  from 
78.1°  to  88°  F.,  and  the  minimum  from  19°  to  44.8°  F. ;  Key 
West  excepted.  "  There  is  a  possibility  then  of  frost,' snow 
and  ice,  although  these  phenomena  are  rare :  they  are  the 
infrequent  'chances,'  and  occasionally  a  cold  wave 
sweeps  over  the  whole  State,  damaging  or  killing  the 
orange  trees,  demanding  fires  indoors  and  winter  clothing 
out."  The  relative  humidity  is  high,  characteristic  of  a 
marme  climate,  as  this  is:  it  is  quite  uniform  throughout 
the  year.  "Of  course,  as  might  naturally  be  expected 
ot  a  obmate  with  the  temperature  and  humidity  of  that 
of  Florida,  heavy  dews  in  clear  still  nights  are  always 
present;  and  during  the  winter  and  spring  fogs  in  the 
night  and  early  morning  are  not  uncommon.  Fogs  are 
however,  somewhat  worse  on  the  Atlantic  Coast  and  along 
*'''?  ^*-iS}f  ^^y'''''  t^a'^  on  the  Gulf  side  of  the  penin- 
sula" ("The  Climate  of  Florida,"  Dr.  J  P  Wall  the 
Chr>,atologist,  November  ISth,  1891).  The  mean  annual 
raintall  may  perhaps  be  considered  high  for  a  health  re- 
sort, although  about  half  occurs  in  the  summer  For 

here'^Tven'^  **""  "^"^"^  """""^^  ''^^''^^  °^  ^'*"°"^  ''««0''t«  is 


Inches. 

Jacksonville,  Fla 54  e 

Jupiter,  Fla nz'l 

Tampa,  Fla '  53'o 

Punta  Eassa,  Fla '  43'5 

Key  West,  Fla '  408 

Eedlands,  Cal 1,5'n 

Denver,  Col ' ' "  144 

Nice,  France ' " '  ag'n 

New  York,  N.Y ..y,  i^l 


Inches. 

...  48.0 

51.5 


Aiken,  S.  C... 

Thomasville,  Ga „.  , 

Augusta,  Qa '  "  44.0 

San  Diego,  Cal in'o 

Los  Angeles,  Cal  ....      is'n 

Santa  Barbara,  Cal .. ,     1  an 

Cannes,  France ....         a^'n 

Cairo,  Egypt '.'.'.'.'.""  l^Q 


The  prevailing  winds  are  from  the  east  brina-ino-  the 
pure  air  from  the  Atlantic  Ocean.     The  Irouriy  !4i^city 
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is  between  six  and  ten  miles,  considerably  less  than  that 
at  (!ape  May.  "  With  the  Atlantic  on  the  east  and  the 
Gulf  of  Mexico  on  the  south  and  west  the  temperature  of 
Florida,  and  especially  that  of  the  peninsula,  is  very 
much  ameliorated  by  the  constant  sea  breezes,  and  the 
climate  rendered  remarkably  equable  and  genial.  The 
regular  alternation  of  land  and  sea  breezes  prevents, 
especially  during, the  hot  season,  the  discomforts  and 
suffering  of  excessive  heat  which  is  usually  associated 
with  the  wind  in  the  lower  latitudes  of  the  North  Tem- 
perate Zone  "  (Wall,  loc.  cit. ). 

The  number  of  clear  and  fair  days  is  about  the  same 
for  each  of  the  resorts  under  consideration,  and  the  yearly 
average  is  large,  equal  to  that  of  San  Diego  or  of  Santa 
Barbara.  Three  out  of  four  days  during  the  winter 
months  are  fair  or  clear.  The  average  number  of  rainy 
days  for  the  year  is  considerably  higher  than  at  Cannes, 
Nice,  or  San  Remo ;  but,  as  before  mentioned,  the  greater 
part  of  the  rain  comes  in  the  summer.  It  is  to  be  re- 
gretted that  there  are  no  meteorological  data,  so  far  as 
known  to  the  writer,  for  points  situated  upon  the  elevated 
ridge  in  the  interior.  Such  data  would  probably  approxi- 
mate more  nearly  to  those  of  Jacksonville  and  "Tampa, 
which  are  situated  some  miles  from  the  coast,  and  the 
mean  average  daily  range  of  these  two  places,  as  we  have 
already  observed,  is  considerably  greater  than  is  the  case 
with  the  coast  towns. 

Of  Winter  Park,  situated  133  miles  south  of  Jackson- 
ville, 40  miles  west  of  the  Atlantic  Ocean  and  80  miles 
east  of  the  Gulf  of  Mexico,  with  an  altitude  of  over  one 
hundred  feet,  we  are  told  that  "  the  air  is  fine  and  dry, 
the  country  around  being  made  up  of  high  pine  lands, 
that  there  are  no  marshes  or  stagnant  ponds,  jbut  instead 
a  chain  of  beautiful,  clear- water  lakes.  The  temperature 
of  the  winter  days  averages  from  60°  to  65°  F.  during  the 
twenty-four  hours.  Occasionally  there  is  a  frost,  and 
once  in  a  while  freezing  temperature  occurs  at  night,  but 
none  during  the  days.  It  rains  very  seldom  during  the 
winter  months,  but  there  are  heavy  dews  night  and 
morning. "  (Report  on  Health  Resorts,  Transactions  of 
the  American  Climatological  Association,  1895.) 

The  climate  of  Key  West  is  "  essentially  tropical,  and 
typically  insular."  As  will  be  seen  in  the  tables,  July 
shows  a  much  greater  amount  of  precipitation  than  the 
wmter  months,  and  such  is  the  case  with  the  other  sum- 
mer months ;  there  is  practically  a  dry  (winter)  and  a 
rainy  (summer)  season.  From  this  fact,  however,  it 
must  not  be  supposed  that  it  rains  most  of  the  time  in 
summer,  for  July,  for  instance,  shows  25.5  clear  and  fair 
days,  and  the  other  summer  months  about  the  same 
proportion. 

It  will  be  also  noticed  that  the  temperature  is  remark- 
ably equable,  the  mean  of  the  warmest  beingOl. 3°,  and  of 
the  coldest  66.5°  F. ;  the  diurnal  range  is  also  very  small. 
The  city  of  Key  West,  the  largest  in  the  State  next  to 
Jacksonville  (about  25,000  inhabitants),  is  situated  upon 
a  coral  island  of  the  same  name,  seven  miles  long  and 
from  one  to  two  miles  broad.  There  are  no  springs  on 
the  island,  and  the  water  supply  is  derived  from  rain 
water  or  from  distillation. 

The  foliage  and  fruits  are  luxuriant  and  more  or  less 
tropical.  The  streets  of  the  town  are  broad,  the  resi- 
dences are  shaded  with  tropical  trees,  palms  and  brilliant 
flowers  grow  in  profusion,  all  giving  the  town  a  very 
picturesque  appearance. 

Key  West  is  not  known  as  a  health  resort,  as  are  the 
other  well-known  resorts  in  Florida;  it  is  said,  however, 
to  be  healthy,  and  it  at  least  possesses  an  ideal  semi-tropical 
insular  climate.  Its  sanitary  condition  is  unknown  to  the 
^'^'/'''i  .  ■  "^  *'"^  ™°^*  southern  city  of  the  United  States. 
1  he  fishing  and  boating  are  unsurpassed,  and  there  are 
a  number  of  charming  drives  on  the  island." 

The  A\'ui-mtli,  abundant  sunshine,  equable  temperature, 
marine  atmosphere,  and  all  the  varied  charms  of  land  and 
water  will  always  render  Florida  one  of  the  great  winter 
resorts  of  the  United  States.  It  is  easily  accessible  from 
the  JNorthern  States  by  rail  or  by  boat,  and  it  possesses  an 
unrivalled  system  of  hotels.     As  Dr.  Wall  truly  says- 
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"To  the  vast  majority  of  the  valetudinarian  class  from 
other  causes  than  consumption,  the  winter's  sojourn  in 
the  mild  marine  climate  of  Florida  will  alvcays  be  found 
a  powerful  ad  j  unct  in  re-establishing  the  impaired  health. " 
Finally,  to  the  person  who  wants  a  change  from  the 
exhausting  routine  of  city  social  or  business  life  and  who, 
from  such  or  other  reasons,  has  become  "stale,"  to  speak 
in  athletic  parlance,  Florida  offers  a  veritable  paradise, 
provided  a  simple  outdoor  life  is  pursued  and  business 
and  society  are  abandoned.  The  writer  can  speak  from 
personal  experience  of  the  keen  delight  one  experiences  in 
the  trip  up  the  St.  John's  or  Ocklawaha  River ;  fishing  in 
the  Gulf  of  Mexico  or  hunting  for  sea-beans  on  the  shore. 
With  such  novel  surroundings,  mere  existence  is  a  pleas- 
)ire,  and  the  subtile  influences  of  the  balmy  atmosphere 
bring  renewed  health  and  strength  of  mind  and  body. 

Edward  0.  Otis. 

FLUKES.     See  Trematoda. 

FLUOROFORM  WATER  (Fluoroformol)  is  a  saturated 
(2.8  per  cent.)  aqueous  solution  of  gaseous  fluoroform 
(CHFs).  It  is  odorless  and  almost  tasteless,  but  produces 
a  local  reaction  on  the  tissues  which  is  evidenced  in  the 
mouth  by  a  stinging  sensation.  Besides  its  internal  use 
in  tuberculosis  and  acute  pneumonia,  Stepp  of  Nurem- 
burg  uses  it  topically  as  spray  or  inhalation  for  respira- 
tory diseases,  as  local  application  for  lupus,  and  as  injec- 
tion for  tuberculous  joints  and  sinuses.  Internally  the 
dose  for  a  one-year  child  is  4.0  gm.  ( I  i.),  and  for  adult 
15.0  gm.  (  3  iv.)  several  times  a  day.  One  hundred  grams 
have  been  taken  in  twenty-four  hours  without  inconven- 
ience (Stepp).  ^V.  A.  Bastedo. 

FCETUS.     See  EinbryoK. 

FOLLICULITIS  DECALVANS.— This  disease  has  been 
described  under  many  names,  such  as  alopecias  cica- 
tricielles  innomlnees  (Besnier),  foUiculite  epilante  (Quin- 
quaud),  acne  decalvanto  (Lailler),  ulerythema  sycosi- 
forme  (Unna),  and  Brocq  would  include  under  it  Kaposi's 
dermatitis  papillaris  capillitii. 

Symptoms.— It  may  affect  the  scalp  alone,  or  the 
bearded  portion  of  the  face  from  which  it  may  extend  to 


we  find  one  or  more  irregular,  ill-deflned  bald  patches 
about  which  are  tufts  of  hair.  Sometimes  it  will  be 
noted  that  just  beyond  the  circumscribing  tufts  of  hair 
are  other  small  bald  patches  showing  the  extension  of  the 
disease  into  neighboring  parts.     The  scalp  in  the  patches 


no.  2096.— Folliculitis  Decalvans.    Early  stage.    (Author's  case.) 

the  scalp   while  the  hair  of  the  pubes  and  axilla  do  not 
escape  at  times.     Upon  the  scalp  it  takes  one  of  two 

1.  The  alopecie  innominee   of  Besnier.     In  this  form 
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Fig.  2097.— Folliculitis   Decalvans.    A  more  advanced  stage  of  the 
Disease.    (Author's  case.) 

is  cicatricial,  thinned,  slightly  depressed,  smooth  or  stip- 
pled over  with  follicular  openings.  Signs  of  active  in- 
flammation may  be  entirely  wanting  or  confined  to  the 
mouths  of  the  foUicles,  At  other  times  there  is  a  slight, 
diffused  redness  with  furfuraceous  desquamation;  or 
there  may  be  some  very  small  and  superficial  pustules 
occupying  the  infundibula  of  the  hair,  which  in  a  short 
time  are  transformed  into  depressions  out  of  which  the 
hair  falls.  As  soon  as  the  hair  falls  all  signs  of  inflam- 
mation subside.  The  hair  is  permanently  destroyed,  and 
the  scalp  is  gradually  transformed  into  a  mass  of  cica- 
tricial tissue.  New  spots  develop  here  and  there  in  an 
erratic  manner. 

2.  This  is  the  foUicvUte  epilante  of  Quinquaud.  While 
the  first  form  is  confined  to  the  scalp,  the  second  may 
also  affect  the  beard,  pubes,  and  axilla.  It  differs  from 
the  first  form  in  being  accompanied  by  more  marked 
inflammation.  Like  it  it  produces  bald,  smooth,  irregu- 
larly shaped,  cicatricial  patches.  These  are  scattered 
through  the  hair,  and  are  of  various  sizes  up  to  that  of  a 
silver  quarter  of  a  dollar.  In  them  are  some  small  red 
points,  while  about  their  edges  and  in  their  neighborhood 
are  purulent  points,  miliary  abscesses,  and  red  papules, 
each  with  a  hair  in  its  centre.  The  follicuhtis  causes  de- 
struction of  the  hair  which  is  permanent,  giving  rise  to 
the  cicatricial  appearance.  If  there  are  a  number  of 
patches  near  each  other  they  will  be  separated  by  tufts 
of  sound  hair.  If  the  disease  occurs  on  other  parts  than 
the  scalp  it  will  give  rise  to  similar  appearances. 

Folliculitis  decalvans  is  a  chronic  and  progressive 
process,  and  it  is  impossible  to  say  how  great  its  ravages 
will  be.     It  is  usually  slow  in  its  progress. 

Etiology.— Nothing  positive  is  known  of  the  cause  of 
the  disease.  Some  observers  have  found  micro-organ- 
isms in  relation  with  it,  but  we  cannot  as  yet  speak  posi- 
tively about  these.  Inasmuch  as  some  of  the  cases  yield 
to  antisyphilitic  treatment,  it  has  been  assumed  that 
some  of  the  cases  are  due  to  syphilis. 

Diagnosis.— Occurring  on  the  scalp  it  must  be  diag- 
nosed from  alopecia  areata  and  the  baldness  due  to  favus. 
Prom  alopecia  areata  it  is  distinguished  readily  by  the 
fact  that  it  is  cicatricial  in  character,  while  in  alopecia 
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areata  the  skin  is  unaltered.  Moreover,  in  the  latter 
disease  there  are  never  signs  of  follicular  inflammation. 
If  there  are  favns  crusts  or  evidences  of  folliculitis  the 
diagnosis  from  favus  is  easy,  as  in  folliculitis  decalvans 
we  do  not  have  sulphur-yellow  crusts,  and  m  favus  we 
do  not  have  folliculitis.  In  inactive  cases  it  is  impossihle 
to  tell  which  disease  we  have,  as  both  diseases  produce 
baldness  of  the  same  general  character.^  The  history  of 
the  case  will,  however,  enable  us  to  decide. 

Treatment.— Thus  far,  treatment  has  not  been  ot 
much  avail.  Quinquaud  recommends  washing  the 
patches  with  soap  and  water,  and  painting  the  scalp  m 
their  vicinity  with  tincture  of  iodine.  Every  morning 
the  patches  are  to  be  bathed  with  hydrarg.  bmiodide, 
gr  i  (0  065):  hydrarg.  bichloride,  gr.  iv.  (0.36);  alcohol, 
1  ss.  (16,);  aqute  destillat.  ad  |  iv.  (135).  Of  course  the 
baldness  is  permanent,  the  scalp  being  converted  into  a 
cicatrix.  George  T.  Jackson. 

FOOD  AND  DRUG  INSPECTION.— Modern  Legis- 
lation Relative  to   Food  and  Drug  Inspection.— 

The  present  article  is  chiefly  devoted  to  the  subject  of 
legislation  to  provide  protection  against  adulteration  and 
to  the  amount  of  work  accomplished  under  such  laws. 

Popular  knowledge  upon  the  subject  of  food  adultera- 
tion is  undoubtedly  derived  to  a  great  extent  from  the 
occasional  publications  of  the  daily  press,  which  are  too 
often  of  a  very  sensational  character,  exaggerating  not 
only  the  extent  of  adulteration,  but  also  the  comparative 
ratio  of  harmful  adulteration  to  that  wliich  is  merely 
fraudulent  in  its  character.  Fortunately  these  publica- 
tions are  not  so  common  as  they  were  a  few  years  ago. 
It  is  but  a  few  years  since  a  public  document,  in  com- 
menting upon  this  subject,  stated  that  "fraudulent 
adulteration  is  but  little  more  common  than  injurious 
adulteration."  An  examination  of  the  food  supply  of 
almost  any  community  at  the  present  day  would  un- 
doubtedly show  the  incorrectness  of  this  statement. 

England. — The  history  of  food  adulteration  in  Eng- 
land dates  from  a  very  early  period.  In  the  reign  of 
King  John,  the  price  and  size  of  the  loaf  of  bread  were 
regulated  by  law,  and  this  law  was  afterward  amended 
so  as  to  provide  penalties  for  adulteration,  these  consisting 
of  fine,  capital  punishment,  and  the  pillory.  During  the 
reign  of  Edward  the  Confessor  punishment  for  brewing 
bad  beer  was  pubhcly  enforced,  and  in  1589  "this  bever- 
age could  not  be  sold  without  the  approval  of  official 
'  ale-tasters. ' " 

Addison  says  in  the  Tatler  (1710) :  "  These  subtle  phi- 
losophers are  daily  employed  in  the  transmutation  of 
liquors,  and,  by  the  power  of  magical  drugs  and  incanta- 
tions, raise  under  the  streets  of  London  the  choicest  prod- 
ucts of  the  hills  and  valleys  of  Prance;  they  squeeze 
Bordeaux  out  of  the  sloe  and  draw  champagne  from  an 
apple. " 

Modern  agitation  in  England  upon  the  subject  of  re- 
stricting food  adulteration  may  be  said  to  date  from  about 
the  middle  of  the  last  century.  Prom  1851  to  1854  the 
subject  was  often  discussed  in  the  columns  of  the  Liineet, 
and  a  Parliamentary  inquiry  was  finally  ordered.  After 
the  report  of  the  Committee  of  Investigation  the  first 
general  English  law  was  enacted,  and  was  known  as  the 
Adulteration  of  Food  Act  of  1860.  This  act  authorized 
the  appointment  of  analysts  by  local  boards,  and  made 
£5  the  penalty  for  selling  an  adulterated  article,  the  ven- 
dor knowing  it  to  be  such.  For  a  second  offence  the 
offender's  name  and  place  of  business  could  be  pub- 
lished in  addition  to  the  fine.  The  Act  was  permissive 
as  to  the  appointment  of  analysts,  and  was  never  satis- 
factorily enforced.  In  1869,  and  again  in  1871,  bills  were 
introduced  in  Parliament  to  improve  the  law,'  but  failed 
to  pass.  In  1873,  however,  an  act  was  passed  which 
obliged  the  local  boards  to  appoint  analysts  and  pro- 
vide for  inspectors.  The  penalty  for  adulterating  arti- 
cles of  food  was  fixed  at  £30  for  a  fii'st  offencT  and 
tor  a  second  the  name  and  residence  of  the  delinquent 
could  be  published  in  a  newspaper.  The  punishment 
for  adulterating  drugs  was  made  £50  for  a  first  of- 
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fence,  and  for  a  second  imprisonment  not  exceeding  six 
months.  Previous  to  1874  there  were  various  attempts 
to  enforce  this  law,  but  without  noticeable  success, 
owing  to  the  lack  of  recognized  standards  of  purity, 
the  disagreement  of  analysts,  and  the  varying  decisions 
of  magistrates  in  regard  to  the  meaning  of  the  term 
adulteration.  In  1874  a  new  Parliamentary  investigation 
was  ordered  and  more  scientific  examination  made  of  the 
whole  subject  of  adulteration  than  had  been  secured  be- 
fore. The  report  of  the  committee  was  reassuring,  and 
was  to  the  general  effect  that  the  public  was  more  cheated 
than  poisoned  by  the  adulterations  generally  practised. 
In  1875  a  carefully  digested  measure  was  passed  by  Par- 
liament (38  and  39  Vic,  c.  63),  and  this,  with  the  amend- 
ments of  1878,  1879,  and  1899,  is  now  the  law  for  Great 
Britain. 

The  principal  provisions  of  the  law  are  as  follows: 

First,  No  person  shall  mix,  color,  stain,  or  powder 
any  article  of  food  with  any  ingredient  or  material  in- 
jurious to  health,  with  intent  that  the  same  shall  be  sold 
in  that  state,  and  no  person  shall  sell  any  such  article 
under  a  penalty  not  to  exceed  £50  for  the  first  offence, 
and  every  offence  after  a  conviction  shall  be  a  misde- 
meanor, to  be  punished  by  imprisonment  not  to  exceed 
six  months. 

Second.  No  person  shall  mix,  color,  stain,  or  powder 
any  drug  so  as  to  affect  injuriously  the  quality  or  potency 
of  such  drug,  with  the  same  penalties  as  provided  in  the 
case  of  food.  Proprietary  medicines  and  patented  articles 
are  excepted,  as  are  also  substances  which  are  added 
merely  to  make  the  compound  fit  for  carriage  or  con- 
sumption, and  are  not  injurious  to  health. 

Third,  A  person  is  not  guilty,  under  the  act,  who 
proves  that  he  did  not  know  of  the  adulteration,  and 
could  not  have  obtained  such  knowledge  with  reasonable 
diligence. 

Fourth,  Mixtures  containing  articles  not  injurious  to 
health,  and  not  intended  fraudulently  to  increase  the  bulk 
or  weight,  can  be  sold,  if  labels  are  affixed  plainly  stating 
that  the  substance  is  a  mixture. 

Fifth.  Analysts  are  to  be  appointed,  and  any  medical 
officer  or  private  person  can  bring  articles  to  be  analyzed. 
The  seller  is  to  be  informed  that  the  article  is  purchased 
for  analysis,  and  it  is  to  be  divided  into  three  parts,  one 
of  which  is  to  be  kept  by  the  seller  if  he  desires,  one 
given  to  the  analyst,  and  one  kept  by  the  purchaser.  A 
penalty  of  £10  is  imposed  for  a  refusal  to  sell. 

Sixth.  The  seller  cannot  be  convicted  if  the  article 
sold  is  in  the  same  state  as  when  purchased  by  him,  and 
he  has  a  warranty  from  the  manufacturer. 

Seventh.  A  person  forging  a  warranty  is  liable  to  two 
years'  imprisonment.  A  false  warranty  makes  the  giver 
liable  to  a  penalty  of  £30,  and  the  same  penalty  is  im- 
posed for  applying  a  warranty  to  a  wrong  article. 

Eighth.  A  person  upon  whom  a  fine  is  imposed  can 
recover  the  amount  with  costs  from  the  person  from 
whom  he  bought  the  adulterated  article,  if  it  was  sold  to 
him  as  of  the  quality  for  which  he  sold  it  to  the  last  pur- 
chaser, and  that  he  did  not  know  it  to  be  otherwise. 

In  addition  to  the  general  acts  referred  to,  frequent 
statutes  have  been  passed  in  regard  to  sophistications 
of  special  articles. 

Adulterations  of  coffee  were  prohibited  by  acts  passed 
in  1725,  1803,  and  1823.  Since  the  latter  date  there  liave 
been  various  Treasury  regulations,  the  result  of  which 
was  largely  to  permit  the  mixture  of  chicory  and  other 
ingredients  with  pui'e  coffee,  and  in  some  cases  an  entire 
substitution  of  the  imitations.  Adulterations  of  tea  were 
prohibited  by  an  act  passed  in  1725,  and  other  acts  were 
passed  in  1731, 1773.  and  1834.  Wines,  liquors,  ale,  and 
beer  have  been  the  subject  of  frequent  statutes  from  the 
earliest  times.  In  the  reign  of  Edward  III.,  the  Vintners 
Company  was  incorporated  under  the  title  of  the  "  Wine 
Tonners,"  and  power  was  given  to  examine  wines  and 
liquor  offered  for  sale,  and  to  confiscate  any  adulterated 
samples.     They  could  also  place  the  sellers  in  the  pillory. 

In  the  time  of  Queen  Anne,  the  use  of  cocculus  indicus 
was  forbidden  in  brewing  beer,  and  further  legislation 
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■was  passed  in  1816,  1830,  and  1863.  The  Licensing  Act 
of  1873  is  the  present  law  on  the  subject,  and  the  penal- 
ties imposed  are  £20  for  the  first  offence,  and  £100  for 
the  second.  Tobacco  and  snuff  adulterations  are  men- 
tioned only  in  the  more  recent  Parliamentary  acts.  The 
laws  on  the  subject  were  passed  in  1843,  1863,  and  1868. 

The  adulteration  of  seeds  used  in  agriculture  has  been 
found  to  be  a  serious  injury  to  the  farmers  of  Great 
Britain,  and  by  the  act  of  1869,  the  killing*  or  dyeing  of 
seeds  is  punished  by  a  fine  of  £5  for  the  first  offence, 
and  £50  for  the  second,  together  with  the  publication  of 
the  offender's  name  at  the  discretion  of  the  j>istice.  The 
adulteration  of  drugs  is  prohibited  and  punished  by  the 
general  acts  of  1860,  1873,  and  1875,  but  there  have  been 
a  number  of  special  acts  relating  to  the  subject.  In  the 
city  of  London,  by  laws  passed  in  the  reigns  of  Henry 
VIII.  and  Queen  Mary,  power  was  given  to  the  College 
of  Physicians  to  searcli  for  defective  or  corrupted  drugs 
and  medicines,  and  to  punish  the  offenders  by  imprison- 
ment and  fines  not  to  exceed  £30.  This  power  still  be- 
longs to  the  College  of  Physicians,  but  has  not  been 
recently  exercised.  The  Pharmaceutical  Society  of  Great 
Britain,  founded  in  1841,  has  been  very  active  and  influ- 
ential in  securing  the  passage  of  the  recent  laws  relating 
to  drugs  and  their  enforcement. 

The  organization  of  the  British  Society  of  Public  An- 
alysts has  proved  to  be  a  decided  stimulus  to  the  work 
of  food  inspection.  This  society  was  established  in  1874 
and  its  work  as  a  society,  together  with  its  publications, 
has  aided  very  greatly  in  carrying  out  the  provisions 
of  the  Food  Acts  in  establishing  standards  of  purity  and 
in  formulating  definitions  of  adulteration. 

In  1896,  after  several  years'  experience  under  the  Food 
and  Drug  Acts  of  1875  and  later  years,  it  was  deemed 
necessary  to  make  certain  changes'  in  the  statutes,  and  a 
new  Parliamentary  inquiry  was  ordered.  The  committee 
having  charge  of  the  inquiry  reported  certain  recom- 
mendations to  the  Parliament,  and  after  discussion  an 
amended  act  was  passed  (63  and  63  Victoria,  chap.  51). 
One  of  the  chief  objects  of  this  act  was  to  secure  the 
agricultural  interests  of  the  country  against  the  fraudu- 
lent sale  of  oleomargarine. 

Section  1  of  this  act  provides  penalties  of  £30  to  £100 
if,  (a)  margarine  or  margarine  cheese  are  imported  into 
the  United  Kingdom,  except  in  packages  conspicuously 
marked  as  "  margarine  "  or  "  margarine  cheese  "  as  the 
case  may  require. 

(6)  If  adulterated  or  impoverished  butter,  or  adulterated 
or  impoverished  milk  or  cream,  is  so  imported,  except 
in  packages  or  cans  conspicuously  marked  with  a  name 
or  description  indicating  that  the  butter  or  milk  or  cream 
has  been  so  treated. 

(c)  If  condensed,  separated,  or  skimmed  milk,  except 
in  tins  or  other  receptacles  bearing  the  labels,  "Machine 
skimmed  milk  "  or  "  skimmed  milk  "  as  the  case  may  re- 
quire, in  large  and  legible  type,  or 

(d)  Any  adulterated  or  impoverished  article  of  food 
to  which  the  law  may  be  applied,  unless  the  same  is  im- 
ported in  packages  or  receptacles  conspicuously  marked 
with  a  name,  or  description  indicating  that  the  article 
has  been  so  treated. 

Under  this  act  an  article  is  deemed  to  be  adulterated  or 
impoverished  if  any  part  of  it  has  been  abstracted,  so  as 
to  affect  injuriously  its  quality,  substance,  or  nature. 
It  is  not  to  be  deemed  adulterated,  by  the  addition  of 
preservatives  or  coloring  matter  if  these  do  not  render  it 
injurious  to  health.  Prosecutions  are  to  be  undertaken 
by  the  Commissioners  of  Customs. 

By  Section  3,  the  officers  of  the  Local  Government 
Board  and  of  the  Board  of  Agriculture  are  empowered 
to  procure  samples  for  analysis.  Section  3  makes  it  the 
duty  of  local  authorities  to  appoint  public  analysts.  If 
the  local  authorities  neglect  their  duties  in  relation  to 
the  food  acts,  the  Local  Government  Board  is  authorized 


*  Tbig  term  "  killing  of  seeds  "  is  interpreted  in  the  British  Statutes 
(dhan  111  32  and  33  Victoria)  as  meaning  "to  destroy  by  artiflcial 
means  the  Vitality  or  germinating  power  of  such  seeds." 


to  enforce  the  law  and  to  charge  the  expenses  to  the  de- 
faulting local  authorities. 

Public  analysts  must  satisfy  the  board  of  their  com- 
petency. 

By  section  4,  the  Board  of  Agriculture  can  make  regu- 
lations concerning  the  standard  quality  of  milk  products. 

Sections  5-8  relate  to  the  sale  of  margarine  and  imita- 
tion cheese. 

Section  9.  Name  and  address  of  vendor  to  be  inscribed 
on  his  vehicle. 

Section  10.  Division  of  samples  taken  for  analysis. 

Section  11.  Receptacles  to  be  properly  labelled. 

Section  12.  Labels  to  be  legibly  printed. 

Section  16.  Provides  penalties  for  obstruction  and 
bribery. 

Section  19.  Proceedings  to  be  instituted  within  twenty- 
eight  days  after  sale. 

Section  33  and  34  apply  the  act  to  Scotland  and  Ireland. 
This  act  became  effective  January  1st,  1900. 

The  following  statement  from  the  Twenty-eighth  An- 
nual Report  of  the  Local  Government  Board  of  England 
for  1898-99,  shows  the  advantages  of  food  and  drug  in- 
spection in  England  and  Wales  since  the  begianing  of 
Operations  under  the  Pood  and  Drug  Acts  in  1876. 

The  total  number  of  analyses  of  food  and  drug  samples 
made  in  1898  was  49,555*  orabout  1,600  more  than  those 
of  the  previous  year.  The  increase  in  the  annual  amount 
of  work  performed  has  been  quite  constant  for  the  past 
twenty-two  years.  In  the  five  years  1877-81  the  average 
number  of  samples  examined  per  year  was  16,688  or  one 
to  every  1,520  of  the  population;  in  1882-86  it  rose  to 
21,773,  or  one  in  1,337;  in  1887-91,  it  was  26,846,  or  one 
in  1,060,  and  in  1898  it  was  49,555,  or  one  in  585.  In 
London  one  sample  was  examined  for  every  353  persons, 
and  in  the  provinces  one  for  every  659.  But  in  some 
quite  populous  districts,  the  provisions  of  the  acts  were 
imperfectly  carried  out,  and  in  commenting  upon  the 
neglect  of  the  authorities  in  these  districts  the  Board 
says:  "The  degree,  however,  in  which  the  acts  were 
utilized  was  by  no  means  uniform  in  different  districts. 
Within  the  jurisdiction  of  ten  County  Councils,  extend- 
ing over  an  aggregate  population  of  910,033,  only  180 
samples  were  analyzed,  or  one  sample  a  year  for  every 
5,056  persons;  and  in  sixteen  boroughs,  with  an  aggre- 
gate population  of  405, 339,  only  68  samples  were  analyzed, 
or  one  for  every  5,959  persons."  f 


Results  of  Examinations  made  in  England  and  Wales  by 
THE  PUBLIC  Analysts,  Ondek  the  Food  and  DRue  Acts, 
1877-1898. 
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Percentage  of  Adulteration. 

t'hara«ter  of 
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i 

1 

Five-year 
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1893- 
1896. 

1887- 
1891. 
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1886. 

1877- 
1881. 
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1,013 
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1,879 

584 
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2,011 

6 
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998 
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2.9 

3.9 

3.9 

.8 

3.1 

.1 

2.4 

.4 

12.4 

11.9 

5.0 

10.4 

1.4 

.0 

10.3 
9.6 
7.5 
5.5 

5.3 
.1 
.2 

.7 

2.4 

2.8 

15.1 

10.5 

7.1 

13.3 

.7 

io!8 
11.1 

3.9 
6.6 

3.3 
1.0 
.05 
3.6 
4.7 
6.9 
17.6 
13.3 
8.3 

13.2 
1.4 
3.0 
13.4 
14.8 
4.6 
9.3 

3.3 

7.5 

.1 

7.9 

4.7 

2.6 

18.5 

13.1 

7.5 

16.7 
3.4 
.5 
1T.9 
17.8 

14.5 

3.7 

4.4 
3.0 
23.3 
13.6 

31.1 

6.6 

2.5 

Butter 

Coffee 

13.9 
18.6 

1.3 

Mustard 

Confectionery, 

17.4 
2.8 

Wine 

14.2 

Beer 

5.4 

Spirits 

Drugs  

34.9 
23.0 

Other  articles  . . . 

Total 

49,555 

4,319 

8.7 

9.4 

10.6 

11.7 

13.9 

16.3 

*  The  Report  of  1899-1900  (p.  cxlv.)  shows  that  53,056  samples  were 
examined  in  1899,  of  which  9.4  per  cent,  were  adulterated,  and  in  1900 
62  8.58  samples  were  examined,  of  which  8.8  per  cent,  were  adulterated. 

+  Report  of  Local  Government  Board,  England,  1898-99. 
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In  the  foregoing  table  the  five-year  periods  show  a 
marljed  Improvement  if  we  compare  the  earlier  with  the 

'^The  comments  of  the  Local  Government  Board  show 
that  the  practice  of  milk  adulteration  in  the  cities  ot 
England  differs  but  little  from  that  which  prevails  in  the 
larle  cities  of  the  United  States.  The  accounts  of  prose- 
cutions which  fill  the  pages  of  the  British  Food  Journal 
confirm  the  same  statement.  . 

The  whole  number  of  samples  of  milk  examined  in 
England  in  1898  was  20,315,  or  about  two-fifths  of  all 
samples  of  food  examined.  Of  these  2,011,  or  9.9  per 
cent,,  proved  to  be  adulterated.  As  might  be  expected, 
the  samples  obtained  in  cities  were  much  more  adulte- 
rated than  those  procured  in  the  country  districts. 

In  London  the  percentage  of  adulterated  samples  was 
12.9.  In  Oldham,  Huddersfield,  Bradford,  Cardiff,  Sal- 
ford,  and  Manchester,  the  rate  of  milk  adulteration  was 
only  2,1  per  cent.,  while  in  six  other  cities,  Liverpool, 
Birmingham,  West  Ham,  Sunderland,  Portsmouth,  and 
Nottingham,  it  was  as  high  as  20.3  per  cent. 

The  Board  says  in  regard  to  milk:  "It  is  difficult  to 
account  for  the  great  disparity  between  the  rates  of  milk 
adulteration  in  these  groups  of  towns,  but  part  of  it  is 
probably  due  to  differences  in  the  methods  of  procedure 
adopted  by  the  analysts.  In  certain  towns  every  sample 
of  milk  submitted  to  the  analyst  is  examined  for  the 
presence  of  boric  acid,  formalin,  or  other  preservative, 
and  the  sample  is  condemned  if  only  a  small  percentage 
of  the  preservative  is  discovered.  In  such  cases  the  rate 
of  milk  adulteration  appears  to  be  relatively  high,  when 
compared  with  that  of  other  districts  in  which  the  pres- 
ence of  preservatives  is  not  regarded  as  of  itself  render- 
ing the  sample  of  milk  liable  to  condemnation.  Some 
analysts  pass  as  genuine  all  samples,  equal  in  quality  to 
the  poorest  milk  yielded  by  an  individual  cow,  and  some 
condemn  only  those  respecting  which  there  is  a  reasonable 
probability  that  legal  proceedings,  if  instituted,  will  be 
successful.  Others,  again,  hold  it  to  be  their  duty  to  re- 
port unfavorably  on  every  sample  which  fails  to  reach 
a  somewhat  high  standard.  We  understand,  also,  that 
in  certain  districts  it  is  the  practice  to  test  samples  of 
milk  with  a  lactometer  or  other  similar  instrument,  and 
that  only  those  that  are  suspected  of  adulteration  are 
transmitted  to  the  analyst  for  chemical  analysis. 

Occasionally  some  instances  of  gross  adulteration  of 
milk  are  brought  to  light.  One  sample  taken  in  Sheffield 
was  reported  by  the  analyst  to  contain  as  much  as  85  per 
cent,  of  added  water.  In  another  case  a  man  trading  in 
several  towns  in  the  south  of  England  under  the  name  of 
the  "  Farmers'  Direct  Milk  Supply  Company  "  admitted 
at  his  trial  at  Southampton,  that  for  many  months  he 
had  daily  and  systematically  adulterated,  by  the  addition 
of  one-fifth  of  separated  milk,  the  whole  of  the  milk  sent 
by  him  for  retail  sale  to  Southampton  and  Bournemouth." 
We  have  received  a  large  number  of  representations  as 
to  the  injurious  effects  upon,  infants  likely  to  foUowupon 
the  consumption  of  condensed  separated  milk,  which  is 
almost  entirely  devoid  of  fat,  and  therefore  contains  but 
little  (if  any)  nutriment.*  It  is  stated  that  it  is  necessary 
to  consume  the  contents  of  at  least  ten  half-pound  tins 
of  condensed  separated  milk  in  order  to  obtain  the  nutri- 
ment yielded  by  a  pint  of  good  new  milk.  It  is  satisfac- 
tory to  note  that  some  local  authorities  have  taken  steps 
to  make  known  throughout  their  districts  that  it  is  dan- 
gerous to  use  condensed  separated  milk  for  the  feeding 
of  infants. 

Two-thirds  of  the  samples  of  butter  submitted  by 
private  pui-chasers  and  55  per  cent,  of  those  submitted 
by  agricultural  societies  were  condemned.  If  we  ex- 
clude the  samples  taken  on  behalf  of  these  associations 
and  by  private  purchasers,  the  rate  of  butter  adulteration 
in  London  is  found  to  be  14.2  per  cent. ;  in  the  32  great 
towns  13.9,  and  in  the  remainder  of  the  countrv  onlv  44 
per  cent.  •'     ' 


*The  insertion  of  tliese  words   ("if  any")  Is  a  manifest  error 
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Of  the  1,879  samples  of  coffee  examined  10  per  cent, 
were  condemned.  As  usual,  many  samples  were  reported 
to  contain  large  quantities  of  chicory.  In  one  ease  in 
Cheshire  a  sample  was  found  to  contain  sugar.  The  an- 
alyst states  that  "  this  was  probably  due  to  the  practice 
of  roasting  coffee  with  a  certain  proportion  of  sugar, 
which  will  increase  the  weight  of  the  coffee  from  5  to  10 
per  cent.  This  admixture  is  so  skilfully  done  that  each 
berry  is  coated  with  sugar,  and  any  one  buying  his  coffee 
in  the  berry  would  think  he  was  obtaining  it  pure. 
Some  may  say  this  is  an  innocent  adulteration,  but  it  is 
at  the  same  time  a  most  profitable  one,  for  the  sugar, 
which  is  not  much  more  than  one  penny  a  pound,  is  sold 
at  the  rate  of  a  shilling  or  more. " 

Seventeen  of  the  584  samples  of  sugar  were  reported 
against,  and  12  fines,  amounting  to  £11 15s.,  were  imposed. 

Of  575  samples  of  mustard  examined,  80  were  con- 
demned, and  six  small  fines  were  inflicted. 

Pour  hundred  and  eighty-eight  samples  of  confection- 
ery and  jam  were  analyzed,  and  14  were  found  to  be 
adulterated,  there  being  one  conviction. 

Thirteen  samples  of  pepper  out  of  1,566  taken  were 
reported  against,  and  the  vendors  of  three  of  them  were 
fined. 

Of  the  1,431  samples  of  lard  analyzed,  all  but  3  were 
found  to  be  genuine.  This  is  in  striking  contrast  to  the 
figures  of  1888,  when  cotton-seed  oil  was  extensively  used 
to  adulterate  lard,  and  299  samples  out  of  1,782  were 
condemned. 

Eighty-four  samples  of  wine  were  examined,  and  2 
were  found  to  be  adulterated. 

Of  356  samples  of  beer,  1  was  reported  against  on 
account  of  the  presence  of  over  100  grains  of  salt  per 
gallon.  Apart  from  the  presence  in  beer  of  salt  in  ex- 
cess, it  is  difficult  for  analysts  to  pronounce  beer  to  be 
adulterated,  as  under  the  present  law  beer  may  be  manu- 
factured by  brewing  any  substitute  for  malt  with  any 
substitute  for  hops. 

The  percentage  of  adulteration  of  spirits  is  again 
higher  than  that  of  any  other  article  specifically  men- 
tioned in  the  table. 

There  were  1,641  samples  of  drugs  examined,  of  which 
196,  or  nearly  13  per  cent.,  were  found  to  be  adulterated 
In  only  93  of  these  cases  were  legal  proceedings  taken 
There  were  79  penalties,  amounting  in  all  to  £58  Os.  6d 
There  were  39  samples  of  sweet  spirits  of  nitre  adulte 
rated,  out  of  173  examined;  of  Gregor3''s  powders  25  out 
of  75 ;  of  sulphur  15  out  of  83 ;  of  rhubarb  15  out  of  186 
of  lime  water  13  out  of  40 ;  of  magnesia  11  out  of  44 ;  and 
8  out  of  25  prescriptions  were  improperly  or  carelessly 
compounded.  There  were  also  8  samples  of  wax  con- 
demned out  of  30  analyzed ;  9  out  of  84  of  cream  of  tar- 
tar ;  and  9  out  of  43  samples  of  seidlitz  powders. 

Out  of  the  2,011  samples  of  milk  reported  as  adulte- 
rated in  1898, 1,205  were  the  subjects  of  legal  proceedings. 
In  986,  fines  were  imposed  amounting  to  £1,652  (about 
$8,250). 

The  use  of  poisonous  pigments  in  England,  as  else- 
where, appears  to  have  nearly  or  quite  disappeared 
under  the  protection  of  the  Pood  and  Drug  laws. 

France. — In  Prance,  as  early  as  the  year  1396,  there 
was  an  ordinance  of  the  city  of  Paris  forbidding  the 
coloring  of  butter  with  herbs,  flowers,  or  drugs,  and 
there  were  laws,  dating  from  about  the  same  time, 
regulating  the  purity  of  bread,  wine,  and  other  food 
products.  In  1802  the  Conseil  de  Salubrite  was  estab- 
lished at  Paris  and  this  was  followed  hy  the  organization 
of  various  health  boards  to  whom  the  French  are  now 
mainly  indebted  for  their  present  immunity  from  food 
adulteration. 

In  Fiunce,  at  the  present  time,  there  is  a  law  establish- 
ing laboratories  in  the  principal  cities  for  the  analysis  of 
articles  bought  by  private  persons,  or  secured  by  duly 
appointed  inspectors,  who  have  power  to  punish  offend- 
ers. The  officials  provided  for  the  laboratory  work  and 
the  inspection  of  the  markets  and  stores  are  a  director, 
inspectors,  and  chemists.  In  connection  with  the  labor- 
atories there  are  elaborate  photographic  apparatus  pro- 
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vided,  so  that  juries  can  judge  by  ocular  demonstration 
of  many  forms  of  adulteration, 

PariK. — The  work  of  examining  the  food  supply  of 
Paris  has  lieeu  conducted  at  tlio  Municipal  Laboratory, 
on  the  north  bank  of  the  Seine,  during  the  past  twenty 
years.  Prof.  C.  Girard  is  the  chief  chemist  in  charge. 
Two  printed  reports  of  this  laboratory  have  been  pub- 
lished, dated  1883  and  1885.  A  monthly  bulletin  is  also 
published  detailing  the  work  of  the  laboratory  during 
each  month. 

By  decision  of  the  Municipal  Council  gratuitous  quali- 
tative analyses  are  made  at  this  laboratory  of  such  articles 
of  food  and  drink  as  are  deposited  at  the  laboratory  for 
this  purpose.  The  greater  part  of  the  articles  examined 
is  collected  by  inspectors  authorized  to  visit  shops  and 
markets  where  food  is  sold,  for  the  purpose  of  making 
collection  of  such  samples.  These  inspectors  also  have 
authority  to  destroy  unsound  food.  Their  collections 
are  generally  made  from  such  kinds  of  food  preparations 
as  aie  suspected  of  adulteration  or  are  especially  liable 
to  this  species  of  fraud.  Hence  the  monthly  bulletins 
issued  from  the  laboratory  do  not  represent  the  actual 
condition  of  the  markets,  since  many  articles  of  food  are 
not  liable  to  adulteration.  The  number  of  articles  ex- 
amined in  each  year  amounts  at  present  to  more  than 
35,000  annually.  The  scope  of  the  analyses  embraces 
several  articles  in  common  use  besides  food,  such  as 
children's  toys,  wall-paper,  cooking  utensils,  preparations 
used  in  embalming,  coloring  matter,  cosmetics,  and  illu- 
minating oils. 

The  following  condensed  statement,  compiled  from  the 
monthly  bulletins  for  the  year  ending  March  31st,  1900, 
will  give  a  fair  illustration  of  the  work  accomplished  in 
Paris  during  that  period:  Number  of  visits  made  to  mar- 
kets and  shops,  53,437. 

Under  the  present  classification  articles  are  divided  into 
three  groups,  good,  passable,  and  bad. 

The  total  number  of  articles  collected  for  examination 
by  the  inspectore  or  collectors  of  samples  was  36,583;  of 
this  number  48.8  per  cent,  were  classed  as  good,  25.8  per 
cent,  as  passable,  and  26  per  cent,  as  bad. 

There  were  also  969  samples  for  which  a  fee  was  paid 
for  analysis,  and  344  samples  were  deposited  at  the 
laboratory  by  citizens  for  gratuitous  examination. 

Classification  of  Work  of  Municipal  Laboratory  of  Paris 
FOR  THE  Year  Ending  March  31st,  1900. 


Articles  examined 

Wines 

Vinegar 

Beer 

Older 

Spirits 

Syrups 

Water  and  ice 

Milk 

Butter  and  cheese 

Lard '. 

Oils  used  as  food 

Bread  and  cake 

Flour 

Sugar  and  confectionery  . . . 

Preserves  and  honey 

Chocolate  and  cocoa 

Coffee  and  tea 

Meat 

Pepper  andsplces 

Tinware  and  crockery 

Toys  and  colors' 

Petroleum 

Fireworks 

Drugs 

Embalming  material 

Miscellaneous 


Good. 

Passable. 

1,408 

3,428 

62 

66 

464 

198 

43 

43 

402 

970 

339 

8 

749 

250 

1,360 

1,.388 

2,036 

246 

113 

25 

107 

12 

591 

.58 

918 

U8 

731 

88 

78 

7 

240 

33 

972 

60 

715 

37 

873 

4 

186 

10 

68 

3 

301 

10 

"47 

7 

5 

400 

115 

Bad. 


2,520 
45 
137 
156 
249 
218 
319 
1,698 
231 
50 
75 
158 
96 
273 
171 
133 
29 
237 
98 
118 
21 
20 
37 
14 

109 


The  principal  adulterations  found  in  the  articles  named 
in  this  list  were  the  following : 

Wines  were  either  watered,  fortified,  sugared,  plastered, 
or  treated  with  salicylic  and  boric  acids  as  preservatives. 
Beer  was  watered,  or  treated  with  glucose,  sugar,  and 
other  materials.  Cider  was  colored  and  treated  with 
sugar  or  tartaric  acid.     Spirits  were  either  watered  or 


fortiH«-d  by  the  addition  of  alcohol.  Syrups  contained 
glucose  and  artificial  coloring  matter.  Water  contained 
an  excess  of  mineral  and  organic  matter  and  in  one 
sample  lead  was  found.  Milk  was  watered,  skimmed, 
colored,  or  treated  with  preservatives,  including  formalin. 
Butter  contained  margarine,  boric  acid,  and  an  excess  of 
water.  Lard  was  adulterated  with  cheaper  fats  and  cot- 
ton-seed oil.  Olive  oil  was  adulterated  with  cheaper 
oils.  Bread  and  flour  were  found  to  contain  cheaper  flour 
or  meal  than  was  called  for.  Sugar  and  confectionery 
contained  glucose.  Honey  and  preserves  were  adulte- 
rated with  glucose  and  coloring  matter.  Meat  was 
treated  with  salicylic  and  boric  acids.  Tin  and  earthen- 
ware contained  lead.  Pepper  and  spices  contained  starch, 
ground  olive  stones,  nutshells  and  other  foreign  matter. 
Toys  were  colored  with  forbidden  colors.  Illuminating 
oil  ignited  at  a  lower  temperature  than  85°  C.  (95°  F.), 
Drugs  were  found  to  be  below  the  required  standard. 

In  the  recent  years  of  work,  bacteriological  examina- 
tions were  made  in  addition  to  chemical  analysis  of  cer- 
tain articles  as  follows.  In  the  past  year:  Of  wine,  380 
samples,  of  milk  44  samples,  of  water  and  ice  1,849 
samples,  and  of  cider  8  samples.  Of  the  water  838 
samples  were  pronounced  good,  651  passable,  and  330 
contained  pathogenic  germs  and  were  condemned. 

Germany, — In  Germany  there  were  enacted  at  a  very 
early  date  laws  inflicting  severe  penalties  for  selling 
adulterated  bread,  drugs,  or  wine.  "  In  the  fifteenth  cen- 
tury, at  Bieberich  on  the  Rhine,  a  wine  adulterator  was 
forced  to  drink  six  quarts  of  his  own  stock  and  it  is  re- 
corded with  due  gravity  that  the  test  resulted  fatally  " 
(Battei'shall,  "Food  Adulteration,"  p.  3).  The  statutes 
now  in  force  were  passed  quite  recently — one  in  1872, 
regulating  the  sale  of  drugs,  and  another  in  1879,  relat- 
ing to  food.  By  the  law  of  1873,  the  German  Pharma- 
copoeia was  made  the  standard  of  purity.  In  1878, 
331,478  samples  of  food,  drink,  drugs,  etc.,  were  ex- 
amined, and  there  were  3,353  convictions  for  violations 
of  the  law.  The  penalties  are  fines  or  imprisonment, 
and  it  is  not  necessary  to  prove  that  the  seller  was  aware 
of  the  adulteration.  The  following  general  laws  relating 
to  food  inspection  are  in  force. 

By  a  law  enacted  in  1879  police  officers  are  authorized 
to  enter  shops  where  food  is  offered  for  sale  and  to  take 
samples. 

Imitation  or  adulteration  of  food  and  stimulants  with 
a  view  to  deception,  the  sale  of  putrid,  falsified,  or 
adulterated  food  and  stimulants,  and  offering  them  for 
sale  under  a  descilption  calculated  to  deceive  the  pur- 
chaser, are  forbidden.  The  manufacture,  sale,  or  traffic 
in  food  stimulants  and  other  necessaries,  whose  con- 
sumption or  use  is  injurious  or  may  destroy  health,  is 
forbidden  by  heavy  penalties  (in  some  cases  by  im- 
prisonment). 

The  application  of  these  general  principles  is  further 
facilitated  by  the  following  special  enactments  with  ref- 
erence to  particular  necessaries  of  life. 

1.  Petroleum,  which  parts  with  inflammable  vapor  at 
a  lower  temperature  than  60°  F.  must  be  kept  in  vessels 
bearing  the  inscription  "  inflammable  "  in  large  indelible 
letters  in  a  prominent  position. 

3.  Eating,  driuking,  and  cooking  utensils  must  not  be 
made  of  lead,  or  of  any  alloy  containing  more  than  ten 
per  cent,  of  lead,  they  must  not  be  coated  internally  with 
any  metallic  alloy  containing  more  than  one  per  cent,  of 
lead.  The  latter  regulation  applies  to  all  objects  which 
come  in  direct  contact  with  the  mouth,  or  are  used  for 
preserving  meat,  fruit,  spirits,  etc.  These  precautions 
are  for  the  prevention  of  lead  poisoning. 

3.  No  coloring  agents  can  be  used  in  the  manufacture 
of  food  or  stimulants,  which  contain  any  of  the  following 
substances:  arsenic,  antimony,  barium,  lead,  cadmium, 
chromium,  copper,  mercury,  uranium,  zinc,  tin,  gam- 
boge, coralline,  or  picric  acid.  Such  colors  cannot  be 
used  in  the  wrappings  of  provisions,  in  making  soap,^  or 
other  preparations  for  the  skin  or  hair,  in  manufacturing 
toys,  etc.  In  particular,  the  use  of  arsenical  coloring  is 
strictly  forbidden  in  the  manufacture  of  carpets,  curtains, 
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wall-papers,  paints,  furniture,  artificial  flowers,  clothes, 
type,  etc.,  etc.  „    ,  . , ,  i 

4  The  sale  of  imitations  of  butter  is  forbidden,  unless 
they  are  distinctly  labelled  and  sold  as  margarine,  etc. 

5  By  a  law  of  February  1st,  1891,  the  use  of  machines 
for  the  manufacture  of  artificial  coffee  berries  is  forbidden . 

6.  By  a  law  of  April  29th,  1893,  the  addition  of  a  num- 
ber of  specified  harmful  substances  to  wine  is  forbidden 
Definite  limits  are  also  laid  down  relative  to  tlie  use  of 
other  adulterations  of  wine. 

Hamburg.— Dn.  Dunbar  and  Farnsteiner  report  upon 
the  inspection  of  food  and  drinks  in  Hamburg  {Kev. 
des  Falsifications,  vol.  xii.,  p.  111).  Of  medicinal  wines, 
23  out  of  103  samples  were  condemned  either  for  the 
addition  of  sugar,  or  salicylic  acid,  or  other  impurities ; 
11  out  of  81  sweet  wines  were  condemned  for  similar 
causes.  Also  27  out  of  313  German  wines,  13  of  which 
contained  too  little  extractive  matter,  3  out  of  33  samples 
of  beer  were  condemned ;  3  out  of  20  samples  of  vinegar ; 
21  out  of  56  specimens  of  sausage  and  hashed  meat  were 
condemned  on  account  of  ai'tiflcial  color  and  excess  of 
sulphurous  acid. 

Dresden.— Dr.  Heinze,  of  Dresden,  reports  upon  the  ex- 
amination of  1,781  samples  of  food  made  during  1898 
(Revm  Internationale  des  Falsifications,  vol.  xiii.,  April, 
1900,  p.  37).  Of  this  number  590,  or  33  per  cent.,  were 
condemned.  Of  170  specimens  of  butter,  sold  as  such, 
only  4  proved  to  be  margarine.  Out  of  69  samples  of 
vinegar,  35  were  of  inferior  strength.  One  hundred 
samples  of  sausage  were  examined  and  58  were  artificially 
colored.  Three  contained  boric  acid  in  small  quantity. 
Of  369  samples  of  spices,  37  were  condemned. 

Three  hundred  and  forty -one  samples  of  milk  were  ex- 
amined, and  267,  or  77.7  per  cent.,  were  condemned  as 
adulterated. 

The  high  percentage  of  adulteration  in  some  of  the 
foregoing  articles  is  accounted  for  by  the  fact  that  the 
police  authorities  charged  with  their  collection  were  also 
instructed  in  the  methods  of  making  rough  tests  of  purity, 
so  that  they  were  enabled  to  select  for  final  examination 
an  unusually  large  number  of  adulterated  articles. 

The  chemist  also  reports  upon  72  samples  of  children's 
toys,  whistles,  musical  instruments,  tin  preserving  cans, 
covers  of  beer  mugs,  etc.,  which  were  examined  for  lead, 
and  of  this  number  49  were  condemned. 

Altona. — Dr.  Reinsch,  director  of  the  Municipal  Labora- 
tory of  Altona,  reports  upon  the  work  of  the  year  ended 
March  31st,  1899  (Eenie  Internationale  des  Falsifications, 
vol.  xii.,  December,  1899,  p.  179);  2,612  specimens  were 
examined,  of  which  950  where  articles  of  food  and  cook- 
ing utensils,  360  were  samples  of  the  public  water  sup- 
ply, 965  were  of  the  city  gas  supply. 

One  hundred  and  forty-three  of  the  food  samples,  or 
15  per  cent.,  were  condemned  as  adulterated  or  injurious 
to  health. 

Twenty-four  out  of  187  specimens  of  butter,  or  13.8 
per  cent.,  contained  more  than  16  per  cent,  of  water. 
Pines  were  imposed  from  20  to  150  marks. 

Of  348  samples  of  milk,  77  were  adulterated  either  by 
skimming  or  watering. 

Breslau.— 1:^0.6  report  of  the  oflficial  chemist  of  Breslau 
for  1898-99  embraced  a  wide  field  of  objects.  The  prin- 
cipal articles  examined  were:  butter,  326  samples  28 
adulterated ;  milk  341  samples,  12  adulterated ;  sausage 
93  samples,  3  adulterated.  The  general  ratio  of  adultera- 
tion reported  was  very  small. 

One  hundred  samples  of  vinegar  were  examined  and 
the  acetic  acid  varied  from  1.4  to  5,8  per  cent 

The  samples  of  milk  varied  in  their  fat  contents  from 
a  minimum  of  3.40  to  a  maximum  of  11  2  per  cent 
Ihirteen  samples  contained  over  6  per  cent,  of  fat  in 
each.  Ihe  total  solids  in  the  lowest  sample  were  6  58 
per  cent.,  mdkjating  an  addition  of  45  per  cent,  of  water 

Three  hundred  examinations  of  illuminating  gas  were 
made  on  as  many  working  days  during  the  year 

Other  examinations  were  also  made  of  beer  measures 
ITTt^^         lamp-shades  containing  arsenic,  children's 
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Holland. — Dr.  Lam,  commercial  chemist  at  Rotter- 
dam, reports  upon  the  work  of  inspection  for  the  year 
1898  (Revue  des  Falsifications,  vol.  xii.,  p.  128). 

The  whole  number  of  examinations  was  5,438,  of  which 
548,  or  10.1  per  cent.,  were  condemned,  the  principal 
adulterations  being  as  follows:  Milk,  3,943  samples,  169 
adulterated.  Spices,  147  samples,  54  adulterated.  Cof- 
fee and  tea,  51  samples,  all  genuine.  Cocoa,  43  samples, 
32  adulterated.     Vinegar,  500  samples,  143  adulterated. 

AusTKiA-HuNGART. — Dr.  M.  Mansfeld,  director  of  the 
Laboratory  at  Vienna,  reports  upon  the  food  preparations 
collected  during  the  year  ending  August  31st,  1899. 

The  whole  number  of  samples  examined  was  1,038,  of 
which  349,  or  34  per  cent.,  were  condemned  as  adulte- 
rated, or  injurious  to  health.  Of  8  samples  of  beer,  3 
were  adulterated ;  of  42  samples  of  strong  spirits,  13  were 
adulterated.  Of  butter,  23  out  of  76  specimens  were 
adulterated.  Of  cocoa,  15  out  of  50  specimens  were  adul- 
terated. 

Several  substances  sold  as  preservatives  were  examined 
and  found  to  contain  salicylic  and  boric  acids  and  formalin. 
An  American  sausage  was  found  to  contain  boric  acid ; 
one  specimen  was  colored  with  carmine.  Of  39  samples 
of  spices  31  were  falsified.  Pepper  contained  starch, 
ground  olive  stones,  sago,  and  nutshells.  Two  samples 
of  honey  were  adulterated  with  glue.  Several  coffee 
substitutes  were  examined  and  found  to  contain  starch, 
phicorj',  barley,  turnip,  and  figs.  Five  samples  of  lard 
out  of  18  contained  other  fats  and  cotton-seed  oil.  Of 
wine,  63  specimens  out  of  175  were  adulterated  with 
glycerin,  alcohol,  sugar,  plaster,  and  artificial  coloring 
matter.* 

SwiTZEKLAND. — lu  Switzerland  the  work  of  examin- 
ing articles  of  food  and  drink  is  well  organized  by  the 
appointment  of  a  competent  chemist  in  each  canton, 
whose  duties  embrace  the  analysis  of  all  articles  in  do- 
mestic use,  where  a  chemical  analj^sis  may  be  required. 

St.  Gall. — Dr.  Ambilhl,  canton  chemist  of  St.  Gall, 
reports  upon  3,954  samples  of  food  examined  in  1898,  of 
which  754  or  19.1  percent,  were  condemned  (lieriie Inter- 
nationale des  Falsifications,  vol.  xii.,  1899,  p.  153). 

Of  1,940  specimens  of  milk,  93  were  condemned.  Of 
134  samples  of  butter,  40  were  condemned.  The  addition 
of  flour  to  sausages  has  nearly  ceased.  Out  of  37  samples 
of  American  dried  fruits,  15  contained  zinc.  Out  of  775 
samples  of  wine  2'A  were  condemned,  being  either  diluted, 
fraudulently  marked,  or  otherwise  adulterated.  The  use 
of  lead  in  the  manufacture  of  cooking  utensils  was  pro- 
hibited in  this  canton  as  early  as  1808. 

Basel. — The  chemist  of  canton  Basel  reported  as  fol- 
lows for  the  year  1899  f: 

Whole  number  of  examinations  made,  5,469.  Number 
adulterated,  or  of  bad  quality,  411.     The  list  is  as  follows: 


Articles  examined. 

Total. 

Adulterated. 

Beer 

19 

5 

388 

13 

350 

I 

4 

255 

4 

64 

3 

4 

162 

62 

20 

41 

3 

204 

9 

75 

., 

Butter 

45 

Cocoa  and  chocolate 

6 

Vinegar 

63 

1 

6 

Fruits 

Fodder  for  animals 

3 
1 

Spices .' 

4 

7 

Coltee 

4 

Meal 

Milk 

95 

Lard  and  other  fats 

11 

Oils 

7 

*  "  Falsifications  observees  en  Autrlche-Hongrie."  Extrait  du  Rap- 
port, par  M.  ]e  Dr.  M.  Mansfeld,  Directeur  de  la  Laboratoire  a  Vienne. 
Revue  Internationale  des  Falsifications,  February,  1900,  p.  3. 

+  "  VerwaltunKsberioht  des  Sanitats-Departments  ilber  das  Jahr 
1899,"  Baselstadt,  1900. 
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Articles  examined. 

Total. 

Adulterated. 

Toys 

Spirits 

1 

15 
285 
493 
59 
28 

Water 

Wine 

Ill 

20 

Sugar 

Examinations  for  poisons 

Fines  were^  imposed  in  143  instances,  chiefly  for  adul- 
teration of  milk,  wine,  sausages,  vinegar,  and'  butter. 

Berne.— 'Dr.  Schaffer,  canton  chemist  of  Berne,  Switzer- 
land, reported  upon  the  following  articles  in  1900,  from 
which  it  appears  that  the  scope  of  the  canton  chemist's 
authority  extends  to  other  articles  in  domestic  use  as  well 
as  to  food  and  drugs. 


1900. 

Number 
examined. 

Number  found 
adulterated. 

Beer 

8 
128 

9 
31 

i 

9 
15 

3 
19 
21 

4 
204 

3 

a 

3 

520 
31 

407 
2 
6 

14 

27 

12 

160 

1 

45 
3 
5 
0 
4 
4 
1 

10 
2 
1 

79 
0 
0 
2 

68 

Brandy  and  spirits 

Butter 

Meats 

Cereals 

Honey 

Coffee  and  tea 

Clieese 

Milk 

Pepper  

Cloves 

Water 

Wine 

145 

3 

Sugar 

1 

Proprietary  medicines . . 

5 

Examinations  for  poisons 

12 

Syrups 

Articles  of  household  use 

3 
36 

In  addition  to  the  foregoing  the  chemist  reports  upon 
several  proprietary  articles,  paints,  metals,  chemicals, 
clothing,  wall-paper,  coal  and  coal-oil  soap,  and  washing- 
powders,  compressed  yeast,  insect-powders,  fire-extin- 
guishers, ice  machines,  etc.* 

United  States. 

In  this  country  most  of  the  States  have  laws  prohibit- 
ing adulteration  in  general,  or  special  forms  of  it,  and 
many  of  the  larger  cities  have,  in  addition,  municipal 
regulations  to  prevent  the  sale  of  harmful  products.  In 
the  summary  of  food  acts  presented  in  the  third  volume 
of  the  Reference  Handbook  by  Mr.  Riley,  in  1886,  it 
was  stated  that  there  were  four  States  in  which  no  legisla- 
tion had  been  enacted  in  regard  to  food.  In  a  later  sum- 
mary presented  by  Dr.  C.  V.  Chapin,  in  his  work  on 
"  Municipal  Hygiene  "  (1901),  it  appears  that  every  State 
has  enacted  legislation  upon  the  subject,  although  in 
several  instances  this  legislation  had  reference  to  special 
articles  of  food  and  in  some  cases  to  such  as  were  of  com- 
paratively little  importance.  In  some  of  the  States, 
public  sentiment  has  not  been  aroused  so  as  to  secure  a 
thorough  enforcement  of  the  laws,  or  else  adequate  ap- 
propriations have  not  been  made  for  the  proper  perform- 
ance of  the  preliminary  work  of  analysis.  As  a  result, 
the  effects  accomplished  by  legal  methods  have  not  been 
so  satisfactory  as  could  be  desired.  The  condition  of 
affairs  is,  however,  steadily  improving,  the  people  are 
coming  to  see  the  great  need  for  rigorous  enforcement  of 
the  laws,  and  experience  has  shown  in  what  directions 
the  legislation  already  had,  has  proved  defective. 

*  "  Berlcht  uber  die  Thatigkelt  des  kantonalen  chemlschen  Labora- 
toriums  in  Bern  Im  Jahr  1900,"  Bern,  1901. 


Congress  has  passed  no  genei-al  law  concerning  adulte- 
ration of  food  and  drugs,  and  such  would  not  be  greatly 
needed,  except  as  regards  the  importation  of  adulterated 
articles,  if  all  the  separate  States  had  adequate  la^vs  on 
the  subject.     A  bill  preimred  under  the  auspices  of  the 
National  Board  of  Trade  was  presented  to  Congress  in 
1880,  but  failed  to  be  enacted.     As  early  as  1848  Con- 
gress passed  an  act  to  jn'event  the  importation  of  adulte- 
rated and  inferior  drugs  and  chemicals,  and  examiners 
were  appointed.     This  law  seems  to  have  been  much 
needc<l,  for  at  New  York  alone,  in  nine  years  from  1848 
to_1857,  over  900,000  pounds  of  adulterated  drugs  were 
seized.     For  some  time  past  the  law  does  not  seem  to 
have  been  enforced,  and  the  examiners  have  not  made 
reports  to  the  Treasury  Department.     No  rules  have  been 
adopted  to  secure  the  systematic  prosecution  of  the  work. 
Soon  after  the  passage  of  the  English  Adulteration  Act 
of  1875,  a  general  interest  in  the  subject  was  awakened 
in  the  United  States,  and  legislation  soon  resulted.     The 
way  for  this  had  largely  been  paved  by  the  previous  ex- 
amination of  adulterations  of  food  by  the  State  boards 
of  health  of  some  of  the  States,  such  as  Massachusetts 
and  Michigan.     The  lead  in  this  agitation  was  taken  by 
the  Sanitary  Engineer,  a  paper  published  in  New  York 
City,  and  through  its  efforts  three  prizes  were  offered  for 
the  best  essays  on  the  general  subject  of  adulteration  of 
food,  accompanied  by  drafts  of  a  law.     This  competition 
was  established  in  1879,  and  in  October,  1880,  a  report 
was  made  by  a  committee  consisting  of  Dr.  John  S.  Bill- 
ings, U.  S.  A. ;  ex-chancellor  Williamson,  of  New  Jersey; 
Prof.   Charles  P.   Chandler,  of  New  York,   and  A.  H. 
Hardy,  Esq.,    of  Boston,   awarding  the  first  prize  to 
George  W.  Wigner,  of  London,  one  of  the  English  public 
analysts.     The  law  framed  by  the  committee  was  sub- 
mitted to  the  legislatures  in  several  of  the  States,  and  in 
its  material  parts  became  a  law  in  New  York  and  New 
Jersey  in  1881,  in  Massachusetts  in  1882,  and  still  later 
in  Ohio,  Connecticut,  California,  District  of  Columbia, 
Illinois,  Indiana,  Kansas,  Kentucky,  Michigan,  Missis- 
sippi, North  Carolina,  Oregon,  Pennsylvania,  Tennessee, 
and  Wisconsin. 

The  committee,  in  making  their  report,  stated  that  the 
investigation  showed  that  the  adulterations  practised 
were  not  so  injurious  to  health  as  had  been  claimed,  and 
that  legislation  was  needed  more  for  commercial  than 
sanitary  reasons.  At  nearly  every  session  since  the  50th 
Congress,  a  bill  for  the  prevention  of  food  and  drug 
adulteration  has  been  favorably  considered,  but  has  not 
yet  reached  the  stage  of  enactment.  In  1893  Senator  A. 
S.  Paddock,  of  Nebraska,  introduced  a  bill  intended  to 
prevent  adulteration  of  food,  but  the  bill  was  defeated, 
as  would  appear  from  the  published  debate  upon  it,  by 
the  vigorous  efforts  of  certain  Senators,  who  represented 
States  in  which  the  production  of  cotton-seed  oil  was 
largely  conducted.  A  more  recent  bill  known  as  the 
Brosius  bill  appears  to  have  a  fair  prospect  of  becoming 
a  law  (June,  1900).  This  bill  (H.  R.  9677,  56th  Congress, 
1st  session)  provides: 

Section  1.  That  the  Secretary  of  Agriculture  shall 
organize  the  Chemical  Division  of  such  Department  into 
a  bureau  of  chemistry,  which  is  charged  with  the  inspec- 
tion of  food  and  drug  products  and  the  analysis  thereof. 
He  is  to  publish  the  results  of  examinations  and  analyses. 
This  Department  is  fully  equipped,  both  in  experienced 
men  and  in  laboratory  arrangements  to  carry  out  the  work 
designed  in  this  bill,  more  economically  and  thoroughly 
than  any  other  branch  of  the  Government. 

Section  2.  By  this  section  adulteration  or  false  hand- 
ling of  food  and  drugs  is  prohibited,  and  penalties  are 
provided  for  violation  of  the  law. 

Section  3  provides  for  the  examination  of  samples  of 
food  and  drugs  offered  for  sale  in  original  packages  in 
the  District  of  Columbia,  or  in  the  Territories,  or  in  any 
State  other  than  that  in  which  the  same  shall  have  been 
manufactured  or  produced. 
Section  4  defines  the  duty  of  the  district  attorney. 
Sections  5  and  6  contain  the  definitions  which  are  prac- 
tically the  same  as  those  which  have  existed  for  several 
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years  iu  New  York,  Massachusetts,  New  Jersey,  and 

other  States.  ^    ,,      -u      a    r 

Section  7  provides  for  the  establishment  ot  a  boara  ol 
experts  to  fix  standards  of  food  products.  The  secretary 
of  the  Board  of  Agriculture  being  authorized  to  fix  such 
standards,  Avith  the  advice  of  experts. 

Sections  8  and  9  refer  to  the  method  of  taking  samples. 

By  section  10,  the  bill  is  not  to  be  construed  tointerfere 
with  the  police  regulations  of  any  State  or  Territory. 

Section  11   provides   for  the  disposal  of  confiscated 

articles.  ,     .  .      ^    .     j 

This  bill  does  not  interfere  with  any  legitimate  trade 
or  industry,  or  prohibit  the  use  of  any  product  so  long 
as  that  product  has  not  been  deemed  injurious  to  health 
by  an  impartial  commission.  It  does  forbid  interstate 
traffic  in  articles  injurious  to  health.  It  also  forbids  im- 
proper branding.  Any  imitation  or  compound  or  mixture 
may  be  sold  so  long  as  it  is  distinctly  and  properly 
marked  so  that  the  purchaser  or  consumer  shall  be  pro- 
tected in  his  rights. 

Massachusetts. — As  this  was  one  of  the  first  States  to 
adopt  a  general  food  act,  with  annual  appropriations  for 
its  execution,  the  law  is  herewith  quoted  in  full,  with 
the  principal  amendments.  Similar  statutes  have  since 
been  enacted  in  several  other  States. 

Act  Rei.ating  to  Inspection  of  Food  and  Drugs. 

Acts  of  1883,  363,  §  1. 

No  person  shall,  within  this  Commonwealth,  manufact- 
ure for  sale,  offer  for  sale,  or  sell  any  drug  or  article  of 
food  which  is  adulterated  within  the  meaning  of  this  act. 

Acts  of  1883,  363,  §  3. 
Acts  of  1886,  171. 

The  term  "  drug  "  as  used  in  this  act  shall  include  all 
medicines  for  internal  or  external  use,  antiseptics,  disin- 
fectants, and  cosmetics.  The  term  "  food  "  as  used  herein 
shall  include  confectionery,  condiments,  and  all  articles 
used  for  food  or  drink  by  man. 

Acts  of  1883,  363,  §  3. 
Acts  of  1884,  389,  §  5. 
Acts  of  1884,  389,  §  7. 

An  article  shall  be  deemed  to  be  adulterated  within  the 
meaning  of  this  act^ 

(a)  In  the  case  of  drugs— (1)  If,  when  sold  under  or 
by  a  name  recognized  by  the  United  States  Pharmacopoeia, 
it  differs  from  the  standard  of  strength,  quality,  or  purity 
laid  down  therein,  unless  the  order  calls  for  an  article  in- 
ferior to  such  standard,  or  unless  such  difference  is  made 
known  or  so  appeal's  to  the  purchaser  at  the  time  of  such 
sale ;  (3)  If,  when  sold  under  or  by  a  name  not  recognized 
in  the  United  States  Pharmacopoeia  but  which  is  found 
in  some  other  pharmacopoeia,  or  other  standard  work  on 
materia  medica,  it  differs  materially  from  the  standard  of 
strength,  quality,  or  purity  laid  down  in  such  work ;  (3) 
If  its  strength  or  purity  falls  below  the  professed  stand- 
ard under  which  it  is  sold. 

(i)  In  the  case  of  food:  (1)  If  any  substance  or  sub- 
stances have  been  mixed  with  it  so  as  to  reduce,  or  lower 
or  injuriously  affect  its  qualitv  or  strength;  (3)  If  any 
inferior  or  cheaper  substance  or  substances  have  been 
substituted  wholly  or  in  part  for  it;  (3)  If  any  valuable 
constituent  has  been  wholly  or  in  part  abstracted  from 
It;  (4)  If  It  IS  an  imitation  of,  or  is  sold  under  the  name 
of  another  article;  (5)  If  it  consists  whollv  or  in  part  of 
a  diseased,  decomposed,  putrid  or  rotten  animal  or  veget- 
able substance,  whether  manufactured  or  not  or  in  the 
^ff  °^™l^  if  't  is  the  produce  of  a  diseased  animal; 
(b)  It  It  IS  colored,  coated,  polished,  or  powdered  wherebv 
damage  is  concealed,  or  if  it  is  made  to  appear  better  or 
of  greater  value  than  it  really  is;  (7)  If  it  contains  any 
added  poisonous  ingredient  or  any  ingredient  which  mav 
rentier  It  in.iuriousto  the  health  of  a  person  consuming  it 

The  provisions  of  this  act  shall  not  apply  to  mi.xtures 
or  compounds  recognized  as  ordinary  articles  of  food  or 
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drinks,  provided  that  the  same  are  not  injurious  to  health, 
and  are  distinctly  labelled  as  mixtures  or  compounds. 
And  no  prosecutions  shall  at  any  time  be  maintained 
under  said  act  concerning  any  drug  the  standard  of 
strength  or  purity  whereof  has  been  raised  since  the  issue 
of  the  last  edition  of  the  United  States  Pharmacopoeia, 
unless  and  until  such  change  of  standard  has  been  pub- 
lished throughout  the  Commonwealth. 

Acts  of  1883,  363,  §  5. 
Acts  of  1886,  101,  55  4. 

The  State  board  of  health  shall  take  cognizance  of  the 
interests  of  the  public  health  relating  to  the  sale  of  drugs 
and  food  and  the  adulteration  of  the  same,  and  shall 
make  all  necessary  investigations  and  inquiries  in  refer- 
ence thereto,  and  for  these  purposes  may  appoint  in- 
spectors, analysts,  and  chemists,  who  shall  be  subject  to 
its  supervision  and  removal. 

Within  thirty  days  after  the  passage  of  this  act  the 
said  board  shall  adopt  such  measures  as  it  may  deem 
necessary  to  facilitate  the  enforcement  hereof,  and  shall 
prepare  rules  and  regulations  with  regard  to  the  proper 
methods  of  collecting  and  examining  drugs  and  articles 
of  food. 

Acts  of  1891,  319,  §  1. 

For  the  purpose  of  carrying  out  the  provisions  of 
chapter  two  hundred  and  sixty-three  of  the  acts  of  the 
year  eighteen  hundred  and  eighty-two.  relating  to  the 
adulteration  of  food  and  drugs,  the  State  board  of  health 
may  expend  annually  a  sum  not  exceeding  eleven  thou- 
sand five  hundred  dollars:  provided,  however,  that  not 
less  than  three-fifths  of  said  amount  shall  be  annually 
expended  for  the  enforcement  of  the  laws  against  the 
adulteration  of  milk  and  milk  products. 

Acts  of  1883,  363,  §  6  (see  also  1886,  318,  §  1). 

Every  person  offering  or  exposing  for  sale,  or  deliver- 
ing to  a  purchaser,  any  drug  or  article  of  food  included 
in  the  provisions  of  this  act,  shall  furnish  to  any  analyst 
or  other  officer  or  agent  appointed  hereunder,  who  shall 
apply  to  him  for  the  purpose  and  shall  tender  to  him  the 
value  of  the  same,  a  sample  suflScient  for  the  purpose  of 
the  analysis  of  any  such  drug  or  article  of  food  which  Is 
in  his  possession. 

Acts  of  1883,  363,  §  7. 

Whoever  hinders,  obstructs,  or  in  any  way  interferes 
with  any  inspector,  analyst,  or  other  officer  appointed 
hereunder,  in  the  performance  of  his  duty,  and  whoever 
violates  any  of  the  provisions  of  this  act,  shall  be  punished 
by  a  fine  not  exceeding  fifty  dollars  for  the  first  offence, 
and  not  exceeding  one  hundred  dollars  for  each  sub- 
sequent offence. 

Acts  of  1884,  389,  §  3. 

Acts  of  1886,  101,  I  4. 

The  State  board  of  health  shall  report  annually  to  the 
legislature  the  number  of  prosecutions  made  under  chap- 
ter two  hundred  and  sixty-three  of  the  acts  of  eighteen 
hundred  and  eighty-two,  and  an  itemized  account  of  all 
money  expended  in  carrying  out  the  provisions  thereof. 

Acts  of  1884,  289.  §  8. 

Before  commencing  the  analysis  of  any  sample  the 
person  making  the  same  shall  reserve  a  portion  which 
shall  be  sealed ;  and  in  case  of  a  complaint  against  any 
person  the  reserved  portion  of  the  sample  alleged  to  be 
adulterated  shall  upon  application  be  delivered  to  the 
defendant  or  his  attorney. 

The  principal  amendment  to  the  foregoing  act  was  that 
of  1897,  wherein  the  section  relating  to  labels  was 
amended  as  follows: 

"  The  provisions  of  this  act  shall  not  apply  to  mixtures 
or  compounds  recognized  as  ordinary  articles,  or  ingredi- 
ents of  articles  of  food,  if  every  package  sold,  or  offered 
for  sale,  is  distinctly  labelled  as  a  mixture  or  compound, 
with  the  name  and  per  cent,  of  each  ingredient  therein,  and 
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if  such  mixtures  or  compounds  are  not  iniurious  to 
health." 

Other  and  special  statutes  have  since  been  enacted  in 
Massachusetts  relating  to  special  articles  of  food,  such  as 
that  of  1897  relative  to  canned  goods,  and  to  molasses  and 
syrups,  and  the  more  recent  statutes  of  1901  relating  to 
labels  and  to  the  use  of  preservative. 

The  foUovping  summary  pi-esents  in  a  condensed  form 
some  of  the  results  of  the  work  of  food  and  drug  inspec- 
tion in  Massachusetts  by  the  State  board  of  healtli  dur- 
ing the  past  eighteen  years  of  its  work  in  this  direction: 


ment  of  tlie  statutes  relative  to  food  and  drug  inspection 
cannot  be  stated  exactly.  The  law  is  comprehensive  and 
its  provisions  cover  a  great  variety  of  articles.  Its  re- 
straining intiuence  extends  outside  of  the  State  to  manu- 
factui'ers  sending  goods  to  this  market.  It  Is  specially 
provided  by  the  statute  that  at  least  three-fifths  of  the 
amount  appropriated  shall  be  expended  in  the  enforce- 
ment of  the  laws  relating  to  the  adulteiation  of  milk 
and  its  products.  This  provision  has  been  carefully  ob- 
served." 
It  was  found  convenient,  after  a  year's  work,  to  adopt 


Summary. 


Number  of  samples  of  milk  examined 

Number  of  samples  above  slandard 

Number  of  samples  below  standard 

Percentage  of  adulteration 

Number  of  samples  of  other  kinds  of  food  (not  milk)  

Number  of  samples  of  good  quality 

Number  of  samples  adulterated,  as  defined  by  the  statutes. 
Percenlage  of  adulteration 

Number  of  samples  of  drugs  examined 

Number  of  samples  of  good  quality 

Number  of  samples  adulterated,  as  defined  by  the  statute. . 
Percentage  of  adulteration 

Total  examinations  of  food  and  drugs 

Total  examinations  of  good  quality 

Total  examinations  not  conforming  to  the  statutes 

Percentage  of  adulteration 

Expense  of  collection,  examination,  and  prosecution 

Expense  of  collection,  examination,  and  prosecution,  per  sample 


1883. 

1884. 

1885. 

1898. 

1809. 

1900. 

218 

3,5 
183 

83.9 

1,123 
347 
776 
69.1 

2,219 
1,297 
922 
41.7 

6,247 
4,307 
1,940 
31.1 

6,186 
4,.506 
1,680 
37.2 

6,232 
4,431 
1,801 
28.9 

47" 
328 
149 
31.2 

839 
432 

407 
48.5 

1,5.62 
883 
669 
43.1 

3,738 
3,238 
500 
13.4 

3,069 
3,615 
454 
14.8 

3,132 
2,670 
462 
14.3 

603 
357 
246 
40.8 

682 
431 
351 
36.8 

1,007 
571 
436 
43.3 

812 
631 
281 
34.6 

k7 
303 
244 
44.6 

7.58 
377 
381 
50.2 

1,298 
720 
678 
44.5 

2,644 
1,210 
1,434 
64.2 

4,778 
2.751 
2,027 
43.7 

10,797 
8,076 
2,721 
25.2 

9,802 
7,424 
3,378 
24.3 

10,122 
7r478 
3,644 
26.1 

$2,931.56 
2.26 

$5,529.60 
2.09 

$8,,567.43 
1.79 

$11,062.68 
1.02 

$11,251.83 
1.15 

$11,108.73 
1.10 

18  years, 
1883-1900. 

63,616 
39,364 
34,353 
38.1 

42,726 
34.744 
7,981 
18.7 

11,173 
7,016 
4,1.57 
37.2 

117,.514 
81,124 
36,300 
31.0 

$172,947.91 
1.47 


In  the  foregoing  table  the  first  three  columns  of  figures 
present  the  general  statistics  of  the  first  three  years' 
work;  the  next  three  columns  give  the  figures  of  the  last 
three  years,  and  the  final  column  presents  the  summary 
of  eighteen  years. 

As  is  customary  under  the  operation  of  all  new  laws 
of  similar  character,  the  first  few  months  of  work  are 
usually  devoted  to  an  examination  of  the  different  sorts 
of  food,  in  order  to  determine  the  extent  and  the  character 
of  adulteration.  This  preliminary  examination  estab- 
lished the  fact  that  many  staple  products  are  not  subject 
to  adulteration,  except  in  rare  and  isolated  instances. 
This  applies,  so  far  as  Massachusetts  is  concerned,  to 
sugar,  flour,  and  the  various  other  cereal  products,  so 
that  it  has  not  been  deemed  necessary  to  give  much  at- 
tention to  these  articles  of  food.  Hence  the  figures  in 
the  foregoing  table  should  not  be  understood  as  repre- 
senting the  actual  amount  of  adulteration  existing  in  the 
general  food  supply,  nor  even  in  articles  liable  to  adul- 
teration, since  special  pains  are  taken  at  times  to  obtain 
only  such  articles  as  are  known  to  be  adulterated.  Ex- 
perience often  shows  an  inspector  where  to  find  adulte- 
rated articles  of  food.  The  difference  in  the  percentages 
of  the  first  three  years  (1883,  1884,  and  1885)  and  the  last 
three  (1898,  1899',  and  1900)  in  the  foregoing  table  may 
be  taken  as  representing  quite  fairly  the  improvement, 
not  in  the  general  food  supply  under  the  present  nispcc- 
tion,  but  in  those  articles  which  are  found  to  be  liable  to 
adulteration.  Upon  this  point  the  board  published  the 
following  general  statement  in  its  Annual  Report  of  1884 : 

"  There  can  be  no  question  as  to  the  beneficial  results 
of  the  law,  as  executed  by  the  officers  of  the  board,  in 
improving  the  quality  of  the  food  and  drug  supply  of 
the  State,  especially  in  regard  to  milk  and  butter— m  the 
former  case  as  relates  to  the  quality  of  the  supply,  and 
in  the  latter  as  relating  to  the  proper  branding  and 
marking  of  spurious  goods.  The  extensive  correspond- 
ence of  the  Health  Department  with  wholesale  houses 
outside  of  Massachusetts  also  confirms  their  appreciation 
of  the  value  of  the  work  done  in  this  State,  and  also  the 
necessity  of  furnishing  articles  of  undoubted  purity  for 
this  market.  This  is  especially  true  of  all  classes  of  drugs 
sold  at  wholesale  by  parties  outside  the  State. 

"  The  actual  economic  results  obtained  by  the  enforce- 


a  code  of  regulations  for  the  government  of  its  analysts 
and  inspectors  in  the  performance  of  their  duties  under 
the  Food  and  Drug  Acts.  The  following  is  a  copy  of 
these  regulations. 

Rules  and  Regulations  of  tlie  State  Board  of  Health  of 
Massachusetts  Relafiee  to  the  Inspection  and  Analysis  of 
Food  and  Drugs. — 1.  The  State  board  of  health  shall  ap- 
point analysts  and  inspectors,  as  provided  in  section  5 
of  chapter  263,  Acts  of  1882. 

2.  It  shall  he  the  duty  of  the  inspectors  to  procure 
samples  of  drugs  and  articles  of  food  at  such  times  and 
places  as  the  secretary  shall  direct,  in  the  manner  pro- 
vided in  section  6  of  chapter  263  of  the  Acts  of  1882,  and 
in  section  3  of  chapter  289  of  the  Acts  of  1884,  and  in  all 
acts  amendatory  of  said  provisions. 

3.  Under  the  direction  of  the  secretary,  the  inspectors 
shall,  for  the  identification  of  samples,  alBx  a  number  to 
each  sample  of  food  or  drugs  obtained  by  them,  in  such 
manner  as  may  be  prescribed.  Under  no  circumstances 
shall  an  inspector  convey  any  information  to  an  analyst 
as  to  the  source  from  which  any  sample  was  obtained. 

4.  The  inspectors  shall  keep  records  of  each  sample, 
each  record  to  include  the  following  items:  (a)  The  in- 
spector's number ;  {b)  the  date  of  purchase  or  receipt  of 
sample ;  (c)  the  character  of  the  sample ;  (d)  the  name  of 
the  vendor;  (e)  the  name  of  the  city  or  town,  and  street 
and  number  where  the  sample  is  obtained,  and,  in  the 
case  of  a  licensed  milk  pedler,  the  number  of  his  license ; 
(/)  as  far  as  possible  the  names  of  manufacturers,  pro- 
ducers, or  wholesalers,  with  marks,  brands,  or  labels 
stamped  or  printed  upon  goods. 

5.  It  shall  be  the  duty  of  the  analysts  so  appointed  to 
determine,  under  the  direction  of  the  secretary,  by  proper 
examination  and  analysis,  whether  articles  of  food  and 
drugs,  manufactured  for  sale,  offered  for  sale,  or  sold 
within  this  Commonwealth,  are  adulterated  within  the 
meaning  of  chapter  263  of  the  Acts  and  Resolves  passed 
by  the  General  Court  of  Massachusetts  in  1882,  and  all 
acts  amendatory  thereof,  adulteration  being  defined  as 
follows,  viz. :  (Here  follows  a  statement  of  the  statute 
as  already  given  in  a  previous  page.) 

6.  It  shall  also  be  the  duty  of  the  analysts  to  receive 
such  specimens  of  food  and  drugs  for  analysis  as  may  be 
delivered  to  them  by  the  secretary,  or  by  the  inspectors, 
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and  to  examine  the  same.  To  avoid,  as  far  as  possible, 
all  suggestion  or  danger  of  specimens  having  been 
tampered  with,  each  analyst  shall  keep  each  specimen 
in  his  possession  in  a  suitable  and  secure  place,  labelled 
in  such  a  manner  as  to  prevent  any  person  from  having 
access  to  the  same  without  the  knowledge  and  presence 
of  the  analyst.  ,         ,      , ,     i,         „,i„ 

Analyses  of  perishable  articles  should  be  made 
promptly  after  they  are  received.  _ 

7  An  analyst  shall  give  no  information,  under^  any 
circumstances,  regarding  the  result  of  any  analysis,  to 
any  person  except  to  the  secretary  of  the  board,  prior  to 
any  trial  in  court  in  reference  to  such  analysis. 

The  analysts  shall  carefully  avoid  any  error  regarding 
the  inspector's  number  attached  to  each  sample,  and 
shall  report  the  results  of  their  work  in  detail  to  the  sec- 
retary. .    ,    t     1     1 

In  the  case  of  all  articles  having  a  numerical  standard 
provided  by  statute,  the  result  of  the  analysis  should 
show  their  relation  to  such  standard. 

8.  Before  beginning  the  analysis  of  any  sample,  the 
analyst  shall  reserve  a  portion,  which  shall  be  sealed,  and 
in  the  event  of  tinding  the  portion  analyzed  to  be  adul- 
terated, he  shall  preserve  the  sealed  portion,  so  that  in 
case  of  a  complaint  against  any  person  the  last-named 
portion  may,  on  application,  be  delivered  by  the  secre- 
tary to  the  defendant  or  to  his  attorney. 

9.  Each  analyst  shall  present  to  the  secretary,  on  the 
Monday  before  the  first  Thursday  of  each  month,  a  sum- 
mary of  the  analyses  made  by  liim  during  the  previous 
month. 

Each  analyst  shall  also  present,  on  or  before  the  first 
of  January  of  each  year,  an  annual  report  of  the  work 
done  tor  the  year  ending  on  the  30th  of  September  pre- 
ceding, 

10.  The  secretary  shall  have  charge  of  the  reports  of 
analyses,  and  shall  cause  cases  founded  on  such  reports 
to  be  submitted  to  the  courts  for  prosecution. 

In  each  case  of  a  retailer,  and  of  every  dealer  not  a 
manufacturer  or  producer,  he  may,  if  the  party  has  not 
been  previously  complained  of  in  court,  issue  a  notice  or 
warning  of  any  violation  of  the  law  relative  to  the  adul- 
teration of  food  and  drugs,  and  of  the  offender's  liability 
to  prosecution  on  a  repetition  of  the  sale. 

11.  Should  the  result  obtained  by  any  analyst  be  ques- 
tioned in  any  given  case,  another  analyst  shall  repeat  the 
analysis,  unless  otherwise  instructed  by  the  board,  pro- 
vided a  sufficient  sum  to  meet  the  expense  of  the  analysis 
be  deposited  with  the  secretary  by  any  interested  party 
feeling  aggrieved,  which  sum  will  not  be  returned  un- 
less the  second  analysis  fails  to  confirm  the  first  in  essen- 
tial particulars. 

13.  Any  appeal  from  the  decision  of  an  analyst  shall 
be  filed  with  the  secretary,  who  shall  report  it,  and  any 
matter  in  controversy  to  the  board,  giving  his  judgment 
thereon,  aud  the  board  shall  supervise  and  control  the  ac- 
tion of  its  officers  in  executing  the  law. 

13.  Where  standards  of  strength,  quality,  or  purity 
are  not  fixed  by  the  act,  the  analysts  shall  present  to  the 
secretary  such  standard  as  in  their  iudgmeut  should  be 
fixed,  and  the  secretary  shall  report  the  same  to  the 
board  for  its  action.  The  standards  set  by  the  British 
Society  of  Public  Analysts  will  be  followed,  as  nearly  as 
practicable,  until  otherwise  ordered. 

14.  Whenever  a  drug  or  preparation,  not  prescribed  in 
a  national  pharmacopoeia  or  other  standard  work  on  ma- 
teria medica,  shall  be  manufactured,  offered  for  sale,  or 
used  in  this  State,  the  standard  of  such  drug,  and  the 
standard  and  proportion  of  the  ingredients  of  such  jirepa- 
ration,  and  the  range  of  variat)i]ity  from  such  standard 
or  standards,  shall  be  ascertained  by  the  analysts,  who 
shall  report  the  same  through  the  secretary  to  the 
board.  "^ 

15.  The  analysts  shall  occupy  such  time  in  the  per- 
formance of  their  respective  duties  as  a  reasonable  com- 
pliance with  the  terms  of  the  statute  shall  iiMiuire  and 
shall  be  present  one  hour  of  each  day,  at  such  time  of  the 
day  aud  at  such  place  as  shall  be  designated  by  the  board, 
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to  meet   the  convenience  of  interested  parties  and  the 
public. 

The  following  classified  list  embraces  most  of  the  ex- 
aminations of  articles  of  food  examined  in  Massachusetts 
under  the  Food  and  Drug  Acts  up  to  October  1st,  1898: 


Articles  examined. 


Milk 

Condensed  milk 

Butter 

Cheese 

Vinegar 

Lard 

Olive  oil 

Spices  and  condiments 

Coffee 

Tea 

Cocoa  and  chocolate 

Wheat  flour 

Bread  and  cake 

Commeal  and  other  cereals — 
Sago,  tapioca,  and  com  starch . 

Cream  of  tartar 

Soda  and  saleratus 

Molasses 

Syrups 

Maple  syrup 

Maple  sugar 

Sugar 

Honey 

Confectionery 

Pickles 

Lime  juice  and  lemon  juice — 

Horseradish 

Arrowroot 

Gelatin 

Salt 

Canned  food  * 

Flavoring  extracts 

Sardines  

Jellies  and  jams 

Spirits, wine,ale,  beer  and  cider 

Miscellaneous  $ '.. 

Drugs 


Total 
examined. 


51,198 

247 

3,563 

473 

1,750 

450 

524 

14,902 

1,088 

978 

208 

167 

86 

18 

21 

4,486 

100 

2,394 

123 

483 

385 

156 

716 

784 

29 

28 

20 

21 

34 

21 

523 

39 

5 

112 

192 

1,493 


Number 
adulterated 

or  below 
standard. 


20,771 

21 

413 

1 

927 

128 

257 

2,674 

245 

31 

53 

5' 

1 

0 

0 

465 

2 

305 

56 

135 

87 

9 

209 

65 

21 

8 

4 

3 

1 

244 

5 

4 

47 

121 

523 

3,532 


Per  cent, 
of  adulter- 
ation. 


40.6 

8.5 

11.6 

0.2 

53.0 

28.0 

49.0 

17.9 

22.6 

3.2 

25.5 

3.0 

1.2 


10.4 

2.0 

12.7 

45.9 

28.0 

23.8 

5.7 

29.2 

8.3 

7.0 

75.0 

40.0 

19.0 

9.0 

4.8 

46.6 

12.8 

80.0 

42.0 

63.0 

35.0 

35.7 


*A  considerable  portion  of  these  were  French  vegetables,  which 
were  examined  for  the  presence  of  copper  as  a  coloring  agent. 

t  A  large  number  of  examinations  of  spirits  and  wines  is  included 
in  the  item  of  drugs. 

t  Under  this  head  are  included  samples  of  sage,  marjoram,  maca- 
roni, yermlcelli,  poultry  dressing,  desiccated  cocoanut,  citron,  com- 
pressed yeast,  meat  extracts,  cooking  utensils,  food  wrappers,  wall 
paper,  clothing  and  textile  fabrics,  bottle  stoppers,  food  preservatives, 
coloring  matter,  etc. 

A  broad  view  of  the  subject  of  food  inspection  would 
include  the  examination  of  water  as  one  of  the  necessaries 
of  life,  since  it  is  essential  to  the  preparation  of  most 
articles  of  food,  and  also  a  convenient  vehicle  for  the  ad- 
ministration of  very  many  of  them.  It  is  also  absolutely 
necessary  to  the  healthy  growth  of  the  human  organism. 

The  important  work  of  water  analysis  has  been  con- 
ducted by  the  Engineering  Department  of  the  State 
board  of  health  since  1887,  and  this  work  has  been  ex- 
tended to  the  examination  of  the  waters  of  the  ponds, 
streams,  springs,  reservoirs,  and  wells  used  as  public 
supplies  by  about  160  cities  and  towns  In  the  State.  The 
total  number  of  such  examinations  has  been  about  80,000. 
Full  reports  upon  this  subject  may  be  found  in  the  reports 
of  the  board  for  the  years  1887  to  1900,  and  in  the  special 
document  upon  the  examination  of  water  supplies  pub- 
lished in  1890. 

In  addition  to  the  regular  routine  mode  of  food  and 
drug  inspection  in  JMassachusetts,  much  has  been  accom- 
plished by  work  in  special  directions  during  the  eighteen 
years  since  the  work  was  begun.  These  may  be  enume- 
rated as  follows: 

Investigations  relating  to  the  quality  of  milk  as  pro- 
duced by  the  cow. 

Analysis  of  Injuriovs  and  other  Empirical  Pi'eparations. 
— Hair  dyes,  cosmetics,  bitters,  and  tonics;  alleged  cures 
for  the  opium  and  alcohol  habits,  catarrh  and  asthma 
cures  containing  cocaine,  etc. 

Ci/liiriiir/  Mattel's  in  Food. — Milk,  butter,  oleomargarine, 
preserved  vegetables,  salts  of  tin  In  molasses,  etc. 
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Pood  Preservatives. — The  quality  of  ipiiies  and  liquors  ; 
report  upou  oleomargarine ;  the  uses  of  glucose  in  food; 
the  presence  of  trichinai  in  pork  products;  the  standard 
of  vinegar  ;  the  use  of  the  word  ''compoviid,"  etc. 

The  Standard  of  Milk.— 'Pov  the  purpose  of  determin- 
ing the  consistency  of  tlic  existing  standard  of  milli  in 
Massachusetts,  analyses  were  made  in  1884  of  the  milk  of 
six  hundred  cows,  the  samples  being  collected  indifferent 
parts  of  the  State,  and  from  different  herds  of  animals, 
of  different  ages,  and  in  different  seasons  of  the  year. 
The  average  total  solids  of  the  entire  number  was  found 
to  be  very  nearly  thirteen  and  one-third  per  cent,  (the 
legal  standard  of  Massachusetts  is  thirteen  per  cent,  in 
winter,  and  twelve  per  cent,  in  summer).  In  later  years 
these  figures  have  been  confirmed  by  further  examinations 
upon  the  same  point. 

With  reference  to  breeds  of  cows  the  results  of  analyses 
were  as  follows : 

The  average  milk  of  11  Jerseys         had  14.02  total  solids  and  4.34  fat. 

92  native  cows    "    13.09 3.31  " 

'  aOAyrshlres        "   12.97    '■      ,"       "    3.35  " 

SlDurhams         "    1,2.73    "         "        "    3.28  " 

"     "  47  Holstelns        "    la.Sl 3.29  " 

Artificial  Coloring  Matter  in  Food. — The  practice  of 
employing  coloring  matters  in  connection  with  different 
articles  of  food  is  very  common.  The  following  may  be 
named  as  very  common  examples : 

Certain  condiments,  such  as  mustard,  ginger  and  other 
spices,  sugar,  confectionery,  preserved  and  canned  goods 
(especially  peas,  beans,  and  tomatoes),  milk,  butter,  oleo- 
margarine, pickles,  cake,  syrups,  jellies,  jams,  preserves, 
fruit  syrups,  flavoring  extracts,  and  various  sorts  of 
beverages. 

The  coloring  matters  employed  in  connection  with 
these  articles  of  food  may  be  classified  as  follows: 

1.  Harmless  Colors. — These  are  usually  made  from  some 
comparatively  harmless  organic  products,  such  as  annatto, 
caramel,  turmeric,  and  cochineal.  Aniline  dyes,  the  prod- 
ucts of  coal  tar,  are  also  quite  largely  used  for  the  color- 
ing of  milk,  jellies,  jams,  preserves,  and  other  articles 
of  food. 

3.  Injurioiis  Colors. — These  are  usually  some  of  the 
metallic  compounds,  such  as  lead,  copper,  and  tin. 

It  cannot  be  urged  in  regard  to  any  of  these  colors, 
whether  harmless  or  otherwise,  that  they  have  any  true 
value  as  articles  of  food,  and  the  demand  for  their  use 
comes  mainly  from  the  trader,  and  not  from  the  actual 
consumer,  excepting,  so  far  as  the  latter  has  been  errone- 
ously educated  by  the  former  as  to  color  standards  in  the 
matter  of  food.  No  good  and  useful  end  is  attained  by 
their  use,  so  far  as  the  question  of  nutriment  is  con- 
cerned, and  not  only  may  harm  ensue,  but  also  even  fatal 
consequences. 

The  use  of  artificial  food  colors  is  usually  a  fraudulent 
one,  and  they  are  consequently  employed  mainly  forthe 
purpose  of  giving  to  an  inferior  article  of  food  a  fictitious 
value,  and  thus  to  imitate  other  articles  of  a  similar  char 
acter,  but  of  better  quality,  at  least  so  far  as  their  actual 
cost  is  concerned.  The  difference  in  actual  nutritive 
value  as  articles  of  food  may,  however,  be  but  little  or 

nothing.  ,     .    ,,r         ^ 

When  examinations  of  milk  were  made  m  Massachu- 
setts soon  after  the  enactment  of  the  law  of  1882,  it  was 
found  that  the  addition  of  coloring  matter  to  milk  was  a 
very  common  practice  in  the  cities.  Prom  the  fact  that 
colored  samples  of  milk  were  almost  invariably  found  to 
be  adulterated  in  other  ways,  it  was  inferred  that  artificial 
coloring  was  practised  for  the  purpose  of  concealing 
fraud,  and  of  giving  to  milk  which  had  been  skimmed 
and  watered  the  appearance  of  milk  of  good  standard 
quality.  Hence  a  vigorous  warfare  was  made  agamst 
the  practice  until  it  disappeared. 

The  question  of  the  sale  of  preserved  vegetables  colored 
bright  green  by  sulphate  of  copper  came  to  the  attention 
of  Uie  board,  and  the  safe  ground  was  taken  that  the  in- 
troduction of  poisonous  metallic  colors  in  any  amount 
whatever  should  have  no  legitimate  place  in  the  food- 
supply  of  the  people.     A  general  law  forbidding  the 


use  of  any  sort  of  coloring  matter  in  food  would  diminish 
the  amount  of  food  adulteration  very  decidedly. 

Tricliime  in  Pork. — Among  the  many  questions  relat- 
ing to  the  food  supply  in  Massachusetts  the  quality  of 
the  pork  offered  for  sale  has  not  been  overlooked.  Nearly 
thirteen  thousand  hogs  have  been  examined  under  thct 
direction  of  the  board  for  the  presence  of  triciiiuas.  Of 
this  number  791,  or  6.8  per  cent.,  were  found  to  be 
trichinous.  Western  hogs  were  found  to  contain  less 
than  Eastern,  and  of  those  raised  in  Massachusetts,  those 
reared  in  public  institutions  and  upon  the  refuse  of  cities 
were  found  to  suffer  the  most.  An  examination  was  also 
made  of  sausages,  and  only  one  out  of  365  was  found  to 
contain  trichinae. 

Baking  Pomlers. — No  class  of  substances  employed  in 
the  preparation  of  food  has  been  the  subject  of  so  much 
discussion  as  these ;  and  this  is  true  notwithstanding  the 
fact  that,  as  elements  in  the  matter  of  food  economy,  or 
as  nutritive  constituents  of  the  necessary  food  of  man- 
kind, they  have  absolutely  no  value.  Their  use  in  the 
preparation  of  food  was  unknown  until  the  early  part 
of  the  present  century,  and  for  ages  the  human  race 
thrived  without  them.  Whenever  bread  was  desired 
which  should  possess  the  properties  of  porosity  and  light- 
ness of  texture,  in  early  times,  some  sort  of  leaven  or 
yeast  was  employed  for  the  purpose. 

The  use  of  baking  powders  at  the  present  day  is  due, 
undoubtedly,  to  several  causes,  prominent  among  which 
is  a  demand  for  rapid  and  convenient  methods  of  prepar- 
ing bread  and  pastry  for  cooking;  and,  also,  to  the  stimu- 
lus of  trade  produced  by  excessive  advertising. 

If  the  statements  of  rival  manufacturers  as  to  the  poi- 
sonous qualities  of  all  other  baking  powders  except  their 
own  were  to  be  credited,  the  use  of  these  preparations 
would  soon  cease.  Such  false  teaching  does  harm  in 
misleading  the  community  and  creating  a  distrust.  The 
fallacy  lies  partly  in  the  want  of  discrimination  between 
large  and  small  doses  of  the  ingredients  of  such  powders. 
For  example,  common  salt  and  mustard  act  as  poisons  in 
large  doses  and  produce  vomiting.  In  small  doses,  on 
the  contrar3%  neither  of  them  is  harmful.  Again  the 
process  of  cooking  changes  the  character  of  all  baking 
powders. 

It  should  be  remembered  that  the  introduction  of  these 
articles  is  of  comparatively  recent  date ;  that  they  are 
compounded  of  several  ingredients;  that  different  manu- 
facturers employ  different  ingredients  to  attain  the  same 
object  or  end,  and,  except  in  a  few  instances,  standards 
of  purity  have  not  been  adopted  for  this  class  of  articles: 
hence  the  use  of  th.e  terms  purity  and  impurity,  as  ap- 
plied to  them,  must  be  considered  as  arbitrary,  or  at  least 
merely  conventional.  Experiments  have  been  undertaken 
with  the  view  of  settling  the  question  as  to  whether  the 
ingredients  of  certain  baking  powders  were  injurious 
to  health ;  and,  while  positively  harmful  results  have  in 
some  instances  been  reached  by  the  ingestion  of  consider- 
able doses  of  such  ingredients,  when  taken  singly,  still, 
the  question  of  actual  injury  to  the  health  of  human  be- 
ings on  the  one  hand,  or  of  freedom  from  harm  on  the 
other,  from  the  use  of  baking  powders  in  food,  cannot 
be  regarded  as  settled. 

Intoxicating  Liquors  and  Beverages. — The  examinations 
of  intoxicating  liquors  (including  those  of  wines,  ale,  and 
beer),  which  have  been  made  by  the  chemists  of  the 
board,  have  embraced  samples  which  have  been  obtained 
both  as  drugs  and  as  beverages,  the  former  having  been 
obtained  exclusively  from  drug-stores,  and  the  latter  from 
places  where  such  articles  are  retailed  as  beverages. 

These  examinations  have  shown  that  while  adulteration 
of  intoxicating  liquors  is  a  matter  of  very  common  oc- 
currence, the  presence  of  harmful  adulterations,  contrary 
to  popular  opinion,  is  rare.  The  following  statement  of 
the  analyst  in  the  report  of  1886  is  also  confirmed  by 
more  recent  examinations. 

"  For  the  sake  of  the  public  health,  it  is  a  cause  for 
congratulation  that  the  chief  deviations  from  the  require- 
ments of  the  Pharmacopoeia  consist  almost  exclusively  in 
the  addition  of  alcohol,  of  water,  and  of  harmless  sweet- 
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ening  and  flavoring  substances.  Not  a  single  sample  of 
adulterated  spirits  in  the  popular  understanding  ot  that 
term  that  is,  one  containing  a  more  mjurious  ingredient 
tlian  alcohol  itself,  was  met  with,  although  very  tew 
were  exactly  what  they  purported  to  be"  C  b»PPlemen- 
tary  Report  of  Health  Department,  Mass.,"  1886,  p.  184). 
Mixtures  or  Compoimds.—The  work  of  inspection  in- 
cludes a  careful  examination  of  the  methods  in  which 
food  is  offered  for  sale,  especially  with  reference  to  the 
question  of  labelling  and  the  agreement  of  the  label  with 
the  actual  contents  of  the  package  to  which  it  is  affixed, 
since  the  statute  of  Massachusetts  provides  that  mix- 
tures or  compounds  "  are  not  to  be  treated  as  adulterated 
in  the  eye  of  the  law,  "  provided  that  the  same  are  not 
injurious  to  health  and  are  distinctly  labelled  as  mixt- 
ures or  compounds  with  the  name  and  per  cent,  of  each 
ingredient  therein. "  , .  j  j 

This  provision  of  the  law  is  frequently  disregarded, 
especially  in  the  case  of  spices;  and  while  the  term 
"compound"  is  to  be  found  after  prolonged  search  upon 
the  label,  it  often  occupies  an  obscure  position,  or  is 
printed  in  extremely  small  type,  so  that  the  term  "  dis- 
tivctly  labelled  "  does  not  apply. 

It  is  not  always  safe  to  infer  that  all  parts  or  packages 
in  a  lot  of  spices  or  similar  articles  of  food  are  pure,  be- 
cause a  single  sample  or  package  proves  to  be  pure.  The 
following  case  is  an  illustration:  Two  packages  of 
powdered  cloves  were  obtained  at  a  grocery.  The  pack- 
ages were  in  unbroken  tin  boxes  of  one-quarter  pound 
each,  and  were  purchased  at  an  interval  of  three  weeks ; 
each  package  was  of  the  same  size,  and  each  had  exactly 
the  same  brand  or  label.  On  inquiry  of  tlie  retailer  it 
was  found  that  both  of  the  packages  came  from  the  same 
lot.  It  appeared  on  examination  that  the  first  package 
was  considerably  adulterated  and  the  second  was  pure. 
A  notice  of  this  fact  was  therefore  sent  as  usual  to  the 
retailer,  who  transmitted  the  notice  to  the  manufacturer, 
who  lives  outside  the  limits  of  the  State ;  he  denied  the 
charge,  and  hence,  as  is  customary  in  cases  of  disputed 
analysis,  samples  were  sent  to  a  second  analyst,  who 
confirmed  the  statements  of  the  first;  and  finally,  four 
analyses  were  made  with  the  same  result,  neither  chemist 
knowing  anything  of  the  source  of  the  samples,  nor  did 
either  know  that  a  previous  analysis  had  been  made. 

This  circumstance  shows  that  it  is  not  always  safe  to 
judge  of  the  character  of  any  group  or  lot  of  articles  from 
the  examination  of  a  single  sample. 

Oross  Appearances. — It  is  evident  that  very  little  reli- 
ance can  be  placed  upon  the  mere  external  inspection  of 
articles  of  food,  such  as  may  be  made  by  the  employment 
of  the  senses  of  taste,  touch,  smell,  and  sight,  since  the 
principal  object  of  the  falsifier  of  food  preparations  is  to 
deceive  the  senses  of  the  consumer  by  ever}'  possible  re- 
source of  his  art.  It  is  a  common  experience  in  this  de- 
partment of  work  to  receive  articles  of  food  from  various 
sources,  which  are  believed  by  the  persons  presenting 
them  for  examination  to  be  adulterated,  but  which  the 
analyst  finds  to  be  pure.  This  experience  is  true  in  the 
case  of  many  of  the  articles  of  food  which  are  liable  to 
adulteration,  and  also  of  some  articles  which  are  scarcely 
ever  found  to  be  adulterated.  The  same  experience  has 
been  met  by  other  authorities  who  have  had  charge  of 
similar  work  ("Report  of  Commissioner  of  Internal  Rev- 
enue," Washington,  1887,  p.  cxliii,).  Among  the  various 
articles  which  have  been  thus  submitted  to  the  board  for 
examination  (under  the  impression  of  the  person  submit- 
ting them  that  they  were  adulterated)  were  the  following : 
Flour,  sugar,  molasses,  vinegar,  cream  of  tartar,  honey, 
milk,  butter,  cheese,  lard,  salt,  and  several  kinds  of 
spices  or  condiments.  ^ 

The  reasons  for  these  false  notions  with  reference  to 
the  quality  of  articles  of  food  are  mainly  the  following: 
1.  A  liability  to  mistake  the  deterioration  of  an  article 
or  an  inferiority  in  grade  or  quality,  for  an  actual  falsifi- 
cation or  substitution.  2.  A  lack  of  familiarity  with  the 
true  physical  characteristics  of  the  article  in  question. 

Notices  to  Retailers.— It  has  been  the  custom  of  the 
board  to  issue  a  warning  notice  to  retailers  selling  articles 
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found  to  be  adulterated,  in  cases  in  which  there  was  a 
reasonable  probability  that  the  retailer  was  not  aware 
that  such  articles  were  adulterated. 

In  certain  articles  of  food  which  have  been  specially 
liable  to  fraud,  such  as  the  various  sorts  of  spices,  condi- 
ments, cream  of  tartar,  etc.,  adulteration  has  been  greatly 
diminished,  and  is  in  many  instances  limited  to  parties 
whose  business  is  conducted  outside  of  the  State,  and 
cannot  therefore  be  easily  reached  except  through  the 
customary  notice  sent  to  the  retailer  who  buys  of  such 
outside  parties. 

These  notices  have  proved  to  be  a  very  efficient  mode 
of  diminishing  adulteration.  It  is  not  the  retailer  who  is 
seriously  affected  by  the  receipt  of  such  a  notice,  but  the 
wholesale  dealer  or  manufacturer  to  whom  it  is  speedily 
forwarded  by  the  retailer,  and  who  finds  that  he  cannot 
afford  to  continue  a  wholesale  imposition. 

Ill  the  following  table  the  ratio  of  adulteration  found 
in  articles  of  food  and  drugs  examined  in  England  and  in 
Massachusetts  during  the  period  of  inspection  and  en- 
forcement of  the  laws  is  presented : 

PERCENTAGE    OF    ADULTERATION    AS    GIVEN    IN    THE    KEPORTS    OF 

Each  Year. 


^England  and  Wales.— 

Massacbusetts. 

Ratio  ot 

Average 

Year. 

Eatio  of 

adulteration. 

five  years. 

adulteration. 

Per  cent. 

Per  cent. 

Per  cent. 

1877 

19.21 

1878 

17.3 

1879 

14.8 

16.2 

1880 

15.7 

1881 

14.7 

1882 

15.1 

1883 

15.0 

1883 

44.5 

,1884 

14.4 

.... 

13.9 

1884 

54.2 

1885 

13.2 

1885 

42.4 

1886 

11.9 

1886 

38.7 

1887 

12  8 

1887 

34.3 

1888 

10.8 

1888 

30.3 

1889 

11.5 

12.7 

1889 

31.9 

1890 

11.2 

1890 

31.5 

1891 

12.2 

1891 

32.8 

1892 

12.4 

1892 

33.7 

1893 

12.9 

1893 

31.2 

1894 

10.3 

1894 

31.9 

1895 

9.31 
9.2  i 

1895 

38.5 

1896 

10.8 

1896 

28.6 

1897 

9.4 

1897 

24.8 

1898 

8.7 

1898 

1899 

1900 

25.2 
24.3 

26.1 

As  a  comment  upon  the  foregoing  table  and  the  dia- 
gram below  the  following  observations  may  be  made : 

First.  The  gradual  lessening  of  adulteration  under  the 
action  of  judicious  legislation. 

Second.  The  much  greater  ratio  presented  in  the  column 
headed  Massachusetts  than  in  that  of  England  and  Wales. 
The  reason  for  this  great  difference  may  be  found,  first, 
in  the  fact  that  in  conformity  to  the  requirements  of  the 
statutes  in  Massachusetts  more  than  half  the  samples  ex- 
amined were  milk.  The  standard  of  milk  in  the  State  is 
unusually  high  as  compared  with  that  of  other  countries 
(thirteen  per  cent,  of  solids,  in  winter,  and  twelve  per 
cent,  in  summer).  Hence  it  is  the  custom  to  report  all 
samples  as  adulterated  which  are  found  to  be  below  the 
foregoing  limits.  Now,  there  are  many  animals,  espe- 
cially those  of  the  Holstein  breed,  which  habitually  pro- 
duce milk  having  less  than  thirteen  per  cent,  of  solids. 
Hence  it  has  not  been  deemed  prudentto  enter  complaints 
at  court  to  the  full  extent  of  the  legal  requirements.  In 
the  case  of  milk,  therefore,  the  ratio  of  adulteration  as 
reported  is  for  the  most  part  an  apparent  and  not  an 
actual  adulteration.  Secotidli/.  the  samples  selected  under 
the  Massachusetts  law  are  mainly  such  as  are  known  or 
suspected  to  be  adulterated,  while  in  England  many  sam- 
ples of  such  staple  articles  as  bread,  flour,  sugar,  and  tea 
are  annually  examined,  which  are  practically  free  from 
adulteration. 

A  prominent  feature  in  the  execution  of  the  Massachu- 
setts law  is  that  of  expenditures.     The  sum  appropri- 
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ated  for  the  work  of  the  first  year  was  |3,000;  of  the 
second  year,  $5,000;  of  the  third  year,  110,000,  and  for 
the  past  nine  years,  ended  1901,  it  has  been  $11,500  per 
year.     About  $35,000  has  been  collected  since  and  includ- 
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-Diagram  showing  the  Eatio  of  Adulteration  In  England, 
1877-1898,  and  In  Massachusetts,  1883-1900. 


ing  1888  in  fines  for  violation  of  the  law,  this  amount 
being  returned  to  the  treasuries  of  cities,  towns,  and 
counties. 

Small  amounts  were  expended  annually  at  first  for  legal 
services,  the  entire  amount  for  the  first  twelve  years  be- 
ing $1,639.63,  or  less  than  $150  per  year.  But  for  the 
past  six  years,  no  expenses  whatever  have  been  incurred 
in  the  employment  of  counsel,  the  inspectors  having  be- 
come familiar  with  the  methods  of  presentation  of  cases 
at  court. 

The  annual  ratio  of  samples  of  food  collected  for  ex- 
amination to  the  whole  population  in  recent  years  has 
been  as  follows : 

In  England  and  Wales  (1895-99) about  1  to  each    700  inhabitants. 

In  Paris  (1895-99) ,.     J      ..  1™ 

In  Massachusetts  (189.5-99) ^^     1 

In  Ohio  (1898 1  (613  samples) } 

In  Connecticut  (1898)  (l,2a5 samples).  1 

In  New  Jersey  (1899)  (1,792  ).    '       1 

In  Minnesota*  (1897-98)^     =  (™  „     , 
samples)  1 


250 
6,635 

fi65 
1,026 


In  New  York  (1895)  (2,391 


) 


1,062 
2,774 


Connecticut.— Acting  under  the  provisions  of  a  Law 
of  1895  the  Connecticut  Agricultural  Expenment  Station 
makes  analyses  of  "  food  products  on  sale  in  Connecticut 
suspected  of  being  adulterated,"  and  is  provided  with 
an  annual  appropriation  of  $3,500  for  this  purpose  The 
station  also  examines  food  products  submitted  by  the 
Dairy  Commissioners.  ,         „  ,     ^, 

Durins;  the  year  1898,  the  number  of  samples  thus  ex- 
amined, exclusive  of  cattle  feeds,  was  1,365.  The  prin- 
cipal articles  examined  were  as  follows : 

Jellies —Seventy  samples,  43  adulterated,  the  chief 
adulterants  consisted  of  gelatinous  materials  (starch, 
paste,  gelatin,  agar-agar,  and  apple  jelly)  sweetness  (glu- 
cose, aid  sacchlrin).  Saccharm  costs  $15  per  pound, 
but  Is  500  times  as  sweet  as  sugar.     It  has  no  nutritive 


*  Biennial  Eeport. 


qualities.  Coloring  matter  (mostly  aniline  dyes);  fruit 
flavors,  acids,  and  chemical  preservatives.  The  report 
publishes  the  name  of  the  brand  and  wholesale  dealer  and 
of  the  retailer  in  each  case,  also  the  place  of  sale,  quantity, 
and  price. 

Of  51  samples  of  jams,  preserves,  and  marmalades  45 
were  found  to  be  adulterated,  the  principal  adulterants 
were  glucose,  salicylic  acid,  and  aniline  or  other  artificial 
colors. 

Tea. — Eighty-nine  samples  were  examined  and  "none 
of  the  samples  were  found  adulterated  other  than  by 
facing." 

Coffee. — Of  73  samples  11  were  found  adulterated,  or 
11  out  of  45  to  which  the  statutes  would  apply. 

The  percentage  of  adulteration  of  coffee  in  the  past 
three  years  was  as  follows;  1896,  63.3  per  cent.;  1897, 
57.7,  and  in  1898,  34,4.  This  improvement  the  board 
attributes  to  the  operation  of  the  pure  food  law. 

Ginger. — Ninety -one  samples  were  examined,  24  adul- 
terated. 

Ale  and  Beer. — In  47  samples  13  were  found  to  contain 
salicylic  acid. 

SauKiige. — Of  19  samples  14  contained  borax  and  10 
contained  starch. 

Honey. — Of  37  samples  of  honey  the  report  says  "five 
are  probably  pure,  33  may  be  genuine,  though  they  seem 
to  be  made  by  bees  fed  somewhat  with  cane-sugar,  or  to 
have  had  invert  sugar  added  to  them;  3  unquestionably 
contain  cane-sugar  added  as  an  adulterant,  and  8  are 
adulterated  with  glucose  syrup." 

Examinations  of  milk,  cream,  maple  syrup,  mince 
meat,  and  canned  vegetables  failed  to  find  any  adultera- 
tions worthy  of  note. 

Of  333  samples  of  spices  in  bulk  and  343  samples  in 
packages  examined  in  the  three  years  (1896-98)  41.5  per 
cent,  of  the  former  and  23.5  per  cent,  of  the  latter  were 
adulterated. 

Tlie  report  recommends  as  the  only  safe  course  in  buy- 
ing spices,  that  they  should  be  bought  in  "  sealed  pack- 
ages, bearing  the  name  of  a  reliable  house  whose  goods 
have  not  been  found  adulterated." 

Of  303  samples  of  molasses,  34  were  found  to  be  adul- 
terated with  glucose. 

Ohio.— The  Dairy  and  Food  Commission  of  Ohio  re- 
ports upon  the  examination  of  613  samples  of  food  ex- 
amined in  1898,  of  which  393  or  47.7  per  cent,  were 
adulterated. 

The  principal  articles  examined  were  31  samples  of 
flour  of  which  4  were  adulterated ;  15  of  maple  syrup,  7 
adulterated;  110  of  milk,  31  adulterated;  whiskey  54,  of 
which  27  (or  one-half)  were  adulterated;  spices,  18,  of 
which  only  one,  a  sample  of  cinnamon,  was  adulterated; 
wine  6,  all  pure ;  flavoring  extracts,  17,  of  which  8  were 
adulterated ;  cream  of  tartar  6,  of  which  1  was  adulter- 
ated;  cheese  4,  all  genuine. 

The  number  of  prosecutions  instituted  was  68,  of  which 
14  were  for  adulteration  of  milk,  33  for  butter,  and  5  for 

whiskey.  .-u     ^ 

$3,064.40  was  collected  in  fines  and  fees.  About 
$13,000  was  expended  for  legal  services. 

New  Jeksby.— The  Dairy  Commission  of  New  Jersey 
reports  for  the  year  1899  that  1,793  samples  of  food 
were  examined.  Of  these  713  were  samples  of  milk, 
959  butter  and  oleomargarine,  46  hnseed  oil,  46  con- 
densed milk. 

Six  hundred  and  three  of  the  milk  samples  were  above 
the  standard  of  12  per  cent,  sohds.  Fifty  of  the  samples 
purchased  as  butter  proved  to  be  oleomargarine ;  the  re- 
mainder were  pure  butter. 

Ouly  five  samples  of  milk  contained  formahn. 

Five  samples  of  linseed  oil  out  of  46  were  adulterated. 

$3,050  were  collected  in  fines.  „         .    .  , 

Minnesota.— The  Dairy  and  Food  Commissioner  of 
Minnesota,  in  his  biennial  report  lor  the  two  years  ended 
July  31st,  1898,  presented  the  operations  of  his  depart- 
ment under  the  dairy  and  food  laws  of  the  State.  In 
addition  to  the  general  statutes  relating  to  inspection  ot 
dairy  products,  other  special  laws  have  been  enacted  in 

173 


Food  and  Drug 
Inspection. 


REFERENCE  HANDBOOK   OP   THE  MEDICAL  SCIENCES. 


Minnesota  for  the  prevention  of  adulteration  of  honey, 
confections,  jellies,  spices,  and  condiments. 

The  whole  number  of  samples  of  food  examined  m  the 
two  years  was  1,583,  of  which  807,  or  51  per  cent.,  were 
adulterated.  The  principal  articles  examined  were  as 
follows : 

Vinegar,  807  samples,  ol  which  466  were  adulterated. 

Baking  powder,  175       131     ';           „          (alum). 

Butter,  26       4     ,^ 

Cheese,  148  "        "      '  18     ^_ 

Cream  of  tartar,     2  "        "       '        3     _^ 

Hominy,  32  "        "       "        8 

Spices,  162       ;  26 

Jelly  and  jam,  28       15 

Lard,  84       34 

New  York.— The  State  board  of  health  of  New  York, 
in  its  fifteenth  annual  report  (1895),  presents  the  statistics 
of  2,391  samples  examined  during  the  year.  Nearly  all 
of  these  were  drugs,  which  the  chemist  classified  as  fol- 
lows: 

Of  good  quahty 1,3(17,  or  .")7.1  per  cent. 

"fair  quality 284,  "  13.4    "       " 

"  inferior  quality 598,  ^' 26.1    "^      '| 

Not  as  called  for '41,  "    1.8     ' 

Excessive  strength 59,"    2.6    ' 

Total  drug  samples 2,289 

The  principal  articles  examined  were  230  samples  of 
ether,  of  which  114  were  not  of  standard  quality. 

Compound  spirits  of  ether,  109  samples  examined,  of 
which  only  85  were  of  good  quality. 

Hydriodic  acid,  137  samples,  of  which  111  were  of 
good  quality. 

Dilute  hydrochloric  acid,  105  samples,  of  which  71 
were  of  good  quality. 

Tincture  of  iodine,  205  samples,  of  which  only  39  were 
of  good  quality. 

Magnesia,  149  samples,  of  which  65  were  of  good 
quality. 

Diluted  phosphoric  acid,  162  samples,  126  of  good 
quality. 

Aromatic  sulphuric  acid,  120  samples,  only  9  of  which 
were  considered  to  be  of  good  quality. 

Precipitated  sulphur,  104  samples,  38  of  good  quality. 

Fifty-nine  samples  "  contained  large  quantities  of  sul- 
phate of  lime. " 

The  chemist  also  examined  102  samples  of  canned  to- 
matoes, to  determine  whether  they  contained  artificial 
coloring  matter. '  Only  2  samples  were  found  to  be  col- 
ored with  eosin. 

In  the  seventeenth  report  of  the  board,  the  director  of 
the  laboratory  states;  "Through  lack  of  funds  available 
for  the  purpose,  the  systematic  collection  and  examina- 
tion of  food  and  drugs  was  suspended  June  1st,  1895." 

In  Indiana  the  State  board  of  health  has  been  author- 
ized "  to  prepare  rules  and  ordinances,  where  and  when 
necessary,  regulating  minimum  standards  for  food  and 
drugs,  defining  specific  adulteration,  and  determining 
the  proper  methods  of  collecting  and  examining  drugs 
and  articles  of  food. "  Under  this  provision  the  board  has 
published  standards  for  the  following  articles  of  food : 

Milk,  butter,  margarin,  cheese,  coffee,  tea,  candy 
cider,  flour,  jellies  and  preserves,  honey,  lard,  molasses 
and  syrups,  ohve  oil,  spices,  vinegar,  baking  powders 
and  spirituous  liquors  and  wines.  The  use  of  preserva- 
tives is  also  regulated.  Milk  must  contain  no  added  col- 
oring matter  nor  preservative.  It  must  not  be  sold  if 
taken  within  ten  days  after  calving,  or  within  twenty- 
one  days  before  expected  calving;  nor  must  it  be  sold  if 

[^Zt  »°!?  ^  ''°^''  f'^'^  V^^  damaged  food,  or  such  as  will 
impart  a  disagreeable  flavor.     It  must  not  be  taken  from 

water  hLhf''"'^  ""^'  ""/  ^'''"^  one  to  which  polluted 
water  has  been  given,  nor  from  one  which  has  been  "  kept 

of    ppl^r     '°°'-™°^'^'"?  *°  ^^^  "■'•'^  of  the  State  board 
ot  health  governing  dairies  " 

l,-S''*'l"''''''™''  '1''  WoRK.-The  work  of  a  food  ana- 
Ij  St  embraces  a  variety  of  branches.     In  a  recent  mono 

fhelll^^  -^^  ^/'"?i'  '^'■'"y  '"^'Seom,  Polin  and  Lab"t 
the  following  classification  of  such  work  is  presented 
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Three  principal  groups,  as  follows:  1.  Examination  of 
articles  in  which  the  alterations  in  character  are  either  of 
a  chemical  or  of  a  mechanical  kind.  2.  Those  which 
are  biological.     3.  Those  which  are  parasitic. 

The  first  group  is  subject  to  the  following  subdivision : 
(a)  Additions  have  been  made  to  the  food  products  either 
of  a  commercial  or  a  fraudulent  nature,  and  of  substances 
more  or  less  harmful.  (J)  The  vessel  in  which  the  food 
has  been  prepared  or  preserved  renders  the  food  poison- 
ous, (c)  The  manipulation  of  food,  or  its  surroundings, 
may  expose  it  to  harmful  contamination,  (d)  It  may  he 
mixed  accidentally  with  foreign  substances. 

The  second  group  is  subject  to  the  following  divisions: 
(a)  An  animal  designed  for  food  has  been  fed  with  food 
of  a  harmful  or  poisonous  character ;  the  poisons  absorbed 
appear  in  the  milk,  or,  not  having  had  time  to  become 
eliminated,  either  the  whole  animal  or  some  of  its  organs 
have  become  poisonous,  (b)  Recognizes  the  possibilitj' 
of  the  formation  of  poisonous  ptomains  in  meat,  under 
certain  conditions,  (c)  In  consequence  of  certain  un- 
known conditions  wholesome  vegetable  food  occasionally 
becomes  harmful. 

Third  group:  (a)  Animal,  vegetable,  and  mineral  food 
products  may  be  invaded  by  parasites  of  the  larger 
kinds,  (b)  Food  may  become  the  prey  of  micro-organ- 
isms of  a  parasitic  nature,  involving  the  processes  of  (1) 
fermentation,  (2)  putrefaction,  and  (3)  the  development 
of  infectious  diseases,  either  of  which  may  render  the 
food  harmful,  either  by  infection,  by  ptomai'n  poison- 
ing, or  by  the  combined  action  of  both,  (c)  Food  con- 
taminated by  its  surroundings,  or  by  infectious  contact, 
becomes  the  carrier  of  pathogenic  germs. 

This  list  is  sufficiently  ample  to  show  that  the  food 
analyst  has  a  wide  field  of  investigation. 

Regulations. — The  following  special  regulations  re- 
garding food  inspection  were  published  by  Dr.  Schuma- 
cher Kopp,  canton  chemist  of  Lucerne,  and  also  a  mem- 
ber of  the  International  Jury  of  Award  at  the  Paris 
Exposition  of  1889. 

The  following  extract  is  taken  from  his  report : 

Collection  of  Pood. — In  collecting  food  the  greatest 
cleanliness  should  be  observed.  Clean  bottles,  and,  if 
possible,  new  ones,  should  be  used  in  collecting  fluids. 
Bottles  should  be  closed  only  with  new  corks. 

In  collecting  diinks,  the  local  experts  must  be  present, 
and  the  beverages  should  be  drawn  from  the  regular 
source  of  supply. 

In  collecting  milk,  fill  the  bottle  to  the  cork;  seal 
every  bottle  at  once  after  corking  it.  If  milk  is  collected 
in  a  stable,  the  cows  must  be  milked  quite  dry,  by  a  dis- 
interested person,  and  in  the  presence  of  the  local  mag- 
istrate or  a  policeman. 

Strong  glass,  or  porcelain,  or  crockery  vessels  should 
be  used  for  the  collection  of  Isutter. 

For  coffee,  tea,  and  meal,  boxes  of  clean  wood  or 
pasteboard  should  be  used. 

The  use  of  paper  bags  for  collecting  samples  is  for- 
bidden. 

Bread  and  sausages  should  be  wrapped  in  clean  white 
paper ;  if  possible,  parchment  paper. 

The  use  of  printed  or  colored  paper  for  this  purpose  is 
forbidden. 

Qmintity  of  Food  JWressa )■>/  for  Examination. — 1.  For 
the  local  health  authority:  Beer.  1  litre;  bread,  one 
whole  loaf;  brandy,  0.3  litre;  butter,  ,50  gm. ;  vinegar, 
0.2  litre;  coffee,  30  gm.  ;  meal,  200  gm. ;  milk,  0.5  litre; 
cider,  0.5  litre,  tea,  10  gm. ;  drinking-water,  1  litre; 
wine,  0,5  litre;  small  sausages,  one  whole  sausage;  large 
sausages,  100  gm, ;  honey,  50  gm. 

For  the  canton  chemist  the  quantities  are  nearly  the 
same  as  the  foregoing,  but  in  most  instances  two  saiiiples 
are  taken.  Wlien  two  samples  are  taken,  for  example, 
of  water,  3  litres  in  one  bottle  are  not  meant,  but  two 
bottles  each  containing  1  litre. 

Seriliii.ff. — The  samples  collected  must  be  sealed  at  once 
upon  the  spot,  with  an  official  seal.  This  seal  must  cover 
the  whole  head  of  the  bottle,  in  order  to  keep  the  air  out 
and  to  avoid  leakage. 
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Marking. — The  samples  should  be  plainly  marked  in 
two  different  places  immediately  after  collection,  one  on 
the  neck  of  the  bottle,  and  the  other  on  the  opposite  side 
of  the  body  of  the  bottle.  Each  marking  must  contain : 
(1)  The  number  and  name  of  the  article  collected ;  (3)  name 
of  the  jurisdiction  authorizing  the  collection,  and  of  the 
collector. 

Provision  is  made  for  the  collection  of  two  samples 
when  necessary,  so  that,  in  case  of  a  dispute,  the  second 
may  be  examined  under  the  auspices  of  a  superior  au- 
thority. The  samples  sent  to  the  canton  chemist  must 
contain  no  information  as  to  theif  source.  A  report  must 
also  be  sent  to  the  health  officer,  stating  the  articles  col- 
lected, the  date  of  their  collection,  name  of  the  dealer, 
his  source  of  supply,  and  in  every  case  his  remarks  upon 
the  character  of  his  goods.  This  report  must  be  signed 
by  the  local  expert  and  by  the  police  assisting  in  the  col- 
lection. All  samples  sent  to  the  canton  chemist  must  be 
so  packed  with  sawdust,  paper,  or  wadding,  that  they 
may  be  transmitted  without  injury.  The  name  of  the 
sender  must  accompany  all  packages,  letters,  etc.,  and 
they  must  be  prepaid;  otherwise  they  will  not  be  re- 
ceived. 

In  sending  milk  to  the  canton  chemist,  observe  espe- 
cially: 1.  That  the  milk  is  thoroughly  cooled  in  cold 
water  before  it  is  forwarded.  2.  (a)  In  the  accompany- 
ing report  mention  must  be  made  first  of  the  number  of 
cows  from  which  a  sample  of  mixed  milk  is  taken ;  (h) 
how  many  cows,  if  any,  are  in  the  stable  which  have 
calved  within  fourteen  days  of  collection  of  the  milk ;  (c) 
how  many  cows,  if  any,  are  near  the  time  of  calving. 

Food  Standards.— Bread.— The  water  in  a  freshly 
baked  loaf  of  bread  should  not  be  more  than  thirty  per 
cent,  of  its  weight,  and  the  ash,  after  deducting  the  com- 
mon salt,  should  not  be  more  than  one  per  cent. 

Butter. — This  name  should  be  associated  only  with  the 
fat  which  is  made  from  milk  only.  Artificial  butter 
must  be  properly  marked  as  such,  being  designated  as 
margarine,  and  packed  in  separate  parcels.  Such  names 
as  "cheap  butter,"  "tub  butter,"  and  "Alpine  butter," 
are  forbidden,  except  as  applied  to  pure  butter. 

Vinegar  must  contain  four  per  cent,  of  acetic  acid. 
The  addition  of  other  acids,  flavoring  matter,  and  aniline 
colors,  is  forbidden. 

Honey  must  be  called  honey  only  when  it  is  free  from 
adulteration.  Such  terms  as  "table  honey,"  "Swiss 
honey,"  and  "Appenzell  honey,"  etc.,  are  forbidden, 
except  when  applied  to  pure  honey.  Substitutes  for 
honey,  such  as  syrups,  etc.,  and  also  mixtures  of  these 
with  pure  honey,  must  be  plainly  marked  as  such. 

Coffee  must  not  yield  more  than  four  per  cent,  of  ash 
(Mocha,  eight  per  cent.).     Artificial  coloring  is  to  be  re- 
garded as  adulteration.     Mixtures  of  coffee  with  other 
substances  are  not  to  be  called  coffee. 
Rye  meal  should  not  yield  more  than  two  per  cent,  ot 

Wheat  meal  should  not  yield  more  than  one  and  a  half 
per  cent,  of  ash.  The  water  of  rye  and  wheat  meal 
should  not  be  more  than  fifteen  per  cent,  of  its  weight, 
and  that  of  other  meals  eighteen  per  cent. 

Milk.—m\^  must  be  sold  as  drawn  from  the  cow.  Its 
specific  gravity  at  a  temperature  of  15°  C.  (60°  F.)  before 
skimming  should  not  be  less  than  1.039  nor  more  than 
1  033  and  when  skimmed  after  twenty-four  hours  it 
should  not  be  less  than  1.038  nor  more  than  1.037.  The 
chemical  examination  should  show  at  least  11.5  per  cent, 
of  solid  residue,  and  at  least  three  per  cent,  of  tat. 
When  taking  milk  at  dairies  for  comparison,  it  is  desir- 
able to  have  examinations  made  within  the  shortest  pos- 
sible time,  three  days  at  the  longest,  and  the  cows  should 
be  milked  dry  by  disinterested  persons.  "Centrifugal 
milk  should  be  marked  as  such,  and  when  inspected  at  a 


*Tiip  standard  of  whole  milk  in  Pans  is  a  minimum  of  11.5  per 
„.nt  nf  Ss  and  2  7  fat  That  of  the  British  Society  of  Public  Ana- 
?-?SS2lfi^2ita1  solids  and  275  fat.  That  of  the  State  ol  New  York  is 
l??er  cen?  of  solids  and  3  per  <int.  fat.  Of  New  Jersey  12  per  cent, 
rf  &s.  Of  MSachusetts  13  per  cent,  of  solids  in  winter  and  12  per 
cent,  in  summer. 


temperature  of  15°  C.  should  have  a  specific  gravity  of 
from  1.034  to  1.037,  and  should  have  at  least  8.4  per  cent, 
of  solids.  The  sale  of  the  milk  of  sick  cows  is  forbidden, 
as  well  as  that  of  cows  within  eight  days  before  and  after 
the  time  of  calving. 

Cider,  after  fermentation,  must  not  have  less  than  three 
per  cent,  by  weight,  and  3.76  per  cent,  by  volume  of  al- 
cohol, and  not  less  than  1.5  per  cent,  of  solids,  nor  less 
than  0.15  of  one  per  cent,  of  ash. 

Tea  must  not  have  more  than  seven  per  cent,  of  ash. 
Water  for  domestic  use  must  have  neither  color  nor 
sediment.    Nor  should  it  have  smell  or  bad  taste.    Water 
containing  infusoria  and  bacteria  should  be  avoided. 

Sausages  should  be  made  only  of  healthy,  fresh  meat, 
fat,  and  spices  in  general  use.  Any  additions  of  starches 
are  considered  as  adulterants. 

Pkopiuety  op  Intbknational  Laws  on  thb  Sub- 
ject OF  Food  Inspection. — Dr.  Von  Hamel  Roos  ex- 
pressed his  opinion  at  the  International  Congress  of 
Hygiene  at  London,  in  1891,  that  a  codex  alimentai-ius 
should  be  adopted  for  civilized  nations,  as  agreed  upon 
by  a  competent  commission  for  general  use.  He  com- 
mented upon  the  different  standards  of  different  coun- 
tries, and  as  an  example  quoted  the  milk  standard  of 
Massachusetts  (which  is  thirteen  per  cent,  of  solids  in 
winter  and  twelve  per  cent,  in  summer),  while  milk  hav- 
ing 11.5  percent,  sohds  is  deemed  to  he  pure  in  Holland. 
At  the  International  Congress  of  Agriculture  at  The 
Hague,  in  the  following  month  (September,  1891),  con- 
clusions were  formulated  as  to  the  need  of  uniform  laws 
relative  to  food  adulteration  and  the  protection  of  food 
products.  It  was  then  voted  "  that  each  State  should  es- 
tablish a  commission  of  competent  men,  who  should  be 
charged  with  the  duty  of  investigating  the  methods  of 
analysis  in  use,  and  of  determining  the  proper  methods 
of  such  analysis,  and  that  each  state  should  publish  an 
annual  report  of  its  proceedings  and  exchange  reports 
with  other  states. " 

New  Forms  of  Addltbkation  which  Have  Ap- 
peared Recently. — Arsenic  in  Food,  in  Drink,  and  in 
Drugs.— la  the  preparation  of  many  articles  of  food 
and  drink,  glucose  enters  as  an  ingredient,  being  a 
cheaper  form  of  sugar  than  that  which  is  prepared  from 
the  sugar-cane.  In  the  manufacture  of  glucose  it  is  nec- 
essary to  use  sulphuric  acid,  this  acid  being  removed 
before  the  process  is  completed.  The  crude  sulphuric 
acid  often  contains  arsenic  in  consequence  of  the  presence 
of  arsenic  in  the  iron  pyrites  from  which  a  large  part  of 
the  acid  in  the  market  is  made. 

Glucose  is  now  used  largely  in  the  manufacture  of 
beer,  and  as  a  consequence  beer-drinkers  in  England  have 
suffered  seriously  from  arsenical  poisoning.  From  the 
report  of  Dr.  Buchanan  to  the  local  government  hoard, 
dated  February  7th,  1901,  it  appears  that  3,652  cases  of 
arsenical  poisoning  had  occurred  in  Manchester,  Liver- 
pool, Chester,  Salford,  and  neighboring  places,  and  that 
many  deaths  had  taken  place  among  this  number.  Most 
of  these  persons  were  habitual  beer-drinkers.* 

A  parliamentary  committee  was  appointed  in  Febru- 
ary, 1901,  charged  with  the  duty  of  investigating  this 
subject  and  reporting  upon  it.  This  committee  reported 
in  July,  substantially  confirming  the  statement  of  the 
local  government  board.  It  was  found,  according  to  this 
report,  that  the  glucose  used  came  from  one  firm  of  man- 
ufacturers of  brewing  sugar,  and  upon  analysis  of  sey- 
ral  samples  by  difl'erent  chemists  quantities  of  arsenic 
were  found,  amounting  in  one  instance  to  9.17  grains  per 
pound  of  glucose. 

The  conclusions  of  this  commission,  as  summed  up  m 
this  preliminary  report  of  July  10th,  1901,  are  as  follows: 
"  On  consideration  of  all  the  circumstances  connected 
with  the  recent  epidemic,  we  think  that  some  improve- 
ment in  administrative  measures  is  called  for.  It  is  evi- 
dent that  amendments  have  to  be  considered,  not  only 
with  reference  to  the  question  of  arsenic  in  beer,  but  also 


*  Report  to  the  Local  Government  Board  on  "  Recent  Arsenical  Poi- 
soning Attributed  to  Beer,"  by  Dr.  G,  S.  Buchanan,  London,  1901. 
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in  relation  to  the  broader  question  of  the  machinery 
available  to  public  health  authorities  to  obviate  the  risk 
of  arsenic  or  other  poisonous  substances  reaching  articles 
of  food  and  drink  in  general. 

"  Upon  this  important  general  question  we  consider  it 
essential  to  await  further  evidence  before  making'  final 
recommendations.  But  meanwhile,  seeing  that  the  epi- 
demic of  1900  has  been  caused  solely  by  beer,  and  that 
there  exists  in  the  case  of  breweries  (although  for  another 
purpose)  a  system  of  close  inspection  by  a  government 
department — the  board  of  inland  revenue — we  think  that 
as  a  provisional  measure  the  machinery  under  this  sys- 
tem might  effectively  be  turned  to  account  to  check  the 
introduction  of  arsenic  into  beer  by  way  of  its  ingredi- 
ents. 

"  To  this  end  we  recommend  that  the  board  of  inland 
revenue  should  possess  and  should  exercise  powers  to 
specify  in  detail  individual  ingredients  of  beer  which 
are  liable  from  their  origin  or  mode  of  preparation  to 
be  contaminated  by  arsenic,  to  prescribe  for  every  such 
ingredient,  and  for  the  different  materials  used  in  their 
preparation,  an  adequate  test  which  should  insure  their 
freedom  from  arsenic;  and  to  prohibit,  under  penalty, 
the  use  in  a  brewery  of  any  material  which  infringes  the 
prescribed  test, 

"  We  are  of  opinion  that  by  requiring  the  brewer  to 
produce  satisfactory  evidence  (whether  in  the  form  of  a 
guarantee  from  the  vendor,  or  as  the  result  of  analysis 
by  the  brewer's  chemist,  statefl  in  such  terms  as  the 
board  of  inland  revenue  may  determine)  that  the  pre- 
scribed tests  have  been  applied  to  all  the  ingredients  of 
beer  at  the  brewery  which  have  been  specified  as  liable 
to  contain  arsenic,  and  that,  by  the  examination  of  sam- 
ples in  the  government  laboratory,  an  immediate  and 
effective  safeguard  to  the  public  with  regard  to  arsenic 
in  beer  can  be  secured."* 

Among  the  adulterations  which  have  increased  very 
much  in  recent  years  are  the  various  preparations  of  pre- 
served fruits,  jams,  jellies,  and  marmalades,  which,  in  the 
majority  of  instances  of  those  which  are  sold  at  a  low 
price,  are  adulterated  witli  a  multitude  of  substances  other 
than  those  which  they  profess  to  be.  They  are  also  often 
liighly  colored  with  aniline  dyes.  Flavoring  extracts  are 
also  adulterated  seriously  in  many  ways,  and  often  con- 
tain none  of  the  essential  oil  which  is  named  upon  the 
label.  This  form  of  adulteration  has  greatly  increased 
in  the  past  two  years. 

Artijicial  Coffee  Berries. — An  artificial  coffee  berry  was 
made  in  New  Jersey  and  advertised  for  sale.  The  berry 
was  a  very  good  imitation  of  the  genuine  in  shape  and 
color,  but  was  entirely  devoid  of  the  taste  of  coffee.  Its 
texture  was  easily  distinguished  by  the  microscope,  and 
hence  it  proved  to  be  a  failure  as  a  practicable  adultera- 
tion.    It  was  composed  of  burnt  flour  or  starch. 

False  Nutmegs. —Dv.  Vanderplankenf  describes  an  arti- 
ficial nutmeg  having  the  following  characteristics: 

1.  Absence  of  vegetable  structure  on  section. 

2.  When  treated  for  three  minutes  with  boiling  water, 
the  nut  is  softened  and  breaks  into  a  powder  under  the 
pressure  of  the  fingers. 

3  The  ash  amounts  to  more  than  eleven  per  cent.,  that 
of  the  genuine  nut  being  from  two  to  three  per  cent. 

4.  They  are  heavier  than  the  genuine  nuts. 

A  very  good  photograph  of  the  true  and  false  nuts  is 
presented  m  the  paper  of  Dr.  Vanderplanken 

CUonng  Matter.-The  use  of  caramel  and  annatto  is 
less  frequently  used  for  the  false  coloration  of  milk  and 
an  anihne  dye  is  now  used,  the  quantity  required  beine 
comparatively  small.  '' 

,   Preserratives.-The  use  of  boric  and  salicylic  acids  has 
mcreased   recently   for  the   preservation  of  meat    fish 
milk,  and  other  perishable  articles  of  food,  and  still  more 
recently  formalin  has  come  into  use  for  the  same  pur 


*  First  Report  of  the  Royal  Commission  appointed  to  (nn,.i™t.,t„ 
p+ Revue  Internationale  des  Falsiflcations,'vol.  xiU.,  April,  1900, 
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pose.  The  method  employed  for  the  detection  of  forma- 
lin is  detailed  in  the  report  of  the  State  board  of  health 
of  Massachusetts  for  1897. 

Saccharin. — The  question  of  the  propriety  of  using 
saccharin  as  a  sweetening  agent  in  place  of  sugar  is 
under  discussion  in  France.* 

The  following  list  embraces  most  of  the  common  arti- 
cles of  food  which  are  liable  to  adulteration,  together  with 
the  character  of  the  adulteration. 

AKTiCLKS  Liable  to  AnnLTERATiON,  with  the  Character  of 
Adulteration. 


Name  of 
article. 


Arrowroot 
Alcoholic 
liquors. 

Bread  .... 


Butter . 


Beer. 


Canned  goods 


Catsup . 
Cheese . 
Cider . , 
Cloves  . , 


Cocoa . , 
Coffee  . 


Harmful  adulterants. 


Excess  of  fusel  oil, 
harmful  coloring  mat- 
ter. 

Alum,  used  as  such; 
rare  in  United  States. 


Salicylic  acid  and  other 
preservatives ;  arsenic 
as  an  impurity  In  glu- 
cose; water  polluted 
with  sewage. 

Lead,  tin,  and  zinc  from 
interior  of  cans  and 
from  solder ;  copper 
as  a  coloring  agent 
harmful  preserva- 
tives. 

Salicylic  acid  and  other 
preservatives. 

Poisonous  colors  in  the 
rind. 

Salicylic  acid  and  other 
preservatives. 


Fraudulent  adulterations. 


Other  and  cheaper  starches. 
Added  water,  sugar,  alcohol, 
and  coloring  matter. 

Other  and  cheaper  kinds  of 
flour  than  those  which  are 
called  for.  The  contained 
water  should  not  be  over 
f orty-flve  per  cent. 

Other  animal  and  vegetable 
fats,  such  as  beef  suet  and 
cotton-seed  oil,  lard,  coloring 
matter,  and  excess  of  water. 

Burnt  sugar,  licorice,  mo- 
lasses, glucose,  quassia,  salt, 
etc. 


Contents  of  cans  damaged  by 
improper  sealing  and  from 
other  causes ;  use  of  color- 
ing matter;  use  of  old  and 
damaged  articles  such  as 
"soaked"  peas. 


Confectionery 


Cooking  uten 
sils. 

Dried  fruits., 


Flavoring  ex 
tracts. 


Flour . 


Fruit  syrups. 
Ginger 


Gluten  meal 


Honey . 


Harmful  colors. 


Harmful  colors  and 
flavors,  terra  alba, 
talc,  baryta,  fusel  oil 
and  brandy. 

Arsenic ;  antimony 
and  lead  in  the  glaz. 
Ing. 

Occasional  slight  traces 
of  zinc  from  the  evap- 
orating trays. 


Aniline      colors 
flavors. 


and 


Starch  (injurious  when 
the  meal  is  employed 
as  a  diabetic  food). 
Very  few  of  the  so- 
called  gluten  meal 
preparations  found  in 
the  market  consist  of 
true  gluten  without 
starch. 


Lard,  cotton-seed  oil,  and  de- 
ficiency in  fats. 
Water. 

Com,  wheat,  allspice,  nut- 
shells, peas,  ginger,  pepper, 
charcoal,  dirt,  and  clove 
stems. 

Animal  fats,  starch,  flour, 
sugar,  and  caramel. 

Chicory,  dandelion,  beans, 
peas,  rye,  wheat,  almond 
shells,  and  brown  bread,  im- 
itation berries  made  of  burnt 
starch,  etc. 

The  term  "  confectionery  "has 
no  standard  and  many  sub- 
stances enter  into  its  compo- 
sition. Glucose  is  largely 
used  as  well  as  cane-sugar, 
neither  of  which  is  harmful. 


Deflciency  in  essential  oils 
and  alcohol;  excess  of  wa- 
ter ;  substitution  of  cheaper 
flavoring  ingredients,  addi- 
tion of  artificial  colors. 

Rarely  adulterated  in  United 
States  except  with  corn- 
meal. 

Coloring  agents  generally ; 
cheaper  fruits  and  often  ho 
fruit  whatever. 

Turmeric,  Cayenne  pepper, 
mustard,  inferior  and  ex- 
hausted powder. 


Glucose,  sugar,  molasses, 
syrups,  and  dead  bees  intro- 
duced for  effect. 


+  Revue  Internationale  des  Falsiflcations,  vol.  xil.,  1899,  p.  134. 
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Articles  Liable  to  adulteration,  with  the  Character  of 

ADULTERATION.— ContOTMCd. 


Name  ol 
article. 


HorseracUsli. 
Ice  cream... 


Jams  and  jel- 
lies. 


Lard 

Lime  juice . . 
Mace 


Maple  sugar. 
Maple  syrup. 

Meat 


Milk. 


Milk-sugar . 
Molasses . . . 
Pickles 


Harmful  adulteraats. 


Poisonous  dyes  and 
flavors  and  as  an  acci- 
dental ingr  e  d  i  e  n  t , 
poisonous  ptomalns. 

Harmful  dyes  and 
flavors. 


Mineral  acids  and  pre- 
servatives. 


The  product  of  diseased 
animals ;  presence  of 
parasites,  and  of  pto- 
malns. 

Substitution  of  water 
and  removal  of  cream. 
These  are  much  more 
than  mere  commercial 
frauds,  they  roh  the 
milk  of  its  valuable 
nutritious  constitu- 
ents ;  use  of  preserva- 
tives. 


Fraudulent  adulterations. 


Sausages. 
Spices... 


Sugar. 


Tea 

Vinegar 

Wines. . 


Salts  of  tin 

Copper,  alum,  mineral 
acids. 

Aniline  dyes  and  pre- 
servatives. 


Lead  coloring    matter 
in  Cayenne  pepper. 


Salts  of  tin . 


Lead,    Prussian     blue 
and  other  earths. 

Mineral  acids  and  ani 
line  colors. 


Plaster  of   Paris,   sul- 
phur, harmful  colors. 


Turnips. 


Glucose,  gelatin,  substitution 
of  cheaper  fruits,  cores,  par- 
ings, and  seeds. 

Other  animal  and  vegetable 
fats  and  water. 

Tartaric  and  other  organic 
acids. 

Starches,  and  substitution  of 
wild  mace  for  true  mace. 

Usually  cane-sugar. 

Glucose  and  cheaper  cane 
syrups. 

Substitution  of  cheaper  kinds. 


Addition  of  coloring  matters, 
caramel,  annatto,  aniline 
dyes. 


Cane-sugar  and  glucose. 
Glucose. 


Apples,  pumpkins,  turnips, 
glucose,  and  generally 
cheaper  sorts  of  fruit,  and 
fruit  and  vegetable  seeds 
and  other  refuse  products. 

Cheaper  starches. 

Colored  with  Bismarck  brown 
and  other  colors.  Made  from 
meat  of  diseased  animals. 

Starches  generally,  sawdust 
and  other  forms  of  wood, 
ground  nut  shells,  olive  and 
date  stones,  turmeric,  char- 
coal, dirt,  pepper  and  mus- 
tard hulls,  cheaper  kinds  of 
spice,  removal  of  essential 
oils;  substitution  of  wild 
mace  for  mace. 

Cane-sugar  is  rarely  adulte- 
rated in  United  States  except 
by  use  of  ultramarine,  which 
is  employed  to  g;ive  a  better 
color  (bluish-white  Instead 
of  yellowish-white)  for  same 
purpose  as  indigo  is  added 
to  starch.  So  far  as  can  be 
learned   the  ultramarine  is 

Leaves  of  other  plants,  spent 
tea,  and  substitution  of 
cheaper  kinds. 

Glucose,  apple  pomace  and 
jelly, water ;  cheaper  vinegar 
for  cider  vinegar;  caramel 
and  other  coloring  matter. 

Alcohol  (fortiflcation),  water 
(dilution),  sugar;  entire 
substitution  of  other  articles 
as  cider  for  champagne ; 
flctitious  imitations. 


ADULTERATION  OF  DEUGS. 

In  nearly  all  countries  in  which  efficient  laws  have 
been  enacted  for  the  purpose  of  preventing  the  adultera- 
tion of  food,  additional  powers  have  also  been  provided 
for  similar  action  in  regard  to  drugs.  Since,  while  it  is 
important  that  the  nutriment  intended  for  the  daily  sup- 
port of  man  should  be  of  the  best  quaUty,  it  is  also  im- 
portant that  those  articles  which  are  used  in  the  treat- 
ment of  disease  should  be  free  from  impurity. 

In  Great  Britain  and  the  continental  countries  of  Eu- 
rope generally,  modern  legislation  for  this  purpose  is 
very  efficient,  and  the  means  provided  for  drug  inspec- 
tion are  similar  to  those  which  are  provided  for  food,  the 
collections  being  made  by  the  same  set  of  officials,  the 
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examinations  by  the  same  analysts,  and  the  work  per- 
formed in  the  same  laboratories. 

England. — In  England  the  inspection  of  drugs  is  car- 
ried out  under  the  provisions  of  the  Sale  of  Food  and 
Drug  Act  of  1875.  The  substance  of  this  act  is  presented 
elsewhere  in  the  section  on  Pood  Inspection.  Dr.  Hime 
says  of  this  statute :  "  There  are  probably  no  statutes  of 
the  length  of  the  Sale  of  Food  and  Drugs  Act  which 
have  been  the  source  of  as  much  litigation  and  of  as 
many  appeals. "  *  By  the  provisions  of  this  act  "  the  term 
'  drug  '  includes  medicine  for  external  or  internal  use." 

It  is  also  provided  tliat  "no  person  shall  treat  any  drug 
so  as  to  aSect  injurious!}'  the  quality  or  potency  of  the 
drug,  with  intent  that  the  same  may  be  sold  in  that  state, 
undei-  a  penalty  of  not  exceeding  £50  for  the  first  of- 
fence." 

Under  the  operation  of  this  law  335  public  analysts 
have  been  appointed  to  carrj'  out  the  work  of  inspection 
of  such  articles  of  food  and  drugs  as  are  collected  in  the 
different  districts  of  England. 

The  following  figures  present  a  condensed  summary  of 
the  inspection  of  drugs  since  1877 :' 

Percentage  of  adulteration  found  on  examination :  For 
the  flve-year  period  1877-81,  22  per  cent. ;  1882-86,  13.6 
per  cent. ;  1887-91,  13.1  per  cent. ;  1892-96,  12.3  per  cent. 

During  the  year  1896-97  the  percentage  of  adulteration 
was  11.3  per  cent.     During  1897-98  it  was  10.5  per  cent. 

The  total  number  of  samples  of  drugs  examined  in 
1896-97  was  1,380,  of  which  156  were  found  to  be  adul- 
terated. In  1897-98  the  adulterated  samples  were  206 
out  of  1,964.  The  principal  articles  found  to  be  adulte- 
rated in  1897-98  were  sweet  spirits  of  nitre,  39  samples 
out  of  156 ;  rhubarb,  35  out  of  198 ;  quinine,  10  out  of 
99 ;  sulphur,  2  out  of  90 ;  glycerin,  23  out  of  345 ;  lime 
water,  13  out  of  20.  To  these  should  be  added  in  the 
former  year:  wine  of  ipecac,  10  samples  out  of  29;  and 
beeswax,  10  samples  out  of  46. 

The  number  of  prosecutions  conducted  in  1897-98 
against  offenders  of  this  class  was  87,  and  53  fines  were 
imposed. 

G-EKMANY.^The  German  code  of  laws  relating  to  the 
sale  of  drugs  is  contained  in  a  series  of  statutes  which 
have  been  enacted  and  amended  at  different  times  during 
the  past  century.  Special  care  is  given  in  these  statutes 
in  relation  to  the  sale  of  poisons,  and  lists  of  such  poi- 
sons are  published,  allowing  certain  classes  of  poisons  to 
be  sold  under  restrictions  (Law  of  1890,  January  27th).'' 

The  law  in  regard  to  the  sale  of  proprietary  medicines 
is  also  quite  explicit.     By  tliese  statutes  it  is  provided : 

1.  That  unapproved  panaceas  cannot  be  sold. 

2.  In  consequence  of  the  Unrestricted  sale  of  patent 
medicines  of  a.  worthless  character,  a  decree  was  pub- 
lished in  1867  that  "  all  requests  for  the  right  to  prepare 
and  sell  a  secret  remedv,  although  shown  to  be  harmless, 
will  be  denied  to  private  individuals,  but  concessions 
granted  exceptionally  in  former  years  are  to  expire  with 
the  decease  of  the  persons  to  whom  they  are  granted,  and 
cannot  be  transmitted  to  others. " 

3.  Advertisements  or  private  announcements  of  secret 
remedies  are  strictly  forbidden. 

In  Berlin  the  police  authorities  cause  patent  medicines 
to  be  analyzed  with  reference  to  their  composition.  At- 
tention is  also  paid  to  the  price  of  such  articles,  and  if 
necessary  they  can  acquire  information  relative  to  the 
methods  of  manufacture.  It  is  also  allowable  to  publish 
the  composition,  the  actual  value  as  a  remedy,  and  also 
any  facts  that  mav  be  revealed  as  to  the  character  of  the 
manufacture,  and'if  necessary  to  warn  the  public  against 

1 4-  q   1 1  gg 

These  regulations  have  had  a  salutary  influence  in  Ber- 
lin, and  have  had  the  effect  of  driving  the  traffic  in  such 
articles  into  outlying  provinces,  where  the  manufacturers 
continue  to  plunder  the  public  without  hindrance  (und 
daselbst  das  FubUkum  auszubeuten  versuchen)  (Minis- 
terial Rescript  of  April  10th,  1886). 


*"The  Practical  Guide  to  the  Public  Health  Acts, 
Whiteside  Hime,  B.A.,  M.D.,  London,  1901. 
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United  States.— A  statute  existed  in  several  States  at 
an  early  date,  providing  that  "whoever  adulterates,  tor 
the  purpose  of  sale,  any  drug  or  medicine,  or  sells  any 
fraudulently  adulterated  medicine,  knowing  the  same  to 
be  adulterated,"  shall  be  subject  to  a  penalty.*  Experi- 
ence has  shown,  however,  that  laws  of  this  character, 
requiring  proof  of  guilty  knowledge  of  the  fact  ot  adul- 
teration in  order  to  secure  conviction,  are  ot  but  little 
value  in  affording  protection  to  the  community  Hence 
it  was  that  in  subsequent  legislation  the  sale  of  adulte- 
rated articles  was  deemed  to  be  an  ofEence  subject  to  a 
penalty.  Under  the  rigid  enforcement,  however,  of  such 
a  law,  much  hardship  might  be  inflicted  upon  retailers 
who  purchase  most  of  their  stock  at  wholesale,  and  sys- 
tems have  therefore  been  devised  by  which  retailers  have 
been  given  the  benefit  of  a  warning  notice  to  the  effect 
that  certain  articles  sold  by  them  were  adulterated,  and 
that  their  sale  should  not  be  continued,  or  that  they 
should  be  sold  under  some  legal  limitation,  with  the  un- 
derstanding on  the  part  of  the  purchaser  that  they  were 
goods  of  inferior  quality.  Such  notices  are  usually  for- 
warded direct  to  the  wholesaler,  and  have  a  wholesome 
effect  in  correcting  abuses.' 

In  a  report  made  by  C.  L.  Diehl  to  the  national  board 
of  health  in  1880  *  appears  the  following  statement :  "  Pre- 
vious to  1848  and  for  some  years  afterward,  the  condi- 
tion of  the  drug  market  appears  to  have  been  in  a  very 
unsatisfactory  state.  This  condition  was  largely  attrib- 
uted to  the  importation  of  inferior  and  adulterated  drugs, 
which,  in  the  absence  of  a  law  specifying  a  standard  of 
quality,  were  freely  admitted  at  our  ports  of  entry.  In 
1848  Congress  passed  a  law  regulating  the  importation  of 
drugs,  which  went  into  effect  July  15th  of  that  year,  and 
during  the  first  ten  months  Dr.  M.  I.  Bailey,  the  special 
examiner  at  New  York,  had  occasion  to  reject  about  90,- 
000  lbs.  of  drugs,  such  as  rhubarb,  senna,  opium,  jalap, 
gamboge,  iodine,  croton  oil,  sarsaparilla,  etc. ;  and  dur- 
ing the  administration  of  his  office,  from  1848  to  1857,  he 
found  it  necessary  to  reject  over  900,000  lbs.  of  'un- 
safe,' adulterated,  and  improper  drugs  and  medicines. 
As  a  result  of  this  action,  the  character  of  the  drugs  im- 
ported soon  showed  decided  improvement." 

The  operation  of  this  law  does  not  appear  to  have  been 
entu'ely  satisfactory,  if  we  may  judge  from  the  report  of 
a  committee  of  the  American  Pharmaceutical  Association, 
.which  in  1855  "referred  to  the  disregard  that  is  paid 
to  proper  qualifications  in  the  appointment  of  officers  to 
carry  out  the  requirements  of  the  drug  law,"  At  a  later 
date  Mr.  Diehl  says :  "  Some  attention  is  paid  to  the  fit- 
ness and  qualification  of  applicants,  and  the  execution  of 
the  law  is  in  the  main  satisfactory,  though  by  no  means 
incapable  of  being  improved  and  rendered  more  efficient 
by  wise  revision." 

After  the  establishment  of  State  boards  of  health,  in- 
vestigations were  begun  in  several  States  relative  to  the 
quality  of  the  drugs  found  and  offered  for  sale  in  these 
States,  the  result  showing  that  legislation  was  necessary 
to  prevent  adulteration  in  the  sale  of  drugs  as  well  as  in 
their  importation.  Laws  have  therefore  been  enacted, 
usually  in  conjunction  with  the  food  laws,  for  protection 
against  this  class  of  adulterations. 

The  term  "  drugs "  in  the  Massachusetts  Act  of  1882 
embraces  "  all  medicines  for  internal  and  external  use, 
antiseptics,  disinfectants,  and  cosmetics,"  Hence  the 
work  of  the  State  board  of  health,  in  this  direction,  has 
not  been  confined  to  the  remedies  defined  in  the  United 
States  Pharmacopoeia,  but  has  embraced  many  other  ar- 
ticles, and  especially  empirical  preparations  of  a  more  or 
less  harmful  character.* 

The  following  section  of  the  Massachusetts  Act  pre- 
sents the  requirements  of  the  law  relating  to  the  standard 
of  pure  drugs,  and  has  been  enacted  in  practically  the 
same  form  in  the  following  States,  according  to  Dr 
Chapin;''  California,  Connecticut,  District  of  Columbia 
Illinois,  Indiana,  Kansas,  Kentucky,  Michigan  I\Iissis' 
sippi,  Nebraska,  New  .lersey,  New  York,  Korth  Caro- 


*  Law  of  1853,  Mass.,  P.  S.  208,  §  5. 


ina,  Ohio,  Oregon,  Pennsylvania,  South  Dakota,  Ten- 
nessee, and  Wisconsin. 

Acts  of  1882,  363,  §  3,  Mass. ,  as  amended  by  later  stat- 
utes. 

An  article  shall  be  deemed  to  be  adulterated  withm  the 
meaning  of  this  act — 

(a)  In  the  case  of  drugs :  (1)  If,  when  sold  under  or  by 
a  name  recognized  by  the  United  States  Pharmacopoeia, 
it  differs  from  the  standard  of  strength,  quality,  or  pu- 
rity laid  down  therein,  unless  the  order  calls  for  an  arti- 
cle inferior  to  such  standard,  or  unless  such  difference  is 
made  known  or  so  appears  to  the  purchaser  at  the  time 
of  such  sale ;  (3)  if,  when  sold  under  or  by  a  name  not 
recognized  in  the  United  States  Pharmacopoeia  but  which 
is  found  in  some  other  pharmacoposia  or  other  standard 
work  on  materia  medica,  it  differs  materially  from  the 
standard  of  strength,  quality,  or  purity  laid  down  in  such 
work ;  (3)  if  its  strength  or  purity  falls  below  the  pro- 
fessed standard  under  which  it  is  sold. 

Of  the  drugs  found  to  be  of  a  specially  inferior  quality 
during  the  earlier  investigations  of  the  analysts  in  1883 
and  1884  were  the  following : 

Tincture  of  opium  (U.  S.  P.,  1.20  to  1.60  parts  per  100 
of  morphine),  144  samples  out  of  197  fell  below  the  re- 
quired limit  of  1.2,  and  some  had  as  little  as  0,01,  0.14, 
0.17,  or  a  mere  fraction  only  of  the  minimum  requirement. 
Citrate  of  iron  and  quinine  (legal  requirement  twelve  per 
cent,  of  quinine),  eighty-five  per  cent,  of  the  samples  had 
less  than  the  required  amount,  and  several  had  as  little  as 
3  and  3.5  per  cent.,  or  but  little  more  than  a  quarter 
of  the  requirement.  Of  powdered  jalap  only  one  sample 
out  of  twelve  conformed  to  the  pharmacopoeial  standard. 
Of  192  samples  of  powdered  drugs,  39  were  found  to  be 
adulterated  in  various  forms.  Of  19  samples  of  com- 
pound spirits  of  ether,  3  only  contained  the  required 
amount  of  the  ethereal  oil  required  by  the  statutes.  Of 
23  samples  of  spirit  of  nitrous  ether,  scarcely  any  had  the 
required  amount  of  ethyl  nitrite. 

Twenty -two  samples  or  lots  of  the  quinine  pills  made 
by  different  manufacturers  were  examined.  These  were 
examined  in  two  groups,  at  an  interval  of  several  months, 
during  which  time  the  manufacturers  had  become  aware 
of  the  work  of  the  board  in  this  direction.  The  anatysis 
of  the  second  group  showed  in  nearly  every  instance  an 
improvement.  The  following  figures  indicate  the  per- 
centages of  the  required  weight  of  the  pills  made  by  nine 
manufacturers,  in  the  two  series  of  analyses: 


First  series.  Second  series. 
. . . .    93.5  97.9 

...     86.6  97.3 

, . . .     93.3  99.6 

. . , ,    93.8  100.7 

,,,.  107.6  76.5 


First  series. 
...    84.7 


104.4 
97.0 


Second  series. 

89.5 
101.1 
100.5 

97.1 


The  foregoing  list  shows  an  improvement  in  each  case 
except  two.  Of  106  samples  of  pharmacopoeial  spirits 
and  wines,  only  10,  or  9.4  per  cent.,  conformed  to  the 
legal  requirements. 

In  proof  of  the  improvement  under  the  action  of  the 
statutes,  very  marked  changes  for  the  better  have  been 
found  to  have  taken  place  in  many  of  the  foregoing  arti- 
cles. 

Among  the  non-pharmacopceial  preparations  exam- 
ined in  1885  were  11  hair  dyes,  all  of  which  contained 
lead  in  large  amounts ;  also  20  different  fraudulent  nos- 
trums advertised  for  the  cure  of  the  opium  habit,  most 
of  which  were  solutions  of  morphine.  One  of  them 
was  the  so-called  "Keeley  gold  cure,"  which  was  found 
to  cont;dn  no  gold  whatever.  In  1887  about  fifty  pro- 
prietary articles,  sold  as  tonics  and  bitters  (some  of  which 
were  advocated  as  temperance  drinks),  were  examined 
chiefly  for  their  alcoholic  contents.  All  were  found  to 
(■"utain  alcohol  in  the  proportion  of  six  to  forty-eight  per 
cent,  by  volume.  One  of  these,  which  was  advertised  as 
a  remedy  for  inebriety  and  the  opium  habit,  was  the 
celebrated  "Scotch  oats  essence,"  containing  alcohol  and 
morphine,  the  latter  in  varying  proportions.  This  nos- 
trum very  soon  disappeared  after  its  analysis  had  been 
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published.  Cocaine  as  a  common  ingredient  in  tlie  com- 
position of  remedies  for  asthma,  hay  fever,  and  catarrh 
has  also  been  the  subject  of  examination. 

Cosmetics  for  the  complexion,  termed  face  bleaches, 
freckle  lotions,  skin  tonics,  have  been  examined  and  found 
to  consist  of  strong  solutions  of  corrosive  sublimate.  Of 
this  class  were  Ruppert's  complexion  bleach,  and  Yale's 
complexion  bleach,  PeiTj-'s  freckle  lotion  (39  grains  ci^r- 
rosive  sublimate  in  an  eight-ounce  bottle),  and  Mrs.  Mc- 
Corrison's  diamond  lotion. 

Skin.  iSucce/iS  Ointment  contained  red  oxide  of  mercur3'. 
Cocaine  as  an  active  ingredient  was  found  in  Dr.  Bir- 
ney's  catarrli  remedy.  Instant  cold  relief,  Dr.  Tucker's 
asthma  cure,  Azmasyde,  and  Coca-kola. 

It  was  required  that  such  articles,  if  sold  at  all,  should 
be  labelled  as  poisons,  and  sold  only  under  careful  re- 
strictions. Seventeen  complaints  were  made  against  par- 
ties selling  the  most  poisonous  of  these  articles  in  viola- 
tion of  the  statutes. 

The  powerful  influence  of  the  proprietary  medicine 
interest,  however,  prevailed,  and  that  section  of  the  stat- 
utes which  required  that  poisonous  patent  medicines 
should  be  labelled  as  poisons  was  repealed,  so  that  the 
people  are  now  deprived  of  that  protection  which  was 
once  afforded  by  law. 

As  an  evidence  of  the  character  of  the  most  poisonous 
of  these  preparations  (cosmetics),  it  may  be  said  that  the 
cost  of  a  bottle  of  face  bleach  which  sells  at  §2  is  about 
five  cents,  bottle  included,  aud  the  package  is  often 
marked  "  harmless. " 

In  later  years  the  following  were  some  of  the  more  im- 
portant adulterations  found  upon  analysis: 

In  1807,  of  18  samples  of  chlorinated  lime,  all  proved 
to  be  below  the  required  standard.  Eight  of  these  were 
very  deficient  in  available  chlorine.  All  the  samples  ob- 
tained in  1898  and  1899  were  also  deficient. 

Of  distilled  water,  onlj-  19  samples  out  of  69  obtained 
in  1897,  1898,  and  1899  were  free  from  solid  residue.  The 
highest  amount  of  solid  residue  in  any  sample  was  33.7 
per  100,000.  A  comparison  of  the  water  collected  from 
drug  stores  in  certain  localities  with  that  collected  from 
the  public  water  supplies  of  the  same  cities  and  towns, 
made  it  apparent  that  it  was  quite  a  common  custom  for 
druggists  to  fill  orders  for  distilled  water  from  the  faucet 
supplying  the  city  water. 

Of  61  .samples  of  powdered  opium  collected  in  the  same 
years  and  in  1900,  20  were  deficient  in  morphine  strength. 
(This  result  shows  a  decided  improvement  over  the  sam- 
ples collected  in  1883-84.)  Of  172  samples  of  tincture  of 
opium,  133  were  deficient,  but  many  of  them  were  quite 
near  the  minimum  limit  of  1.3  per  cent,  of  morphine. 

Of  30  samples  of  compound  spirits  of  ether,  18  were 
deficient  in  ethereal  oil. 

Of  113  samples  of  tincture  of  iodine.  95  were  deficient 
in  iodine. 

Of  156  samples  of  olive  oil,  47  were  either  wholly  or  in 
part  cotton -seed  oil. 

Of  37  samples  of  lime  juice,  all  except  1  contained 
salicylic  acid ;  and  one  sample  marked  "  Santiago,  ^W.  I. , 
triple  refined,"  consisted  of  a  dilute  solution  of  hydro- 
chloric acid  flavored  with  oil  of  lemon  and  preserved  with 
salicylic  acid.     It  contained  no  lime  juice  whatever. 

Thirteen  samples  of  so-called  diabetic  flour  wci-e  exam- 
ined for  starch,  and  only  3  were  free  from  it;  7  of  these 
contained  as  much  as' 60  per  cent,  of  starch  in  each 
.sample. 

In  1900  and  in  1901  special  attention  has  been  given  to 
the  analysis  of  drugs  for  arsenic,  with  the  result  of  find- 
ing it  in  appreciable  amounts  in  glycerin  and  in  phos- 
phate of  soda. 

Of  11  samples  of  grape  juice  collected  m  1900  5  were 
found  to  contain  either  boracic  or  salicylic  acid. 

The  pharmacopoeial  wines  and  liquors  were  found  to 
be  quite  generally  falsified  by  the  addition  either  of  alco- 
hol, water,  or  sugar,  and  only  very  rarely  with  substances 
of  a  more  injurious  character  than  the  alcohol. 

New  YoKK.-The  State  board  of  health  of  New  York 
for  several  years  maintained  a  system  of  drug  inspection 


under  the  direction  of  a  competent  chemist,  which  was 
practically  discontinued  in  1895  by  withdrawal  of  the 
necessary  appropriation.'' 

In  its  report  for  the  year  1893,  it  appears  that  2,637 
samples  of  drugs  were  collected  and  3,434  were  exam- 
ined, making  a  total  of  7,035  samples  collected  and  6,833 
examined  since  1891.  These  were  all  olBcinal  articles 
having  a  definite  standard,  and  of  tliese  1,018,  or  41.9  per 
cent.,  were  of  "good"  quality;  446,  or  18.4  per  cent., 
were  classed  as  "  fair  "  ;  699,  or  28.7  per  cent.,  as  "  injuri- 
ous"; 131,  or  5.3  per  cent.,  were  "not  as  called  for"; 
ami  140,  or  5.7  per  cent.,  were  of  "excessive  strength." 

The  principal  articles  were  as  follows : 

Dilute  acetic  acid,  231  samples  examined,  61  good,  53 
fair,  78  inferior,  34  excessive  strength,  6  not  as  called 
for. 

Water  of  Ammonia,  397  samples,  77  good,  66  fair,  94 
inferior,  54  excessive  strength,  6  not  as  calle(l  for. 

Ga])siciim,  17  samples,  13  good,  1  fair,  3  inferior. 

Creosote,  323  samples,  119  good,  the  remainder  con- 
sisted chiefly  of  carbolic  acid. 

Compound  Spirits  of  Ether,  306  samples,  54  good,  33 
fair,  139  inferior. 

l^tronger  Ether,  144  samples,  91  good,  7  fair,  46  infe- 
rior. 

Ginger,  15  samples,  all  good. 

Dilute  Hydrochloric  Acid,  332  samples,  151  good,  45 
fair,  32  inferior,  4  excessive  strength. 

Compound  Solution  of  Iodine,  liJO  samples,  68  good,  23 
fair,  7  inferior,  1  excessive  strength,  10  not  as  called  for. 

Tincture  of  Iodine,  237  samples,  57  good,  96  fair,  81 
inferior,  3  excessive  strength. 

Ipecac,  15  samples,  all  good  except  one. 

Tincture  of  Iron,  21  samples,  19  good,  2  fair. 

Magnesia,  111  samples,  52  good,  3  fair,  50  inferior,  6 
not  as  called  for. 

Aromatic  Sulphuric  Acid,  289  samples  examined,  39 
good,  98  fair,  167  inferior. 

Dilute  Sulphuric  Acid,  359  samples,  171  good,  83  fair, 
11  inferior,  44  excessive  strength.      Samuel  W.  Abbott. 
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FOOD:  METHODS  OF  INSPECTION  AND  AN- 
ALYSIS.—There  is  no  field  of  chemical  analysis  more 
unique  in  itself  than  that  covered  by  the  food  analyst, 
who  necessarily  employs  methods  of  a  much  more  varied 
character  than  almost  any  other  chemical  specialist. 
Processes  of  food  analysis  are  not  exclusively  chemical. 
Physical  methods  are  frequently  employed,  especially 
those  along  optical  lines  involving  the  use  of  the  micro- 
scope, the  polariscope,  tlie  spectroscope,  and  the  refrac- 
tometer.  Besides  these  instruments,  the  food  analyst 
should  be  provided  with  a  water  bath,  a  delicate  balance, 
a  Babcock  centrifuge,  the  usual  laboratory  glassware  and 
reagents,  and,  if  possible,  with  a  number  of  platinum 
dishes. 

It  is  desirable  in  the  examination  of  foods  to  employ 
quick  processes  for  separatiug  the  pure  from  the  impure, 
afterward  applying  special  metliods  to  the  impure  sam- 
ples to  ascertain  the  nature  and  extent  of  the  adulte- 
ration. 

No  attempt  is  made  in  what  follows  to  deal  with  the 
processes  of  analyzing  foods  for  their  nutritive  values, 
but  simply  briefly  to  outline  methods  of  detecting,  and 
in  some  instances  estimating  adulterants  in  such  classes 
.of  food  products  as  experience  has  shown  to  be  most 
liable  to  fraudulent  adulteration.  Wherever  possible, 
methods  are  selected  involving  the  simplest  possible  ap- 
paratus. The  usual  laboratory  reagents  are  used,  maiuly 
solutions  of  simple  salts,  and  for  their  preparation  the 
reader  is  referred  to  any  text  book  in  qualitative  analysis. 

Baking  Powder. — The  adulterants  of  cream  of  tartar 
are,  of  course,  to  be  looked  for  in  baking  powder,  and 
are  tested  for  as  indicated  under  "  Cream  of  Tartar. " 

Alum  is  tested  for  by  burning  a  small  quantity  of  the 
sample  to  an  ash,  which  is  then  treated  with  boiling 
water  and  filtered.  If,  on  the  addition  of  ammonium 
chloride  to  the  filtrate,  a  flocculent  precipitate  is  formed, 
this  will  indicate  the  presence  of  alum  in  the  sample. 
The  test  is  applicable  in  presence  of  phosphates. 

Butter. — If  accustomed  to  tlie  odor  and  taste  of  oleo- 
margarine, one  can  usually  distinguish  by  these  senses 
alone  between  it  and  pure  butter.  The  odor  of  the 
melted  fat  is  very  distinctive,  the  melted  oleomargarine 
lacking  the  butyric  odor  so  characteristic  of  the  butter 
and  possessing  a  distinct  "meaty"  smell  that  generally 
betrays  its  nature.  Certain  quick  physical  tests  are 
sometimes  employed  to  distinguish  pure  from  adulter- 
ated butter. 

The  Spoon  Test.— If  about  a  gram  of  the  sample  be 
placed  on  a  spoon,  held  over  the  free  gas  flame  and 
brought  to  the  boiling  point,  the  mass  will  assume  a 
"  foamy  "  appearance  if  the  butter  is  pure.  If  the  sample 
is  oleomargarine  or  "process  butter"  (old  butter  re- 
woiked),  the  mass  will  bump  and  spatter  like  hot  grease 
containing  water,  but  does  not  foam. 

The  Milk  Test.~¥i\e  to  10  c.c.  of  the  sample  are  added 
to  50  c.c.  of  sweet  milk  heated  nearly  to  boiling  The 
contents  are  stirred  with  a  I'od  till  the  fat  is  melted  after 
wliich  the  container  is  placed  in  cold  water  and  the  stir- 
ring IS  continued  till  the  fat  congeals.  If  oleomargarine 
the  fat  can  readily  he  collected  into  one  lump  with  the 
stirring  rod,  and  if  butter,  it  cannot  be  gathered  together 
but  granulates.  b      >-  , 

Under  the  microscope  pure  butter  should  theoretically 
show  no  crystalline  structure  when  viewed  by  polarized 
hght,  being  uniformly  bright  throughout  and  if  the 
selenite  plate  be  used,  showing  an  evenly  colored  field 
entirely  devoid  of  fat  crystals.  With  process  butter  or 
oleomargarine,  both  of  which  have  been  melted  and  sub- 
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sequently  cooled,  the  crystalline  structure  should  be 
marked,  showing  with  polarized  light  a  mottled  appear- 
ance, and  a  play  of  colors  with  the  selenite.  These  con- 
ditions are,  however,  not  sufficiently  sharp  to  be  reliable 
in  unskilled  hands. 

The  Zeiss  Buti/ro-Befraciometer  inrnishes  a  ready  means 
ol  distinguishing  between  butter  and  oleomargarine. 
This  instrument  is  so  constructed  that  the  degree  of  re- 
fraction of  a  beam  of  light  reflected  from  a  mirror  ob- 
liquely through  a  thin  film  of  the  melted  fat  is  read  on 
an  arbitrary  scale  of  sufficient  extent  to  cover  the  widest 
limits  of  deviation  possible  for  butter  fat  and  oleomar- 
garine under  ordinary  temperatures.  The  butter  fat  is 
kept  at  a  constant  temperature  above  the  melting  point 
by  a  circulation  of  heated  water  maintained  through  a 
jacket  that  encloses  it,  the  temperature  being  read  on  a 
thermometer.  Each  fat  has  fixed  limits  of  reading  at  a 
given  temperature,  the  scale  reading  of  oleomargarine 
being  from  six  to  twelve  degrees  higher  than  that  of 
butter. 

The  Volatile  Fat  Acids. — The  presence  of  a  considerable 
percentage  of  volatile  fatty  acids  in  genuine  butter  and 
the  lack  of  them  in  oleomargarine  furnishes  the  most 
ready  chemical  means  of  distinguishing  between  the  two. 
The  result  is  usually  expressed  by  the  number  of  cubic 
centimetres  of  decinormal  alkali  necessary  to  neutralize 
the  volatile  fatty  acids  in  5  gm.  of  the  fat,  being  known 
as  the  "Reichert  number."  The  method  of  obtaining 
this  is  fully  described  in  Bulletin  46,  United  States  De- 
partment of  Agriculture,  Division  of  Chemistry. 

Cheese. — The  Fat  Content  of  cheese  is  the  most  im- 
portant factor  in  determining  whether  whole  or  skimmed 
milk  has  been  used  in  its  manufacture,  and  the  Babcock 
milk  tester  is  used  with  advantage  in  estimating  the  fat. 

Weigh  5  gm.  of  the  finely  divided  sample  into  a  tared 
Babcock  milk  testing  bottle.  About  15  c.c.  of  hot  Avater 
are  then  added,  and  the  mixture  is  shaken  until  an  emul- 
sion is  formed.  A  few  drops  of  ammonia  aids  in  soften- 
ing the  cheese.  The  mixture  is  kept  warm  by  immers- 
ing the  test  bottle  in  hot  water.  When  a  complete 
emulsion  is  formed,  the  bottle  is  cooled,  17.5  c.c.  of  con- 
centrated sulphuric  acid  are  added  and  the  test  is  com- 
pleted in  the  usual  manner  for  carrying  out  the  Babcock 
test  (see  Milk  Fat).  The  reading  of  the  fat  in  the  bottle 
is  multiplied  by  18  and  this  result  divided  by  the  number 
of  grams  of  the  sample  taken  gives  the  percentage  of 
fat  in  the  cheese,  which  in  case  of  a  whole-milk  cheese 
should  be  at  least  thirty  per  cent. 

Detection  of  Foreign  Fat. — The  presence  of  foreign  fat 
in  cheese  is  best  detected  by  submitting  the  separated 
cheese  fat  to  the  same  examination  as  is  given  to  butter 
fat  (q.  v.),  the  fat  for  chemical  examination  being  best 
removed  by  extraction  of  the  cheese  with  ether. 

Cocoa. — The  purity  of  cocoa  is  best  determined  by 
means  of  the  microscope.  See  "  Spices  "  for  brief  direc- 
tions as  to  mounting,  etc.  Samples  of  known  purity 
should  be  studied  for  comparison  with  doubtful  speci- 
mens. Under  the  microscope  pure  cocoa  shows  a  loose 
mass  of  yellowish-brown  matter,  with  small  starch  gran- 
ules and  oil  globules. 

Coppee. — This,  like  cocoa,  is  best  examined  micro- 
scopically, being  first  giound  to  a  fine  powder  in  a  mortar. 
Figs.  6,  7,  8,  Plate  XXVI. ,  show  the  characteristic  ap- 
pearance under  the  microscope  of  both  pure  and  adulte- 
rated samples.  Pure  ccitfee  appears  as  a  mesh-work  of 
irregular  hexagonal  thick-walled  cells  enclosing  oil  drop- 
lets and  amorphous  material. 

Condensed  Milk.— Forty  grams  of  the  thoroughly 
mixed  sample  are  weighed  out  and  made  up  to  100  c.c. 
with  water. 

Total  SolifU.—Xn  aliquot  part  of  the  above  solution 
is  further  diluted  with  an  equal  amount  of  water,  and  5 
c.c.  of  the  diluted  mixture  is  evaporated  over  the  live 
steam  of  a  boiling  water  bath  for  three  hours  in  a  platinum 
dish  and  the  residue  weighed. 

Ash.— The  residue  from  the  total  solids  Is  burnt  to  a 
white  ash  and  weighed. 

Fat. — This  is  the  most  important  factor  in  determining 
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Fig.  1.— Pure  Cayenne.  Patches  of  the  inner  and  outer  skin  appear  most  prominent,  with  scat- 
tered bits  of  cellular  tissue. 

Fig.  3.— Cayenne  Adulterated  with  "Wheat.  The  mass  to  the  left  of  the  centre  is  cayenne.  The 
circular  granules  are  of  wheat  starch. 

Fig.  3. — Allspice  Adulterated  with  Cayenne.  The  large  mass  is  cayenne  skin.  The  small  stone 
cell  and  mass  of  gum  below  are  of  allspice. 

Fig.  4. — Pepper  Adulterated  with  Buckwheat.  Large  masses  of  buckwheat  starch  granules  are 
above  the  centre,  and  a  small  mass  of  liner  pepper-starch  grains  below  and  to  the  left. 

Fig.  5. — Olive  Stones  in  Alleged  Pepper.  Elongated,  thick-walled  stone  cells  of  the  ground  fruit 
stones  are  grouped  together  in  the  centre. 

Fig.  6. — Pure  Coffee.  A  meshwork  of  cells  tending  to  hexagonal  in  shape,  enclosing  amorphous 
material  and  droplets  of  oil. 

Fig.  7.— Coffee  Adulterated  with  Peas  and  Pea  Hulls.  Masses  of  pea-starch  granules  are  most 
prominent.  The  rectangular  billets,  like  bunches  of  matches  around  the  lower  edge,  con- 
stitute the  pea  hulls. 

Fig.  8.— Chicory  in  an  Adulterated  Coffee.  Chicory  shows  as  a  mass  of  cellular  tissue,  traversed 
by  broad  bands  (juice  ducts)  having  striking  transverse  markings. 
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the  purity  of  the  sample.  Twenty-five  cubic  centimetres 
of  the  forty-per-cent.  solution  are  measured  Into  an  ordi- 
nary Babcock  test  bottle,  which  is  then  filled  nearly  to  the 
neck  with  water.  The  contents  are  shaken  and  4  c.c.  of 
a  seven-per-cent.  solution  of  copper  sulphate  are  added. 
The  bottle  is  then  well  shaken  and  whirled  iu  the  centri- 
fuge until  the  precipitate  has  settled  out.  The  clear 
supernatant  liquid  is  drawn  off  by  means  of  a  pipette,  a 
small  wisp  of  absorbent  cotton  being  lightly  twisted  about 
the  lower  end  to  serve  as  a  filter.  After  the  liquid  is 
drawn  up  into  the  pipette,  the  cotton  is  removed  by  rub- 
bing against  the  inside  of  the  bottle,  and  the  pipette  is 
withdrawn.  The  precipitate  is  washed  twice  as  above  by 
decantation,  and  after  the  final  washing,  sufficient  water 
is  added  to  amount  to  about  the  quantity  of  milk  meas- 
ured for  the  Babcock  test  (17.6  c.c).  From  this  point  on 
the  usual  Babcock  centrifuge  method  is  followed,  adding 
the  regular  17.5  c.c.  of  strong  sulphuric  acid  (see  Milk 
Pat).  Multiplying  the  final  reading  by  1.8,  we  get  the 
percentage  of  fat. 

The  above  process  is  to  be  used  for  the  ordinary  con- 
densed milk  containing  added  cane-sugar.  The  fat  in 
"evaporated  cream,"  which  is  really  condensed  milk 
without  the  cane-sugar,  is  best  determined  by  the  ordi- 
nary Babcock  method  as  in  the  case  of  milk,  using  17.6 
c.c.  of  a  uniform  mixture  of  equal  volumes  of  the  sam- 
ple, and  water. 

Cream  is  treated  similarly  to  milk  (g.  v.)  for  total  solids, 
color,  and  preservatives. 

Fat. — A  weighed  portion  of  the  sample  is  introduced 
into  the  specially  constructed  cream  bottle  furnished  for 
the  Babcock  test.  The  test  is  then  conducted  as  in  the 
case  of  milk  fat  {q.  v.),  the  final  reading  being  multiplied 
by  18  and  the  result  divided  by  the  number  of  grams  of 
the  sample  taken  to  give  the  exact  percentage  of  fat. 

Oelatin,  sometimes  used  to  thicken  cream,  is  best  de- 
tected by  mixing  10  c.c.  of  the  cream  with  an  equal  vol- 
ume of  a  dilute  solution  of  acid  nitrate  of  mercury .  After 
diluting  and  shaking,  the  mixture  is  allowed  to  stand  a 
few  minutes  and  filtered.  To  a  portion  of  the  filtrate  an 
equal  quantity  of  a  saturated  solution  of  picric  acid  is 
added.     A  yellow  precipitate  indicates  gelatin. 

Ckbam  op  Tartar.— The  purity  of  this  substance  is 
usually  established  if  the  sample  is  found  to  be  readily 
soluble  in  hot  water ;  since  most  adulterants  other  than 
alum  are  insoluble.  It  is  best  to  weigh  out  0.1881  gm. 
of  the  cream  of  tartar  and  dissolve  in  hot  water,  titrating 
the  solution  with  one-tenth  normal  sodium  hydroxide, 
and  using  phenolphthalein  as  an  indicator.  If  the  sample 
is  pure,  it  should  require  just  10  c.c.  of  the  alkali  to  neu- 
tralize. 

If  alum  is  the  adulterant,  the  alum  would  be  precipi- 
tated by  the  sodium  hydroxide,  the  precipitate  being 
soluble  in  an  excess  of  the  alkali. 

Starch  is  detected  by  adding  a  drop  of  iodine  reagent 
to  the  solution  of  the  sample,  a  blue  color  being  produced 
if  starch  is  present.  The  starches  are  most  readily  iden- 
tified under  the  microscope.  . 

Galcium  (present  as  sulphate  or  phosphate)  is  best 
shown  by  burning  the  sample  to  an  ash,  dissolving  in 
water  acidified  with  hydrochloric  acid,  filtering,  and 
treating  a  part  of  the  filtrate  with  ammonia  and  ammo- 
nium oxalate.     A  precipitate  shows  calcium. 

A  Sulphate  is  indicated,  if,  on  treatment  of  a  part  of 
the  acid  filtrate  above  obtained  with  barium  chloride  re- 
agent a  precipitate  is  formed. 

A  Phosphate  is  detected  by  boiling  a  little  of  the  sample 
with  nitric  acid  and  adding  ammonium  molybdate  re- 
asrent      A  yellow  precipitate  indicates  phosphate. 

Honey  —Commercial  Glucose  and  Cane-Sugar  are  best 
estimated  by  means  of  a  Schmidt  and  Haensch  polari- 
^cone  26  048  gm.  of  the  sample  are  weighed  out  m  a 
flask  graduated  to  hold  100  c.c,  5  c.c.  of  alumina  cream  * 
ie  addedtodarify,  and  the  solution  is  made  up  to  100 

.„  „  ,.0,1  Tiv  artdinff  ammonia  water  in  excess  to  a  saturated  solu- 
,.  *  ^■■f?n?mJnd  washing  free  Irom  ammonia.  The  aluminum  hy- 
drate bewS  water  is  shaken  so  as  to  form  a  thin,  emulsion-like  paste 
to  clarity. 


C.c.  with  water.  It  is  well  shaken  and  filtered,  the  fil- 
trate being  polarized  in  a  200  mm.  tube  and  the  reading 
taken.  If  the  scale  reading  is  to  the  left  of  the  zero 
point,  the  honey  may  usually  be  considered  pure ;  if  it  is 
to  the  right,  the  honey  is  probably  adulterated  with  cane- 
sugar  or  commercial  glucose  or  both.  Fifty  cubic  centi- 
metres of  the  filtrate  are  taken,  5  c.c.  of  strong  hydro- 
chloric acid  are  added,  after  which  the  solution  is  made 
up  to  100  c.c.  with  water  and  heated  in  the  fiask  to  68° 
C. ,  cooled  and  filtered.  This  process  is  termed  inversion. 
The  filtrate  is  then  polarized  in  the  300  mm.  tube,  and 
the  result  multiplied  by  two  gives  the  invert  reading. 
The  amount  of  cane-sugar  is  obtained  by  the  following 
formula  (Clerget's): 

R  =  ^iooA 

Ui-\t 

wherein  R  is  the  per  cent,  of  cane-sugar,  S  the  diilerence 
of  the  two  polarizations  before  and  after  inversion,  and 
t  the  temperature  at  which  the  readings  are  taken.  If 
commercial  glucose  is  suspected,  the  portion  of  the  sam- 
ple subjected  to  inversion  is  heated  and  polarized  at  87° 
C.  in  a  200  mm.  jacketed  tube,  the  reading  being  multi- 
pHed  by  two.  This  result,  divided  by  175,  gives  the  ap- 
proximate per  cent,  of  commercial  glucose  in  the  sample. 

The  presence  of  commercial  glucose  may  usually  be 
qualitativcl_y  detected  by  submitting  the  sample  to  a  test 
for  dextrin,  one  of  the  chief  ingredients  of  glucose.  A 
solution  of  the  honey  is  treated  with  an  excess  of  strong 
alcohol.  A  precipitate  indicates  dextrin.  Pure  honey 
should  give  no  precipitate. 

Lard.' — The  color,  smell,  and  consistency  of  the  sample 
of  adulterated  lard  often  serve  to  betray  its  character  to 
a  careful  observer,  and,  as  in  the  case  of  butter,  the  odor 
of  the  fat  when  melted  is  much  more  distinctive  than  when 
in  its  natural  condition.  The  adulterants  commonly  to 
be  looked  for  are  cotton-seed  oil  and  beef  tallow. 

Reaction  with  Strong  Acid  (sulphuric  or  nitric). — A 
small  amount  of  melted  fat  is  poured  into  a  test  tube,  an 
equal  quantity  of  acid  is  added  and  the  contents  are  well 
shaken.  Genuine  lard  and  beet  stearin  usually  give  but 
slight  coloration,  while  mixtures  containing  cotton-seed 
oil  invariably  give  a  red-brown  color,  more  or  less  intense 
in  proportion  to  the  amount  of  cotton-seed  oil  present. 

The  Zeiss  Refractometer,  described  under  "  Butter,  "  is 
useful  in  the  examination  of  lard  as  well  as  other  fats  and 
oils.  The  refracting  degree  of  cotton-seed  oil  on  this 
instrument  is  about  8.9  in  excess  of  that  of  lard,  while 
that  of  beef  tallow  is  about  3.8  less.  If  the  scale  read- 
ing of  the  sample  is  unusually  low,  the  presence  of  beef 
stearin  is  to  be  suspected ;  if  unusually  high,  cotton-seed 
oil  should  be  looked  for.  A  mixture  of  the  two  adulte- 
rants either  with  or  without  pure  lard  may  be  such  as  to 
give  refractometric  readings  within  the  limits  of  pure  lard. 
In  such  a  case  the  positive  detection  of  the  cotton-seed 
oil  by  the  Halphen  test  (given  below)  will  indirectly  show 
the  presence  of  the  tallow,  which  should  be  confirmed  by 
crystallization  and  microscopic  examination. 

Hcdphen's  Test  for  Gotton-Seed  OzZ.— A  mixture  is  made 
of  equal  volumes  of  amyl  alcohol  and  carbon  bisulphide 
containing  one  per  cent,  of  sulphur.  From  3  to  5  c.c.  of 
melted  fat  is  mixed  with  an  equal  volume  of  the  above 
reagent  in  a  test  tube  and  heated  in  a  bath  of  boiling 
water  for  fifteen  minutes.  If  cotton-seed  oil  is  present, 
a  deep  red  or  orange  color  is  produced.  If  the  lard  is 
pure,  little  or  no  color  is  developed. 

Microscopical  Examination  of  the  Crystallised  Fat.— 
Prom  2  to  5  gm.  of  the  fat  are  dissolved  in  10  to  20  c.c. 
of  a  mixture  of  equal  parts  of  ether  and  alcohol  in  a  test 
tube,  and  the  solution  is  allowed  to  stand  a  few  hours,  the 
tube  being  loosely  stoppered  with  cotton.  The  crystals 
obtained  vary  somewhat  with  the  condition  of  heat,  rate 
of  crystallization,  etc.  A  careful  study  of  these  crystals 
and  comparison  with  samples  of  known  purity,  crystal- 
lized under  similar  conditions,  should  be  made. 

Theoretically,  pure  lard  crystallizes  under  the  best 
conditions  in  thin,  flat,  rhomboidal  plates,  while  beef- 
stearin  crystals  are  more  in  the  form  of  cylindrical  rods 
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or  needles,  often  bent  or  curved,  Both  ^0™^,.^!^  often 
found  in  fan-shaped  clusters,  which,  l^o^'f^f  • '^^^^^fX 
each  other  in  certain  important  particulars,  best  distin- 
guished by  a  careful  study  of  their  appearance 
^M.PLB  Sugar  and  8YRUP.-Commerc.al  glucose  is 
determined  in  maple  syrup  precisely  as  m  the  case  ot 
molasses  (?.  1>.)  excepting  that  as  a  rule  no  clarifier  need 
be  used  for  maple  syrup.  A  normal  solution  of  pure 
maple  syrup  should  polarize  at  from  60  to  04  on  the 
cane-sugar  scale.  Cane-sugar  other  than  maple  is  best 
detected  both  in  syrup  and  sugar  by  the  sense  ot  taste. 

Milk  —There  are  various  simple  appliances  lor  rougliJy 
testing  the  quality  of  milk,  but  most  of  them  are  of  little 
value.  The  lactometer  test  is  perhaps  the  best  ot  tliese, 
if  used  with  judgment.  . 

The  Lactometer  is  simply  a  hydrometer  covering  the 
widest  variations  in  specific  gravity  of  milk.  A  ther- 
mometer is  also  necessary  and  for  this  reason  a  Quevenne 
lactometer,  combining  in  one  instrument  both  the  hy- 
drometer and  thermometer  is  convenient.  Milk  of  good 
quality  should  have  a  specific  gravity  between  the  limits 
of  1.027  and  1.033.  A  watered  milk  would  run  below 
the  iformer,  and  a  skimmed  milk  above  the  latter  figure, 
though  a  milk  unusually  rich  in  fat  would  also  run  low. 
It  should  easily  be  apparent  from  the  taste  and  appear- 
ance of  the  milk  whether  a  low  specific  gravity  is  due 
to  watering  or  to  unusual  richness  in  cream. 

Feser's  Lactoswpe  gives  an  approximation  of  the  amount 
of  fat  in  the  milk,  and  its  use,  especially  in  connection 
with  the  lactometer,  is  of  some  value.  This  instrument 
consists  of  a  glass  cylinder  with  graduations  indicating 
the  per  cent,  of  fat.  A  measured  amount  of  milk  being 
introduced  by  means  of  a  pipette,  sufficient  water  is 
added  with  thorough  mixing  to  allow  certain  black  lines 
on  a  spindle  within  the  cylinder  to  become  apparent 
through  the  translucent  fluid.  The  height  of  the  level 
of  milk  and  water  in  the  cylinder  is  then  read  off,  indi- 
cating roughly  the  per  cent,  of  fat  in  the  milk. 

Total  Solids. — Five  grams  of  the  thoroughl}'  mixed 
milk  are  weighed  from  a  pipette  into  a  tared  shallow 
platinum  dish  on  the  pan  of  a  delicate  balance,  and  the 
dish  is  transferred  to  a  boiling  water  bath,  where  it  is 
kept  for  at  least  two  hours  in  direct  contact  with  the  live 
steam.  It  is  afterward  cooled  and  weighed,  the  residue 
being  the  total  solids  and  the  loss  in  weight  being  reckoned 
as  water. 

Ash. — The  residue  from  the  total  solids  is  burnt  to  a 
white  ash  and  weighed. 

Fat. — The  fat  is  most  readily  determined  by  the  Bab- 
cock  process.  There  are  various  forms  of  Babcock  cen- 
trifuge from  the  simple  hand  machine  to  the  steam  or 
electrically  driven  variety,  all  carrying  the  same  form  of 
graduated"  bottle.  Into  this  bottle  17.6  c.c.  of  the  thor- 
oughly mixed  milk  to  be  examined  is  introduced  by  a 
pipette,  the  same  amount  of  concentrated  sulphuric  acid 
is  added  and  well  mixed  with  the  milk  to  dissolve  the 
albuminoids  and  set  free  the  fat,  after  which,  by  whirling 
and  by  the  addition  of  hot  water,  the  fat  is  driven  into 
the  graduated  neck  of  the  bottle,  where  the  exact  per- 
centage is  directly  read  oil. 

Calculation  of  the  Total  Solids.— The  total  solids  may 
readily  be  calculated  with  considerable  approach  to  ac- 
curacy, if  the  specific  gravity  and  the  fat  are  known, 
from  the  formula  of  Babcock ; 

Total  solids  =  0.25  G  +  1.3  F. 

G  being  the  lactometer  reading  and  F  the  fat.  This 
method  of  obtaining  the  total  solids  by  calculation  is 
convenient,  when,  as  is  often  the  case,  dairymen  and 
others  are  provided  with  the  inexpensive  and  easily  oper- 
ated Babcock  apparatus  and  lactometer,  Ijut  do  not  have 
the  more  involved  and  costly  appliances  necessary  for  the 
direct  determination  of  the  soUds. 

Distinguishing  Watered  from  Skimmed  Mifc,— The  pro- 
portion of  solids  not  fat  to  fat  determines  whether  a  sani  pie 
below  the  standard  is  skimmed  or  watered.  If  both  these 
factors  are  abnormally  low,  and  the  proportion  of  fat  to 
solids  not  fat  is  about  the  same  as,  or  higher  than  in  a 
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normal  milk,  the  sample  may  as  a  rule  be  assumed  to  be 
watered ;  if  both  total  solids  and  fat  are  considerably  be- 
low the  standard,  and  the  solids  not  fat  nearly  normal, 
the  milk  has  undoubtedly  been  skimmed ;  if  total  solids 
and  solids  not  fat  are  proportionally  low,  while  the  ratio 
of  fat  to  solids  not  fat  is  abnormally  small,  the  milk  has 
probably  been  both  skimmed  and  watered.  From  legal 
standards  fixed  in  various  States  the  total  solids  in  pure 
milk  should  run  from  11.5  to  13.0  per  cent.,  the  fat  from 
3  to  4  per  cent,,  and  the  solids  not  fat  from  8.5  to  9.3  per 
cent. 

Foreign  Coloring  Matter.— Thii  may  be  determined  as 
follows :  about  a  gill  of  the  milk  is  curdled  by  heat  and 
acetic  acid,  the  curd  being  separated  and  gathered  by  a 
stirring  rod  into  one  mass.  It  is  then  squeezed  free  from 
whey  and  shaken  with  ether  in  a  corked  flask,  where  it 
is  allowed  to  macerate  for  an  hour  or  more.  The  ether 
extract  containing  the  fat  and  annatto,  if  present,  is 
evaporated  and  the  residue  made  alkaline  with  sodium 
hydroxide  and  filtered  through  a  wet  filter.  If  annatto 
is  present,  it  will  permeate  the  filter  paper,  coloring  it  a 
more  or  less  deep  orange  more  apparent  when  the  fat  is 
washed  off  and  the  filter  is  dried.  Stannous  chloride 
solution  win  turn  the  orange  stain  pink,  if  the  color  is 
annatto.  After  pouring  off  the  ether,  if  the  curd  is  left 
white,  neither  caramel  nor  aniline  orange  is  present.  If 
the  aniline  dye  has  been  used,  the  curd  will  show  a  more 
or  less  brilliant  orange  color;  if  caramel,  the  curd  will 
be  brown. 

Shake  a  small  portion  oi  the  fat-free  curd  in  a  test  tube 
with  strong  hydrochloric  acid.  The  caramel-colored  curd 
will,  like  an  uncolored  curd,  gradually  produce  a  deep 
blue  color  in  the  strong  acid  solution.  The  aniline  orange 
if  present  in  the  curd  will  immediately  produce  with  the 
hydrochloric  acid  a  deep  pink  color. 

'  Preserratives. — (a)  Formaldehyde  is  best  tested  for  by 
heating  about  10  c.c.  of  the  milk  with  an  equal  quantity 
of  concentrated  hydrochloric  acid  and  a  drop  of  ferric 
chloride  solution.  A  violet  coloration  is  produced  if  for- 
maldehyde be  present,  delicate  to  1  part  formaldehyde 
in  300,000. 

(b)  BoracicAcid  is  tested  for  by  soaking  turmeric  paper 
in  a  solution  of  the  milk  ash,  acidified  slightly  with  hy- 
drochloric acid.  On  drying  the  turmeric  paper,  a  cherry 
red  color  indicates  the  presence  of  boracic  acid,  which  is 
confirmed  by  applying  to  the  reddened  paper  a  drop  of  a 
dilute  solution  of  sodium  hydroxide.  This  reagent  turns 
the  paper  a  dark  olive  if  boracic  acid  was  present. 

(c)  Carbonate  of  Soda  is  indicated  by  an  effervescence 
on  treating  the  milk  ash  with  acid,  and  may  further  be 
tested  for  by  mixing  10  c.c.  of  milk  with  an  equal  vol- 
ume of  alcohol  and  a  few  drops  of  a  one-per-cent.  solution 
of  rosolic  acid.     A  rose  red  coloration  indicates  carbonate. 

Molasses. — Determination  of  Commercial  Glucose.  Di- 
rect and  invert  polariscopic  readings  are  obtained  as 
directed  under  "Honej',"  except  that  instead  of  clarify- 
ing with  alumina  cream  as  in  the  case  of  honey,  from  5 
to  25  c.c.  of  United  States  Pharmacopoeia  subacetate  of 
lead  solution  are  used,  depending  on  the  color  of  the 
sample,  the  darker  the  molasses  the  more  clarifier  being 
necessary.  The  polarizations  should  be  made  in  a  100 
mm.  tube,  if  the  sample  is  high  in  glucose,  and  the 
proper  correction  made.  If  molasses  is  of  average  color, 
its  normal  solution  should  polarize  less  than  60°  in  the 
200  mm.  tube  on  the  cane-sugar  scale.  A  dark  sample 
should,  if  pure,  polarize  under  50°  Determine  thecane^ 
sugar  by  C;lerget's  formula  (see  Honey).  The  cane-sugar 
deducted  from  the  direct  polariscopic  reading  gives  the 
reading  due  to  glucose.  This  result,  divided  by  175, 
gives  the  per  cent,  of  commercial  glucose. 

Oi.ivE  Oil. — As  in  the  case  of  lard,  the  presence  of 
cotton-seed  oil,  which  is  the  most  common  adulterant, 
may  often  be  roughly  shown  by  the  reaction  with  strong 
nitric  acid.  When  shaken  in  a  test  tube  with  an  equal 
volume  of  the  acid,  pure  olive  oil  should  show  a  green 
coloration,  while  if  cotton-seed  oil  is  present,  a  red  color 
is  quickly  developed. 

The  Zeiss  Mefractometer,  though  primarily  intended  for 
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Fig.  9.— Pure  Cloves.     A  large  mass  of  the  loose  spongy  cellular  tissue  is  shown,  filled  with  brown, 
granular  material. 

Fig.  10.— Cloves  Adulterated  with  Cocoanut  Shells.     Little  show  in  the  field  but  the  long  dark- 
colored  stone  cells  of  the  adulterant. 

Fig.  11. — Corn  Starch.     Hexagonal  granules  with  rifted  central  hila. 

Fig.  13.— Ginger  Adulterated  with  Corn,  Wheat,  and  Sawdust.     Ginger  starch  granules  are  egg- 
shaped  with  protuberances  at  one  end.     A  mass  of  soft  wood  fibre  appears  at  the  top. 

Fig.  13. — Wheat  Starch.     Circular  granules  of  various  sizes,  many  having  concentric  rings. 

Pig.  14. — Pure  Mustard.     The  fine  granular  masses  are  the  mustard  substance.     The  globular 
bodies  are  oil  drops. 

Fig.  15. — Mustard  Adulterated  with  Wheat.     Nothing  but  masses  of  wheat  starch  and  bran  ap- 
pear in  this  field. 

Fig.  16. — Rice  Starch.     Small  sharply  pointed  polygonal  granules. 
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Fig.  16.— Eice  Starch. 
X  220. 


PHOTOMICROGRAPHS   OF    PURE   AND  TYPICALLY   ADULTERATED 

FOODS   AND   ADULTERANTS 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Food. 

Food  Pol8onN, 


use  with  butter  and  lard,  is  of  great  service  in  examining 
olive  oil.  The  refracting  degree  of  cotton-seed  oil  on 
the  scale  of  this  instrument  is  about  4.8°  higher  than  that 
of  pure  olive  oil  at  a  given  temperature.  Peanut  oil, 
which  has  been  used  as  an  adulterant  of  olive,  has  nearly 
the  same  degree  of  refraction  as  cotton-seed  oil,  while 
corn  oil,  found  by  the  author  in  alleged  olive  oil,  is  at 
least  13°  higher  on  the  Zeiss  scale  than  pure  olive  oil. 

The  presence  of  cotton-seed  oil  is  best  confirmed  by  the 
Halphen  test  described  under  Lard. 

Spic^es. — Adulterants  of  spices  are  best  detected  by 
submitting  them  to  microscopical  examination.  The 
finely  ground  sample  is  mounted  by  placing  a  small  por- 
tion on  a  glass  slide  by  means  of  a  knife  blade,  treating 
with  a  drop  of  distilled  water,  and  rubbing  out  under  the 
cover  glass  between  the  thumb  and  finger.  The  speci- 
men is  best  examined  v^'ith  a  one-sixth-inch  objective  and 
a  medium  ocular,  giving  a  magnification  of  from  240  to 
330  diameters. 

It  is  extremely  difficult  to  describe  the  actual  micro- 
scopical appearance  of  such  composite  substances  as  the 
spices.  Each  has  its  own  particular  characteristics,  and 
the  analyst  should  provide  himself  with  a  complete  set 
of  powdered  pure  spices,  and  of  starches,  ground  olive 
and  date  stones,  nut  shells,  bark,  pea  hulls,  sawdust  and 
other  adulterants  of  known  purity,  and  familiarize  him- 
self with  their  microscopical  appearance,  making  his 
own  standards  for  comparison.  Plates  XXVI.  and 
XXVII.  illustrate  both  pure  and  typically  adulterated 
samples  of  some  of  the  spices  as  they  appear  under  the 
microscope.  A  few  of  the  most  striking  features  to  be 
looked  for  in  the  common  spices  are  as  follows : 

Allspice. — Small  circular  starch  granules,  often  arranged 
in  clusters ;  very  striking  amber-colored  lumps  of  gum ; 
a  considerable  quantity  of  stone  cells,  mostly  colorless. 

Cassia. — Small  starch  granules,  intermingled  with 
patches  of  yellow  skin  and  bundles  of  brown  and  yellow 
wood  fibres;  stone  cells,  often  of  a  brown  color. 

Cayenne. — No  starch;  yellow  droplets  of  oil;  patches 
of  skin  with  striking  markings  not  unlike  the  convolu- 
tions of  the  intestines. 

f'fo,.f,s-._No  starch;  occasional,  though  very  few  color- 
less stone  cells;  colorless  oil  drops;  masses  of  spongy, 
brown  cellular  tissue  of  indefinite  structure,  but  unmis- 
takable ;  spiral  ducts. 

airu/er.—'La.rge  starch  granules,  egg-shaped  with  small 
protuberances  at  one  end;  Colorless  cellular  tissue ;  masses 
of  wood  fibre.  .    . 

Mace.—Sio  starch;  colorless  oil  drops;  characteristic 
pplliiljir  tissue 

Mustard.— no  starch;  colorless  oil  drops;  spongy, 
colorless  cellular  tissue  with  both  yellow  and  colorless 
patches  of  hull,  filled  with  brown  spots. 

iVMtoe^.— Small,  circular  starch  granules  with  central 
hila ;  colorless,  indefinite  cellular  tissue. 

Pepper. Very  minute   starch   granules;    arranged  m 

large  masses ;  rectangular  stone  cells. 

Tea  —The  percentage  of  ash  is  a  ready  means  of  as- 
certaining whether  or  not  any  considerable  amount  of 
dirt  or  mineral  matter  has  been  added.  Five  grams  of 
the  sample  are  carefully  burnt  in  a  tared  platinum  dish 
to  a  white  ash  over  a  free  flame  at  a  low  red  heat,  and  the 
residue  is  cooled  and  weighed.  The  ash  of  a  pure  tea 
should  not  exceed  seven  and  one-half  per  cent.  If  the 
ash  is  abnormally  low,  the  presence  of  spent  or  exhausted 
leaves'is  indicated.  Tea  stems  and  fragments  as  well  as 
foreien'leaves  are  best  recognized  by  soaking  the  leaves 
in  boilino-  water,  which  opens  them  out  so  that  their  na- 
ture is  readily  apparent.  -       ,..  , 

ViNEGAK.— Although    the  percentage  of    solids  and 

'Hit  V  in  cider  vinegar  are  important  factors  in  determin- 
fnJr  its  Durityand  strength,  standards  being  fixed  for  these 

•  an  V  localities,  it  by  no  means  follows  that  a  sample 
^"f  "^der  vinegar  high  in  both  solids  and  acidity  is  pure. 

Total  Solids.— ¥\^e  grams  are  weighed  from  a  pipette 

•  t    fl  tared  platinum  dish,  which  is  then  transferred  to 
"^^Ai-lins  water  bath  and  kept  in  contact  with  hve  steam 

f      at  least  an  hour  and  a  half.     It  is  then  cooled  and 


weighed,  the  residue  representing  the  vinegar  solids.  If 
the  solids  have  been  reinforced  by  apple  pomace,  this  is 
rendered  apparent  by  burning  the  residue  to  an  ash  in 
the  platinum  dish  and  determining  the  weight  of  the  ash. 
If  the  ash  is  less  than  six  per  cent,  of  the  entire  solids, 
there  is  no  doubt  that  unfermented  sugar-containing  ma- 
terial has  been  added.  The  normal  percentage  of  ash  in 
total  solids  of  pure  cider  vinegar  should  be  at  least  eight 
and  one-half. 

Acidity. — This  is  commonly  determined  by  titrating 
6  c.c.  of  the  vinegar  with  decinormal  sodium  hydroxide, 
using  phenolphthalein  as  an  indicator.  The  per  cent,  of 
acetic  acid  is  exactly  one  tenth  of  the  number  of  cubic 
centimetres  of  the  alkali  required  for  neutralization. 

It  is  possible  to  use  lime  water  as  a  reagent  in  deter- 
mining approximately  the  acidity  of  vinegar.  A  satu- 
rated solution  of  air-slaked  lime  has  a  nearly  constant 
alkalinity.  If  3.75  c.c.  of  vinegar  are  titrated  against 
saturated  lime  water,  the  number  of  cubic  centimetres 
of  the  latter  required  to  neutralize,  divided  by  ten,  gives 
directly  the  per  cent,  of  acetic  acid  very  closely. 

Reaction  with  Lend  Acetate. — The  absence  of  a  precipitate 
with  this  reagent  shows  positively  that  the  vinegar  is  not 
genuine,  but  a  precipitate  does  not  necessarily  prove  the 
vinegar  to  be  pure. 

The  Polariscope  Test. — A  genuine  cider  vinegar  should 
always  polarize  to  the  left  of  the  zero  point,  a  right- 
handed  polarization  being  absolute  evidence  of  adultera- 
tion, the  adulterant  often  being  in  this  case  apple  jelly 
containing  glucose. 

The  vinegar  sample  maj'  usually  be  suflficiently  clarified 
for  polarization  in  a  100  mm.  tube  by  simply  passing 
through  a  double  filter. 

Sulphuric  Acid  or  Sulphates  are  indicated,  if  on  the 
addition  of  barium  chloride  reagent  to  the  sample,  a  pre- 
cipitate is  formed.  Albert  E.  Leach. 
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FOOD  POISONS.— Prom  the  earliest  times  poisoning 
from  diverse  foods  has  attracted  the  attention  of  the  laity 
and  of  medical  men.  Numerous  explanations,  many  of 
these  decidedly  absurd  as  viewed  from  the  standpoint  of 
our  present  knowledge,  have  been  put  forth,  and  it  is 
only  within  comparatively  recent  years  that  vague  hy- 
potheses have  given  way  to  exact  chemical  and  bacterio- 
logical studies.  As  a  result,  a  flood  of  light  has  been 
thrown  upon  the  causation  of  food  poisonings,  and  the 
observations  thus  made  have  in  turn  served  their  purpose 
of  indicating  the  relatively  simple  means  by  which  many 
of  these  intoxications  may  be  avoided. 

Individual  susceptibility  plavs  a  most  important  part 
in  all  poisonings.  It  is  very  well  known  that  a  given 
poison  may  affect  two  individuals  in  a  wholly  different 
manner.  Moreover,  observations  are  not  wanting  which 
show  that  a  substance  which  we  may  have  good  reason 
to  consider  as  wholly  innocuous  is  nevertheless  very  del- 
eterious to  some.  The  fortunately  very  rare  instances  of 
fatal  results  following  the  injection  of  antitoxic  sera  may 
be  taken  as  an  example  of  such  idiosyncrasy.  In  like 
manner  one  may  meet  with  individuals  to  whom  a  given 
article  of  food  invariably  plays  the  part  of  a  poison,  and 
justifies  the  oft-quoted  adage  that  "  what  is  meat  to  one 
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is  poison  to  anotlier."  Tlie  use  of  veal  by  some,  and  of 
effgs  by  others,  is  often  followed  by  distressing  symp- 
toms. The  cleavage  products  of  such  foods,  whether  due 
to  defective  metabolism  or  to  a  peculiar  bactenal  flora  in 
the  intestines,  are  in  the  main  responsible  for  the  ill  et- 

While  idiosyncrasy  has  to  do  with  a  single  individual, 
there  are  on  the  other  hand  hundreds  of  instances  ot 
"food  epidemics"  where  an  extraneous  cause  must  be 
sought  for.  In  the  latter  cases  the  food  or  article  con- 
sumed has  acquired  in  some  way  marked  poisonous  prop- 
erties, and  in  so  far  as  the  origin  of  this  poison  is  con- 
cerned it  may  be  spoken  of  as  endogenous  or  exogenous. 

Those  articles  in  which  the  poison  is  of  endogenous 
origin  can  hardly  be  designated  as  foods,  although  it  may 
be  very  convenient  to  speak  of  them  as  auto-poisonous. 
The  poisonous  mushroom,  for  example,  is  often  mistaken 
for  an  edible  form.  The  two  kinds  are  wholly  distinct, 
and  the  former  is  injurious  because  it  normally  produces 
a  highly  poisonous  alkaloid,  muscarine.  In  like  manner 
the  blood  of  eels  is  toxic,  because  of  the  presence  of 
preformed  physiological  products.  Some  animals,  espe- 
cially molluscs  and  fish,  are  popularly  believed  to  acquire 
poisonous  properties  at  certain  phases  of  sexual  life. 
However,  it  is  very  certain  that  there  are  fish  which 
when  perfectly  fresh  are  highly  poisonous.  Just  as  the 
poisonous  mushroom  is  capable  of  elaborating  its  specific 
poison,  so  certain  fish  are  similarly  endowed  and  give 
rise  to  normal  physiological  but  toxic  products.  The 
nature  of  the  products  elaborated  in  the  tissues  of  such 
poisonous  fish  is  not  known.  They  are  believed  by  some 
to  be  leucomains  or  basic  alkaloidal  substances  formed 
by  the  peculiar  cell  metabolism.  Intoxications  which 
are  due  to  fish  which  are  poisonous  in  and  of  themselves 
are  of  common  occurrence,  especially  in  the  West  Indies 
and  in  Japan.  It  is  to  this  class  of  poisonings  that 
Blanchard  has  applied  the  term  siguatera,  to  distinguish 
it  from  the  more  ordinary  food  poisonings  of  exogenous 
origin. 

The  exogenous  origin  of  food  poisons  is  by  far  the 
most  common  occurrence.  Under  this  head  are  to  be 
placed  all  those  articles  of  food  or  consumption  which 
are  ordinarily  perfectly  wholesome  and  which  only  occa- 
sionally, and  then  through  what  may  be  designated  as 
an  accident,  acquire  injurious  or  poisonous  properties. 
The  poison  or  injurious  element  in  such  cases  is  of  for- 
eign origin,  and  it  is  because  of  the  introduction  and 
presence  of  such  poison  in  a  food  that  the  unexpected 
manifestations  of  intoxication  are  observed. 

The  food  poisons  of  exogenous  origin  may  be  discussed 
under  three  heads ;  (1)  Poisonous  metals;  (3)  animal  para- 
sites; (3)  vegetable  organisms,  including  bacteria  and 
fungi. 

With  reference  to  the  first  head,  that  of  poisonous 
metals,  it  may  be  said  that  they  play  as  a  rule  only  a 
very  secondary  role  in  outbreaks  or  epidemics  of  food 
poisoning.  The  metals  which  are  supposed  or  have  been 
shown  to  be  the  active  cause  of  poisonings  are  arsenic, 
antimony,  tin,  lead,  zinc,  and  copper. 

An  interesting  instance  in  which  arsenic  and  antimony 
were  the  cause  of  fatal  poisoning  in  animals  was  noted 
several  years  ago  by  Vaughan.  In  a  Western  mining  re- 
gion where  hydraulic  mining  was  practised,  the  disinte- 
grated ore  deposit  was  washed  down  into  a  river,  the 
water  of  which  as  a  result  became  highly  charged  with 
soluble  and  suspended  arsenic  and  antimony  compounds. 
A  much  more  notable  instance,  however,  of  poisoning  of 
this  kind  is  that  recently  (November,  1900)  observed  in 
Manchester,  where  a  widespread  epidemic  of  peripheral 
neuritis  followed  the  use  of  beer  which  on  analysis  was 
shown  to  contain  appreciable  amounts  of  arsenic.  The 
arsenic  in  this  case  was  derived  from  the  sulphur  ores 
which  were  used  in  the  manufacture  of  sulphuric  acid 
The  latter,  in  turn,  with  its  unknown  arsenic  contents' 
was  employed  in  the  preparation  of  the  glucose,  and  it 
was  through  the  glucose  that  the  metal  found  its  way 
into  the  beer.  •' 

Lead  poisoning  which  follows  the  use  of  water  which 
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is  conveyed  through  lead  pipes  is  a  well-known  fact. 
An  unusual  instance  of  intoxication  was  reported  in  1887 
by  Stewart.  A  Philadelphia  baker  ignorantly  used  lead 
chromate  as  a  substitute  for  eggs  to  color  his  dough. 
The  buns  prepared  with  this  material  are  known  to  have 
caused  64  poisonings,  8  of  which  proved  fatal.  A  some- 
what similar  mistake  is  that  reported  many  years  ago  by 
Ungefug,  who  found  that  a  large  quantity  of  zinc  sul- 
phate had  been  used  in  place  of  the  preservative  salt- 
petre. 

In  articles  of  food  which  have  been  kept  for  some  time 
in  tin  cans,  or  in  zinc  or  copper  vessels,  traces  of  these 
metals  can  be  invariably  expected,  and  while  unques- 
tionably these  metals  in  large  doses  are  poisonous,  it  is 
nevertheless  true  that  they  have  little  or  nothing  to  do 
with  the  acute  poisonings  so  often  observed.  The  bare 
possibility  of  canned  foods  being  poisonous  as  a  result  of 
the  presence  of  these  metals  may  be  conceded,  but  the 
occurrence  of  such  is  very  doubtful  indeed.  In  such 
cases  it  can  be  shown  that  bacterial  decomposition  has 
taken  place,  and  while  it  is  possible  for  the  organic  acids 
produced  by  such  decomposition  to  dissolve  the  metals, 
still  true  bacterial  poisons  may  be  present  and  should  be 
looked  for.  This  can  be  done  only  by  studying  the  ef- 
fects produced  by  pure  cultures  of  the  organisms  present 
in  such  food. 

Food  poisoning  as  the  result  of  the  presence  of  animal 
parasites  has  been  a  recognized  fact  ever  since  the  dis- 
covery of  trichinae  in  the  flesh  of  hogs.  It  is  very  impor- 
tant in  suspected  poisonings  when  pork  or  pork  sausage 
has  been  eaten,  to  make  a  careful  search  for  trichinae. 
This  should  be  done  before  a  chemical  and  bacteriologi- 
cal examination  is  undertaken.  Like  trichinse,  other  ani- 
mal parasites,  notably  those  of  the  intestines,  may  be 
introduced  with  the  food,  but  these  occurrences  are  rarely 
considered  under  the  head  of  food  poisons,  and  for  that 
reason  need  no  extended  consideration  in  this  connection. 

Vegetable  organisms  constitute  by  far  the  most  com- 
mon cause  of  food  poisoning.  It  will  be  presently  shown 
that  certain  moulds  or  fungi  thriving  especially  on  plant 
food  may  render  these  injurious.  Apart  from  these  iso- 
lated and  in  this  country  largely  unkaown  intoxications, 
it  may  be  said  that  bacteria  are  the  only  type  of  vege- 
table life  which  are  concerned  in  the  vast  majority  of 
food  infections.  Dead  animal  or  vegetable  matter  is 
prone  to  invasion  by  bacteria,  and  putrefaction  or  fer- 
mentation, as  the  case  may  be,  is  soon  established.  To 
use  an  axiom  of  Claude  Bernard's,  "death  is  life,"  and 
the  life  thus  established  in  dead  matter  under  favorable 
conditions  is  seen  in  the  myriads  of  the  tiny  workers, 
whose  duty  it  is  to  break  up  and  transform  the  complex 
organic  substances  present  in  plants  and  animals  and  re- 
turn their  elements  to  the  inorganic  world.  The  bacte- 
rial invasion  of  wounds  finds  its  analogue  in  the  bacterial 
invasion  of  foods,  and  just  as  cleanliness  and  asepsis  ob- 
viate the  former,  so  proper  storage  and  thorough  cook- 
ing will  prevent  the  latter.  Of  the  large  number  of  dif- 
ferent kinds  of  bacteria  which  may  find  lodgment  in  a 
wound  only  a  few  perhaps  are  capable  of  producing  poi- 
sonous products.  This  fact  is  likewise  true  of  those  bac- 
teria which  invade  dead  plant  and  animal  matter.  The 
mere  fact  that  a  food,  solid  or  liquid,  contains  enormous 
numbers  of  bacteria  does  not  indicate  that  it  is  poisonous. 
The  vast  majority  of  bacteria  are  harmless  organisms 
which  elaborate  simply  non-poisonous  products.  On  the 
other  hand,  a  relatively  small  number  of  bacteria  are 
capable  of  making  poisonous  products,  and  to  these  or- 
ganisms the  term  tox-icogenic  may  be  applied. 

Inasmuch  as  bacteria,  when  injurious,  produce  their 
ill  effects  by  means  of  the  poisons  which  they  elaborate, 
it  is  desirable  briefly  to  touch  upon  these  products.  The 
term  ptomn'in  was  introduced  a  quarter  of  a  century  ago 
by  the  Italian  chemist  Selmi  to  designate  basic  alkaloi- 
dal products  formed  in  putrefaction.  Bearing  in  mind 
the  fact  that  strychnine  and  muscarine  are  intensely  poi- 
sonous vegetable  alkaloids,  it  was  quite  natural  to  explain 
the  profound  intoxication  met  with  in  infectious  diseases 
and  in  the  poisoning  from  foods  by  assuming  that  bac- 
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teria  elaborated  similar  toxic  alkaloidal  products.  It  is 
largely  through  the  labors  of  Briegcr  that  our  knowledge 
concerning  ptomalns  was  gained.  A  considerable  num- 
ber of  these  basic  alkaloidal  products  were  isolated. 
The  mytilotoxin  found  in  poisonous  mussels  is  of  this 
class  and  is  by  far  the  most  poisonous  of  the  known 
ptomalns.  As  a  rule  these  substances  are  but  feebly 
poisonous  or  not  at  all,  and  it  follows  that  In  such  in- 
stances some  other  poison  non-basic  in  character  must  be 
present.  The  tei-m  "  ptoma'in  poisoning"  has  been  popu- 
larized to  such  an  extent  that  it  is  used  synonymously 
with  food  poisoning.  The  fact  is  that  in  only  Very  ex- 
ceptional instances  are  ptomalns  to  be  credited  with  be- 
ing the  cause  of  such  poisoning. 

The  study  of  snake  venom  showed  that  the  active 
poison  in  that  secretion  was  an  albuminous  substance. 
Like  investigations  made  with  the  seeds  of  jequirity  and 
with  the  castor  bean  showed  the  presence  of  other  poi- 
sonous proteid  bodies.  Briogerand  Fraenkel  in  1889  ex- 
amined highly  poisonous  diphtheria  cultures,  and  from 
these  they  obtained  very  poisonous  precipitates  which 
being  proteid  in  composition  were  designated  as  Umd- 
bumins.  The  same  method  of  examination  soon  revealed 
the  presence  of  toxalbumins  in  cultures  of  other  disease- 
producing  bacteria.  In  a  very  short  time,  however,  it 
was  shown  that  the  so-called  toxalbumin  was  not  a 
definite  chemical  substance  but  rather  a  mixture  of  an 
inert  proteid  and  an  active  poison  non-protcid  and  non- 
basic  in  character.  To  distinguish  the  real  poison  from 
ptomalns  and  from  the  so-called  toxalbumins  it  has  been 
designated  as  the  toxin.  After  all,  this  is  merely  a  term 
for  an  as  yet  unknown  or  rather  but  as  yet  imperfect- 
ly known  substance.  The  toxins  of  diphtheria  and  of 
tetanus  have  been  studied  the  most,  but  beyond  a  general 
knowledge  of  their  reactions  and  behavior  nothing  is 
known  as  to  their  structure  or  composition.  One  thing 
is  certain,  that  in  the  toxin  many  bacteria  possess  a  most 
deadly  weapon.  Brieger  and  Cohn,  after  purifying  the 
tetanus  toxin,  for  example,  as  much  as  possible,  found 
that  the  extremely  minute  amount  of  0.00000005  gm. 
killed  mice.  A  similar  and  almost  equally  destructive 
toxin  has  been  separated  from  cultures  of  the  Bacillus 
botulinus  obtained  from  some  poisonous  ham.  This  prod  - 
uct  will  be  presently  discussed  at  some  length. 

Recognizing  the  fact  that  bacteria  are  the  cause  of  the 
majority  of  food  poisonings  and  that  they  induce  their 
poisonous  effects  by  means  of  the  toxins  which  they 
elaborate,  it  is  of  interest  to  inquire  into  the  formation 
of  these  products.  While  many  toxicogenic  bacteria, 
especially  including  the  disease  germs,  are  capable  of 
growing  at  the  temperature  of  the  body,  there  are  those 
which  cannot  do  so.  The  latter  are  therefore  incapable 
of  growing  in  the  body.  The  poisons  which  such  organ- 
isms elaborate  must  of  necessity  arise  in  the  food,  while 
this  is  kept  at  the  ordinary  room  temperature.  The 
effects  which  follow  the  eating  of  such  food  will  neces- 
sarily vary  directly  with  the  quantity  of  the  food  taken, 
since  the  active  poison  is  made  wholly  outside  of  the 
body.  Ballard's  Iron  Bridge  cases  are  instances  of  this 
kind  of  poison  production,  for  in  these  the  specific  germ 
would  not  grow  above  86"  and  its  cultures  at  60°  were 
markedly  poisonous.  The  same  is  true,  as  will  be  pres- 
ently shown,  in  poisoning  with  food  which  contains  the 
B,  botulinus.  The  organisms  at  work  in  such  cases,  al- 
though toxicogenic,  are  nevertheless  practically  obliga- 
tive  saprophytes.  Poison  production  then  may  take  place 
(1)  wholly  outside  of  the  body.  On  the  other  hand,  (3) 
given  an  organism  which  is  capable  of  growing  at  the 
body  temperature  as  well  as  at  the  room  temperature — in 
other  woi'ds  a  facultative  parasite, — it  follows  that  such 
an  organism,  having  begun  the  production  of  poison  out- 
side of  the  body,  in  the  food,  may  continue  to  elaborate 
like  poisons  in  the  intestines  after  such  food  is  taken. 
While  in  the  first  instance  the  effects  are  those  of  a  plain 
intoxication  following  the  introduction  of  a  ready-made 
poison,  in  this  case  intoxication  and  infection  are  com- 
bined. A  third  type  of  poison  production  is  shown  when 
the  organism  present  in  the  body  is  truly  pathogenic.     It 


may  be  present  in  but  very  small  numbers  in  the  food 
and  the  poisonous  products  made  therein  may  be  practi- 
cally nil  yet  disease  may  follow.  In  other  words,  a  true 
mfection  results  from  the  presence  in  the  food  of  disease- 
producing  organisms.  Contamination  of  drinking-water 
or  milk  with  cholera  or  typhoid  bacteria  would  fall  under 
this  head.  More  directly,  however,  this  group  will  in- 
clude bacterial  diseases  of  animals  which  may  be  trans- 
ferred to  man  through  the  flesh  of  animals  so  diseased. 
This  type  of  food  poisoning,  it  will  be  seen,  is  analogous 
to  that  with  animal  parasites.  A  number  of  well-defined 
instances  of  this  kind  will  be  presently  given. 

From  what  has  been  said  it  is  evident  that  the  greater 
part  of  food  poisonings  are  instances  of  food  infection. 
Such  food  either  was  at  first  perfectly  wholesome  and 
through  improper  handling  became  contaminated  with 
poison-producing  bacteria;  or,  derived  from  diseased 
animals,  it  already  contains  the  specific  harmful  germ. 
In  view  of  the  undoubted  fact  that  tlie  germs  producing 
these  poisons  are  very  rarely  the  same  in  two  distinct 
outbreaks,  it  follows  that  the  poisons  are  different  and  as 
a  consequence  the  symptoms  observed  will  vary  within 
very  wide  limits.  It  is  not  reasonable  or  in  accordance 
with  known  facts  to  believe  that  in  poisonous  cheese,  for 
example,  only  one  and  the  same  organism  is  always  pres- 
ent and  that  the  chemical  poison  is  the  same  in  all  in- 
toxications from  such  food.  A  considerable  number  of 
organisms  undoubtedly,  if  the  opportunity  is  given  for 
their  development  in  cheese,  are  capable  of  rendering  it 
poisonous.  In  like  manner,  poisonous  meats,  sausage, 
and  fish  do  not  owe  their  toxicity  to  any  one  specific 
organism.  Already  a  number  of  toxicogenic  bacteria 
have  been  isolated  during  the  past  ten  or  twelve  years 
from  different  outbreaks  of  meat  poisoning.  This  num- 
ber will  of  necessity  be  increased  as  more  careful  methods 
come  to  be  employed  in  the  study  of  these  accidental 
poisonings. 

Poisonous  Mb.\t.— Every  kind  of  meat  which  man  is 
accustomed  to  use  as  food  is  liable  to  become  poisonous. 
Raw  or  improperly  cooked  meat  is  usually  responsible 
for  the  occurrence  of  such  results.  The  frequent  occur- 
rence of  sausage  poisoning  in  Germany  led  to  its  designa- 
tion as  botulismus  or  alantiasis.  These  terms,  however, 
may  be  used  so  as  to  embrace  any  meat  poisoning,  but  it 
is  preferable  to  retain  the  original  meaning  of  botulismus 
and  following  the  nomenclature  of  Vaughan  to  designate 
meat  poisonings,  regardless  of  form  or  origin,  as  Areo- 
toxismvs. 

Bacillus  Botulinus. — By  far  the  best  studied  instance 
of  meat  poisoning  is  that  recorded  by  Van  Ermengem. 
The  outbreak  occurred  in  the  Belgian  village  of  Ellezelles 
and  at  first  affected  thirty-four  persons  who  were  all 
members  of  a  musical  society.  A  few  days  later  a  num- 
ber of  other  persons  became  sick  with  the  same  symptoms. 
Three  of  the  persons  afflicted  died  within  a  week.  The 
investigation  which  took  place  showed  that  the  sick  peo- 
ple had  all  partaken  of  a  certain  ham.  The  hog  from 
which  the  meat  was  prepared  was  perfectly  healthy  and 
at  the  time  of  slaughtering  a  portion  of  the  meat  was 
eaten  raw  without  any  effect  following.  After  salting, 
both  hams  and  other  portions  of  the  animal  were  packed 
away.  The  brine  used  was  clearly  deficient  in  salt  and 
insuflicient  in  quantity,  since  only  the  bottom  ham  was 
immersed  in  the  liquid.  The  upper  portions  of  meat 
were  consumed  without  any  ill  eilect  and  it  was  only  the 
immersed  ham  which  caused  the  poisoning.  This  exclu- 
sion of  air  as  well  as  the  deficiency  of  salt  allowed  the  de- 
velopment of  an  anaerobic  bacillus  to  which  Van  Ermen- 
gem applied  the  name  B.  botulinus.  It  may  be  remarked 
in  passing  that  Kempner  obtained  the  same  organism 
from  the  faeces  of  a  hog. 

The  symptoms  observed  in  this  outbreak  were  shown 
to  be  due  to  a  toxin  elaborated  by  the  bacillus  in  the  ham. 
The  lateness  in  the  onset  of  the  symptoms  and  the  absence 
of  fever  were  rather  remarkable  for  a  true  intoxication. 
As  a  rule  no  effects  were  observed  during  the  first  twenty- 
four  hours  after  the  meal  and  in  some  cases  the  onset  was 
delaj'ed  for  thirty -six  hours.     Gastric  pains  with  repeated 
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vomiting  were  first  observed.  With  the  exception  of 
two  cases  all  had  an  obstinate  constipation.  The  gastro- 
intestinal symptoms  were  not  so  marked  as  m  most  in- 
stances of  food  poisoning,  but  the  nervous  symptoms  were 
especially  pronounced.  All  showed  characteristic  dis- 
turbances of  vision.  The  eyes  became  fogged  and  in  a 
short  time  recognition  of  people  failed.  Diplopia  set  m. 
Marked  dilatation  of  the  pupils  with  total  loss  of  reac- 
tion as  well  as  ptosis  of  both  eyelids  followed.  Added 
to  this  was  the  sensation  of  a  burning  thirst  and  a  con- 
striction of  the  throat.  The  latter  at  times  was  so  marked 
as  to  render  the  swallowing  of  even  liquids  difficult. 
The  mucous  membranes  were  strongly  reddened,  and  in 
some  the  abundant  secretion  of  viscid  mucus  led  to  violent 
attacks  of  coughing  and  even  of  suffocation.  At  times 
complete  aphonia  and  anuria  were  observed.  E.xtreme 
muscular  weakness  was  general.  In  spite  of  these  severe 
symptoms  the  pulse  remained  below  90,  the  respiration 
and  temperature  were  normal.  In  fatal  cases  coma  or 
mild  delirium  occurred.  The  recovery  was  very  slow 
and  extended  through  several  weeks  and  even  months. 

Feeding  of  the  ham  or  of  macerations  made  with  it 
proved  fatal  to  mice,  white  rats,  young  cats,  guinea-pigs, 
and  monkeys.  Subcutaneous  injections  of  0.001  c.c.  of 
the  maceration  (1  to  5)  killed  mice.  In  larger  doses  it 
was  fatal  to  rats,  doves,  and  cats.  Rabbits  were  ex- 
tremely susceptible,  while  frogs,  dogs,  and  chickens  were 
refractory.  The  fact  that  the  maceration  after  being 
filtered  through  porcelain  was  as  active  as  when  unfiltered 
showed  that  a  soluble  toxin  existed  in  the  ham.  The 
further  fact  that  the  bacillus  was  not  present  in  the 
organs  of  the  animals  that  died  after  inoculation  showed 
that  it  was  a  true  saprophyte,  although  markedly  toxi- 
cogenic. 

The  toxin  of  B.  botulinus  in  its  activity  resembles  that 
of  tetanus  or  diphtheria.  It  is  promptly  destroyed  by 
boiling  but  not  by  putrefaction.  Marinesco  found  that 
the  lesions  produced  by  this  toxin  are  largely  confined  to 
the  cells  of  the  gray  matter  of  the  cord.  With  very 
small  doses  the  lesions  consist  of  a  rarefaction  of  the 
chromatophil  elements.  Under  the  influence  of  larger 
amounts  of  poison  the  granules  of  Nissl  undergo  more 
or  less  marked  disintegration  or  ehromatolysis.  When 
fatal  doses  are  administered  some  of  these  cells  will  be 
found  to  be  completely  destroyed.  Kempner  has  suc- 
cessfully immunized  a  goat  against  the  action  of  the 
toxin  and  obtained  an  antitoxic  serum  of  marked  po- 
tency. 

Non-febrile  intoxications  with  pronounced  nervous 
symptoms  accompanied  by  obstinate  constipation  have 
been  repeatedly  observed  in  the  past  in  connection  with 
sausage  poisoning,  and  it  is  quite  possible  that  a  similar, 
if  not  identical,  toxin  to  that  just  described  was  the  cause. 
A  noteworthy  instance  of  this  kind  was  furnished  by  the 
observation  of  von  Faber,  who  reported  in  1821  an  out- 
break which  caused  the  death  of  five  out  of  sixteen  peo- 
ple who  had  eaten  fresh  unsmoked  pork  sausage.  There 
were  constriction  of  the  throat,  difficulty  in  swallowing, 
retching,  vomiting,  colic-like  pains,  vertigo,  hoarseness! 
dimness  of  vision,  and  headache.  Later  on,  in  the  severe 
cases,  there  was  complete  exhaustion,  and  finally  paraly- 
sis. The  eyeballs  were  retracted,  the  pupils  were  some- 
times dilated,  then  contracted,  and  did  not  respond  to 
light  The  upper  lids  were  paralyzed.  The  tonsils  were 
swollen,  but  not  as  in  tonsillitis.  Liquids  which  were 
not  irntating  could  be  carried  as  far  as  the  cesophagus 
when  they  were  ejected  from  the  mouth  and  nose  with 
coughing.  Solid  foods  could  not  be  swallowed.  On  the 
back  of  the  tongue  and  in  the  pharynx  thei'c  was  observed 
a  puriform  exudate.  Obstinate  constipation  existed  in 
all,  while  the  sphincter  ani  was  paralyzed.     Brcuthinff 

Tv  anTt'h^'  "'^  ^"'^  •"  '^™"P""«  ^°"g''-  The  skin  wa! 
clry  and  there  was  no  incontinence  of  urine.  There  was 
no  delnium  and  the  mind  remained  clear  to  the  last 

AS  a  rule,  however,  intoxications  resulting  from  sau- 
sage and  other  foods  are  characterized  by  a  febrile  gastro- 
^^Xf  ^^'^'i '"  '^"^  W'^'l^'^^k  cases  reported  b?  Bal- 
lard the  temperature  at  times  rose  to  103°  and  104°  F.  and 
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the  diarrhoea  was  quite  unrestrainable.  Muscular  weak- 
ness was  an  early  and  marked  symptom  and  the  debility 
of  convalescence  was  in  nearly  all  cases  protracted  to 
several  weeks.  Intense  and  distressing  thirst  with  nausea 
and  vomiting  was  quite  general.  Ballard  has  described 
several  additional  outbreaks  of  food  poisoning  which  it 
Is  scarcely  necessary  to  dilate  upon. 

Baeillus  EnterUicUs. — This  name  was  applied  by  Gart- 
ner to  the  organism  which  he  isolated  in  1888  from  meat 
which  had  poisoned  a  large  number  of  persons.  The 
same  oi'ganism  was  also  isolated  from  the  spleen  of  a 
man  who  died  from  the  effects  of  the  meat  poisoning. 
The  meat  was  unquestionably  infected  from  the  begin- 
ning, inasmuch  as  the  cow  which  furnished  it  had  a  severe 
diarrhoea  for  some  days  before  she  was  killed.  Of  the 
fifty-eight  people  who  were  rendered  sick  one  died. 
The  effects  observed  were  those  of  a  pronounced  gastro- 
enteritis with  subsequent  desquamation.  These  symp- 
toms occurred  in  persons  who  had  eaten  the  cooked  meat 
as  well  as  in  those  who  had  taken  it  raw.  On  feeding 
animals  with  sterilized  cultures  of  this  bacillus  Gartner 
was  able  to  show  that  such  cultures  were  highly  poison- 
ous. Guinea-pigs  thus  fed  died  in  anywhere  from  a  few 
hours  to  five  days.  Mice  similarly  fed  died  in  a  few  days. 
It  is  noteworthy  that  unlike  Van  Ermengem's  toxin, 
which  is  readily  destroyed  by  heat,  the  cultures  of  Gart- 
ner's bacillus  maintain  their  toxicity  even  after  boiling 
for  several  hours.  The  poison  then  is  very  resistant  to 
heat  and  resembles  In  this  respect  the  intracellular  toxins 
of  the  colon  bacillus  which  have  recently  been  studied 
by  Vaughan.  Morphologically  the  Bacillus  enteritidis 
is  closely  allied  to  the  colon  bacillus,  from  which,  how- 
ever, it  differs  in  not  producing  indol  and  in  its  pro- 
nounced infectiousness  even  when  fed  to  animals. 

The  same  organism,  or  at  all  events  one  closely  allied 
to  it,  was  isolated  in  1891  by  Lubarsch  from  the  lungs  and 
spleen  of  a  child  who  died  of  what  was  diagnosed  as 
Winckel's  disease.  Karlinski  has  also  succeeded  in  iso- 
lating this  bacillus  from  a  case  of  food  poisoning  which 
came  under  his  observation.  Fischer  likewise  met  with 
what  he  believed  to  be  Bacillus  enteritidis  in  an  outbreak 
of  food  poisoning  which  affected  nineteen  persons.  The 
vomiting  and  violent  purging  observed  were  traced  to 
the  meat  of  a  sick  cow  which  had  recently  calved. 

In  a  case  of  food  poisoning  studied  by  Johne  the  B. 
enteritidis  was  also  found.  The  same  organism  has  also 
been  met  with  in  all  probability  by  Poels  and  Dhont, 
Hoist,  and  Glinther  and  it  would  therefore  appear  that 
this  bacillus  is  widely  distributed  in  nature.  The  food 
poisoning  reported  by  Gunther  in  1897  affected  some 
twenty-six  or  twenty-seven  families  and  was  due  to  the 
eating  of  pork,  as  well  as  to  the  sausage  and  blood  derived 
from  the  same.  Abdominal  pains,  vomiting,  diarrhoea, 
and  extreme  weakness  were  the  symptoms  observed. 
Only  one  person  died,  and  from  the  internal  organs  of  this 
individual  Gunther  Isolated  the  B.  enteritidis.  It  was 
assumed  that  this  organism  was  present  in  the  poisonous 
food,  but  all  efforts  to  isolate  it  from  the  latter  failed. 

Another  instance  in  which  presumably  the  B.  enteritidis 
was  involved  is  that  observed  by  Silberschmidt  in  1896. 
A  small  outbreak  resulted  from  the  use  of  the  smoked 
meat  of  a  suckling  pig  which  was  diseased  when  killed. 
The  symptoms  were  essentially  the  same  as  those  just 
given,  and  one  death  resulted.  Those  who  had  eaten 
cooked  meat  were  also  affected,  although  boiled  extracts 
of  the  meat  had  no  effect  on  animals. 

Biicillus  Morhificana  Boms. — The  organism  thus  desig- 
nated by  Basenau  was  obtained  from  the  meat  of  a  cow 
which  was  slaughtered  while  suffering  from  puerperal 
fever.  Subsequently  he  isolated  the  same  organism  from 
the  meat  of  animals  sick  with  perforative  peritonitis, 
puerperal  paralysis,  and  chronic  pysemia.  The  germ 
proved  to  be  very  infectious  to  the  ordinary  experimental 
animals.  On  the  other  hand  it  is  by  no  means  certain 
that  the  organism  is  toxicogenic  with  respect  to  man. 
It  is  more  than  probable  that  it  is  nothing  more  than  a 
variety  of  the  colon  bacillus. 

Bacillus   Breslavienms   was    found    under    conditions 
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similar  to  the  preceding  in  several  distinct  outbreaks. 
According  to  Van  Ermengem  food  poisonings  in  Morsecle 
and  in  Ghent  in  1892  and  in  1895  yielded  this  bacillus. 
In  the  Morseele  outbreak  the  cause  was  found  in  the  flesh 
of  two  calves  that  died  of  an  undoubted  infection.  Of 
the  eighty  people  rendered  sick  four  died.  The  symp- 
toms were  those  of  pronounced  gastro-enteritis  accom- 
panied by  a  high  fever.  In  severe  cases  ecchymoses 
of  the  skin  and  disturbances  of  vision,  while  in  children 
convulsions  were  observed.  The  outbreak  in  Breslau  was 
studied  bj''  Kaensche  in  Fliigge's  laboratory.  In  this 
case  also  the  meat  was  derived  from  a  diseased  cow  which 
was  killed  while  suffering  from  a  high  fever  and  a  severe 
diarrhoea.  No  deaths  occurred,  although  some  eighty 
people  were  affected.  Taken  as  a  whole,  the  descrip- 
tions of  the  organisms  met  with  in  these  cases  agree  very 
closely,  and  it  is  quite  probable  that  the  same  germ  was 
present  in  each.  It  is  to  be  noted  that  the  cultural  and 
morphological  properties  of  this  germ  are  essentially 
those  of  the  colon  bacillus.  Unlike  the  latter,  however, 
it  does  not  make  indol  or  coagulate  milk.  An  important 
feature  is  the  fact  that  the  poison  is  not  destroyed  by 
heat,  and  in  this  respect  it  agrees  with  Gartner's  B.  en- 
teritidis.  Boiled  or  unboiled  cultures  or  infected  meat, 
when  fed  to  or  injected  into  mice  and  rabbits,  caused 
death,  while  dogs  and  eats  were  wholly  unaffected. 

Bacillus  Friedebergensis. — Kruse  has  thus  designated 
the  bacillus  which  Gaffky  and  Paak  described  in  1890. 
The  source  was  some  sausage  made  from  the  flesh  and 
livers  of  several  horses.  The  sausage  was  prepared  in  a 
most  careless  manner  and  as  a  result  showed  putrid  de- 
composition. More  than  thirty  persons  were  poisoned 
by  eating  this  sausage  and  one  of  these  died.  The  onset 
of  the  symptoms  occurred  in  a  few  within  half  an  hour, 
as  a  rule  within  six  hours,  although  some  were  not  affected 
for  twelve  to  twenty-four  hours.  A  marked  chill,  head- 
ache, abdominal  pains,  loss  of  appetite,  nausea,  vomiting 
and  diarrhaa  were  present.  As  in  other  instances  of 
food  poisoning  muscular  weakness  was  pronounced  and 
many  were  therefore  unable  to  resume  work  for  many 
days.  Dizziness,  thirst,  and  fever  were  also  observed,  but 
apparently  no  disturbances  of  vision.  The  injection 
subcutaneously  of  macerations  of  the  sausage  proved 
fatal  to  rabbits,  guinea-pigs,  and  mice,  and  from  these 
animals  a  short  bacillus  was  recovered.  A  single  feeding 
of  sausage  to  mice  caused  the  death  of  one  in  eight  days 
and  in  it  the  same  bacillus  was  found.  Gaffky  and  Paak 
considered  this  organism  to  be  responsible  for  the  effects 
observed  in  man.  The  pure  cultures,  when  given  by 
the  mouth  or  injected  subcutaneously  or  intravenously, 
proved  fatal  to  animals.  Unhke  those  of  B.  enteritidis 
the  cultures  when  boiled  lost  their  toxicity.  Like  the 
preceding  organism  this  one  does  not  give  rise  to  indol 
nor  does  it  coagulate  milk.  Otherwise  it  resembles  very 
closely  the  colon  bacillus  and  may  be  considered  to  be  a 
variety  of  the  same. 

From  cooked  meat  which  caused  an  outbreak  of  diar- 
rhoea in  Utrecht  in  1896,  Hamburger  isolated  a  non-motile 
bacillus  to  which  he  gave  the  name  B.  cellulmfm-mam. 
The  organism  did  not  liquefy  gelatin  and  when  grown 
in  bouillon  It  produced  a  heavy  scum  but  little  or  no 
cloudiness  of  the  Uquid.  The  infected  meat  when  fed  to 
mice  proved  fatal. 

In  1897  Pouchet  reported  a  case  in  which  forty -nme 
people  were  poisoned  by  eating  spoiled  pork.  Headache, 
dizziness,  vomiting,  diarrhcea,  and  fever  with  a  general 
erythema  were  observed  in  those  affected.  Pouchet  iso- 
lated an  organism  which  he  considered  to  be  the  same  as 
the  hog  cholera  bacillus  of  Metschnikoff.  Inasmuch  as  the 
germ  studied  by  the  latter  was  really  that  of  swme  plague 
and  not  of  hog  cholera,  it  is  probable  that  the  swme- 
plague  germ  was  responsible  for  this  poisoning.  It  is 
interesting  to  note  in  this  connection  that  Lubowski 
(1901)  has  succeeded  in  isolating  the  bacillus  of  hog  ery- 
sipelas from  the  intestines  of  an  icteric  child,  and  it  is 
not  unlikely  that  in  this  instance  infection  took  place 
throuo-h  the  food.  There  are  undoubted  instances  m 
which  anthrax  has  been  conveyed  to  man  in  this  way. 


Ballard  has  reported  a  number  of  outbreaks  of  meat 
poisoning.  Beef,  canned  pig's  tongue,  jellied  pig's  head, 
pork,  ham,  veal  pie,  pork  pie,  and  canned  sardines  were 
the  respective  causes  in  these  several  outbreaks.  It  is 
interesting  to  note  that  the  "  Middlesboi'ough  pneumonia 
epidemic  "  which  caused  four  hundred  and  ninety  deaths, 
is  attributed  by  Ballard  to  poisoning  with  imported  ba- 
con. He  believed  that  the  disease  developed  in  a  person 
who  had  eaten  of  the  infected  food  and  was  transmissible 
from  the  sick  to  those  who  had  not  partaken  of  the  in- 
fected food.  In  the  lungs  Klein  found  a  short,  thick 
bacillus  which  he  called  Bacillus  pneumonise.  This  germ 
was  different  from  the  bacillus  of  Friedlaender  and  from 
the  diplococcus  of  Fraenkel.  Fourteen  out  of  the  twenty 
samples  of  bacon  when  fed  to  rodents  produced  death 
with  lesions  similar  to  those  observed  in  man.  During 
the  progress  of  the  investigation  an  epidemic  of  pneu- 
monia broke  out  among  the  animals  and  in  these  the 
same  organism  was  found.  The  poisonous  bacon  when 
kept  for  three  months  lost  its  toxicity  and  no  growth  of 
the  bacillus  could  be  obtained. 

In  1894  Vaughan  and  Perkins  examined  some  dried 
beef  which  had  quite  seriously  poisoned  a  family  of  four. 
There  was  nothing  in  the  appearance  or  odor  of  the  beef 
to  cause  any  suspicion.  In  tact  it  seemed  to  be  of  excep- 
tionally good  quality.  Anaerobic  cultures  from  the  in- 
terior of  the  meat  gave  a  colon-like  bacillus  which  was 
pathogenic  to  white  rats,  rabbits,  and  guinea-pigs.  The 
sterilized  cultures  were  also  poisonous.  In  an  outbreak 
which  occurred  in  Sturgis,  Michigan,  in  the  same  year,  a 
•large  number  of  men  were  rendered  ill  after  partaking  of 
pressed  chicken.  All  were  taken,  within  two  to  four 
hours  after  eating  the  chicken,  with  nausea,  violent  grip- 
ing and  purging,  many  fainted  while  attempting  to  rise 
from  bed.  Prom  the  food  Vaughan  and  Perkins  isolated 
a  slender  bacillus  and  a  streptococcus.  The  former 
proved  to  be  very  fatal  to  experimental  animals.  Anae- 
robic cultures  were  much  more  powerful  than  aSrobic 
ones. 

During  the  past  few  years  a  number  of  food  poisonings 
have  been  investigated  in  which  the  causative  organism 
has  been  shown  to  be  in  all  probability  the  Proteus  vul- 
garis or  its  related  species.  Thus  Levy,  in  1894,  investi- 
gated a  case  of  this  kind.  The  keeper  of  a  restaurant 
and  some  of  his  guests  suffered  from  a  most  violent 
purging,  which  in  the  case  of  the  host  terminated  fatally. 
Proteus  vulgaris  was  isolated  from  the  vomited  matter, 
from  the  stools,  and  from  the  ice-box  where  the  food  was 
kept.  Levy  sought  to  demonstrate  that  the  poison  in 
this  case  was  identical  with  the  sepsin  of  Schmiedeberg. 
Wesenberg  in  1897  studied  a  food  epidemic  which  affected 
sixty-three  persons.  The  suspected  meat  came  from  a 
cow  that  was  slaughtered  when  sick.  Violent  headache, 
intense  abdominal  pains,  dizziness,  extreme  muscular 
weakness,  and  diarrhoea  were  the  symptoms  noted.  The 
greenish  or  brownish  discharges  were  very  putrid.  The 
more  or  less  decayed  meat  yielded  a  bacillus  which  Wesen- 
berg believed  to  be  identical  with  Proteus  vulgaris.  It 
remains  a  question,  however,  whether  this  germ  was  the 
actual  cause  of  the  intoxications. 

Silberschmidt  reported  similar  results  from  an  epidemic 
which  occurred  in  a  Swiss  canton  in  1899.  In  this  in- 
stance forty -five  persons  were  affected  and  one  death  re- 
sulted. The  symptoms  came  on  within  twenty-four  hours 
after  eating  "  Landjager  "  sausage,  made  out  of  beef  and 
pork  fat.  The  animals  were  apparently  perfectly  healthy. 
The  taste  and  appearance  of  the  sausage  were  faultless. 
Cultures  made  from  the  sausage  gave  B.  coli  and  Proteus 
vulgaris.  The  etiological  relation  of  the  latter  organism 
to  the  poisonings  was  by  no  means  clearly  demonstrated. 
A  somewhat  similar  outbreak  was  investigated  in  1900 
by  A.  Pfuhl.  A  "beef  sausage"  made  by  chopping  up 
finely  and  potting  the  entrails,  hearts,  lungs,  and  spleens 
of  three  cattle  was  the  cause  of  an  acute  gastro-enteritis 
in  eighty -one  soldiers.  The  material  fed  to  rats  and  mice 
induced  diarrhoea,  and  gradual  paralysis  of  the  limbs,  but 
the  animals  recovered.  One  of  the  mice  was  killed  and 
from  it  Pfuhl  isolated  a  bacillus  which  he  identified  with 
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Proteus  mirabilis.  Pure  cultures  of  the  germ  fed  to  mice 
caused  death  whereas  rats  recovered.  The  organism  when 
inoculated  into  fish  formed  capsules  but  not  otherwise 
The  toxin  was  destroyed  on  heating  to  60  C.  Ihe  deaa 
bacilli  were  shown  to  be  as  toxic  as  the  living,  indicating 
that  the  poison  was  largely  intracellular. 

In  the  above  instances  the  demonstration  that  the  poi- 
soning was  due  to  the  Proteus  group  is  far  from  perfect. 
There  is  no  question  but  that  these  organisms  are  toxm 
producers,  but  that  fact  and  the  detection  of  such  organ- 
isms in  a  food  does  not  prove  that  they  are  the  cause  of 
the  poisonings  observed.  Nevertheless,  it  may  be  well 
to  indicate  that  at  times  proteus  infections  have  been  met 
with  in  man  and  that  several  observers  have  ascribed 
epidemics  among  fish  to  this  same  group.  These  will  be 
presently  touched  upon. 

Poisonous  Fish.— In  those  countries  where  fish  is  the 
chief  form  of  animal  food  it  not  infrequently  gives  rise 
to  severe  outbreaks  of  acute  poisoning.  Just  as  sausage 
poisoning  is  of  relatively  frequent  occurrence  in  Germany 
so  fish  poisoning  in  Russia  is  equally  common.  In  this 
country  poisoning  from  canned  fish  has  been  repeatedly 
observed.  As  in  the  case  of  meat,  fish  may  become  poi- 
sonous as  a  result  of  being  diseased ;  or,  improperly  pre- 
served, the  otherwise  wholesome  fish  may  become  infected 
with  saprophytic  toxicogenic  bacteria.  In  the  one  case 
the  organisms  are  present  during  life  and  in  the  other 
they  are  introduced  after  death.  On  the  other  hand  it  is 
well  to  remember  that  some  fish  are  always  poisonous 
either  as  the  result  of  the  presence  of  poisonous  glands 
or  as  a  result  of  eating  certain  kinds  of  food,  while  others 
may  become  poisonous  during  the  spawning  season.  In 
such  instances  the  toxic  condition  is  normal  and  phj^sio- 
logical.  It  is  this  form  of  poisoning  which  is  designated 
by  the  Spanish  physicians  of  the  West  Indies  as  sigvatera, 
to  distinguish  it  from  the  bacterial  poisoning  or  botu- 
lismus.  It  is  preferable,  following  the  classification  of 
Vaughan,  to  designate  fish  poisoning  as  ichthyotoxismus. 

Epidemic  diseases  among  fish  have  been  observed  by 
a  number  of  investigators.  Thus  Charrin,  in  1893,  iso- 
lated several. organisms  which  were  pathogenic  to  fish. 
Emmerich  and  "Weibel  in  the  following  year  described 
the  Bacillus  salmonicida  as  the  cause  of  an  epidemic 
among  trout.  Sieber,  in  1895,  found  that  the  fish  in  an 
aquarium,  from  which  some  had  been  taken  to  supply  a 
table  and  had  proven  poisonous,  were  sick  and  that  as 
many  as  thirty  died  within  the  next  two  days.  From 
the  dead  and  sick  fish  she  isolated  a  highly  toxicogenic 
germ  to  which  she  has  given  the  name  Bacillus  piscicidus 
agilis.  From  cultures  of  this  bacillus  she  isolated  cadav- 
erin  and  other  known  ptomains,  besides  which  at  least 
two  undetermined  bases  were  present.  Sieber  found  the 
same  germ  in  the  dejections  of  two  cholera  patients.  In 
1898  Wyss  reported  tlie  results  of  his  study  of  an  epi- 
demic which  prevailed  among  the  fish  in  Lake  Zurich. 
From  the  diseased  fish  he  isolated  an  organism  which 
he  believed  to  be  identical  with  Proteus  vulgaris,  al- 
though there  were  slight  differences,  such  as  the  non- 
coagulation  of  milk,  and  non-decomposition  of  urea 
Moreover,  Wyss  believes  that  the  above-mentioned  Sie- 
ber s  bacillus  is  identical  with  that  isolated  by  him  and 
hence  is  also  a  Proteus  vulgaris.  That  fish  infected 
with  this  germ,  it  eaten  in  a  partially  cooked  state  may 
cause  poisoning  in  man  is  seen  in  Sieber's  observation 
a.ncl  in  the  fact  that  proteus  infections  of  meat  have  been 
described  by  Levy,  Wesenberg,  Pfuhl,  andSilberschmidt. 

Arustamoff,  m  1891,  observed  eleven  cases  of  fish  poi- 
sonmg,  flye  of  which  proved  fatal.  The  imperfectly  salted 
fish  contained  enormous  numbers  of  bacteria  which  formed 
typhoid-like  colonies.  The  symptoms  were  general  weak- 
ness, dull  pain  m  the  abdomen,  dyspncea,  mydriasis,  ver- 
tigo, and  dryness  of   the   mouth.     It  is  probable   (hat 

fsTrf,  'lf  7^'''  ''^^'''  '^^y  ^'">  wholesome  mies  and 
as  a.  result,  the  entire  mass  became  eventually  infected 
Cooking  destroyed  the  toxicity  of  the  fish  ""^crea. 

According  to  Schmidt  the  fish  poison  is  an  animal  alka- 
loid, a  ptomai-n,  produced  most  probably  by  bacter  a  t  at 
cause  an  infectious  disease  in  the  fish,  \nrep  partially 
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isolated  two  active  ptomains  from  poisonous  fish.  One 
of  these  was  extracted  from  alkaline  solution  with  ether, 
chloroform,  and  benzin.  It  was  fatal  to  rabbits  in  doses 
of  0.5  mgm.  A  somewhat  similar  ptomai'n  was  isolated 
by  Kakolew.  From  our  present  knowledge  of  bacterial 
poisons  it  is  quite  certain  that  the  real  toxic  principle  in 
poisonous  fish,  like  that  of  Bacillus  botulinus,  of  tetanus 
or  of  diphtheria,  is  not  a  basic  product  but  is  rather  a  non- 
proteid  toxin. 

Ballard  reported  fatal  poisoning  following  the  use  of 
canned  salmon.  The  can  was  "blown  "  and  the  contents 
were  partially  decomposed.  The  one  who  ate  the  most 
was  attacked  about  ten  hours  after  eating  and  died  in  three 
days.  One  who  ate  less  became  ill  in  about  twelve  hours 
and  died  in  five  days,  while  three  others  recovered.  Klein 
found  in  both  fatal  cases  necrosis  of  the  mucous  mem- 
brane of  the  stomach,  fatty  degeneration  of  the  liver, 
and  inflammation  of  the  kidneys.  Mice  fed  upon  the 
salmon  died,  but  no  germs  could  be  found  in  their  blood. 
Evidently,  as  in  Van  Ermengem's  case,  a  powerful  toxin 
was  produced  by  a  mere  saprophytic  organism. 

Another  instance  of  poisoning  from  canned  salmon  is 
that  reported  by  Vaughan.  In  this  case  the  patient  suf- 
fered from  nausea,  vomiting,  and  a  griping  pain  in  the 
abdomen ;  six  hours  later  he  vomited  at  frequent  inter- 
vals small  quantities  of  bile-colored  mucus.  Constipa- 
tion was  present  and  a  scarlatinous  rash  appeared,  cover- 
ing the  body  from  head  to  foot.  The  pulse  was  140 
and  the  temperature  102°  F.  Although  the  rash  disap- 
peared next  day,  a  slight  fever  persisted  for  some  time 
and  the  patient  was  confined  to  his  house  for  a  week. 
From  the  salmon  Vaughan  isolated  a  micrococcus  which 
proved  highly  toxic  when  grown  under  anaerobic  condi- 
tions. 

Poisonous  Milk. — Milk  is  unquestionably  a  most  pro- 
lific source  of  intoxication  and  especially  of  real  infection. 
This  is  readily  understood  when  it  is  remembered  that 
raw  milk,  the  form  in  which  it  is  most  often  consumed, 
contains  enormous  numbers  of  bacteria.  Under  most 
exceptional  conditions  a  disease  of  the  animal  may  be 
transferred  through  the  milk  which  it  secretes.  As  a 
rule,  however,  large  numbers  of  bacteria  from  all  imagi- 
nable sources  enter  the  milk  after  it  leaves  the  animal. 
More  or  less  fermentation,  even  if  no  change  is  recogniz- 
able by  the  eye  or  taste,  exists  necessarily  in  such  a  prod- 
uct. The  diarrhoeas  of  infancy  only  too  often  stand  in 
the  same  relation  to  milk  as  do  the  forms  of  gastro-ente- 
ritis  resulting  from  the  use  of  infected  meats.  Again,  the 
transmission  of  typhoid  fever  through  milk  is  known  to 
have  occurred.  Thus  Davics,  in  1897,  reported  an  out- 
break of  197  cases  of  typhoid  fever,  all  of  which  were 
directly  traceable  to  one  milk  supply.  Wilckens,  in  1898. 
reported  upon  a  similar  epidemic  which  developed  in 
Hamburg.  _  Of  the  82  cases  unquestionably  resulting 
from  milk  infection  65  were  in  women  and  children  and 
only  17  were  in  men.  However,  by  milk  poisoning,  or 
galactotoxismus,  usually  is  meant  acute  intoxications 
analogous  to  those  noted  in  connection  with  meat  and 
fish. 

The  iyrotoxicox,  discovered  by  Vaughan  in  1885,  first 
in  cheese  and  later  in  milk,  has  been  repeatedly  found  in 
milk  and  other  milk  products  since  then.  Newton  and 
Wallace  in  1886  rejiorted  an  outbreak  of  milk  poisoning 
of  this  kind  which  affected  a  large  number  of  people  at 
Long  Branch.  In  the  same  year  Schearcr  found  tvrotoxi- 
con  in  milk  used  liy,  and  in  the  vomited  matter'of,  per- 
sons miide  sick  at  a  hotel  in  Corning,  Iowa,  In  1887 
Firth,  an  English  army  surgeon  stationed  in  India,  re- 
ported an  outbreak  of  milk  poisoning  among  the  soldiers 
of  his  garrison,  and  from  the  milk  he  isolated  tyrotoxi- 
con.  In  the  same  year  Vaughan  reported  an  instance  of 
milk  poisoning,  due  to  tyrotoxicon,  in  which  three  of  the 
patients  died.  In  1898,  Wesener  and  Rossmann  reported 
the  isolation  of  tyrotoxicon  in  crystalline  form  from  poi- 
sonous cheese. 

In  view  of  the  large  number  of  different  species  of 
bacteria  which  may  be  present  in  milk  it  is  evident  that 
diverse  organisms  may  take  the  causative  role  and  hence 
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different  toxins  may  be  elaborated  in  milk.  Gafl'ky,  for 
example,  reports  an  instance  in  which  three  laboratory 
men  became  infected  through  milk,  and  suggests  that  the 
epidemic  which  prevailed  in  Cliristiania  in  1888,  in  which 
six  thousand  people  sickened  within  tliree  weeks,  was 
probably  due  to  milk  infection.  From  the  former  in 
stance  GaflEky  isolated  a  small,  highly  virulent  form  of 
the  colon  bacillus. 

Poisonings  from  various  products  of  milk  such  as  ice- 
cream, cream-puffs,  and  frozen  custards  have  been  fre 
quently  met  with.  In  such  cases  undoubtedly  the  in 
jurious  organism  is  derived  from  the  milk  and  with 
favorable  conditions  is  enabled  to  multiply  and  give  rise 
to  its  peculiar  toxin.  Here  again  no  one  organism  is  at 
work  in  all  poisonings  of  this  kind  and  consequently 
diverse  poisons  are  to  be  expected.  Coloring  matter  and 
especially  flavoring  extracts,  such  as  vanillin,  are  often 
credited  with  causing  these  poisonings,  but  it  can  be 
readily  shown  that  large  quantities  of  such  extracts  can 
be  taken  without  the  least  injuiy.  While  it  is  p().s,sible 
for  deleterious  substances  or  poisonous  metals  to  find 
their  way  into  milk,  ice-cream,  and  other  products,  yet 
such  instances  have  not  been  demonstrated.  On  the  con- 
trar}'  a  careful  examination  of  such  poisonous  matter 
will  invariably  demonstrate  the  presence  of  toxic  bacteria 
and  their  products. 

In  poisonous  ice-cream,  Vaughan  and  Novy  repeatedly 
found  tyrotoxicon,  and  this  toxic  bacterial  product  has 
been  likewise  detected  in  similar  material  by  Schearer, 
Allaben,  and  Welford.  In  1896,  Vaughan  and  Perkins 
reported  upon  an  outbreak  of  ice-cream  poisoning  which 
affected  many  people.  Nausea,  vomiting,  and  diarrhoea 
were  as  a  rule  present  and  the  most  alarming  feature  was 
the  feebleness  in  the  heart's  action.  In  some  persons  the 
entire  body  became  cool  and  clammy  and  the  radial  pulse 
was  not  detectable.  In  some  delirium  and  stupor  were 
also  present.  The  germ  isolated  from  the  ice-cream 
showed  a  marked  resemblance  to  the  colon  bacillus. 

Cheese  poisoning,  or  tyrotoxismus,  like  sausage  poison- 
ing is  of  relatively  frequent  occurrence  and  for  that 
reason  both  attracted  the  attention  of  scientists  at  an 
early  date.  It  is  unnecessary  to  recapitulate  the  various 
theories  that  have  been  propounded  from  time  to  time  to 
account  for  this  toxicity  of  cheese.  The  phenomenon  is 
readily  explained  along  the  lines  heretofore  laid  down. 
Various  toxicogenic  bacteria  may  accidentally  develop 
during  the  ripening  or  storage  of  the  cheese  and  conse- 
quently impart  to  it  poisonous  properties.  To  Vaughan 
is  due  the  ci-edit  of  being  the  first  to  discover  and  isolate 
the  chemical  poison  tyrotoxicon,  in  several  outbreaks  of 
cheese  poisoning.  Wallace,  Wolff,  and  others  have  also 
isolated  the  same  poison  from  cheese.  Dokkum,  employ- 
ing a  modification  of  the  method  used  by  Vaughan,  iso- 
lated a  somewhat  different  substance  to  which  he  gave 
the  name  tyrotoxin.  From  poisonous  cheese  Le  Pierre 
obtained  a  basic  body,  Cell^sNiOi.  Insufficient  atten- 
tion has  been  given  in  the  past  to  the  study  of  the  bac- 
teria present  in  toxic  cheese,  and  it  is  to  be  hoped  that  in 
the  future  special  attention  will  be  directed  to  this  work. 
The  studies  of  Vaughan  and  McClymonds  have  shown 
that  toxicogenic  germs  are  present  in  nearly  all  cheese. 
Cultures  obtained  from  forty -nine  samples  of  American 
green  cheese  killed  white  rats,  guinea-pigs,  and  rabbits. 
The  colon  group  is  usually  thus  represented,  and  it  is 
therefore  a  matter  of  little  surprise  if  under  favoring 
conditions  some  of  these  organisms  develop  sufficiently 
to  render  a  given  sample  poisonous. 

Poisonous  Molluscs.— Mussel  poisoning,  or  mj'tilo- 
toxismus,  is  characterized  by  a  greater  varietj'  of  symp- 
toms and  a  relatively  greater  fatality  than  is  observed  in 
other  food  infections.  There  can  be  no  question  as  to 
the  main  fact  that  poisonous  mussel  owe  their  toxicity  to 
the  presence  of  bacteria  and  more  especially  to  the  prod 
ucts  elaborated  by  these  organisms. 

In  general  three  types  of  symptoms  have  been  noted. 
A  gastroenteritis,  characterized  by  nausea,  vomiting,  and 
diarrhcea,  shows  no  difference  from  many  of  the  common 
Instances  of  meat  poisoning.     The  exanthemic  type  has 


been  most  frequently  observed.  This  begins  with  a  sen- 
sation of  heat  whicli  spreads  from  the  face  to  all  parts  of 
the  body  and  is  followed  by  a  papular  or  vesicular  erup- 
tion. Itching  is  a  marked  feature  and  dyspnoea  may  be 
pronounced.  The  thii'd  type  is  very  similar  to  that  ob- 
served by  Van  Ermengem  in  connection  with  the  Bacillus 
botulinus  which  he  isolated  from  ham.  The  symptoms 
on  the  part  of  the  nervous  system  predominate.  Head- 
ache, dizziness,  constriction  of  the  throat,  difficulty  in 
speech,  extreme  muscular  weakness,  and  numbness  and 
coldness  of  the  limbs  are  marked  symptoms.  The  pupils 
are  dilated  and  reactionless,  but  the  pulse  is  relatively 
low  and  there  is  no  elevation  of  temperature. 

In  recent  years  the  best  studied  outbreak  of  mussel 
poisoning  was  that  of  Wilhelmshaven.  In  this  case  the 
cooked  mussels  produced  symptoms  within  an  hour  or 
more  and  death  resulted  in  two,  three,  and  five  hours  after 
eating.  From  these  nmssels  Brieger  obtained  the  highly 
poisonous  ptomain  inytilot&xin.  The  fact  that  the  poi- 
sonous mussel  were  obtained  from  brackish  water  and 
that  they  became  non-poisonous  when  removed  to  fresh 
sea-water  would  indicate  that  the  mussel  were  either 
diseased  or  their  vitality  was  lowered  to  such  an  extent 
that  they  allowed  the  free  development  of  toxicogenic 
bacteria. 

Instances  of  poisoning  with  o}'sters  are  frequent 
enough.  This  is  especially  true  when  the  oysters  come 
from  a  bed  polluted  with  sewage.  Just  as  polluted  milk 
or  water  may  be  the  carrier  of  typhoid  fever,  so  likewise 
oysters  when  gathered  from  polluted  banks  can,  and 
have  been  known  to,  cause  epidemics  of  this  disease  as 
well  as  less  dangerous  diarrhoeas.  At  times  the  symp- 
toms of  acute  intoxication  following  the  use  of  oysters 
are  as  pronounced  and  as  fatal  as  those  noted  in  connec- 
tion with  mussel  poisoning.  Brosch,  for  example,  re- 
ported a  case  in  1896  in  which  an  officer  died  in  twelve 
hours  after  eating  some  oysters  which  at  the  time  were 
noted  to  have  a  bad  taste.  The  symptoms  were  of  the 
paralytic  type :  dimness  of  vision,  salivation  with  inabil- 
ity to  swallow  or  expectorate,  anuria,  difficult  and  indis- 
tinct speech,  with  paralysis  of  the  right  side  of  the  face, 
including  dilatation  of  the  pupil  and  ptosis  of  the  right 
eyelid,  great  muscular  weakness,  cyanosis  and  death. 

Poisonous  Vegetable  Foods. — Although  animal 
foods  are  most  often  the  cause  of  food  poisoning,  j'et  they 
are  by  no  means  alone  in  this  respect.  Canned  vegetable 
foods,  tomatoes  for  example,  have  been  known  to  give 
rise  to  serious  illness.  The  presence  of  toxicogenic  bac- 
teria or  of  their  products  is  responsible  for  these  effects 
rather  than  are  the  traces  of  tin  or  lead  which  may  be  pres- 
ent. Instances  of  slimy  bread  which,  as  is  well  known, 
are  due  to  the  presence  of  slime-producing  bacteria  of  the 
potato  bacillus  group,  have  been  shown  by  Vogel  to  cause 
at  times  marked  symptoms  of  gastro-enteritis. 

Under  the  designation  sitotoxismus  Vaughan  includes 
all  forms  of  poisonings  with  vegetable  foods,  infected  with 
moulds  and  bacteria.  Mould  infections  especially  play 
a  most  important  part  in  vegetable  foods,  whereas  they 
are  practically  unknown  in  connection  with  food  of  ani- 
mal origin.  The  best-known  example  of  this  kind  is 
ergotism'us,  veritable  epidemics  of  which  have  prevailed 
in  different  parts  of  Europe  during  past  centuries.  At 
present,  examples  of  this  form  of  intoxication  are  rela- 
tively rare  and  are  practically  unknown  in  this  country. 
The  cause  is  the  fungus,  Claviceps  purpurea,  which  de- 
velops on  rye  and  other  grain.  At  least  three  poisons, 
ergotinic  acid,  sphaeelinic  acid,  and  cornutin,  are  known 
to  be  present  in  ergot.,. 

The  disease  known  as  pellagra,  which  prevails  to  an 
unfortimate  extent  in  Northern  Italy  and  in  Spain,  is  due 
to  a  similar  cause.  The  food  in  this  case  is  corn  which 
has  been  altered  presumably  by  the  action  of  moulds. 
Some  investigators  have  credited  bacteria  with  being  the 
cause  of  this  alteration,  but  this  is  by  no  means  certain. 
Beri-beri,  the  well-known  disease  of  Japan  and  of  other 
islands  in  the  Pacific,  is  commonly  ascribed  to  the  use  of 
damaged  rice. 

Examination  of  Poisonous  Foods.— A.  description  of  the 
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various  kinds  of  food  poisonings  would  be  incomp  ete 
without  some  statement  of  the  methods  to  be  pursued  in 
making  examinations  of  suspected  material.  It  not,  mtre- 
Quently  happens  that  the  amount  of  food  that  is  leftover 
from  a  meal  is  very  small  and  for  that  reason  it  should 
be  put  to  the  best  possible  use.  Inasmuch  as  a  chemical 
analysis  is  of  very  little  value  it  is  not  advisable  to  use 
up  the  greater  part  of  the  material  in  such  work.  At 
all  events  it  should  be  deferred  until  a  complete  bacterio- 
logical examination  has  been  made.  The  chemical  sub- 
stances will  in  no  wise  suffer  by  such  delay. 

A  considerable  amount  of  time  can  be  saved,  and  per- 
haps wrong  conclusions  avoided,  by  determining  at  the 
outstart  whether  or  not  the  suspected  food  is  really  poi- 
sonous. This  is  apparently  a  simple  proposition  but  not 
always  one  that  can  be  easily  carried  out.  Some  animals 
are  not  susceptible  to  a  given  poisonous  food,  while 
others  are.  Consequently,  as  many  different  animals  as 
possible  should  be  fed  or  given,  through  a  stomach  tube, 
the  material  under  investigation  until  some  are  found  to 
be  susceptible.  In  comparatively  mild  poisonings  the 
experimenter  has  been  known  to  make  the  crucial  test  on 
himself. 

In  the  case  of  pork  and  its  products  the  presence  or 
absence  of  trichinae  should  be  determined  at  the  outstart. 
In  case  the  poisonous  nature  of  the  food  is  established  by 
feeding  experiments  the  affected  or  dead  animals  may 
be  examined  by  the  usual  methods  for  bacteria.  It 
should  be  remembered,  however,  that  there  are  cases  in 
which  no  bacteria  can  be  detected  in  the  dead  body,  for 
the  reason  that  they  may  be  unable  to  multiply  in  the 
living  body,  although  they  may  elaborate  powerful  poi- 
sons in  the  food  itself.  Death  in  such  instances  would 
be  the  result  of  a  true  intoxication.  On  the  other  hand, 
the  poisonous  organism  may  grow  in  the  body  and  an 
infection  proper  may  result,  in  which  case  the  germ  will 
be  found  distributed  through  the  body. 

The  feeding  experiments  should  be  supplemented  by 
injections,  subcutaneous  and  intraperitoneal,  of  macera- 
tions of  the  food  in  sterile  water.  Eventually,  aSrobic 
and  anaerobic  cultures  should  be  made  with  the  poisonous 
food  and  the  toxic  organism  should  be  isolated  and  its 
effects,  in  pure  culture,  studied  upon  susceptible  animals. 
The  presence  of  soluble  poisonous  products  in  such  cult- 
ures may  be  demonstrated  by  filtration  through  porcelain. 

Frederick  G.  Novy. 

FOOT. — It  is  natural  to  compare  the  foot,  as  the  distal 
member  of  the  lower  extremity,  with  the  hand,  the  cor- 
responding member  of  the  upper;  and  by  such  a  com- 
parison we  get  most  valuable  aid  to  a  comprehension  of 


Fig.  2099.— Hand  and  Foot  ol  a  Chimpanzee.    ( Vogt.) 

its  structure.  It  has  been  said  that  the  foot  is  merely  a 
^A"  h'''!^'^?^/''''  functions  of  support  and  locomotion 
which  It  has  had  to  perform.  While  it  is  in  general  true 
that  toot  and  hand  are  constructed  upon  a  similar  plan, 
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it  must  be  remembered  that  the  differentiation  commences 
far  down  in  the  animal  series.  The  similarity  between 
the  anterior  and  posterior  extremities  of  a  quadruped, 


Fig.  2100.— Hand  and  Foot  ol  Man.    (Vogt.) 

such  as  the  horse  for  instance,  disappears  to  a  consider- 
able extent  when  the  anatomical  structure  is  closely  ex- 
amined. Even  in  quadrupedal  locomotion  the  posterior 
extremities  are  the  ones  most  active  in  propelling  the 
body,  the  anterior  limbs  being  mainly  for  support  and 
equipoise.  The  impression 
j^a\  \  of  the  forefeet  of  an  unshod 

ip^y  \  horse  is  different  from  that 

'^^S,\  \  of  the  hindfeet  on  this  ac- 

^l'&-M^J    \  count.   As  the  forelimbs  come 

to  be  more  used  for  the  pur- 


Interosseous  ligament  plantar  fascia 

inferior  calcaneo-seaphoid  ligament 

Fig.  2101. — The  Antero-posterior  Arch  of  the  Foot.  The  bones  shown 
are  those  cut  by  a  longitudinal  section  through  the  axis  of  the  great 
toe.  The  calcaneum  forms  the  posterior  branch  of  the  arch ;  the 
scaphoid,  internal  cuneiform,  the  first  metatarsal,  the  anterior 
branch  :  and  the  astragalus  is  at  the  summit.  A  sesamoid  bone  is 
seen  under  the  head  of  the  first  metatarsal.  In  front  are  the 
phalanges  of  the  great  toe. 


poses  of  prehension  and  dexteritj^  the  difference  in 
structure  becomes  more  marked.  The  higher  apes  were 
improperly  called  quadrumana,  for  no  animal,  speaking 
strictly,  has  four  feet  anatomically  similar;  still  less  has 
any  animal  four  organs  that  can  properly  be  called  hands. 
The  differences  are  various,  according  to  the  adaptation 
of  the  anterior  and  posterior  members  for  the  special 
activities  of  the  animal.  The  liones  of  the  carpus  are 
never  found  to  lie  the  same  as  those  of  the  tarsus,  var}'- 
ing  either  in  number  or  in  the  union  of  the  various  osseous 
elements.  There  is  not,  properly  speaking,  any  opposa- 
bility  of  the  great  toe  in  apes,  as  it  cannot  lie  carried 
around  and  placed  at  will  against  the  various  other  toes ; 
but  it  is  set  at  a  wider  angle  tluui  the  others,  so  that  it 
can  be  used  like  the  curve  of  a  pincers  or  of  a  cramp-iron 
for  grasping  and  climbing.  The  posterior  extremities  of 
apes  arc  merely  feet  adapted  for  walking  upon  trees,  the 
resemblances  of  the  foot  or  "hind-hand"  to  a  true  hand 
being  only  skin  deep  (Hu.xlcy  '). 

There  seems  from  the  structure  of  the  human  foot  no 
reason  to  doubt  that  it  has  been  developed  from  an  organ 
adapted  for  the  same  use.  Strong  evidence  of  this  is 
found  in  the  fa?tal  condition  of  the  foot,  which  ap- 
proaches in  many  respects  that  of  the  anthropoid  apes. 
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there  being  less  development  of  the  heel,  an  arrangement 
of  the  joints  which  permits  more  inversion  of  the  sole, 
and  a  difference  in  the  corresponding  length  of  the  first 
and  second  metatarsal  hones.  Indicating  that  the  adult 
condition,  in  which  the  great  toe  is  as  long  as,  or  longer 
than,  the  others,  has  been  gradually  acquired.  Leboucq  ^ 
determined  the  average  proportion  of  the  first  metatarsal 
to  the  second  to  be  in  the  child  before  birth  as  1  is  to 
1.37;  at  fourteen  years,  as  1  is  to  1.31;  and  in  the  adult 
as  1  is  to  1.17. 

Fig.  2099  shows  the  hand  and  the  foot  of  the  chimpan- 
zee contrasted,  while  Pig.  2100  shows  the  same  members 
in  adult  man.  In  the  gorilla  the  resemblance  to  the  hu- 
man hand  and  foot  is  still  greater.  The  feet  of  a  child 
that  has  never  walked  show  decided  differences  in  power 
of  using  the  toes,  there  being  considerable  grasp  and  the 
same  imperfect  opposability  of  the  great  toe  as  is  seen  in 
apes.  The  markings  upon  the  sole  show  this  to  some 
extent. 

The  markings  on  the  foot  of  a  child  that  has  never  worn 
a  shoe,  nor  stood  alone  upon  its  feet,  resemble  somewhat 
those  of  the  palm  of  the  hand,  indicating  considerable 
freedom  of  flexion  and  a  certain  amount  of  independent 
use  of  tlie  great  toe.  They  almost  entirely  disappear  after 
the  foot  is  used  as  a  support.  The  power  of  the  great 
toe  may,  however,  be  kept  up  If  the  feet  are  not  confined, 
and  many  savage  tribes  use  the  foot  for  grasping.  Among 
Australian  savages  this  grasping  power  is  of  great  as- 
sistance in  climbing  trees,  and  they  habitually  pick  up  a 
spear  or  similar  object  with  the  foot.  Nubian  horsemen 
are  said  to  use  the  reins,  and  Chinese  boatmen  to  pull  an 
oar,  by  means  of  the  great  toe.  Occasionally  persons 
may  be  found  who,  either  born  without  hands  or,  losing 
them  early  in  life,  have  acquired  the  habit  of  using  the 
foot  for  various  acts  ordinarily  performed  by  the  hands, 
and  can  thread  a  needle  (as  do  the  Hindoo  tailors),  use 
scissors,  or  even  write,  with  the  toes.  The  fact  that 
walking  in  the  erect  position  is  learned  only  with  diffi- 
culty shows  that  it  is  a  late  acquirement. 

The  main  characteristics  of  the  human  foot  are,  there- 
fore, those  which  adapt  it  for  support  and  locomotion. 
For  this  purpose  a  most  beautiful  structural  arrangement 
has  beenefEected,  combining  great  strength  with  peculiar 
elasticity  and  lightness.  The  bones  are  set  in  the  form 
of  a  vault  supported  at  the  points  connected  by  arches, 
two  of  these  starting  from  the  same  point  of  the  heel 
(the  tuberosity  of  thecalcaneum),  and  extending  forward, 
one  to  the  ball  of  the  great  toe  (head  of  first  metatarsal), 
the  other  to  a  corresponding  point  on  the  little  toe.  The 
third  arch  is  transverse,  connecting  the  anterior  ends  of 
the  longitudinal  ones. 

The  inner  arch  is  formed  by  the  calcaneum  behind  and 
the  first,  second,  and  third  metatarsals,  the  cuneiform, 

dorsalis  pedis  artery    middle  cuneiform  bone 
external  cuneiform  bone 
extensor  brevis  digitorum  " 


cuboid  bone 


\  internal  cunei 
I     form  bone 


J  internal  muscu- 
/     lar  group 


external  muscular  group        I  tendons  of  flexors 

plantar  fascia         middle  muscular  group 

Fifi  2103  —The  Transverse  Arch  of  the  Foot.  Section  through  the 
anterior  row  of  tarsal  bones.  The  line  A  B  represents  the  surface 
upon  which  the  foot  rests  when  the  individual  stands  erect. 

and  scaphoid  bones  in  front,  with  the  astragalus  set  at 
the  vertex  as  a  keystone  (see  Fig.  2101).  The  outer  arch, 
which  is  much  flatter,  is  formed  by  the  calcaneum,  cuboid, 


Fig.  3103.— Dissection  of  the 
Foot  showing  the  Plantar 
Fascia.     (Marshall.) 


and  two  outer  metatarsals  which  articulate  witli  it.  The 
transverse  arch  is  formed  behind  by  the  three  cuneiform 
bones  and  the  cuboid  (Fig.  2102),  in  front  by  the  meta- 
tarsal' bones.  It  should  be  notcil  that  this  arch  becomes 
shallower  and  shallower  as  the  toes  are  approached,  until 
at  last  upon  reaching  the  heads 
of  the  metatarsals  the  weight 
is  borne  fully  upon  them  all. 
The  imprint  of  a  normal  hu- 
man foot,  shows  this  clearly. 
The  height  of  the  arches 
forms  the  instep,  a  feature 
peculiar  to  man,  and  which 
varies  considerably  in  differ- 
ent races,  being  generally 
higher  in  the  Indo-European 
than  in  others.  Arabs  are  said 
to  boast  that  their  insteps  are 
so  high  that  water  will  run 
under  them  without  wetting 
the  sole,  and  the  Andalusian 
instep  is  famous.  A  popular 
saying  has  it  that  the  foot  of 
the  negro  is  so  flat  that  it 
makes  a  hole  in  the  ground. 
A  very  amusing  proof  of  this 
primitive  condition  of  the 
negro  foot  may  be  noticed  in 
Southern  cities,  where,  during 
the  heat  of  summer,  it  is  cus- 
tomary to  wet  the  pavements 
in  the  evening.  It  is  not  un- 
usual to  see  barefooted  negro 
boys,  whose  feet  are  so  flat 
that  atmospheric  pressure 
makes  them  adhere  slightly 
when  applied  to  the  wet  and  smooth  pavement,  in  the 
same  way  that  a  boy's  leather  sucker  adheres  to  a  smooth 
stone,  and  it  is  a  favorite  pastime  with  such  gifted 
individuals  to  walk  the  streets,  producing  a  somewhat 
startling  report  every  time  the  foot  is  withdrawn  from 
the  pavement.  It  is  perhaps  not  without  some  reason 
that  the  height  of  the  instep  is  considered  a  mark  of 
pure  blood,  as  it  appears  to  be  one  of  the  signs  of  com- 
plete adaptation  to  the  erect  posture  and  to  locomotion 
in  that  position. 

Man  is  the  only  animal  that  has  the  foot  placed  at  right 
angles  to  the  axis  of  the  body,  most  mammalia  not  touch- 
ing the  ground  with  the  calcaneum  at  all.  The  horse, 
for  instance,  literally  walks  upon  the  points  of  the  toes, 
the  hoof  being  comparable  with  the  nails  of  the  human 
foot,  and  the  hock  or  "  knee  "  being  the  tuberosity  of  the 
calcaneum.  There  appears  to  be  some  relation  between 
this  ascension  of  the  calcaneum  and  the  fleetness  of  the 
animal,  as  those  which  are  the  swiftest  have  the  bones 
so  arranged  that  they  walk  merely  upon  the  tips.  If 
support  alone  were  needed  there  would  be  no  necessity 
for  the  metatarsal  bones  and  toes,  as  may  be  seen  in  those 
who  have  had  them  amputated.  The  anterior  part  of 
the  arch  is  therefore  for  purposes  of  locomotion,  and  it 
may  be  noted  that  in  running  the  heel  is  raised  off  the 
ground,  and  the  anterior  part  only  is  used,  the  anatomical 
relation  of  the  bones  to  the  soil  being  similar  to  that  which 
occurs  ordinarily  in  the  foot  of  the  carnivora.  The  great 
swiftness  and  lightness  of  motion  of  a  premiere  daiisenxe 
is  owing  to  her  ability  to  dispense  entirely  with  the  pos- 
terior portion  of  the  arch. 

Owing  to  this  diffeience  of  formation  the  anterior  and 
posterior  pillars  of  the  longitudinal  arches  differ— the 
posterior,  being  for  support,  is  short,  thick,  and  strong, 
being  of  but  one  bone;  the  anterior,  composed  of  several 
bones,  is  longer,  so  that  the  motion  of  raising  the  heel 
can  be  quickly  performed.  The  length  of  the  heel  in 
the  African  race  is  merely  apparent,  and  caused  by  the 
flattening  of  the  arch  rather  than  by  a  real  projection. 
The  number  of  bones  in  the  anterior  arch  greatly  aids  in 
the  distribution  of  the  force,  as  any  one  may  see  who  will 
take  the  trouble  to  note  the  difference  in  shock  which 
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occurs  when  alighting  upon  the  heels  rather  than  upon 
the  balls  of  the  toes. 

This  system  is  sustained  by  ligaments,  tendons,  and 
fascial  bands  in  such  a  way  as  to  form  a  most  elastic  and 
adjustable  support.  The  longitudinal  arches  are  held 
up  by  a  strong  sheet  of  con- 
nective tissue,  one  of  the  thick- 
est aponeurotic  structures  in 
the  body,  the  plantar  fascia 
(Figs.  2101  and  2103),  which  is 
attached  behind  to  the  calca- 
neum,  and  in  front  divides  into 
five  slips,  one  for  each  toe, 
which  pass  forward  and  are 
mainly  united  to  a  band  of  trans- 
verse fibres  which  runs  across 
the  foot  just  behind  the  clefts 
of  the  toes. 

This  braces 
up  the  arches  of 


long  plantar  ligament  interior  calcaneo-scaphold  ligament 

Fig.  2104.— Tbe  Ligaments  on  ttie  Inner  Side  of  the  Eight  Foot. 

the  foot  in  the  same  way  that  a  tension  rod  prevents  the 
rafters  of  a  roof  from  spreading.  This  arrangement  is 
found  only  in  the  human  foot,  other  animals  having  a 
plantar  fascia  movable  like  that  of  the  hand,  and  usu 
ally  with  a  special  tensor  like  the  palmaris  longus  of 
the  arm.  The  little  plantaris  muscle  of  the  human  leg, 
which  does  not  reach  the  foot,  but  unites  with  the  tendo 
Achillis  at  the  ankle,  is  the  relic  of  such  a  structure. 

When  this  fascia  is  ver}'  tense,  it  may  draw  the  arch 
so  closely  together  as  to  prevent  the  outside  of  the  foot 
from  touching  the  ground.  This  condition  is  not  usually 
found  in  the  normal  foot,  being  the  result  of  contracture 
of  the  fascia. 

Besides  this  arrangement,  the  longitudinal  arches  are 
braced  at  tlie  top  by  strong  ligaments.  A  glance  at  Figs. 
2101  and  2104  will  show  how  necessary  these  are.  The 
astragalus  at  its  inner  side  overlaps  the  calcaneum,  and 
would,  in  case  of  a  lateral  thrust,  be  shoved  downward 
and  inward  into  the  space  between  that  bone  and  the 
scaphoid  were  it  not  for  the  inferior  calcaneo-scaphoid 
ligament,  which  passes  from  the  projecting  shelf  of  the 
calcaneum  known  as  the  sustentaculum  tali,  forward, 
under  the  astragalus,  to  the  scaphoid.  Its  upper  surface 
.is  lined  with  synovial  membrane,  and  the  cavity  of  the 
joint  between  the  anterior  part  of  the  astragalus  and  the 
calcaneum  is  continued  forward  over  it  to  the  astragalo- 
scaphoid  articulation.  The  tendon  of  the  tibialis  posticus 
passes  forward  under  this  ligament,  and  its  fibres  are 
united  with  it,  strengthening  it  materially,  and  by  its 
pull  upon  the  scaphoid  assisting  the  firmness  of  tlie  joint 
exactly  at  that  period  of  the  step  when  the  arch  is  most 
m  danger;  that  is  to  say,  when  the  heel  is  being  raised 
and  the  weight  thrown  forward  upon  the  scaphoid.  If 
this  ligament  becomes  weak  or  the  muscle  ati-ophied  the 
arch  is  depressed,  the  head  of  the  astragalus  descends  be- 
low Its  proper  level,  and  flat  foot,  or  valgus,  results 
This  is  usually  associated  with  arthritis,  and  is  a  very 
painful  affection,  difl:ering  much  from  the  congenital 
torm  of  the  defect.  It  is  found  especially  amona:  those 
who  stand  for  long  periods  of  time. 

On  the  outer  side  of  the  foot  the  arch  is  trussed  un  bv 
means  of  a  strong  band  called  the  long  plantar  ligament 
(ijg.  2104),  passing  from  the  tuberosity  of  the  calcaneum 
forward  to  the  base  of  the  second,  third,  and  fourth 
metatarsals. 

To  produce  the  transverse  vaulting,  certain  short  and 
oblique  ligamentous  bands  are  used,  radiating  from  the 
scaphoid,  the  cuboid,  and  the  external  cuneiform  bones, 
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and  these  are  assisted  in  a  marked  degree  by  the  action  of 
the  muscles. 

Fig.  2105  shows  that  the  tendons  of  the  peroneus  longus 
and  of  the  flexor  longus  digitorum  are  so  arranged  that 
they  pull  obliquely  upon  the  bones  of  the  foot,  crowd- 
ing them  together  and  consolidating  them  transversely. 
Duchenne  ^  was  of  the  opinion  that  flat  foot  is  frequently 
associated  with  an  insufficiency  in  the  peroneus  longus. 
The  members  of  the  inner  arch  are  decidedly  more  mov- 
able than  those  of  the  outer,  whicli  recalls  the  fact  that  it  is 
only  the  outer  part  that  is  used  for  support  among  an- 
thropoids. 

The  various  interosseous  ligaments  assist  considerably 
to  keep  the  bones  in  place.  The  strongest  of  them  is  the 
one  between  the  astragalus  and  the  calcaneum  (Fig.  2101), 
separating  the  articular  surface  into  two  distinct  portions. 
It  lies  within  a  canal  formed  by  grooves  upon  either 
bone,  and  known  as  the  canalis  tarsi,  surrounded  in  that 
situation  with  fat. 

The  joints  of  the  foot  are  adapted  to  the  arch-like  form 
above  described.  An  inspection  of  Fig.  2101  will  show 
that  there  is  an  approximation  in  these  joints  to  arcs  of 
circles,  the  larger  arcs  being  in  the  posterior  part  of  the 
arch,  the  smaller  and  more  numerous  forward.  A  study 
of  the  cancellated  tissue  of  the  bones  shows  that  these 
arcs  are  continued  to  some  extent  b}'  strengthening  bars 
within  the  bone,  showing  that  conditions  of  stress  have 
occasioned  this  arrangement.  The  movements  are  gen- 
erally those  of  rotation  and  not  purely  gliding  (Bradley^). 
A  uniformity  of  distribution  of  pressure  is  thus  obtained. 
The  ligaments  which  unite  the  different  bones  are  of  two 
classes;  those  which  are  special,  surrounding  and  sup- 
porting particular  joints;  and  those  which  are  general, 
mainly  employed  in  bracing  and  sustaining  the  arches  of 
the  foot.  To  the  first  class  belong  the  capsular  ligaments 
which  are  found  at  every  joint,  and  are  strengthened 
more  or  less  by  special  bands,  which  receive  names  from 
the  bones  which  they  unite.  The  principal  ligaments  of 
the  second  class  have  already  been  mentioned.  The 
movements  are  of  two  classes,  one  of  which  is  a  simple 
flexion  and  extension,  mainly  expressed  in  the  joint  Ije- 
tween  the  astragalus  and  the  leg  bones  (see  Ankle  Joint), 
and  in  the  various 
metatarsal  and 
phalangeal  joints ; 
the  second  a 
movement  of  in- 
version and  ever- 
sion  of  the  sole, 
sometimes  called, 
rather  inaccurate- 
1}',  adduction  and 
abduction,  or  su- 
pination and  pro- 
nation, and  which 
takes  place  in  the 
astragalo-  calca- 
nean  joints.  As 
already  men- 
tioned, the  joint 
between  the  as- 
tragalus and  the 
calcaneum  is 
double,  with  two 
synovial  sacs,  the 
anterior  being 
continuous  with 
the  astragalo-sca- 
p  h  o  i  d  articula- 
tion. The  joint 
has  been  carefully 
studied  by  Miss 
Clark,  f^  who  made 
many  measurements  of  it,  both  in  foetal  and  adult  sub- 
jects. The  facets  on  the  astragalus  are  concave,  and  the 
axis  of  motion  is  a  line  extending  from  the  insertion  of 
the  dorsal  ligament  binding  the  astragalus  to  the  scaphoid 
through  the  head  of  the  astragalus  and   the  body  of 


flexor 
acces- 
sorius 


Fig.  3105.— Diagram  ot  the  Action  of  Some 
of  the  Principal  Tendons  which  Consolidate 
the  Transverse  Arch  of  the  Foot. 
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the  calcaneum  obliquely  downward  and  backward  to 
about  the  point  where  the  middle  band  of  the  external 
lateral  ligament  is  inserted.  The  movements  which  take 
place  are  really  a  nearly  simple  flexion  and  extension 
about  this  oblique  axis,  the  former  turning  the  sole  in- 
wai'd  (supination),  the  latter  slightly  outward  (pronation). 
The  aiTangement  of  the  axis  of  motion  with  reference 
to  the  axis  of  the  astragalus  is  different  in  the  foetus, 
resembling  that  of  anthropoids.  The  whole  bone  is 
quite  diflierently  sliaped  as  regards  the  inclination  of 
its  articular  surfaces,  they  being  adapted  to  the  foetal 
position,  which  is  that  of  dorsal  flexion  and  inversion  of 
the  foot.  The  head  of  the  astragalus  is  so  directed  as  to 
make  the  axis  of  the  bone  more  nearly  coincide  vyith  that 
of  the  motion  of  the  joint.  Inversion  is  therefore  easier 
and  more  complete.  The  shape  of  the  articular  facet  on 
the  head  of  the  astragalus  is  also  different,  its  greatest 
diameter  being  less  oblique  than  in  adults.  In  the 
ape's  foot  inversion  of  the  sole  is  necessary  for  climb- 
ing, and  among  Australian  savages  it  is  similarly  used. 
This  movement  is  undoubtedly  very  useful  in  correcting 
slight  disturbances  of  equilibrium  when  standing  erect. 
The  direction  of  the  facets  in  the  adult  is  such  that  when 
the  posterior  part  of  the  calcaneum  slips  forward  and 
downward  the  anterior  facet  moves  backward  and  up- 
ward, carrying  the  distal  end  of  the  bone  slightly  inward. 
For  this  reason  inversion  is  always  accompanied  by  a 
turning  in  of  the  toes,  and  eversion  by  turning  them  out. 
A  further  degree  of  this  movement  of  the  toes  is  found 
in  the  astragalo-scaphoid,  a  shallow  ball-and-socket  joint, 
the  round  head  of  the  astragalus  being  received  into  the 
posterior  hollow  facet  on  the  scaphoid.  It  is  this  joint 
that  gives  to  the  foot  the  great  freedom  of  movement 
that  is  enjoyed  by  dancers.  A  comparison  of  these  joints 
with  those  of  the  wrist  will  show  at  once  that  there  is 
no  real  homology  possible  between  them.  Dislocation 
may  occur  here,  the  interosseous  ligament  being  torn 
and  the  malleoli  usually  fractured  at  the  same  time. 

The  peculiar  condition  of  the  foetal  foot,  with  reference 
to  this  joint,  is  probably  the  primary  cause  of  the  differ- 
ent varieties  of  club  foot.  The  most  common  form,  or 
varus,  is  the  persistence  of  the  foetal  condition  of  inver 
sion  of  the  sole.  The  articular  surfaces  between  the  cal- 
caneum and  the  cuboid  are  saddle-shaped,  and  have  a 
triangular  outline.  The  movements  allowed  here  are  like 
those  of  the  astragalo-scaphoid  joint,  but  less  in  extent. 
The  whole  articular  line  between  the  astragalus  and  cal- 
caneum behind,  and  the  scaphoid  and  cuboid  in  front,  is 
known  as  the  medio-tarsal  joint,  somethnes  called  Cho- 
part's  joint  by  surgeons  because  of  the  operation  fre- 
quently performed  there.  The  movements  of  the  other 
joints  of  the  foot  are  similar  to  the  corresponding  ones  of 
the  hand.  The  great  toe  is  the  only  one  that  lies  perfectly 
extended,  the  others  being  more  or  less  flexed.  Together 
they  give  elasticity  to  the  last  act  of  walking,  when  the 
weight  is  thrown  forward  upon  the  other  foot. 

In  considering  the  surgical  anatomy  of  the  articulations 
of  the  foot,  it  is  necessary  to  note  that  the  bones  fall  nat- 
urally into  three  grand  divisions  of  tarsus,  metatarsus, 
and  phalanges,  and  that  the  tarsal  bones  are  divisible  into 
an  anterior  group,  composed  of  the  three  cuneiform  bones, 
the  cuboid,  and  the  scaphoid,  and  a  posterior  group,  the 
calcaneum  and  the  astragalus.  The  astragalus  may  itself 
be  considered  separately,  as  it  lies  more  superiorly  and 
with  a  horizontally  directed  joint  surface.  There  are, 
therefore,  the  following  lines  in  which  disarticulation 
can  be  effected :  First,  between  the  difl'erent  phalangeal 
and  metatarso-phalangeal  joints;  second,  the  tarso-meta- 
tarsal  line;  third,  the  medio-tarsal  line;  fourth,  the  sub- 
astragaloid  line;  and,  lastly,  the  cruro-tarsal  line,  by 
which  the  entire  foot  may  be  removed.  The  phalangeal 
joints  are  easily  found  by  remembering  that  it  is  always 
the  proximal  phalanx  that  forms  the  prominence  in 
flexion,  and  that  the  opening  must  therefore  be  some- 
what forward  from  that.  The  same  may  be  said  for  the 
metacarpo-phalangeal  joints,  the  general  line  of  which 
lies  about  three-fourths  of  an  inch  behmd  the  skm  fold 
connecting  the  toes.  The  exposed  condition  of  this  part 
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of  the  foot,  as  well  as  its  distance  from  the  heart,  renders 
it  liable  to  some  injuries,  such  as  chilblains,  and  senile 
gangrene.  The  tarso-metatarsal  line  is  used  for  the 
operations  of  Hey  and  Lisfranc,  neither  of  which  is  fre- 
quently performed,  as  disease  is  very  rarely  confined  to 
the  metatarsal  bones.  Hyrtl's'  rule  for  finding  the  joint 
on  the  inner  side  is  that  it  lies  exactly  at  the  half-length 
of  the  sole.  It  is  also  about  an  inch  and  a  lialf  in  front 
of  the  tubercle  of  the  scaphoid,  which  may  be  easily  felt 
on  the  inner  side  of  the  foot  in  front  of  the  point  of  the 
internal  malleolus.  A  slight  eminence  may  usually  be 
felt  on  the  posterior  extremity  of  the  first  metatarsal  by 
holding  the  foot  steady,  pressing  firmly  on  the  skin,  and 
thus  following  back  the  smooth  internal  surface  of  the 
shaft  of  the  bone.  On  the  outer  side  the  line  cannot  be 
missed,  as  it  lies  directly  behind  the  prominent  tubercle 
at  the  base  of  the  fifth  metatarsal.  The  base  of  the 
second  metatarsal  bone  is  received  between  the  inner  and 
outer  cuneiform  bones,  the  middle  cuneiform  being  cor- 
respondingly lessened  in  length.  This  adds  considerable 
firmness  to  the  arches,  but  makes  the  line  quite  irregular 
and  is  an  obstacle  to  the  speedy  performance  of  the 
operation.  Disarticulation  is  now  usually  practised; 
but  Hey  sawed  through  the  metatarsal,  leaving  the  base 
in  place.  Tillaux  ^  remarks  that  although  the  irregular- 
ity of  the  line  varies,  the  joint  of  the  second  cuneiform 
is  alwaj'"s  at  a  definite  interval  behind  that  of  the  first — 
about  a  centimetre.  The  interosseous  ligaments  are 
strong,  and  are  the  principal  obstacle  to  the  knife. 

In  the  medio-tarsal  line  the  operation  known  as  Cho- 
part's  is  performed.  The  line  is  not  very  difficult  to  find 
as  it  lies  on  the  inner  side  just 
behind  the  tubercle  of  the 
scaphoid,  and  externally  just 
in  front  of  the  prominent  edge 
of  the  head  of  the  calcaneum. 
This  latter  is  midway  between 
the  external  malleolus  and  the 
tubercle  on  the  metatarsal  bone 
of  the  little  toe.  There  is  no 
irregularity  in  the  line, 
it  being  composed  of  ^^ 


Fig.  2106.— View  of  the  Muscles  and  Tendons  on  the  Inner  Side  of  the 
Eight  Foot,  a,  o,  Annular  ligaments ;  Ih,  abductor  poUicis ;  7', 
tendon  of  flexor  longus  dlgitorum ;  8',  tendon  ot  flexor  longus  hal- 
lucls ;  9',  tendon  of  tibialis  posticus ;  11',  tendons  of  extensor  longus 
dlgitorum;  13',  tendon  of  extensor  longus  hallucls;  U',  tendon  of 
tibialis  antlcus ;  22,  tendo  Achlllls.    (Marshall.) 

two  curves,  one  between  the  scaphoid  and  astragalus, 
convex  forward,  the  other  between  the  calcaneum  and 
cuboid,  convex  backward.  The  principal  obstacle  to  the 
knife  is  the  calcaneo- cuboid  or  Y-ligament,  which  is 
strong  and  thick,  radiating,  as  mentioned  before,  from 
the  calcaneum  to  be  inserted  by  two  slips  into  the  cu- 
boid and  the  scaphoid.  The  calcaneo-scaphoid  hgament 
which,  it  will  be  remembered,  ties  the  vertex  of  the 
arch,  is  also  divided  in  this  operation.  In  old  subjects 
it  is  occasionally  found  to  be  ossified. 

Disarticulation  under  the  astragalus  is  not  often  re- 
sorted to.  As  there  are  no  muscles  attached  to  that  bone, 
it  can  be  of  little  service  even  if  left  in  place. 

The  muscles  of  the  foot  are  divided  by  their  position 
into  intrinsic  and  extrinsic ;  those  which  have  their  origin 
above  belonging  to  the  latter  class.  The  division  is 
topographical  rather  than  scientific,  for  there  is  no  doubt 
that  many  of  the  muscles  now  found  in  the  foot  primarily 
had  an  origin  higher  up,  and  have  become  displaced  in 
the  course  of  phylogenetic  development.'  The  extrinsic 
muscles  are  the  most  active  agents,  the  intrinsic  mostly 
aiding  and  supplementing  them.     They  fall  quite  natur- 
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ally  into  four  groups— an  anterior,  supplied  by  the  an- 
terior tibial  nerve  and  composed  of  the  tibialis  anticus, 
extensor  proprius  hallucis,  extensor  longus  digitorum 
and  peroneus  tertius;  a  lateral,  supplied  by  the  peroneal 


B.  V.  tibialis  antici 

B.  V.  ext.  longi  hallucia. . . 
B.  V.  ext.  longi  digitorum 

Annular  ligaments 


B.  Rubtendinea  tibialis  antici. 
B.  Biibtendinea  peronei  tertii.  _ 


B.  V.  anterior  ext.  long, 
hallucis. 


FIG.  2107.— Synovial  Sheaths  on  Back  ot  Ankle  and  Foot. 

nerve  and  composed  of  the  peroneus  longus  and  brevis ; 
and  tvjro  posterior,  the  superficial  supplied  by  the  internal 
popliteal  nerve  and  composed  of  the  muscles  inserted 
into  the  tendo  Achillis  (gastrocnemius,  soleus,  plantaris), 
and  the  deep,  supplied  by  the  posterior  tibial  nerve  and 
composed  of  the  tibialis  posticus,  flexor  longus  digitorum, 
and  flexor  longus  pollicis.  All  of  these  pass  over  tvpo 
joints,  the  ankle  joint  or  astragalo-crural  and  the  as- 
tragalo-calcaneal,  and  therefore  occasion  motion  at  both, 
but  in  very  varying  degrees. 

The  tendons  of  the  anterior  group  may  be  seen  in  Figs. 
2106,  2107,  and  2113,  and  passing  dovyn  over  the  ankle, 
where  they  are  held  in  position  by  thickened  bands  of 
fascia  known  as  the  annular  ligaments.  There  are  two 
of  these,  an  upper  one  (ligamentum  transversum  cruris), 
not  shown  in  the  figures,  extending  across  the  lower  part 
of  the  leg  from  fibula  to  tibia,  and  a  lower  one  (liga- 
mentum cruciatum),  in  the  form  of  a  -<,  placed  thus  on 
its  side  (the  shape  best  shown  in  Fig.  2107),  the  main  stem 
being  a  strong  loop-like  band  which  lies  on  the  outer 
portion  of  the  anlde,  springing  from  the  fore  part  of  the 
calcaneum  in  the  deep  fossa  between  that  bone  and  the 
astragalus  known  as  the  sinus  tarsi.  It  completely  sur- 
rounds the  tendons  of  the  peroneus  tertius  and  extensor 
longus  digitorum  (see  Fig.  2108,  a).  This  band  was  first 
described  by  Retzius,  who  gave  it  the  name  of  ligamentum 
fundiforme  tarsi.  It  is  of  considerable  strength,  and  gives 
a  new  direction  to  the  tendons,  so  that  they  pull  more 
exactly  in  the  line  of  the  toes  (see  Fig.  3113),  thus  form- 
ing a  sort  of  trochlea  like  that  which  the  superior  oblique 
muscle  of  the  eye  has.  According  to  Hyrtl  it  usually 
becomes  cartilaginous  in  old  people.  By  a  sprain  the 
tendons  may  be  torn  from  this  connection,  and  will  then 
beseen  to  take  a  much  more  direct  line  to  the  toes.  From 
this  band  the  two  branches  of  the  ligamentum  cruciatum 
diverge,  passing  over  the  tendons  of  the  extensor  proprius 
hallucis  and  the  tibialis  anticus.  The  tendons  which  pass 
down  over  the  dorsum  are  provided  with  certain  synovial 
sheaths  which  are  shown  in  Fig.  2107.  The  tendon  of 
the  tibialis  anticus  (14'  in  Pig.  3106)  is  the  largest  and 
strongest,  and  may  be  easily  made  out  whenever  the  foot 
IS  flexed  and  the  sole  at  the  same  time  bent  inward  As 
It  is  inserted  into  the  internal  cuneiform  and  base  of  the 
first  metatarsal,  it  necessarily  flexes  the  foot  and  inverts 
the  sole.  It  will  be  seen  that  the  attitude  is  much  like 
that  of  varus,  and  m  fact  this  muscle  is  one  of  the  most 
active  agents  m  that  deformity.  In  dividing  the  tendon 
care  must  be  taken  not  to  open  the  astragalo-calcaneal 

The  tendon  of  the  extensor  proprius  hallucis  comes 
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next  (see  Fig.  3118).  It  is  also  very  large  and  strong  and 
is  the  most  prominent  cord  in  front  during  flexion  of  the 
foot.  On  this  account  it  is  the  flrst  to  suffer  from  any 
tightness  of  the  covering  about  the  ankle.  It  is  inserted 
into  the  last  phalanx  of  the  great  toe,  which  it  strongly 
extends  in  the  last  act  of  walking  just  as  the  foot  is  about 
to  leave  the  ground.  Continuing  its  action,  it  flexes  the 
foot  on  the  leg  and  assists  the  tibialis  anticus  to  invert 
the  sole.  It  is  more  firmly  enclosed  by  the  cruciate  liga- 
ment than  the  tibialis  anticus,  and  its  pull  upon  that  band 
raises  the  arch  slightly  so  that  its  impression  is  fainter. 

The  extensor  longus  digitoi-um  sends  tendons  to  the 
four  outer  toes  which  unite  with  those  of  the  extensor 
brevis  and  are  inserted  into  the  second  and  third  pha- 
langes. Closely  associated  with  this  muscle  is  the  pero- 
neus tertius,  a  thin  muscular  slip  which  sends  a  tendon 
to  the  metatarsal  bone  of  the  little  toe.  It  hardly  de- 
serves a  separate  name. 

The  action  of  the  extensors  upon  the  toes  is  reinforced 
by  the  lumbricales  from  the  sole  of  the  foot.  These 
muscles  arise  from  the  J?ca!07' tendons  and  pass  around  the 
phalanges  to  be  inserted  into  a  triangular  aponeurosis, 
which  is  common  to  the  extensor  muscles.  In  walking, 
therefore,  as  the  flexors  assist  in  raising  the  foot  they 
give  a  firm  basis  for  the  pull  of  the  lumbricales,  so  that 
in  the  final  act  of  rolling  the  weight  forward  upon  the 
toes  they  can  assist  the  extensors.  It  should  be  remem- 
bered that  the  division  of  the  muscles  into  flexors  and 
extensors  is  not,  in  so  far  as  it  implies  an  antagonistic 
condition,  entirely  correct.'"  Those  muscles  which  ex- 
tend the  toes  also  flex  the  foot,  and  mce  versa.  There  is 
no  loss  of  muscular  force,  as  there  would  be  did  one  set 
pull  directly  against  the  other. 

The  extensor  brevis  (see  10,  Fig.  3108),  though  an  in- 
trinsic muscle,  should  be  mentioned  here,  as  it  belongs 
morphologically  to  the  same  group.  It  was  originally  a 
leg  muscle,  and  has  gradually  slipped  down,  all  stages 
of  its  descent  being  seen  in  different  animals.  ^  It  arises 
from  the  forepart  of  the  upper  and  outer  surfaces  of  the 
calcaneum,  and  presents,  on  the  outer  side  of  the  foot,  a 
considerable  muscular  belly,  which  contributes  to  the 
modelling  of  that  part  of  the  foot,  and  is  soft  and  pulpy 
to  the  touch.  This  should  be  remembered  in  examining 
the  ankle  for  suspected  joint  disease,  or  after  a  sprain. 
When  struck  lightly  it  will  quiver,  and  this  movement 
has  been  mistaken  for  fluctuation,  and  the  muscle  has 
been  incised  in  mistake  for  an 
abscess.  The  tendon  which 
goes  to  the  great  toe  is  usually 
somewhat  separated  from  the 
others,  and  that  part  of  the  mus- 
cle has  been  described  separately 
as  an  extensor  brevis  hallucis. 
The  extensor  brevis  varies 
considerably,  e  s  p  e  - 
cially  with  regard  to 
the  amount  of  divis- 


FiG.  3108.— view  ol  the  Muscles  and  Tendons  on  the  Outer  Side  ol  the 
Right  Foot,  a,  Ligamentum  fundiforme;  la,  abductor  minimi 
digit! ;  7',  Insertion  ot  the  tendons  of  the  flexor  longus  digitorum ; 
10,  extensor  brevis  digitorum ;  11',  tendons  of  the  extensor  longus 
digitorum :  12',  tendon  of  the  extensor  longus  hallucis ;  15,  tendon 
ot  the  peroneus  terdus;  16',  tendon  of  the  peroneus  brevis;  17', 
tendon  of  the  peroneus  longus ;  22,  tendo  Achillis.    (Marshall.) 


ion  of  the  various  muscular  bellies  of  which  it  is  com- 
posed, and  there  is  occasionally  seen  a  tendency  for  it 
to  become  merged  with  the  dorsal  interossei,  elements 
of  an  entirely  different  origin. 

The  peroneus  longus  and  brevis  (16'  and  17',  Fig.  3108) 
were  primitively  upon  the  front  of  the  fibula,  but  their 
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tendons  have  been  shifted  behind  the  outer  malleohis  for 
adaptation  to  climbing.  They  are  here  held  by  a  strong 
sheet  of  fascia  (retinaculum  superius),  and  are  similarly 
sheathed  (retinaculum  inferius)  where  they  lie  in  a  groove 
on  the  outer  side  of  the  calcaneum.  Notwithstanding 
this  secure  attachment  the  tendons  are  more  frequently 
displaced  than  any  others  in  the  body.  Leaving  the 
groove  they  diverge  from  each  other,  the  brevis  being 
inserted  into  the  tubercle  of  the  fifth  metatarsal,  and 
continued  by  a  thin  tendon  as  far  as  the  toe,  the  longus 
passing  across  under  the  arch  of  the  foot  in  the  groove 
on  the  inferior  surface  of  the  cuboid,  and  being  inserted 
into  the  tubercle  of  the  first  metatarsal  bone  (see  Fig. 
3105).  They  strongly  evert  the  sole,  producing  a  condi- 
tion like  that  of  valgus. 

The  peroneus  tertius,  the  extensor  longus  digitorum, 
and  the  extensor  brevis  digitorum,  were  originally  parts 
of  the  same  muscle  sheet  which  belonged  to  the  back  of 
the  foot  and  front  of  the  leg.  The  twisting  over  of  the 
foot  into  its  position  with  the  plantar  surface  downward 
has  caused  them  to  appear  in  their  present  situation. 
Extra  peroneal  muscles  are  not  infrequent,  and  in  one 
dissection  performed  by  the  author  a  set  of  five  were 
found. 

The  main  body  of  the  flexor  tendons  passes  down  on 
the  inner  side  of  the  ankle.  Pig.  2109  shows,  in  a  dia- 
grammatic form, 
tibia \i  —  J 


B.  V.  flex.  long,  digit 

B.  V.  tibialis  postlcl  — 
inter,  annular  ligament  - 


B.  V.  flex.  long.  ball.         : 
B.  postcalcanea  prolunda 

Fig.  2109.— Synovial  Sheatbs  of  Inner  Side  of 
Foot. 


how  they  are  ar- 
ranged, and  their 
tendons  are  seen 
in  Fig.  2106.  Be 
sides  these  there 
should  be  men- 
tioned those  mus- 
cles (the  soleus 
and  gastrocnemi- 
us) which  are  in- 
serted through  the 
tendo  Achillis 
upon  the  calcane- 
um. Duchenne's 
experiments  ^  in 
the  faradization 
of  muscles  led  him  to  the  conclusion  that  these  latter  act 
as  extensors  and  adductors  of  the  foot,  while  the  peroneus 
longus  is  an  extensor  and  abductor.  In  order  to  get  a 
powerful  and  equal  extension  of  the  foot  both  of  these 
act  together,  and  this  may  be  increased  by  a  simultaneous 
contraction  of  the  flexor  longus  digitorum  and  flexor 
longus  pollicis.  He  supposes  that  the  reason  for  the 
peculiar  action  of  the  tendo  Achillis  in  causing  adduc- 
tion is  occasioned  by  the  arrangement  of  the  plantar 
ligaments.  The  strongest  bands  lie  on  the  outer  side  of 
the  foot,  and  this  determines  a  deviation  of  the  line  of 
action  in  that  direction. 

It  was  formerly  supposed  that  the  severing  of  the 
tendo  Achillis  was  a  necessarily  fatal  injury.  Hippoc- 
rates was  firmly  of  this  opinion,  and  one  of  the  names 
given  to  the  tendon  is  chorda  magna  Hippocratis.  It 
was  undoubtedly  a  serious  matter  when  the  wound  was 
an  open  one  and  proper  drainage  not  secured ;  but  with 
the  modern  resources  of  surgery  it  is  often  safely  divided 
for  the  relief  of  club  foot.  For  about  an  inch  and  a  half 
above  its  lower  end  it  is  free  from  muscle  fibres,  and 
narrows  slightly,  and  it  may  be  cut  there,  care  being 
taken  to  avoid  the  vessels  and  nerves  at  its  inner  side, 
and  the  bursa  which  exists  just  above  its  insertion  (see 
Pig.  3109).  Rupture  of  the  tendon  has  occurred  from 
violent  muscular  action  in  jumping. 

The  tendons  of  the  tibialis  posticus,  the  flexor  longus 
digitorum,and  the  flexor  longus  hallucis  pass  down  behind 
the  internal  malleolus  in  a  special  compartment,  confined 
by  a  strong  band  of  fascia  known  as  the  internal  annular 
ligament,  which  passes  from  the  malleolus  to  the  cal- 
caneum enclosing  not  only  the  tendons  but  the  vessels 
and  nerves  which  accompany  them.  They  have  special 
synovial  sheaths  (Pig.  3109),  and  are  so  arranged  that  the 
tendon  of  the  flexor  longus  hallucis  as  nearest  the  tendo 


Achillis,  that  of  the  flexor  longus  digitorum  next,  and 
that  of  the  tibialis  anticus  nearest  the  malleolus,  the 
tendon  of  the  digital  flexor  twisting  around  it  from  with- 


Flexor  longus  digitorum. 


Extensor  longuB  digitorum, 


Flexor  longuB  pollicis. 


Fig.  2110.— Diagram  Sbowlng  tbe  Manner  in  wbich  tbe  Flexor  and 
Extensor  Tendons  are  Reflected  around  tbe  Ankle.    (Langer.") 

out  inward,  and  then  passing  downward,  forward,  and 
outward  under  the  sole.  Were  it  not  for  this  the  tendon 
of  the  tibialis  posticus  would  be  likely  to  slip  from  under 
the  malleolus  or  the  sustentaculum  tali  as  it  passes  for- 
ward to  be  inserted  into  the  tubercle  of  the  scaphoid,  and 
by  a  tendinous  expansion  into  all  the  bones  at  the  upper 
part  of  the  vault  except  the  astragalus.  It  strongly  in- 
verts the  sole  and  raises  the  head  of  the  first  metatarsal. 
Spigelius  called  it  musculus  nauticus,  because  it  was 
necessarily  used  by  sailors  in  climbing  masts. 

The  flexor  longus  digitorum  and  the  flexor  longus  hal- 
lucis are  arranged  somewhat  like  the  flexor  profundus 
digitorum  and  the  flexor  longus  pollicis  of  the  hand,  as 
they  have  an  arrangement  of  tendons  which  pass  in  a 
similar  way  through  those  of  the  flexores  breves  to  be 
inserted  into  the  terminal  phalanges  of  the  toes.     But 


First  Layer.  Second  Layer. 

FIG.  2111.-Tbe  Muscles  of  tbe  Sole  of  tbe  Foot,  la,  Abductor  minimi 
digiti ;  lb,  abductor  ballucis ;  6,  flexor  brevis  digitorum ;  7',  tendon 
of  flexor  longus  digitorum;  7a,  its  plantar  bead,  or  flexor  acces- 
sorlus ;  76, 7b,  lumbricales ;  8',  tendon  of  flexor  longus  ballucis ;  17, 
tendon  of  peroneus  longus ;  9',  Insertion  of  tibiaUs  posticus. 

they  are  very  differently  related  in  the  sole,  for  they  not 
only  decussate  and  unite  there,  but  the  flexor  longus  digi- 
torum receives  a  reinforcement  from  an  accessory  head, 
the  flexor  accessorius,  or  caro  quadrati  Sylvii,  arising 
from  the  tuberosity  of  the  calcaneum,  and  inserted  at 
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the  decussation.  The  crossing  in  the  sole  is  such  tliat 
in  the  greater  number  of  cases  the  tendon  of  the  flexor 
hallucis  sends  to  the  decussation  a  lateral  twig,  which 
again  divides  in  slips  for  the  second  and  third  toes,  unit- 


Tliird  Layer. 


Fourth  Layer. 


FlGf.  2112.— The  Deep  Muscles  ol  the  Sole,  i,  i.  Flexor  brevis  minimi 
aigiti ;  5,  5,  flexor  brevis  hallucis ;  2b,  adductor  pollicis,  with  its 
detached  heads ;  3,  3,  3,  also  called  the  transversus  pedis ;  1, 1, 1, 
dorsal  interossei ;  2,  2,  3,  plantar  int«rossei. 

ing  with  the  tendons  of  the  flexor  digitorum.  The  slip 
to  the  third  toe  may  be  wanting,  but  sometimes  one  is 
sent  to  the  fourth.  This  arrangement  recalls  the  mus- 
culature of  the  ape's  foot,  where  the  hallucis  tendon 
supplies  the  third  and  fourth  toes,  and  sometimes  the 
second,  while  the  digital  tendon  is  mainly  confined  to 
the  second  and  fifth,  or  to  the  second  only,  the  great  toe 
receiving  only  a  slender  tendon  which  quite  fails  in  the 
orang.  The  unusual  development  of  the  hallucis  in  man 
appears  to  be  connected  with  the  use  of  the  great  toe  for 
preserving  the  equilibrium  in  the  erect  position. 

The  plantar  head  mainly  reinforces  the  tendons  for  the 
third  and  fourth  toes."  The  whole  apparatus  appears 
to  indicate  that  the  original  plan  was  for  a  flexor  fibularis 
(flexor  longus  hallucis)  and  a  flexor  tibialis  (flexor  digi- 
torum), and  that  the  flexor  accessorius  originally  belonged 
to  the  latter  muscle,  but  afterward  lost  its  insertion  upon 
the  fibula.  Variations  are  found  which  tend  to  confirm 
this. 

It  will  be  noticed  that  the  most  direct  pull  appears  to 
be  toward  the  second  and  third  toes ;  the  tendons  there 
are  supplied,  not  only  from  the  common  flexor,  but  also 
from  the  tendon  of  the  hallupis.  This  would  appear  to 
show  that  the  original  axis  of  the  foot,  or  line  on  which 
it  rolls,  is  not  through  the  great  toe,  as  usually  stated, 
but  through  the  second  and  third  toes,  and  would  bear 
out  the  experiments  of  Beely,"  who  found  that  in  a  cast 
taken  from  the  impression  made  by  his  foot  while  stand- 
ing upon  a  layer  of  soft  plaster,  the  heads  of  the  second 
and  third  metatarsals  made  a  deeper  impression  than  any 
other  portion  of  the  anterior  part  of  the  foot. 

The  action  of  the  flexor  is  to  bend  the  toes  and  con- 
tribute to  the  stability  of  the  foot  in  standing.  After 
bending  the  toes  they  also  flex  the  medio-tarsal  joint. 

So  it  follows  that  these  muscles  all  co-operate  m  lifting 
the  heel  from  the  ground  and  flexing  the  foot,  and  that 
as  this  IS  done,  the  toes  are  strongly  flexed  and  pressed 
against  the  ground  like  an  elastic  spring  (see  Fig  3110) 

They  are  often  divided  in  orthopedic  operations,  usu- 
ally at  the  malleolus,  as  it  should  be  remembered  that  the 
posterior  tibial  artery  lies  near  the  flexor  longus  (liffitorum 
being  exactly  in  the  middle  of  the  space  between  the 
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posterior  margin  of  the  internal  malleolus  and  the  internal 
border  of  the  tendo  Achillis.  The  nerve  is  in  the  same 
sheath  with  the  artery  and  behind  it. 

The  intrinsic  muscles  of  the  sole,  which  are  quite 
numerous,  are  shown  on  Figs.  3111  and  3113.  They  are 
arranged  in  three  grodps,  separated  from  each  other  by 
appropriate  layers  of  fascia,  as  shown  in  Fig.  3103.  The 
external  group  is  composed  of  muscles  relating  to  the 
little  toe,  the  flexor  brevis  and  abductor  minimi  digiti; 
the  inner  is  a  similar  group  relating  to  the  great  toe,  the 
flexor  brevis  and  abductor  hallucis ;  while  the  middle  set 
is  related  to  the  muscles  which  come  down  from  the  calf, 
the  flexor  accessorius  and  the  lumbricales,  together  with 
the  flexor  brevis  digitorum  and  adductor  pollicis.  Deep 
under  all  these  lie  the  interossei.  The  muscle  sometimes 
described  as  transversus  pedis  is  not  entitled  to  a  sepa- 
rate description,  as  it  is  clearly^  shown  by  the  evidence  of 
embryology  to  be  a  portion  of  the  adductor  pollicis. 

These  muscles  are  of  special  use  in  supplementing  the 
action  of  the  ligaments  in  supporting  the  arches,  giving 
an  elastic  support  variable  according  to  the  nature  and 
direction  of  the  strain.  The  interossei  are  in  two  groups, 
the  plantar  and  the  dorsal,  the  latter  not  being  prominent 
on  the  sole.     All  originally  developed  upon  the  sole,  the 


peroneal  nerve 

ligamentum  fundi- 
forme 


tarsal  artery 


peroneus  tertius  — i 

external    ,     J 
saphenous  )         gj 


metatarsal 
artery 

outer  ten- 
don of  ext. 
brevis  pol- 
licis. 


J  anter.  tibia! 
(       artery 


( ligamentum 
\    cuniatum 

tib.  antlcus 

{dors,    pedis 
art.  with  ext. 
com.  digit,  to 
outer  side 
ant.  tib.  nerve 

ext.  prop,  hal- 
lucis 


f  tendons  of 
1  ext.  brevis 
)  and  ext. 
I   prop.  hall. 


FIG.  2113.- 


-A    Dissection    Showing  the   Deeper  Structures  on  the 
Dorsum  of  the  Foot. 


dorsal  gradually  passing  up  between  the  metatarsal  bones 
during  foetal  life.  Cunningham  '■*  thinks  that  the  primi- 
tive typical  arrangement  of  the  intrinsic  plantar  muscles 
is  the  same  as  that  of  the  hand,  viz. .  that  there  is  a 
plantar  layer  of  adductors  of  the  toes  represented  by  the 
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adductor  hallucis  and  its  detached  head, 
the  transversus  pedis,  and  the  tliree  plan- 
tar interossei;  an  intermediate  layer  of 
flexores  hreves,  composed  of  the  flexor 
brevis  minimi  dig- 
iti  and  the  flexor 
brevis   hallucis ; 

and  a  dorsal  layer  °'^tg|.°,„*'®'""'  *'™^*^  <*'«'■  |- 
of  abductors  of  the 
toes  represented 
by  the  abductor 
hallucis,  the  ab- 
ductor minimi 
digiti,  and  the 
dorsal  interossei. 
The  layers  have 
lost  their  relative 
planes  in  the  foot 
partly  because  of 
the  arched  condi- 

tioui    and    partly 

by  suppression  of 

the  flexores  bi'eves 

for    the     second, 

third,  and  fourth 

toes. 
The    nerves   of 

the  foot  give  us 

important  evi- 
dence with  regard 

to  the  value  and 

previous    history 

of  the  muscles.     Those  derived  from 

the  lumbar  plexus  do  not  have  any 

motor  functions,  but  supply  sensa- 
tion to  the  integument  of  the  inner 

side  (long   saphenous  nerve).      The 

sacral  plexus  gives  sensations  to  the 

remaining  portions,  viz.,  by  the  ex- 
ternal saphenous  on  the  inner  side, 

the  musculo-cutaneous  over  the  dor- 
sum, and  the  plantar  nerves  on  the 

sole,  the  internal  plantar  supplying 

the  first  three  toes  and  half  of  the 

fourth,   the  external   supplying  the 

other  half  of  the  fourth  and  the  fifth. 

The  nerves  of  the  dorsum  are  shovrn 

In  Figs.  2113  and  3115;  those  of  the  sole  in  Pig.  2114. 


abductor  minimi  digiti,  cut 


external  plantar  artery 

external  plantar  nervn 

flexor  accessorius,  cut  ten-  j 

don  flexor  longus  digl-  v 

torum 

tendon  peroneous  longus  i 

in  opened  sheath 


muscular    branches  1 

o£  external  plantar  >■ 

nerve  ) 

plantar  arch 


digital  artery 


tendon    abductor 
minimi  digiti 


ver^  numerous  or  large.  Upon  the  dor- 
sum we  have  the  continuation  of  the  an 
tenor  tibial  artery,  which,  as  it  passes 
under  the  annular  ligament,  changes  its 
name    to  dorsalis 


—  posterior  tibial  artery 


mternal  plantar  artery 


internal  plantar  nerve 


abductor  hallucis;  cut 
tendon  ol  flexor  longus 
hallucis  is  on  inner  side 

adductor  hallucis,  out 
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abductor  hallucis,  cut 


digital  artery 


transversus  pedis 


collateral   digital 
artery 


Fig  3114  —A  Dissection  si  ow  ing  the  Deeper 
Structures  on  the  Sole  ol  the  Foot. 


The  vessels  of  the  foot  (see  the  same  figures)  are  not 


int.  saphenous  vein 
int.  saphen.  nerve 


junction  of  saph- 
enous with  deep 
veins 


int.branchespero-  J 
neal nerve  ( 

ext.  branch 
anterior  tibial  nerve 
junction  int.  and 
ext.  saphenous 


peroneal  nerve 


j  junction  ol  saphen- 
I  ous  veins  with  deep 
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ext.  saphenous  nerve 
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roneal and  ext. 
saphenous 

[  digital  branches 


FIG.  2115.-The  Superflcial  Veins  and  Nerves  ol  the  Dorsum  of  the 


j)cdis.  It  is  ac- 
companied by  two 
veins,  and  passes 
forward  to  anas- 
tomose, at  the 
space  between  the 
first  and  second 
toes,  with  the  ex- 
ternal plantar.  It 
is  believed  to  cor- 
respond to  the  ra- 
dial artery  of  the 
hand,  and  it  will 
be  seen  that  the 
twisting  over  of 
the  dorsal  surface 
has  given  it  a  less 
devious  course. 
It  is  easily  secured 
in  the  upper  part 
of  its  c  o  u  r  s  e, 
where  it  lies  quite 
superticially  and 
just  external  to 
the  tendon  of  the 
extensor  longus 
hallucis.  Aneu- 
rism has  occurred 
in  it  as  a  sequel 
to  a  sprain.  The 
posterior  tibial  artery,  coming  down 
behind  the  ankle,  divides,  just  before 
entering  the  sole,  into  external  and 
internal  plantar,  the  latter  being  the 
smaller.  The  external  runs  out- 
wardly across  the  foot,  deep  under 
the  muscles,  and  then  turns  again  to 
the  inner  border  and  anastomoses 
with  the  dorsalis  pedis.  It  is  not 
practicable  to  reach  these  for  liga- 
ture in  the  sole,  except  by  resection 
of  the  metatarsal  bones. 
The  superficial  veins  are  found  mainly  upon  the  dor- 
sum. A  reference  to  Fig.  3115  will  show  that  the  internal 
and  external  saphenous  veins  coming  down  from  above 
anastomose  with  each  other  across  the  metatarsal  bones, 
forming  an  arch  with  the  convexity  toward  the  toes. 
Tight  boot-lacings  may  so  compress  these  veins  as  to 
produce  a  stasis,  with  pain  and  swelling.  Veins  of  any 
considerable  size  are  wanting  upon  the  sole. 

The  integument  of  the  sole  of  the  foot  Is  intimately 
united  with  the 
layer  of  subcu- 
taneous fat,  which 
is  here  not  loose 
and  movable,  but 
shut  into  distinct 
compartments  by 
septa  of  connect- 
ive tissue.  This 
forms  a  very  com- 
pact and  elastic 
cushion  for  sup- 
porting the 
weight  of  the 
body. 

Smallness  of 
these  members  has 
been  during  all 
modern  times  con- 
sidered a  mark  of 
beauty.  There 
seems    to    be    no 


FIG.  2116. 


-Deformed  Foot  of  a  Chinese  Lady 
of  Rant.    (Danger.) 
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good  reason  for  this,  except  that  it  indicates  a  general 
delicacy  of  construction  of  the  body  and  can  hardly  be 
associated  with  habits  of  labor.  Structurally  a  small 
foot  would  seem  to  be  an  ineffective  organ,  i  he  Chinese 
women  of  rank  are,  as  is  well  known,  so  treated  in  in- 
fancy that  the  foot  has  no  op- 
\  portunity  to  grow,  and  soon  be- 
comes misshapen,  as  shown  in 
Fig.  3116,  reduced  from  a  pho- 
tograph by  Welcker.  The  op- 
eration commences  usu- 
ally in  the  second  year  of 
the  child's  life,  and  con- 


FiG.  2117.— Section  of  Natural  Foot  with  the  Bones,  and  a  Corre- 
sponcllng  Section  of  a  Chinese  Delormed  Foot.  The  outline  of  the 
latter  is  dotted,  and  the  bones  are  shaded.    (Flower.) 

sists  in  turning  the  toes  under  the  sole  and  confining 
them  there  by  bandaging.  The  procedure  is  said  to  be 
quite  painful,  and  sometimes  fatal  to  delicate  children. 
If  the  parents  belong  to  a  class  in  which  labor  will  be 
required  of  the  child,  nothing  further  is  done,  and  the 
foot,  though  deformed,  can  still  ■  be  used  for  walking. 
If  they  are  wealthy,  the  deformity,  is  carried  further  by 
so  bandaging  the  foot  that  the  great  toe  approaches  the 
heel  as  nearly  as  possible.  As  to  the  motive  for  this 
strange  custom,  it  seems  probable  that  it  originated  in 
an  attempt  to  increase  the  value  of  the  female  as  an  ob- 
ject of  sexual  appetite.  As  the  woman  can  move  about 
but  little,  a  greater  deposit  of  fat  is  found  on  the  mons 
veneris,  and  the  nymphse  are  thickened.  Besides  this, 
it  is  said  these  deformed  feet  are  kept  carefully  covered, 
because  they  resemble  in  appearance  the  vulva.  Only 
prostitutes  display  their  feet,  and  for  the  purpose  of  en- 
ticing customers  (Strieker"').  Fig.  3117  shows  the 
skeleton  of  such  a  malformation.  Frank  Baker. 
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FOOT,    DISABILITIES    OF.-I.    The  Weak  Foot. 

ifcir^i^^P^''^/""*'  ^^^  *°°*-)    The  most  common 
and  by  far  the  most  important  of  the  disabilities  of  the 
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foot  is  the  so-called  flat  foot.  This  affection,  although  so 
common,  is  still  very  imperfectly  understood  and  in  order 
to  make  its  etiology,  and  the  principles  that  should  gov- 
ern its  treatment,  clear,  one  must  contrast  the  appearance 
and  the  functional  ability  of  such  a  disabled  foot  with 
those  of  the  normal  member. 

The  foot  is  supported  by  ligaments,  by  the  muscles, 
and  by  the  strong  plantar  fascia  that  covers  in  the  sole. 
When  it  is  in  active  use  it  is  in  great  part  supported  by 
the  muscles,  but  when  it  serves  as  a  passive  support,  as 
in  standing,  the  ligaments  bear  the  gi'eater  part  of  the 
strain,  and  its  normal  elasticity  allows  the  bearing  sur- 
face to  expand  slightly  as  the  arches  are  slightly  de- 
pressed. It  must  not  be  understood,  however,  that  the 
longitudinal  arch  is  simply  flattened  by  direct  pressure 
and  by  elongation  of  elastic  ligaments  and  fascia.  Liga- 
ments and  fascia  are  not  elastic  and  they  are  not,  in  the 
normal  foot,  overstretched.  The  change  in  contour  is 
the  effect  of  normal  motion  in  the  joints  of  the  foot,  by 
which  it  is  placed  in  the  most  favorable  attitude  for 
weight  bearing  without  muscular  exertion. 

Of  the  changes  of  contour  that  distinguish  the  foot  used 
as  a  passive  support  from  the  one  that  bears  no  weight,  the 
most  significant  is  the  obliteration  of  the  outward  curve 
of  its  internal  border.  This  change  is  due  to  the  fact  that 
the  astragalus,  bearing  the  leg,  rotates  inward  and  down- 
ward on  the  OS  calcis  until  it  is  checked  by  the  resistance 
of  the  ligaments  and  by  the  interlocking  of  the  bones. 
The  head  of  the  astragalus  thus  becomes  slightly  promi- 
nent ;  the  inner  border  of  the  foot  is  depressed,  and  an 
attitude  is  attained  in  which  the  weight  of  the  body  may 
be  supported  with  but  slight  muscular  exertion.  This 
position  of  the  foot  is  one  of  a  series  of  similar  changes 
in  the  relation  of  the  bones  of  the  lower  extremity,  which 
are  instinctively  assumed  when  the  limb  is  placed  in  the 
so-called  attitude  of  rest. 

The  second  function  of  the  foot  is  as  a  lever  to  raise 
and  to  propel  the  body.  The  calf  muscles  supply  the 
power  and  the  heads  of  the  metatarsal  bones  serve  as  the 
fulcrum  on  which  the  weight  is  lifted.  When  the  foot 
is  used  as  a  lever  it  should  be  held  in  such  relation  to  the 
leg  that  the  line  of  weight,  passing  downward  through 
the  centre  of  the  knee  and  ankle  joints,  is  continued  over 
the  second  toe  or  practically  the  centre  of  the  foot.  As 
the  body  is  lifted  over  the  fulcrum,  the  fore  foot  is  turned 


FIG.  2118.—^,  The  Proper  Attitude  in  Activity,  Illustrating  the  Ad- 
duction of  the  Pore  Foot.  B,  Thq  Improper  Attitude  of  Outward 
Rotation  of  the  Feet. 

inward  in  its  relation  to  the  leg  or,  more  properly  speak- 
ing, the  leg  is  turned  outward,  because  the  inner  side  of 
the  fulcrum,  formed  by  the  first  metatarsal  bone,  is  longer 
than  its  outer  side.  Thus  the  strain  is  directed  toward 
the  outer  and  stronger  side  of  the  foot  (Fig.  3118,  A). 
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In  the  proper  walk,  whicli  is  the  best  illustration  of 
tlie  leverage  function,  the  feet  should  he  held  practically 
parallel  to  one  another,  so  that  the  line  of  strain  may  fall 
through  the  centre  of  the  foot.  As  one  foot  is  advanced 
it  first  bears  weight  momentarily  on  the  heel,  then  upon 
its  outer  border ;  the  heel  is  then  raised  and  the  body  is 
lifted  over  the  toes,  the  great  toe  giving  the  final  impulse, 
so  that  if  the  walker  is  looked  at  from  behind,  he  ap- 
pears to  be  in-toeing  at  the  termination  of  each  step. 
Thus,  during  the  walk,  there  is  an  alternation  of  postures, 
and  the  foot,  under  muscular  control,  assumes  the  atti- 
tudes most  opposed  to  that  of  passive  support. 

The  alternation  of  postures  and  the  leverage  action  of 
the  foot  are  by  no  means  necessary  to  simple  progression; 
for  example,  both  feet  might  be  fi.ved  in  plaster  bandages 
yet  walking  would  be  possible  just  as  it  is  possible  on  two 
wooden  legs.     Indeed  an  approximation  to  such  a  man- 


FlO.  2119.— Typical  Weak  Foot  of  Moderate  Degree,  Illustrating  the 
Component  Elements  of  Abduction  and  Depression  of  the  Arch. 

ner  of  walking  is  often  seen,  in  which  the  passive  atti- 
tude persists,  leverage  and  its  attendant  motions  being 
absent.  Such  a  walk  is  necessarily  jarring  and  ungrace- 
ful, and  if  it  is  not  the  result  of  weakness  and  deformity 
it  predisposes  to  them  because  of  the  disuse  of  the  proper 
function  of  the  foot. 

One  of  the  most  common  causes  of  interference  with 
the  leverage  function  is  the  custom  of  turning  the  feet 
outward.  Outward  rotation  of  the  feet  is  normal  in  the 
passive  attitude  of  weight  bearing,  because  it  locks  the 
joints  and  throws  the  strain  upon  the  ligaments  to  relieve 
the  muscles  (Fig.  3118).  On  this  very  account  it  is  the 
improper  attitude  for  activity  because  the  strain  falls 
upon  the  inner  border  of  the  foot  or  to  the  inner  side  of 
the  fulcrum,  making  the  proper  exercise  of  muscular 
power,  and  alternation  of  postures,  impossible.  Thus  it 
will  appear  that  a  persistence  of  the  passive  attitude,  or 
an  approximation  to  it,  is  abnormal  when  the  foot  is  in 
active  use. 

The  persistence  of  an  improper  posture  may  be  sim- 
ply a  habit,  but  it  is  evident  that  if  an  individual  were 
overweighted  by  a  heavy  burden  he  could  not  walk 
with  an  elastic  step,  nor  could  he,  if  his  muscular  power 
were  insulBcient  for  normal  activity,  nor  if  the  structure 
iof  the  foot  were  weak,  nor  if  active  movements  caused 
pain.  In  any  one  of  these  instances  the  passive  attitude 
would  be  assumed  habitually  and  the  foot  would  ap- 
proximate in  appearance,  to  a  greater  or  less  degree,  the 
so-called  flat  foot  which  is  merely  an  abnormal  persist- 
ence, and  an  exaggeration  of,  the  attitude  of  rest.    _  _ 

If  one  contrasts  the  appearance  of  the  foot  in  activity, 
under  the  control  of,  and  supported  by,  the  muscles,  with 
one  that  is  inactively  supporting  weight,  he  will  appre- 
ciate the  distinction  between  activity  (strength)  and  pas- 
sivity (weakness).  If  then  the  foot  habitually  assumes 
the  passive  attitude  it  may  be  properly  called  a  weak 
foot  because  it  is  weak  in  the  sense  that  it  is  m  danger 
of  progressive  deformity  and  because  the  sensation  of 


Fig.  2130.— The  Normal  Re- 
lation of  the  Astragalus  to 
the  Os  Calcis. 


weakness  is  the  earliest  and  most  constant  symptom. 
Many  weak  feet,  in  the  early  stage  at  least,  would  not 
be  recognized  as  deformed  (flat)  feet.  Flat  foot  is  there- 
fore a  misnomer,  and  it  is  an  especially  unfortunate  teim, 
in  that  it  calls  attention  to  deformity  rather  than  to  dis- 
ability. The  term  weak  foot  will  be  used  therefore  to 
include  all  varieties  of  disability  of  the  foot  which  are 
characterized  by  the  habitual  attitude  of  inactivity,  of 
which  tlie  more  advanced  types 
might  be  properly  described  as 
flat  feet. 

The  Anatomy  of  the  Weak 
Foot. — As  has  been  stated,  a 
persistence  of  the  attitude  of 
rest  or  inactivity  is  characteristic 
of  the  weak  foot.  This  attitude 
in  whicli  the  weight  falls  upon 
its  inner  border  is  sometimes 
called  pronation  or  eversion  of 
the  foot,  and,  when  at  all 
marked,  it  miglit  be  described 
properly  as  valgus.  This  latter 
term  is,  however,  usually  asso- 
ciated with  more  advanced  or 
fixed  deformity  (talipes)  and  it 
is  therefore  rarely  applied  to  the 
disability  under  consideration. 
One  may  analyze  the  attitude  and  tlie  deforaiity  of  the 
weak  foot  somewhat  as  follows.  1.  The  leg  is  displaced 
inward  so  that  the  weight  falls  upon  the  inner  side  of  the 
foot.  3.  The  leg  is  rotated  inward  so  that  a  line  drawn 
through  its  centre  prolonged  from  the  crest  of  the  tibia, 
instead  of  falling  over  the  second  toe,  now  points  inside 
the  great  toe,  or  even  over  the  centre  of  the  internal 
border  of  the  foot  (Fig.  2119), 

It  has  been  stated  that  under  normal  conditions,  in  the 
act  of  passive  weight  bearing,  the  astragalus  rotates 
downward  and  inward  upon  the  os  calcis,  depressing 
its  anterior  and  internal  border  until  the  movement  is 
checked  by  the  strong  ligaments  connecting  the  bones 
(the  calcaneo-scaphoid,  the  deltoid,  and  the  interosseus) ; 
in  other  words,  the  leg  has  a  tendency  to  slip  downward 
and  inward  from  off  the  foot.  In  the  weak  foot  this  in- 
clination has  become  an  accomplished  fact,  for  the  normal 
movement  has  become  so  exaggerated  by  the  distention 
of  the  ligaments  and  by  the  weakness  of  the  supporting 
muscles  that  a  partial  dislocation  has  taken  place  (Figs. 
3130,  3131).  The  astragalus  has  rotated  and  slipped  far 
to  the  inner  side  of  its  normal  position  and  is  in  an  attitude 
of  exaggerated  rotation  and  moderate  plantar  flexion,  so 
that  its  head  can  be  plainly  felt  on  the  internal  border  of 
the  foot.  The  anterior  extremity  of  the  os  calcis  is  de- 
pressed and  turned  slightly  inward  and  its  internal  border 
is  lowered.  The  scaphoid  bone  is  lowered  together  with 
the  head  of  the  astragalus,  al- 
though to  a  less  degree,  and  has 
been  forced  farther  away  from 
the  OS  calcis,  and  with  it  the 
entire  border  of  the  foot  is  de- 
pressed also.  Thus  the  depres- 
sion of  the  arch,  the  third  element 
in  the  deformity,  is  always  ac- 
companied by  a  bulging  inward 
of  the  inner  side  of  the  foot.  The 
foot  is,  as  it  were,  broken  in  the 
centre,  the  posterior  division 
having  turned  inward  and  down- 
ward ;  that  is,  the  astragalus  has 
rotated  inward  and  downward 
to  an  extreme  degree  and  has 
slipped  from  off  the  os  calcis. 
The  latter  bone,  although  forced 
outward  in  its  relation  to  the  astragalus,  still  turns  inward 
slightly,  while  the  fore  foot  in  its  relation  to  the  leg  and 
to  the  posterior  divisions  of  the  tarsus  is  greatly  abducted. 
The  dislocation  may  be  so  extreme  that  the  entire  sole  of 
the  foot  rests  upon  the  ground,  and  a  callus  even  may 
be  found  at  the  point  that  usually  represents  the  high- 
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Fig.  2131.— The  Belation  of 
the  Astragalus  to  the  Os 
Calcis  in  the  Conflrmed 
Weak  Foot. 


Foot. 
Fool. 
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est  point  of  the  arch,  which  now  supports  the  greatest 
burden.  ,     ,  ,,  ,    , 

In  this  change  of  relation  between  the  bones,  the  arched 
part  of  the  foot,  or  waist,  appears  much  broader  than 
normal,  even  broader  than  the  front  of  the  foot;  the  heel 
proiects,  the  external  malleolus  is  depressed  and  carried 
forward  by  the  rotation  of  the  leg  and  is  much  less 
prominent  than  normal ;  the  internal  malleolus  is  more 
prominent  and  with  the  astragalus  it  overhangs  the  bear- 
ing surface  of  the  sole.  The  foot,  considered  as  a  mech- 
anism, is  twisted  and  out  of  gear,  its  motion  is  therefore 
very  much  restricted.  It  is  manifestly  impossible  for  the 
patient  to  adduct  the  fore  foot,  that  is,  to  turn  it  inward 
about  the  head  of  the  misplaced  astragalus.  Plantar 
flexion  is  also  much  limited  because  of  the  permanent 
position  of  adduction  and  plantar  flexion  that  the  as- 
tragalus has  assumed.  Dorsal  flexion,  on  theother  hand, 
may  appear  to  be  abnormally  free,  because  the  fore  foot 
is  abducted  and  slightly  dorsiflexed  upon  the  head  of  the 
astragalus.  When,  however,  the  displacement  is  reduced 
adaptive  shortening  of  the  calf  muscle  becomes  evident 
in  many  instances. 

Supposing  the  foot  to  have  been  normal  before  it  be- 
gan to  break  down,  it  is  apparent  that  such  defoniiity 
could  not  have  been  acquired  without  marked  changes 
in  its  internal  structure.  In  a  general  way  these  changes 
have  been  indicated  by  the  description ;  the  ligaments  on 
the  internal  aspect  of  the  foot  and  of  the  ankle  joint  are 
weak  and  distended ;  the  unused  portion  of  the  articular 
surfaces  of  the  joints  may  be  denuded  of  cartilage,  while 
new  facets  may  have  formed  to  accommodate  the  changed 
relation  of  the  bones — as,  for  example,  at  the  junction  of 
the  external  malleolus  with  the  os  calcis.  Evidence  of 
injury  and  of  abnormal  pressure  may  be  found  in  tliick- 
ened  periosteum  and  in  formation  of  osteophytes,  while 
the  internal  structure  of  the  bones  has  been  changed  as 
well,  to  adapt  itself  to  the  new  conditions.  The  muscles 
which  are  no  longer  used  in  the  leverage  function,  the 
plantar  flexors  and  adductors,  have  become  atrophied — a 
change  that  is  made  evident  by  tlie  shrunken  calf.  The 
muscles  on  the  inner  border  of  the  foot  have  been  over- 
stretched, while  those  on  the  upper  and  outer  part  have 
become  shortened  and  contracted.  Such  a  foot  represents 
an  extreme,  it  may  be  an  irremediable,  degree  of  deform- 
ity. The  machine  is  completely  broken  down ;  it  can  no 
longer  perform  its  proper  function ;  it  is  even  less  efficient 
than  the  wooden  foot,  because  use  is  attended  by  dis- 
comfort. 

The  disability  and  its  accompanying  deformity  are  found 
in  every  grade  of  severity.  Pain  begins  when,  the  sup- 
port of  the  muscles  being  insufficient,  the  ligaments 
begin  to  give  way  under  strain,  allowing  the  bones  to 
occupy  an  abnormal  relation  to  one  another.  It  is  evi- 
dent therefore  that  the  individual  in  whose  foot  the  arch 
is  accentuated  and  whose  ligaments  are  firm,  may  suffer 
from  the  symptoms  of  strain  long  before  the  arch  has 
been  depressed  or  deformity  has  become  apparent ;  also 
that  the  lateral  inward  bulging,  characteristic  of  advanc- 
ing deformity,  must  in  such  a  case  be  very  great  before 
the  astragalus  can  reach  the  ground  and  the  arch  be  com- 
pletely flattened.  On  the  other  hand,  if  the  individual 
has  inherited  a  low  arch,  or  if,  as  the  result  of  weakness 
in  early  life,  the  arch  has  been  depressed  or  has  never 
developed,  accommodative  changes  in  the  bones  will  have 
taken  place  during  growth,  so  that  the  flat  foot  of  this 
type  will  not  be  attended  with  as  much  change  in  its 
relation  to  the  leg,  and  therefore  disturbance  of  function 
as  in  the  typical  case  that  has  been  described.  This  latter 
class  of  cases  exemplifies  the  popular  type  of  flat  foot 
that  may  exist  without  pain  or  disability. 

It  is  very  evident  that  the  lowering  of  the  arch  is  a 
secondary  element  of  the  deformity  and  that  the  popular 
significance  of  flat  foot,  as  an  inherited  and  irremediable 
weakness,  is  most  misleading.  It  is  misleading  also  in 
that  in  the  most  painful  type  of  weak  foot  there  may  be 
practically  no  lowering  of  the  arch,  as  shown  by  an  im- 
print of  the  sole,  while  the  actual  flat  foot  may  exist 
without  symptoms. 
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As  has  been  stated,  there  is  one  feature  common  to 
every  grade  of  the  so-called  flat  foot;  the  foot  regarded 
as  a  machine  is  weak,  as  compared  with  the  normal 
standard — weak  because  of  the  persistence  of  the  attitude 
of  rest  and  relaxation,  as  contrasted  with  that  of  activity 
and  strength,  and  weak  because  the  proper  relation  be- 
tween the  power  and  the  fulcrum  is  changed.  Even  the 
inherited  flat  foot,  or  the  flat  foot  which  has  never  caused 
symptoms,  is  weak,  in  the  sense  that  in  use  it  lacks 
the  spring  and  elasticity  characteristic  of  the  perfect 
machine. 

The  term  weak  foot  may  be  used  then  to  indicate  all 
types  of  the  disability.  In  one  weak  foot  the  arch  has 
disappeared ;  in  another  weak  foot  the  arch  is  of  normal 
depth,  but  the  foot  is  abducted  or  pronated  in  its  relation 
to  the  leg.  In  one  case  the  deformity  appears  only  under 
weight ;  in  another  the  foot  is  held  rigidly  in  the  deformed 
position  by  muscular  spasm.  In  one  instance  there  may 
be  great  deformity  without  pain ;  and  in  another  disa- 
bling weakness  and  pain  without  deformity.  In  one  case 
the  foot  is  unable  to  perform  its  functions  because  of  its 
inherent  weakness,  in  another  the  disability  may  be  due 
simply  to  the  improper  use  of  a  normal  structure.  In  all 
cases,  however,  disability  as  exemplified  by  the  symptoms 
of  pain  and  weakness  is  due  to  a  disproportion  between 
the  burden  or  strain  that  is  put  upon  the  foot  and  the 
ability  of  the  mechanism  to  perform  this  task. 

This  theory  accounts  for  the  fact  that  the  weak  foot, 
although  very  common  in  childhood,  does  not,  as  a  rule, 
cause  discomfort  until  adolescence,  when  the  weight  and 
strain  put  upon  it  are  increased.  It  explains  also  why 
the  foot  which  may  be  fairly  normal  in  structure  breaks 
down  more  often  in  later  adolescence  or  early  adult  life 
when  the  continuous  strain  of  regular  occupation  is  un- 
dertaken. It  is  evident  that  an  occupation  requiring  the 
long  continuance  of  the  passive  attitude,  — that  of  waiters, 
cooks,  and  bartenders  for  example, — exposes  the  feet  to 
greater  strain  than  one  which  permits  alternation  of  post- 
ures, and  that  the  S3'mptoms  are  likely  to  be  more  severe 
and  the  deformity  to  be  greater  among  those  who  are 
obliged  to  labor  than  among  those  who  are  not.  Over- 
work or  strain,  of  occupation  or  otherwise,  may  be  tem- 
porarily disproportionate  because  of  local  or  general 
weakness,  as  for  example  during  pregnancy  or  after  re- 
covery from  exhausting  disease  or  because  of  local  injury 
or  disease  of  the  foot  itself  or  simply  because  of  the  strain 
of  more  constant  use.  On  this  theory  one  may  very  easily 
explain  what  has  proved  such  a  stumbling  block  for 
students,  viz.,  that  there  is  no  constant  relation  between 
the  degree  of  deformity  and  the  severity  of  the  sj'mptoms ; 
for  although  all  flat  feet  are  weak  feet,  j'et  all  weak  feet 
are  not  necessarily  painful  feet.  Pain  is  not  caused  he- 
cause  the  foot  is  flat ;  it  is  a  symptom  of  progressive  de- 
formity', of  strain  and  injury  to  the  joints;  it  shows  that 
the  foot  is  becoming  flat ;  it  is  a  symptom  of  the  injury 
that  the  weak  or  flat  foot  has  received.  The  progress  of 
the  deformity  may  be  temporarily  or  permanently  checked 
at  any  stage,  either  by  a  removal  of  the  exciting  cause 
or  because  of  the  resistance  of  the  tissues ;  then  the  pain 
ceases.  On  the  other  hand,  this  stabilitj^  may  not  be  at- 
tained until  the  entire  sole  of  the  foot  rests  upon  the 
ground,  and  even  then  the  patient  maj^  suffer  from  dis- 
comfort and  pain. 

This  conception  of  the  foot  as  a  machine,  of  which 
grades  of  ctKcioncy  may  be  recognized,  has  a  great  ad- 
vantage, since  it  enables  one  to  perceive  wherein  a  foot 
is  weak  even  though  the  weakness  causes  no  symptoms 
whatever.  Thus  one  may  prevent  deformity  by  avoid- 
ing the  extra  strain  that  improper  attitudes  entail,  and  by 
strengthening  tlie  muscles  on  whose  ability  its  integrity 
depends.  Finally,  from  this  standpoint  one  may  better 
appreciate  the  etiological  importance  of  improper  shoes, 
in  this  as  in  practically  all  of  the  disabilities  to  which  the 
foot  is  liable. 

As  has  been  stated,  the  symptoms  of  the  weak  foot, 
although  similar  in  type,  vary  in  severity  according  to  the 
local  condition  and  the  disturbance  of  function,  the  work 
to  be  performed,  and  the  susceptibility  of  the  individual. 
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Symptoms. — The  most  characteristic  symptom  is  tlie 
sensation  of  wealiness.  Tlie  patient  begins  to  recog- 
nize as  familiar,  a  feeling  of  discomfort,  of  tire  and 
strain  about  the  inner  side  of  the  foot  and  ankle,  some- 
times after  long  standing,  a  dull  ache  in  the  calf  of  the 
leg,  or  pain  at  the  knee,  hip,  or  in  the  lumbar  region, 
symptoms  more  common  in  women  than  in  men ;  or,  after 
overexertion,  a  momentary  sharp  pain  radiating  from  the 
point  of  weakness;  thus  the  patient  often  dates  the  his- 
tory of  his  troiible  from  a  long  walk.  After  a  time  the 
patient  may  become  aware  that  lie  is  accommodating 
his  habits  to  his  feet;  he  rides  when  he  once  walked;  he 
sits  when  he  once  stood;  he  no  longer  runs  up  or  down 
stairs  or  jumps  off  the  street  car.  His  feet  have  lo^  their 
spring  as  he  expresses  it,  which  means  that  the  foot  is  no 
longer  supported  and  controlled  by  muscular  activity  and 
is  no  longer  used  as  a  lever.  Not  infrequentlj^  early 
symptoms  are  pain  and  sensitiveness  at  the  centre  of  the 
heel,  explained  in  part  by  the  jarring  heel  walk  which 
is  always  assumed  when  the  foot  is  weak,  and  in  part 
by  the  strain  upon  the  attachments  of  the  deep  plantar 
ligaments.  The  patient  may  complain  that  he  cannot  buy 
comfortable  shoes ;  the  reason  is  that  the  weak  foot  under 
use  is  changed  in  shape,  so  that  tlie  shoe  that  was  com- 
fortable in  the  morning  compresses  the  foot  painfully  at 
night.  Thus  increasing  discomfort,  due  in  part  to  corns, 
bunions,  painful  great  toe  joints,  and  deformities  of  the 
toes,  is  experienced.  Coldness  and  numbness,  congestion 
and  increased  perspiration,  caused  by  the  impaired  circu- 
lation and  weakness,  are  common  symptoms  in  this  class 
of  cases.  Actual  pain  is,  as  a  rule,  felt  only  when  the 
foot  is  in  use.  It  ceases  under  temporary  rest  or  relief 
from  disproportionate  work,  and  it  is  this  remittence  of 
symptoms,  together  with  the  fact  that  the  discomfort  is 
usuallj'  more  marked  in  damp  weather,  that  leads  so 
often  to  tlie  mistaken  diagnosis  of  rheumatism.  The  foot 
is  weak  and  vulnerable ;  the  patient  recognizes  the  fact 
that  he  has  what  he  speaks  of  as  a  weak  ankle,  or  sprain, 
or  gout,  or  rheumatism;  but  if  he  has  accommodated 
himself  to  the  weakness,  but  little  discomfort  is  experi- 
enced. In  many  instances  such  relief  or  accommodation 
is  impossible,  and  it  is  therefore  among  the  working  class 
that  one  oftener  sees  the  rapid  development  of  the  dis- 
ability and  deformity.  The  range  of  motion  becomes 
more  and  more  restricted;  the  habitual  attitude,  at  tirst 
exaggerated  to  deformity  only  under  the  influence  of  the 
weight  of  the  body,  becomes  a  permanent  displacement. 
The  weak  and  distorted  foot  is  subjected  to  constant  in- 
jury, to  what  may  be  likened  to  a  succession  of  slight 
sprains;  thus  local  congestion,  swelling,  and  sensitiveness 
may  appear  together  with  muscular  spasm,  rigidity,  and 
pain  on  passive  motion.  Because  of  the  rigidity  of  the 
foot,  which  has  lost  the  power  to  accommodate  itself  to 
inequalities  of  the  surface,  the  patient  dreads  to  cross  a 
rough  pavement,  for  every  misstep  is  a  source  of  pain. 
Another  characteristic  symptom  is  the  discomfort  felt 
on  changing  from  a  position  of  rest  to  activity.  This, 
although  it  is  usually  present  in  slight  degree  at  every 
stage,  now  becomes  more  prominent.  The  patient  after 
sitting,  or  on  rising  in  the  morning,  is  unable  to  walk, 
but  staggers  and  limps  for  several  minutes,  a  symptom 
explained  by  the  fact  that  when  the  foot  is  at  rest  there 
is  a  partial  reposition  of  the  displaced  bones,  which  must 
be  again  forced  into  the  deformed  posture  that  has  be- 
come habitual.  The  local  tenderness  and  muscular 
spasm  are  increased  by  use,  so  that  the  patient  may  have 
difficulty  in  removing  the  shoe  at  night,  and  the  symp- 
toms relieved  by  the  rest  of  Sunday  become  progressively 
worse  during  the  week. 

The  pain  and  discomfort  are  more  general  in  character, 
and  are  often  referred  to  the  dorsum  of  the  foot,  repre- 
senting muscular  rigidity  and  tension  td  the  irritated 
plantar  fascia,  and  to  the  outer  side  of  the  ankle,  where 
the  external  malleolus  is  grinding  out  a  facet  in  the  pro- 
jecting OS  calcis.  The  patient  may  now  complain  of  dis- 
comfort in  the  feet  and  of  cramps  in  the  legs,  even  when 
in  bed,  and  the  appearance  of  weakness,  awkwardness, 
and  depression  of  spirits  may  be  so  noticeable  that  the 


case  is  sometimes  mistaken  for  serious  disease  of  the  ner- 
vous system. 

Tlie  appearance  of  such  a  foot  has  already  been  de- 
scribed, and  the  efCect  of  the  defoiniitjf  on  its  function 
should  be  evident.  The  gait  is  slouchy  and  cloddy ;  the 
feet  are  simply  pushed  by  one  another  in  the  attitude  of 
evei'sion,  the  knees  are  slightly  flexed  and  the  weight  is 
borne  entirely  upon  the  posterior  segment  of  the  toot. 
The  muscles  have  atrophied,  the  foot  is  cold  and  con- 
gested from  its  continual  inactivity,  and  it  usually  is 
bathed  in  perspiration.  A 
certain  range  of  motion 
remains  at  the  ankle  joint, 
but  adduction  is  abso- 
lutely restricted  by  the 
shortened  and  spasmodi- 
cally contracted  muscles 
on  the  outer  and  upper 
surface.  This  type  rep- 
resents of  course  onlj'  the 
severe  variety  that  is 
more  likel.v  to  be  seen  in 
hospital  than  in  private 
practice;  and  it  would 
seem,  were  it  not  for  the 
evidence  to  the  contrary, 
which  the  histories  of  the 
patients  present,  that  the 
nature  of  the  trouble  must 
be  recognized  at  a  glance, 
although  in  the  milder 
and  earlier  cases  the  diag- 
nosis is  not  always  so 
easily  made. 

Diagnosis. — In  all  cases 
in  which  weakness  of  the 
foot  is  suspected,  a  thor- 
ough and  orderly  exami- 
nation should  be  made, 
not  only  of  its  appearance, 
but  also  of  its  functional 
ability  and  of  the  manner 
in  which  it  is  used.  Sucli 
an  examination  is  not 
merely  for  the  purpose  of 
confirming  a  diagnosis 
which  is  usually  evident 
on  inspection,  but  rather 
that  the  amount  and  char- 
acter of  the  temporary'  or 
permanent  changes  in 
structure  may  be  esti- 
mated. 

Attitudes. — One  begins 
the  examination  by  not- 
ing the  manner  of  stand- 
ing   and    walking.     The 

heel  walk,  the  exaggerated  turning  out  of  the  feet,  the 
slouchy  gait  in  which  the  leg  is  never  completely  ex- 
tended, in  which  the  power  of  the  calf  muscle  is  not 
applied  and  in  which  the  essential  postures  of  the  foot 
are  disused,  are  all  elements  of  weakness  that  should 
be  corrected  whether  they  cause  symptoms  or  not.  The 
distribution  of  the  weight  of  the  body  and  the  habitual 
use  of  the  foot  are  often  made  evident  by  examining 
the  worn  shoe.  If  it  is  bulged  inward  at  the  arch  or 
worn  away  on  the  inner  side  of  the  sole,  it  shows  weak- 
ness. The  same  observations  are  then  made  on  the  bare 
feet,  particular  attention  being  paid  to  the  line  of  strain 
or  leverage.  Thus,  a  line  drawn  down  the  crest  of 
the  tibia  from  the  centre  of  the  patella  continued  over 
the  foot,  should  meet  the  interval  between  the  second  and 
third  toes ;  if  it  falls  over  or  inside  the  great  toe,  it  shows 
that  the  foot  is  working  at  a  disadvantage. 

The  contour  of  the  foot  should  then  be  examined.  Its 
internal  border  should  curve  slightly  outward,  so  that  if 
the  feet  are  placed  side  by  side  with  the  toes  and  heels  in 
apposition,  a  slight  interval  remains  between  the  arches ; 
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FIG.  2123.— Extreme  Deformity  in 
Adolescence. 


Foot. 
Foot. 
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Fig.  3123.— Voluntary  Dorsal  Flexion. 


if  this  slight  concavity  is  replaced  by  a  noticeable  con- 

vexitv  when  weight  is  borne,  the  foot  is  weak.     This 

•^  change  in   contour 

is  the  earliest  and 
sometimes  the  only 
evidence  of  de- 
formity. The  arch 
of  the  foot  prop- 
erly protected  by 
the  muscles  and  by 
a  proper  attitude, 
sinks  but  slightly 
under  weight; 
there  is  a  slight 
elasticity  only,  as 
the  strain  is  thrown 
more  to  the  inner 
side  of  the  median 
line,  and  if  the  de- 
pression is  marked 
it  shows  weakness. 
Bearing  Surface. — 
The  exact  amount 
of  bearing  surface 
may  be  shown  by 
an  'imprint  upon 
carbon  paper  or  by 
smearing  the  sole 
with  vaseline;  then 
as  t he-patient 
stands  upon  a  sheet  of  white  paper  the  outline  of  the  foot 
should  be  traced,  so  that  the  relative  size  of  the  imprint 
to  that  of  the  foot  may  be  shown  and  compared  with  the 
normal  standard. 

Tile  Range  of  Motion. — The  range  of  motion  is  next  to 
be  tested,  for  its  limitation  is  one  of  the  earliest  signs  of 
disuse  of  function  and  weakness.  This  range  of  motion 
varies  somewJiat  within  normal  limits;  it  is  usually 
greater  in  childhood  than  in  adult  life,  greater  in  the 
slender  than  in  the  massive  foot,  and  greater  in  the  foot 
used  properly  than  in  one  that  is  not.  The  first  test  is 
applied  to  simple  dorsal  and  plantar  flexion ;  the  leg  must 
be  fully  extended^t  the  knee,  the  line  of  strain  must  be 
in  its  normal  relation  so  that  the  foot  is  neither  adducted 
nor  abducted,  and  the  observation  must  be  made  upon 
its  outer  border.  The  patient  should  be  able  to  flex 
the  foot  from  ten  tQ  twenty  degrees  less  than  the  right 
angle,  and  to  extend  it  from  forty  to  fifty  degrees  be- 
yond the  right  angle,  the  range  of  motion  being  from 

fifty  to  sixty  de- 
grees. 

By  far  the  most 
important  test, 
however,  is  that 
of  adduction  or 
inversion  of  the 
foot,  the  test  of 
the  medio  -  tarsal 
and  subastragal- 
oid  joints,  a  mo- 
tion in  which  the 
OS  calcis  is  drawn 
forward  and  in- 
ward under  the 
astragalus,  as  the 
fore  foot  is  flexed 
about  its  head. 
With  the  leg  ex- 
tended as  before, 
the  foot  is  turned 
inward  as  far  as 
possible.  The  el- 
evation of  its  in- 
ner border  (supi- 
nation) and  the 
turning  in  of  the 
heel  are  shown  in 
Fi 6.  2124.— Voluntary  Plantar  Flexion.  the    accompany- 
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Fig.  2125.— Voluntary  Adduction. 


ing  figure.  The  actual  range  of  adduction  is  somewhat 
difiicult  to  measure,  but  it  is  about  thirty  degrees  (Fig. 
2125).  Even  the  mild 
and  early  cases  of  weak 
foot  usually  show  some 
limitation  of  this  most 
important  motion,  and 
in  many  instances  it  is 
completely  lost,  the  pa- 
tient turning  the  entire 
leg  in  the  effort  to  ad- 
duct  the  foot.  The  less 
important  range  of  ab- 
ductioii  may  then  be 
tested;  normally  it  is 
about  half  that  of  ad- 
duction. It  may  be 
noted  that  the  range  of 
supination  or  inversion 
of  the  sole  is  nearly 
twice  as  great  as  that  of 
pronation  or  eversion  of 
the  sole ;  in  other  words, 
the  internal  border  of 
the  foot  can  be  raised 
twice  as  far  from  the 
floor  as  can  the  external 
border. 

The  range  of  passive 
motion  is  then  tested. 
That  of  dorsal  flexion  is 
from  five  to  ten  degrees 

beyond  that  of  voluntary  motion,  while  passive  exten- 
sion, so  far  as  it  applies  to  the  ankle  joint,  is  about  the 
same  as  the  voluntary,  although  the  fore  foot  may  be 
still  farther  bent  downward  at  the  medio-tarsal  joint. 
The  limits  of  passive  adduction  and  abduction  are  con- 
siderably beyond  those  of  the  voluntary  range. 

The  test  of  passive  motion  serves  several  purposes; 
contrasted  with  the  range  of  voluntary  motion  it  sliows 
the  habitual  use  of  the  foot,  since  the  motion  least  used 
is  most  limited.  It  also  makes  evident  the  slight  restric- 
tion of  motion  and  the  presence  of  local  tenderness,  which, 
even  in  early  cases, 
are  usually  present. 
Thus,  if  pressure  be 
made  just  in  front  of 
and  below  the  inter- 
nal malleolus,  at  the 
astragalo  -  scaphoid 
junction,  and  if  at 
the  same  time  the 
foot  be  suddenly  ad- 
ducted, the  patient 
will  complain  of  pain 
at  the  point  of  press- 
ure and  of  a  feeling 
of  constriction  and 
tension  about  the 
dorsum  of  the  foot, 
before  the  normal 
limit  of  motion  is 
reached.  When  the 
foot  is  dorsiflexed 
the  plantar  fascia  is 
put  upon  the  stretch, 
and  its  condition 
may  be  noted,  for  a 
contracted  and  sen- 
sitive plantar  fascia 
may  cause  symptoms 
of  disability  that  in- 
duce, or  are  combined 
with,  abduction  and 
valgus.  In  other 
words,  this  mode  of 
examination  demon- 
strates the  disability  kig.  2126. -voluntary  Abduction. 
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and  permanent  change  in  the  machine  which  must  be 
overcome  before  a  cure  can  be  accomplished.  By  it  one 
will  recognize  several  grades  of  weak  foot. 

Varieties  of  Weak  Foot. — 1.  The  normal  foot  improp- 
erly used,  as  shown  by  the  manner  of  standing  and 
walking. 

3.  The  foot  which,  because  of  laxity  of  ligaments  or 
insufficient  muscular  support,  is  forced  by  the  weight  of 
the  body  into  an  attitude  of  deformity.     The  foot  when 

in  use  falls  into 
an  abnormal  at- 
titude of  abduc- 
tion in  its  rela- 
tion to  the  leg, 
as  evidenced  by 
the  inward  pro- 
jection of  its  in- 
ner border  and 
by  the  overhang- 
ing internal  mal- 
leolus, showing 
that  the  leg  has 
been  displaced 
inward  on  the 
foot.  As  a  rule, 
in  this  class,  the 
laxity  of  liga- 
ments allows  a 
depression  of  the 
arch,  as  shown 
by  the  imprint, 
but  in  other  in- 
stances,  al- 
though  the  arch 
seems  lower  be- 
cause  of  the 
characteristic  at- 
titude (valgus) 
in  which  the  leg 
as  it  were  over- 
hangs the  foot, 
yet  the  imprint 
shows  that  there 
is  no  increase  in 
the  area  of  bear- 
ing surface.  Indeed  this  may  be  even  smaller  than 
normal ;  thus  an  individual  may  suffer  from  so-called  flat 
foot  whose  arch  is  in  reality  exaggerated. 

3.  The  weak  foot,  which  shows  typical  deformity  un- 
der use  and  in  which  the  range  of  voluntary  motion  is 
somewhat  limited,  particularly  in  the  direction  of  plantar 
flexion  and  adduction.  In  this  class  forced  motion  causes 
discomfort  and  pain,  showing  a  certain  permanent  ac- 
commodative change  in  structure  which  is  not  apparent 
when  the  foot  is  not  in  use.  In  these  slighter  grades  of 
disability,  the  improper  use  of  the  foot,  the  loss  of  active 
leverage  ("  spring ")  is  very  evident  when  the  patient 
walks. 

4.  The  foot  which  presents  typical  and  permanent  de- 
formity, whether  it  is  in  use  or  not,  and  in  which  the 
range  of  both  voluntary  and  passive  motion  is  much  re- 
stricted. 

This  limitation  of  motion  is  an  adaptation  of  structure 
to  the  habitual  functional  use  and  to  the  deformity.  Such 
chanees  are  first  apparent  in  the  muscles  and  ligaments; 
in  more  advanced  cases,  the  articular  surfaces  of  the  bones 
are  altered  to  accommodate  the  habitual  subluxation. 
Added  to  this  underlying  limitation  of  motion  there  is 
usually  a  certain  amount  of  muscular  spasm,  which  varies 
in  degree  with  the  local  congestion,  irritation,  and  inflam- 
mation of  the  joints  and  tissues.  In  the  quiescent  weak 
foot  it  may  be  absent,  but  on  renewed  mjury  or  over- 
work of  the  weak  structure  it  again  appears.  It  de- 
pends also  upon  the  irritable  condition  of  the  overworked 
and  contracted  abductor  muscles,  practically  the  only 
group  that  retains  functional  power.  Thus  the  spasm, 
as  has  been  stated  in  describing  the  severe  and  pamful 
type  of  weak  foot,  is  greater  after  the  day's  use  and  re- 


FlO.  2127.— An 


Attltuae   tliat  Simulatea  Flat 
Foot. 


laxes  somewhat  during  the  night.     The  degree  of  mus- 
cular spasm  and  rigidity  varies  with  the  intensity  of  the 


FIG.  3128.  - 


-  Weak  Foot  In  CMldlioca  showing  Habitual  Abduction, 
witliout  Depression  of  tlie  Arcb. 


symptoms.  It  is  often  greater  in  the  early  stage  of  the 
disability  than  in  the  cases  in  which  the  deformity  is  of 
long  duration. 

Two  Extreme  Types  of  Weak  Foot. — 1.  Persistent  Ab- 
duction.— In  one  type  of  rigid  foot,  the  foot  is  twisted 


PiO.    2129. 


-Extreme  Deformity  in   Adolescence; 
Complete  Sinking  ol  the  Arch. 


Abduction    and 


outward  and  upward.  It  may  be  pronated  to  such  an 
extent  that  practically  the  weight  is  borne  upon  the  heel 
and  ball  of  the  great  toe.     In  such  instances  the  astrag- 
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alus  although  rotated  inward  upon  tlie^  pronated  os 
calcis,  is,  of  course,  not  plantar-flexed  nor  is  the  anterior 
extremity  of  the  os  calcis  depressed.  The  entire  foot  is 
simply  lield  in  an  attitude  of  extreme  abduction  and  slight 
dorsal  flexion,  by  the  spasm  and  contraction  of  the  flexors 
and  abductors,  so  that  the  leg  must  be  bent  at  the  knee 
and  inclined  forward  to  bring  the  sole  to  the  ground. 
Such  extreme  cases  are  uncommon.  They  are  olten  the 
direct  result  of  injury  ("chronic  sprain"),  and  when  the 
deformity  is  reduced  the  arch  will  be  found  to  be  exag- 
gerated in  depth.  Less  extreme  types  of  this  class  are 
often  seen  and  they  serve  to  emphasize  the  statement  that 
the  most  important  disability  of  the  weak  foot  is  due  to 
the  change  from  the  normal  relation  between  the  leg  and 
the  foot  (valgus)  and  not  to  the  depression  of  the  arch, 
(planus)  which  is,  in  most  instances,  a  secondary  de- 
formity. ,  ,  ,  . 
2.  Pes  Planus.— As  has  been  stated  already  and  as  is 
well  known,  there  is  a  type  of  painless  deformity  some- 
times called  pes  planus.  To  this  type  the  term  flat  foot 
may  be  properly  applied  because  the  flatness  of  the  foot  is 
more  noticeable  than  the  other  components  of  the  deform- 
ity that  have  been  described.  This  class  is  probably  the 
effect  of  inherited  laxity  of  ligaments  or  of  rachitis  or 
other  form  of  acquired  weakness  in  early  life,  so  that  a 
normal  arch  was  never  present.  Such  a  foot  controlled 
by  efficient  muscles  may  be  strong  and  serviceable,  but 
it  is  nevertheless  deformed,  and  it  is  doubtful  if  its  pos- 
sessor ever  could  attain  the  grace  and  elasticity  of  gait 
possible  under  normal  conditions.  It  is  said  also  that  a 
low  arch  is  normal  in  certain  races,  for  example  the  negro, 
but  it  is  certain  that  the  American  negro  is  not  exempt 
from  the  pain  and  disability  incidental  to  the  broken- 
down  foot,  whether  his  arch  was  originally  low  or  not. 

It  is  evident  that  the  breaking  down  of  a  properly 
shaped  foot,  provided  with  normal  ligaments,  must  be 
attended  by  greater  pain  and  disability  than  of  one  in 
which  the  arch  was  originally  low  and  of  which  the  liga- 
ments were  weak,  because  it  is  during  the  progression  of 
the  deformity,  and  particularly  in  its  early  stages,  that 
such  symptoms  are  most  prominent.  When  the  bones  of 
the  arch  rest  upon  the  ground  or  when  final  stability  has 
become  assured,  pain  may  cease,  and  permanent  accom- 
modation to  the  new  condition  may  increase  the  ability 
of  the  deformed  member.     Such  an  adaptation  might  be 

quickly  accomplished  in 
the  foot  originally  flat, 
while  in  the  other  in- 
stance the  symptoms,  al- 
though remitting  from 
time  to  time,  might  con- 
tinue during  the  life  of 
the  sufferer. 

Weak  Foot  in  Child- 
hood.— There  can  be  no 
doubt  that  in  many  in- 
stances the  origin  of  the 
weak  foot  may  be  traced 
to  early  childhood.  Cer- 
tainly, deformities  and  im- 
proper attitudes  are  very 
common  at  this  period  and 
it  is  much  more  likelj' 
that  they  are  ingrown 
than  outgrown.  Actual 
pain  from  the  weak  foot 
is  unusual  at  this  age. 
The  child  may  complain 
of  fatigue  and  may  be 
weak  and  awkward,  but 
it  is  usually  because  of  the 
very  evident  deformily, 
rather  than  because  of 
,     ,,  symptoms,  that  advice  is 

in  these  eases,  as  in  every  case,  the  habitual  at- 


FiG.  2130.— Adduction  of  the  Fore 
Foot  Combined  with  Val(?us; 
an  uncommon  type. 


asked. 


titudes  and  use  of  the  feet  are  of  the  first  importance 
th?t",!f     '^^  most  frequent  of  the  improper  postures  is 
that  of  exaggerated  outward  rotation  of  the  feet,  which 
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is  not  only  an  ungraceful  attitude,  but  a  direct  cause  of 
weakness  as  well.  The  opposite  attitude  of  inward  rota- 
tion of  the  feet,  the  so-called  "  pigeon-toed  "  walk,  is  most 
offensive  to  relatives  and  friends,  and  it  is  for  correction 


Pig.  3131.— Flat  Foot  in  Early  Childhood. 

of  the  attitude  that  the  child  may  be  brought  for  treat- 
ment. The  attitude  is,  in  many  instances,  a  sign  of  the 
weak  foot,  for  on  examination  the  bulging  on  the  inner 
side,  the  inward  rotation  of  the  leg  in  its  relation  to  the 
foot,  and  the  flattened  arch,  show  very  plainly  that  it  is 
the  foot  and  not  the  attitude  that  requires  treatment;  in 
fact  the  attitude  is,  in  this  class  of  cases,  reallj'  a  safe- 
guard against  increasing  deformity  and  it  will  correct 
itself  when  its  cause  is  removed.  Particular  emphasis  is 
laid  upon  this  point,  which  is  very  generally  overlooked, 
because  the  routine  treatment  of  the  "  pigeon  toes  "  in 
these  cases  might  be  the  cause  of  direct  harm. 

"  Weak  ankle  "  is  a  term  popularly  applied  to  the  weak 
foot  of  childhood,  in  which  the  foot  is  in  a  position  of 
valgus  when  in  use,  so  that  the  shoe  is  Avorn  away  on  its 
inner  side.  Weak  ankles  are  very  common  in  very  young 
children  and  are  often  one  of  the  results  of  general  weak- 
ness due  to  defective  assimilation.  At  this  age  the  foot 
is,  in  addition,  usually  flat,  although  in  the  valgus  or 
weak  ankle  of  later  years  the  arch  is  often  normal  in 
outline. 

In  older  children  prominent  or  "outgrown"  joints 
often  attract  the  mother's  attention;  the  internal  malleoli 
appear  prominent  because  of  the  position  of  valgus,  or, 
because  of  the  eversiou  of  the  feet,  the  malleoli  may 
strike  against  one  another,  "interfere,"  and  thus  there 
may  be  an  actual  hypertrophy  of  the  projecting  bones 
from  local  irritation. 

Another  type  is  the  long  slender  foot  in  which  the 
scaphoid  bone  is  prominent  because  of  the  strain  and 
pressure  put  upon  it  by  the  improper  attitudes ;  its  posi- 
tion is  often  shown  by  the  point  of  wear  in  the  leather 
of  the  shoe.  In  the  weak  foot  of  childhood,  although 
restriction  of  voluntary  and  passive  motion  may  be  pres- 
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ent,  there  are,  as  a  rule,  but  little  local  tenderness  and 
muscular  spasm,  and  as  has  been  stated,  but  little  pain. 
Thus  it  differs  greatly  from  the  adult  type,  the  reason 
being  that  the  weak  foot  in  childhood  is  not  subjected 
to  the  strain  of  constant  occupation  or  to  the  burden  of 
the  increased  weight  of  the  body.  There  is  another  im- 
portant difference  also ;  the  foot  "in  the  adult  is  obliged  to 
bear  a  greater  burden  than  any  other  part,  and  although 
fairly  normal  in  structure  it  may  be  overstrained.  Thus 
in  many  instances  the  weakness  of  the  foot  may  be  the 
only  disability.  In  childhood,  on  the  other  hand,  a  weak 
foot  is  very  often  a  local  indication  of  general  weakness 
and  loss  of  tone. 

The  direct  effects  of  the  weak  and  painful  foot  have 
been  described  in  detail.  It  must  be  borne  in  mind  that 
the  feet  are  the  foundation  of  the  body,  and  that  an  in- 
secure foundation  affects  the  entire  mechanism.  General 
functional  weakness  and  awkwardness,  the  flat  chest, 
round  shoulders  or  other  curvatures  of  the  spine,  are 
often  observed  as  accompaniments  or  effects  of  weak  feet. 
As  a  rule,  the  systematic  treatment  of  any  form  of  post- 
ural weakness  in  childhood  must  include  the  treatment 
of  the  feet  as  well. 

Becapiiulation. — The  disability  and  deformity  of  the 
weak  or  so-called  flat  foot  are  caused  by  disproportion 
between  the  strength  of  the  foot  and  the  weight  and 
strain  to  which  it  is  subjected. 

The  foot  may  be  weakened  by  injury  or  disease;  it 
may  be  overburdened  by  the  body  weight,  or  over- 
strained by  laborious  occupation,  or  the  broken-down 
foot  may  be  simply  one  indication  of  general  bodily 
weakness.  It  is  unnecessary  to  enumerate  all  the  vari- 
ous factors  that  singly  or  combined  lead  to  this  disability. 

It  may  be  stated,  however,  that  the  painful  weak  foot 
as  seen  in  adult  life  is  in  many,  or  most,  instances  the 
only  evidence  of  weakness.  The  most  constant  of  the 
predisposing  causes  are  improper  shoes,  and  the  mechan- 
ical disadvantage  to  which  the  foot  is  subjected  by  the 
assumption  of  improper  attitudes. 

All  weak  or  flat  feet  are  mechanically  weak,  but  all 
weak  feet  are  by  no  means  painful  feet.  Pain,  the 
symptom  of  overstrain  or  injury,  bears  no  definite  rela- 
tion to  the  degree  of  deformity. 

In  certain  instances,  exaggeration  of  the  arch  may  be 
combined  with  persistent  abduction  of  the  foot ;  in  others, 
the  flattening  of  the  arch  may  be  the  most  noticeable  de- 
formity, but  in  most  cases,  the  two  are  combined  in  vary- 
ing degree.  And  as  each  deformity  is  an  evidence  of 
weakness,  it  seems  hardly  necessary  to  make  a  radical 
distinction  between  the  two. 

Treatment. — The  principles  of  the  treatment  which 
leads  to  the  permanent  cure  of  the  weak  foot  are  very 
simple,  but  their  application  varies  somewhat  according 
to  the  grade  and  duration  of  the  disability.  The  object 
of  treatment  is  so  to  change  the  weak  foot  that  it  may 
conform,  not  only  in  contour  but  in  habitual  attitudes 
and  in  power  of  voluntary  motion,  to  those  of  the  normal 
foot,  because  cure  is  impossible  until  function  is  regained. 
The  first  step  must  be,  therefore,  to  make  passive  motion 
free  and  painless  to  the  normal  limit.  In  other  words, 
the  obstructions  to  the  motion  of  the  machine  riiust  be 
removed  before  the  power  can  be  properly  applied ;  for 
normal  function  is  manifestly  impossible,  while  motion  is 
restrained  by  deformity  or  pain  or  by  adhesions  or  con- 
tractions. 

The  weak  foot,  because  of  inefficient  ligaments  and 
muscles  unable  to  hold  itself  in  proper  position,  must  be 
supported,  in  many  instances,  until  regenerative  changes 
have  taken  place  in  its  structure.  Such  support  is  neces- 
sary to  retain  the  joints  in  proper  position,  and  to  hold 
the  weight  and  strain  in  normal  relation  to  the  foot. 
When  these  essentials  are  provided,  the  patient  may 
cure  himself  by  the  proper  functional  use  of  the  foot, 
and  by  the  avoidance  of  attitudes  that  place  it  at  a  dis- 
advantage. 

It  may  be  well  to  describe  first  the  treatment  that  must 
be  applied  to  all  classes  of  weak  foot  in  which  a  cure  is 
to  be  attempted,  and  which  by  itself  is  sulBcient  m  the 


milder  types,  before  calling  attention  to  the  modifications 
that  may  be  necessary  in  special  cases. 

The  Shoe. — In  practically  all  case.s  it  will  be  necessary 
to  provide  the  patient  with  a  proper  shoe,  for  the  shoe  is 
usually  the  direct  cause  of  the  minor  deformities,  and  the 
indirect  cause,  in  many  instances,  of  more  serious  disabil- 
ity. Indeed  most  of  the  deformities  and  disabilities  of 
the  foot  are  incidental  to  civilization  and  are  confined  to 
the  shoe-wearing  people. 

The  direct  effect  of  the  ordinary  shoe  is  to  lessen  the 
size  and  balancing  power  of  the  fulcrum  by  cramping 
the  toes  together  while  the  high  heel  throws  more  strain 
upon  the  arch  and  the 
ankle.  Indirectly  it 
causes  deformities, 
corns,  bunions,  and  the 
like,  which  serving  to 
make  active  movement 
or  leverage  painful,  in- 
duce the  habitual  as- 
sumption of  the  passive 
attitude  which  predis- 
poses to  deformity. 

The  proper  shoe 
should  contain  sufficient 
space  for  the  indepen- 
dent movements  of  the 
toes.  This  motion  is  il- 
lustrated in  the  walk  of 
the  barefoot  child.  As 
the  weight  falls  on  the 
foot  the  toes  expand, 
and  as  the  body  is  raised 
on  the  foot  they  con- 
tract. Tlie  important 
leverage  action  of  the 
great  toe  and  the  sup- 
port afforded  by  it  to 
the  arch  of  the  foot  have 
already  been  mentioned. 
The  shape  of  the  sole 
should  correspond  to  the 
shape  of  the  undistorted 
foot. and  the  heel  should 
be  broad  and  low. 

The  prevention  of  dis- 
torted toes  and  the  dis- 
comforts that  result 
from  the  abuse  of  the 
foot  is  of  great  impor- 
tance in  childhood,  but, 
unfortunately,  little  chil- 
dren are  often  seen  wear- 
ing shoes  of  the  shape 

usually  assumed  at  years  of  discretion.  In  this  regard, 
girls  suffer  more  than  boys,  as  women  do  more  than 
men.  The  girl  who  may  have  worn  comparatively 
harmless  shoes  until  the  age  of  ten  years  or  thereabouts, 
changes  suddenly  to  the  high  heel  and  narrow  sole  and 
the  process  of  distortion  begins,  the  amount  of  distor- 
tion and  the  degree  of  discomfort  depending  on  the 
amount  of  work  required  of  the  foot.  Wide  soles  with- 
out heels  should  be  worn  as  long  as  possible  by  children 
because  of  the  greater  stability  and  because  the  high 
heel  Umits  the  necessity  for,  and  therefore  the  use  of,  the 
entire  range  of  motion  of  the  foot  and  ankle. 

A  simple  expedient  in  the  treatment  of  the  weak  foot 
and  an  aid  in  balancing  it  properly,  is  to  make  the  inner 
border  of  the  sole  and  heel  of  the  shoe  slightly  thicker  in 
order  to  throw  the  weight  toward  the  outer  side  of  the 
foot.  This  is  of  especial  importance  in  the  treatment  of 
the  slighter  degrees  of  what  is  known  as  weak  ankle,  but 
it  is  always  of  service  in  the  treatment  of  any  grade  of 
weak  foot. 

Attitudes.— When  the  Tpatieni  is  provided  with  a  proper 
shoe,  his  attention  is  called  to  the  attitudes  that  protect 
the  foot  from  strain.  He  should  endeavor  to  hold  the 
feet  nearly  parallel  to  one  another  in  walking  and  to 
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Fio.  2133.— The  Proper  Relation  of 
the  Sole  to  the  Shape  of  the  Foot. 
A,  Outline  of  sole:  B,  outline  of 
foot ;  C,  Imprint  of  foot. 


Foot. 
Foot. 
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throw  the  weight  as  far  as  possible  on  the  outer  border 
of  the  sole  of  the  shoe.  The  significance  of  the  bulging 
on  the  inner  side  of  the  foot  is  pointed  out  to  him  and 
how  this  may  be  prevented  by  voluntarily  inclining  the 
•'  weight  to  the 

outer  side  of 
the  foot  and 
by  aiding  the 
arch  by  the 
power  of  the 
great  toe. 

The  impor- 
tance of  lever- 
age is  shown 
him,  he  is  told 
that  he  must 
try  to  press 
down  the  sole 
of  the  shoe 
with  bis  toes 
and  employ  the 
active  lift  of 
the  calf  mus- 
cles by  fully 
extending  the 
leg  and  raising 
the  body  on  the 
foot  from  time 
to  time.  Fi- 
nally, he  must 
avoid  longcon- 
tinuance  in  one 
position,  espe- 
cially the  pas- 
si  ve  posture 
which  simu- 
lates the  atti- 
tude and  de- 
formity of  flat 
foot.  In  short, 
he  must  be  in- 


FiG.  2133.— Illustrating  Voluntary  Protection  of 
the  Foot  from  over-Strain.  (Compare  witn 
Kg.  3127.) 


structed  in  the  mechanics  of  the  foot  and  taught  how 
the  weak  foot  may  be  protected  and  strengthened. 

Exercises. — It  is  important  also  to  demonstrate  to  the 
patient  the  normal  range  of  motion  of  the  foot,  a  range 
which  if  restricted  must  be  regained  by  voluntary  and 
passive  exercise.  Voluntary  exercise  should  be  devoted 
to  strengthening  the  adductors  and  plantar  flexors ;  thus 
the  foot  should  be  extended,  adducted,  and  supinated  over 
and  over  again  at  every  opportunity.  Tip-toe  exercises 
are  particularly  useful.  The  patient  holding  the  feet 
parallel  to  one  another,  or  better  in  inward  rotation,  raises 
the  body  on  the  toes  from  twenty  to  one  hundred  times, 
the  limbs  being  fully  extended  at  the  knees,  resting  in  the 
intervals  on  the  outer  border  of  the  feet.  The  best  of  all 
exercises  is,  however,  the  proper  walk,  in  which  at  each 
step  the  leverage  power  of  the  foot  is  employed  and  in 
which  it  passes  through  the  proper  alternation  of  postures. 

Treatment  by  massage  and  special  gymnastic  exercises 
is,  of  course,  of  benefit,  if  the  patient  can  command  it, 
although  by  no  means  essential  to  the  cure. 

8up2»rt.—ln  many  instances  the  simple  treatment  that 
has  been  outlined  is  all  that  is  required  and  the  symptoms 
of  tire  and  strain  are  quickly  relieved.  In  the  more  ad- 
vanced type  of  disability  the  patient  is  not  able  to  pre- 
vent deformity  voluntarily;  consequently  a  support  is 
necessary  to  hold  the  foot  in  proper  position  and  to  re- 
heve  discomfort.  It  is  usually  necessary  in  the  treat- 
ment of  the  weak  and  flat  foot  of  childhood,  because  one 
cannot  command  tlie  aid  of  the  patient. 

In  selecting  a  support  for  the  weak  foot  the  nature  of 
the  deformity  that  is  to  be  prevented  must  be  borne  in 
mind  The  acquired  flat  foot,  for  example,  is  not  a 
direct  brealung  down  of  the  arch,  as  is  usually  taught 
but  a  lateral  deviation  and  sinking— a  compound  deform- 
ity, as  has  already  been  described.  Thus  a  brace  to  be 
efficient  must  hold  the  foot  laterally  as  well  as  support 
the  arch.     In  fact,  as  has  been  stated,  the  prevention  of 
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valgus  is  far  more  important  than  the  direct  support  of 
the  arch.  The  brace  must  not  prevent  the  normal  mo- 
tions of  the  foot,  and  thus  interfere  with  the  increase  of 
muscular  strength  and  ability,  on  which  ultimate  cure 
depends. 

The  supports  that  are  ordinarily  employed  do  not  fulfil 
the  conditions ;  the  pads  and  springs  placed  beneath  the 
arch  are  intended  to  support  it  by  direct  pressure  with- 
out regard  to  the  lateral  distortion ;  they  are  usually  ill- 
fitting  and  are  often' of  such  length  and  shape  as  to  splint 
the  foot  and  thus  prevent  its  motion.  Leg  braces  which 
more  directly  control  the  valgus  do  not  often  hold  the 
foot  accurately,  and  their  weight  and  unsightliness  are 
fatal  objections  to  their  use  in  the  early  cases,  in  which 
prevention  of  subsequent  deformity  is  of  such  importance. 

A  brace  should  never  be  applied  to  a  deformed  and 
rigid  foot  because  it  is  not  able  to  shape  itself  to  the 
support ;  the  spasm  and  rigidity  must  be  first  relieved  by 
preliminary  treatment,  as  will  presently  be  described. 

The  Construction  of  the  Brace. — If  a  brace  suitable  for 
meeting  these  conditions  is  to  be  constructed,  it  is  neces- 
sary to  provide  the  mechanic  with  a  plaster  cast  of  the 
foot,  taken  in  the  attitude  in  which  one  wishes  to  sup- 
port it.  Such  a  model  may  be  easily  and  quickly  made 
in  the  following  manner : — 

The  Plaster  Cast. — Seat  the  patient  in  a  chair;  in  front 
of  him  place  another  chair  of  equal  height ;  on  it  lay  a 
thick  pad  of  cotton  batting  and  cover  it  with  a  square 
of  cotton  cloth.  Put  about  a  quart  of  cold  water  into  a 
basin  and  sprinkle  plaster  of  Paris  on  the  surface  until  it 
does  not  readily  sink  to  the  bottom ;  then  stir.  When 
the  mixture  is  of  the  consistence  of  very  thick  cream 
pour  it  upon  the  cloth.  The  patient's  knee  is  then  flexed 
and  the  outer  side  of  the  foot,  previously  smeared  lightly 
with  vaseline,  is  allowed  to  sink  into  the  plaster,  and  the 
borders  of  the  cloth  being  raised  the  plaster  is  pressed 
against  the  foot  until  rather  more  than  half  is  covered. 
The  foot  should  be  at  a  right  angle  with  the  leg  and  the 
sole  should  be  in  the  plane  perpendicular  to  the  seat  of 
the  chair.  As  soon  as  the  plaster  is  hard,  its  upper  sur- 
face is  coated  with  vaseline  and  the  remainder  of  the  foot 
is  covered  with  plaster ;  the  two  halves  are  then  removed, 
smeared  lightly  with  vaseline  and  bandaged  together. 
The  interior  is  dampened  with  soapsuds  and  is  thenfiBed 
with  the  plaster  cream.  In  a  few  moments  the  plaster 
shell  may  be  removed  and  one  has  a  reproduction  of  the 
foot,  which,  when  properly  made,  should  stand  upright 
without  inclination  to  one  side  or  the  other.  In  many 
instances  it  will  be  of  advantage  to  deepen  in  the  plaster 
model  the  inner  and  outer  segments  of  the  arch,  in  order 
that  the  arch  of  the  brace  may  be  slightly  exaggerated, 
especially  at  the  heel,  so  that  the  depression  of  the  an- 
terior extremit}'  of  the  os  calcis  may  be  prevented. 

The  Brace. — Upon  the  model,  the  outline  of  the  brace 
is  drawn  as  Illustrated  in  the  diagrams.     The  best  sheet 


Fig.  2134.—^,  The  AstraRalo-Scaphold  Junction. 

steel,  18  to  30  gauge,  cut  after  the  pattern  is  moulded 
upon  it  and  tempered,  so  that,  as  it  is  applied  for  the 
purpose  of  preventing  deformity,  it  may  be  practically 
unyielding  to  the  weight  of  the  body. 
It  will  be  noted  that  the  brace  clasps  the  weak  part 
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Foot. 


of  the  foot  and  holds  it  well  together ;  the  broad  internal 
upright  portion  covers  and  protects  the  astragalo-scaphoid 
junction,  rising  well  above  it.  The  external  arm  covers 
the  calcaneo-cuboid  junction  and  the  outer  aspect  of  the 


FiQ.  2135.— B,  The  Calcaneo-cuboid  Junction. 

foot  to  a  height  suiBcient  to  hold  the  foot  securely.  The 
sole  part  provides  a  firm,  comfortable  support,  yet, 
reaching  only  from  the  centre  of  the  heel  to  a  point  just 
behind  the  metatarso-phalangeal  joint  of  the  great  toe. 
it  does  not  restrain  the  normal  motions  of  the  foot. 

The  brace  may  be  nickel-plated  and  japanned,  which 
makes  a  smooth  finish,  or  tin-plated,  which  is  a  rather 
more  durable  covering.  It  may  be  covered  with  leather 
or  an  inner  sole  may  be  placed  on  its  upper  surface ;  but 
this  is  not  usually  necessary.  As  it  is  fitted  to  the  foot 
it  finds  and  holds  its  own  place  in  the  slioe,  so  that  no 
attachment  is  required ;  thus  it  may  be  changed  from  one 
shoe  to  another.  Not  only  does  it  hold  the  foot  laterally 
and  from  beneath,  but  there  is  an  element  of  suggestive- 
ness  in  the  slight  leverage  action  which  is  very  impor 
tant.  The  patient,  instructed  to  throw  his  weight  upon 
the  outer  side  of  the  foot  and  wearing  a  shoe  which  has 
been  tilted  in  the  same  direction  by  thickening  the  inner 
border  of  the  sole  and  heel,  presses  down  the  external 
arm  and  thus  lifts  the  internal  flange  against  the  inner 
side  of  the  foot,  which  is  instinctively  drawn  away  from 
the  pressure  and  thus  toward  the  normal  contour.  Thus 
he  no  longer  everts  the  foot  in  walking  because  of  the 
discomfort,  and  he  is  not  likely  to  assume  the  passive 
attitude  because  of  the  suggestive  lateral  pressure  of  the 
support.  This  brace  is  therefore,  when  properly  ad- 
justed, a  positive  aid  in  the  physiological  cure  as  con- 
trasted with  the  negative  action  of  the  ordinary  sole 
plate. 

The  shape  of  the  brace,  in  general  like  that  of  the  dia- 
gram, may  be  modified  in  certain  cases;  for  instance, 
the  entire  internal  aspect  of  the  foot  may  be  weak  and 
must  be  covered  by  the  internal  flange.  In  very  heavy 
subjects  the  sole  portion  must  be  made  larger,  or  other 
slight  modifications  may  be  necessary.  If  any  portion 
of  the  rim  of  the  plate  causes  discomfort,  the  edge  may 
be  turned  away  slightly  at  the  point  of  pressure  by  a 
wrench.  After  a  few  days  the  patient  no  longer  notices 
the  presence  of  the  brace,  and  as  its  presence  in  the  shoe 
is  not  evident,  it  may  be  worn  indefinitely.  It  is  usu 
ally  necessary  to  wear  it  for  from  three  months  to  a  year 
or  longer,  according  to  the  condition  of  the  part  and  the 
use  to  which  the  feet  are  put.  The  brace,  properly  made 
and  adjusted  under  the  proper  conditions,  causes  no  more 
pressure  or  discomfort  than  a  well-made  shoe,  for  its 
principle  is  quite  different  from  that  of  ordinary  supports 
that  are  in  common  use,  to  which  this  objection  has  been 
made.  This  brace  supports  the  arch  primarily  by  pre 
venting  abduction,  consequentlj"-  its  pressure  is  first  felt 
upon  the  lateral  aspect  of  the  foot,  a  pressure  that  the 
patient  can  relieve  by  improving  the  attitude.  The  brace 
should  provide  support  when  necessary,  and  at  all  times 
suggest  and  enforce  a  proper  attitude;  it  is,  however, 
but  one  of  the  essential  factors  in  the  general  scheme  of 
treatment. 

In  the  treatment  of  children,  passive  movements  of  the 
foot  should  be  carried  out  in  all  directions,  but  particu- 


larly in  dorsal  flexion  and  adduction  to  the  full  hmit,  at 
morning  and  at  night,  until  the  child  has  regained  the 
normal  muscular  power  and  ability.  Special  gymnastics 
and  massage  are  always  desirable  and  they  may  be  neces- 
sary in  certain  cases.  Bicycling  may  be  cited  as  one  of 
the  best,  and  roller  skating"  as  one  of  the  worst,  exercises 
for  the  weak  foot.  A  year  is  about  the  time  required  for 
the  cure  of  the  weak  foot  in  childhood,  although  attention 
to  the  shoes  and  the  attitudes  must  be  kept  up  indefi- 
nitely. 

Tub  Rigid  Weak  Foot.— One  may  now  contrast  with 
these  mild  types  of  weakness  that  have  been  described, 
those  cases  of  extreme  deformity  in  which  the  symp- 
toms are  disabling  and  in  which  the  foot  is  I'igidly  held 
in  the  deformed  position  by  muscular  spasm.  Such 
cases,  often  considered  hopeless  as  regards  a  cure  or  even 
relief,  are  in  reality  the  most  satisfactory  from  the 
remedial  standpoint,  and  in  no  other  type  of  painful  de- 
formity can  so  much  be  accomplished  by  rational  treat- 
ment as  in  this  class.  The  deformity  must  be  considered 
as  a  dislocation,  in  which  the  astragalus  has  slipped  down- 
vpard  and  inward  from  off  the  os  calcis,  which  in  turn  is 
tipped  downward  and  inward  and  into  a  position  of 
valgus.  The  remainder  of  the  foot  is  turned  outward, 
so  that  the  relation  of  the  fore  foot  and  the  leg  is  entirely 
changed ;  in  fact  the  fore  foot  is  almost  entirely  disused. 

Corresponding  to  the  duration  of  the  disability,  one 
finds  the  accommodative  changes  in  the  soft  parts  and  in 
the  bones,  but  such  changes  are  by  no  means  as  marked 
as  those  recorded  in  the  reports  of  autopsies  which  have 
been  made  in  cases  of  advanced  and  irremediable  deform- 
ity. In  fact,  by  far  the  greater  number  of  patients  are 
young  adults  in  whom  the  extreme  deformity  is  of  com- 
paratively short  duration,  and  in  whom  complete  cure  is 
possible. 

In  the  treatment  of  such  a  condition,  one  must  first 
reduce  the  dislocation  and  overcome  the  obstacles  that 
contracted  muscles  and  ligaments  may  ofl'er  to  free  and 
normal  motion.  Then  rest  must  be  assured  to  the  injured 
and  congested  parts  in  order  to  relieve  the  patient  from 
the  pain  that  he  has  sufiered  so  long. 

Forcible  Omr-Gorrection. — By  far  the  most  eifective 
treatment  is  forcible  over-correction  of  the  deformity, 
under  auEEsthesia.  When  the  patient  is  under  the  influ- 
ence of  the  anaesthetic  the  muscular  spasm  relaxes,  and 
it  will  be  seen  that  this  accounts  for  about  half  the  re- 
striction of  motion,  the  remainder  being  caused  by  the 
adaptive  changes  that  have  been 
mentioned.  One  now  endeavors 
to  overcome  this  residual  obstruc- 
tion and  to  assure  the  patient 
against  a  relapse,  by  fixing  the 
foot  in  the  position  of  extreme 
adduction  and  supination,  the  at- 
titude directly  opposed  to  that 
which  has  become  habitual. 

This  is  the  object  of  forcible 
over-correction  as  the  first  step  in 
the  systematic  repair  of  the  dis- 
abled mechanism.  Its  principle 
must  not  be  confounded  with 
forcible  correction  carried  out 
with  the  object  of  simply  re 
moulding  the  arch  of  the  foot,  or 
in  which  the  simple  correction  of 
the  deformity  is  the  object  in 
view. 

One  first  extends  the  foot  forci 
bly,  then  flexes  it  to  the  normal 
limit,  then  abducts  and  adducts, 
the  different  motions  being  car- 
ried out  over  and  over,  until  the 
rigid  foot  has   become  perfectly 

flexible.  In  cases  of  long  standing  it  is  often  necessary 
to  draw  the  patient  to  the  end  of  the  table  so  that  the 
foot  may  be  taken  between  the  knees,  in  order  to  sup- 
ply the  required  force  by  the  thigh  muscles.  This 
forcible  manipulation  is  accompanied  by  the  audible 


FIG.  3136.— C,  The  Meta- 
tarso-Phalangeal  Joint ; 
JD,  the  centre  ol  the 
heel. 
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breaking  of  adhesions,  and  tlie  complete  disappearance 
of  tlie  deformity.  In  certain  instances  it  will  be  nec- 
essary to  divide  the  tendo  Achillis;  when,  for.  exam- 
ple the  range  of  dorsal  flexion  is  limited  by  resistant 
accommodative  shortening  of  the  calf  muscles,  or  when 
there  have  been  very  great  pain  and  tenderness  at  the 
medio-tarsal  joint,  and  it  is  desired  to  remove  the  strain 
of  the  calf  muscle  completely;  traumatic  oases  come 
especially  under  this  head.  In  other  cases  the  pero- 
nei  tendons  may  be  divided  if  they  offer  especial  re- 
sistance to  adduction.  Tenotomy  has  one  great  ad- 
vantage: it  necessitates  longer  fixation  in  the  plaster 
bandage,  and  gives  the  patient  the  benefit  of  rest  and  the 
opportunity  for  prolonged  after-treatment.  When  the 
passive  range  of  motion  has  been  regained,  the  foot  is 
turned  downward,  then  inward  and  upward  into  the 
position  of  extreme  varus.  By  this  manipulation  the  os 
calcis  is  drawn  under  the  astragalus  and  thrown  into  the 
supinated  position,  and  the  scaphoid  is  flexed  about  and 
under  the  head  of  the  astragalus,  which  is  tlion  lifted  to 
the  limit  of  normal  flexion.  The  attempt  is  always  made 
to  bring  the  extreme  outer  border  of  the  inverted  foot  up 
to  a  right  angle  with  the  leg,  which  is  the  limit  of  normal 
flexion  in  this  attitude.  The  foot,  thickly  padded  with 
cotton,  especially  about  and  between  the  toes,  is  then  fixed 
in  this  posture  of  club-foot  by  a  firm  plaster-of-Paris 
bandage  extending  to  the  knee.  Surprisingly  little  dis- 
comfort, considering  the  force  that  it  is  sometimes  neces- 
sary to  apply,  is  experienced  after  the  operation.  The 
familiar  and  often  intense  pain,  from  which  the  patient 
has  suffered  so  long,  is  entirely  relieved  by  the  coi-rection 
of  the  deformity ;  there  is  often  a  sense  of  tension  about 
the  outer  side  of  the  ankle  and  dorsum  of  the  foot,  but 
this  is  not,  as  a  rule,  of  long  duration. 

Functional  Use  in  the  Over- Corrected  Attitude. — As  soon 
as  possible,  often  on  the  following  day,  the  patient  is  en- 
couraged to  stand  and  to  walk.  Walking  serves  two 
purposes :  to  still  further  over-correct  the  deformity,  and 
to  accustom  the  patient  to  a  posture  entirely  different 
from  that  so  long  assumed.  Meantime  the  contracted 
tissues  on  the  outer  side  become  thoroughly  over-stretched , 
the  weakened  ligaments  and  muscles  on  the  inner  side  are 
relaxed,  and  the  local  irritation  rapidly  subsides  under 
the  rest  from  the  constant  injury  to  which  the  foot  has 
been  subjected.  The  patient  is  not  confined  to  the  bed 
or  house,  although  if  both  feet  are  in  plaster  bandages, 
crutches  are  of  course  necessary.  The  time  that  the  feet 
should  remain  in  the  over-corrected  position  depends 
upon  the  duration  of  the  deformity  and  the  severity  of 
the  symptoms,  the  usual  time  being  about  three  weeks. 
At  the  end  of  two  weeks,  or  whenever  the  patient  can 
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FIGS.  2137  AND  3138.  -  Illustrating  Forcible   Corrertlon  nf  tho  no 
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support  the  weight  upon  the  plaster  bandage  without  a 
sensation  of  discomfort,  it  is  removed:  the  foot  is  placed 
in  the  normal  attitude  and  a  cast  is  taken  for  the  brace 
Immediately  after  this  is  done  the  foot  is  returned  to  tl  e 
club-foot  position,  and  the  plaster  bandage  is  re  applied 
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When  the  brace  is  ready  the  plaster  bandage  is  finally 
removed ;  the  foot  is  now  In  good  position,  and  in  many 
instances  the  arch  is  exaggerated  in  depth.  For  the  first 
few  days,  prolonged  soaking  in  hot  water  or  the  use  of 
the  hot-air  bath,  with  subsequent  massage,  at  intervals 
during  the  day,  will  be  found  useful  in  overcoming  the 
swelling  and  local  tenderness  that  may  persist.  It  is  al- 
ways insisted  that  a  new  shoe  of  the  Waukenphast  pat- 
tern shall  be  obtained,  the  sole  and  heel  of  which  are 
raised  a  quarter  of  an  inch  on  the  inner  border,  to  aid  the 
action  of  the  brace  in  the  balancing  of  the  weak  foot. 
When  the  shoe  is  removed  at  night,  the  patient  is  in- 
structed to  turn  the  toes  in  and  to  bear  the  weight  on  the 
outer  side  of  the  foot  until  it  has  regained  its  strength; 
in  other  words,  the  deformity  is  never  allowed  to  recur. 

Systematic  Manipulation. — The  systematic  treatment  is 
then  begun  by  the  surgeon  and  the  patient,  the  first 
essential  being  the  attainment  of  free  and  painless  passive 
motion  in  all  directions.  These  motions,  which  have 
been  so  long  restrained  by  deformity,  cannot  be  regained 
without  effort,  and  during  this  critical  stage  treatment 
must  be  carried  out  by  the  surgeon  himself ;  if  he  trusts 
to  the  patient  or  to  his  friends,  a  cure  is  out  of  the  ques- 
tion. At  least  once  a  day  the  full  range  of  motion  is 
tested.  Three  motions,  abduction,  flexion,  and  extension, 
are  usually  free  and  painless;  but  the  fourth,  that  of 
adduction,  is  almost  invariably  resisted  by  the  same 
quality  of  muscular  rigidity  that  was  present  before  the 
operation.  By  far  the  most  effective  method  of  over- 
coming this  resistance  is  conducted  as  follows.  The 
patient  being  seated  in  a  chair,  the  surgeon  sits  or  stands 
before  him.  Let  us  suppose  that  the  left  foot  is  to  be 
adducted,  or,  as  the  patients  express  it,  twisted.  The 
surgeon  places  the  foot  between  his  knees ;  his  left  hand 
encircles  the  heel,  the  fingers  grasping  the  projecting  os 
calcis  and  tendo  Achillis ;  the  ball  of  the  palm  lies  against 
the  medio-tarsal  joint  on  the  inner  aspect  of  the  foot;  the 
right  hand  grasps  the  outer  side  of  the  fore  foot  and  toes; 
then  by  steady  pressure  of  the  thigh  muscles,  the  fore 
foot  is  forced  downward  and  inward  (adducted  and 
supinated)  over  the  fulcrum  formed  by  the  projecting 
palm  which  lies  upon  the  left  knee,  the  fingers  holding 
the  heel  steadily  in  place.  This  inward  twisting  is  at 
first  resisted  by  a  mixed  voluntarv  and  involuntarj'  mus- 
cular spasm,  which  gradually  gives  way  under  steady 
pressure.  When  the  limit  of  adduction  has  been  reached 
the  foot  is  firmly  held  until  all  pain  has  subsided.  Then 
the  patient  is  instructed  to  attempt  voluntary  move- 
ments while  the  foot  is  guided  by  the  hands ;  in  other 
words,  the  patient  attempts  to  adduct  the  foot  while  the 
surgeon  supplies  the  power,  which,  in  all  cases  of  this 
type,  has  been  completely  lost.  This  passive  manipula- 
tion to  the  extreme  limit  of  normal  adduction,  plantar 
and  dorsal  flexion,  is  continued  from  day  to  day  until 
there  is  no  longer  a  sensation  of  pain  or  tension ;  for  as 
long  as  there  is  the  slightest  spasm  or  painful  restriction, 
so  long  is  the  voluntary  motion  limited,  cure  delaj'ed,  and 
relapse  of  deformity  probable.  During  active  treatment 
the  patient,  by  the  use  of  massage,  active  and  passive 
motion,  is  constantly  working  to  one  end,  namely,  to  re- 
gain the  lost  .power  of  voluntary  adduction. 

The  time  necessary  to  rest  the  feet,  to  overcome  the 
local  irritation  and  muscular  spasm,  to  regain,  in  part  at 
least,  the  range  of  passive  motion,  and  to  place  the  pa- 
tient in  the  same  position  as  regards  a  cure  as  that  of  the 
milder  type  of  deformity,  is  from  three  to  six  weeks. 
Usually  the  patients  arc  told  that  a  month  will  be  neces- 
sary, and  that  at  the  end  of  that  time  they  may  return  to 
wori^,  free  from  pain  and  from  danger  of  relapse,  and 
that  the  feet  will  constantly  grow  stronger  under  the 
work  which  before  was  too  great  for  their  strength.  The 
time  necessary  to  re-educate  the  adductor  muscles  in  their 
proper  function  depends,  in  great  degree,  upon  the  in- 
telligence and  persistence  of  the  patient.  Although  in 
after-treatment  massage  and  special  exercises  are  of 
beneflt,  the  essentials  are  very  simple;  they  are,  an  effec- 
tive brace,  a  proper  shoe,  and  the  passive  manipulation 
that  has  been  described,  until  its  object  has  been  attained; 
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the  proper  walk,  the  best  and  easiest  of  exercises ;  and 
finally,  one  must  force  into  tlie  patient's  understanding 
the  method  of  protecting  the  weak  foot  by  the  alterna- 
tion of  strain  and  by  the  proper  postures. 

Other  Varieties  of  Rigid  Weak  Foot.— The  foot 
which  is  fixed  in  the  abducted  position  without  depres- 
sion of  the  longitudinal  arch,  is  simply  one  variety  of  the 
rigid  weak  foot,  and  should  be  treated  in  the  same 
manner. 

It  may  be  stated  also  that  a  very  large  proportion  of 
the  so-called  chronic  sprains  of  the  ankle  are  of  this  type, 
and  that  the  disability  will  yield  very  readily  to  treatment 
conducted  for  the  purpose  of  restoring  impaired  function, 
in  the  manner  that  has  been  indicated. 

There  are  other  cases  in  which  the  deformity  of  flat 
foot  is  complicated  by  rheumatoid  arthritis  or  chronic 
rheumatism,  of  which  the  evidence  is  seen  in  various 
joints,  but  in  which  the  pain  and  discomfort  seem  to  be 
concentrated  in  the  feet,  which  are  absolutely  stiff  and 
deformed.  In  such  cases  one  can  hardly  expect  a  com- 
plete cure,  but  although  the  function  of  leverage  may 
not  be  regained,  still  one  may  liope,  by  overcoming  the 
deformity,  to  hold  the  weight  of  the  body  in  its  proper 
relation  to  the  foot,  so  that  the  pain  of  a  progressive  dis- 
location may  not  be  added  to  the  pain  of  disease.  In  a 
number  of  instances,  forcible  correction  has  been  em- 
ployed by  the  writer  in  cases  of  this  type,  and  in  all  the 
improvement  in  the  general  condition,  consequently  in 
the  resistance  to  the  disease,  after  the  relief  of  the  local 
pain  and  discomfort,  has  been  very  great. 

Between  the  two  classes  of  cases,  the  mild  and  the 
severe,  one  finds  every  grade  of  deformity.  All  cases  in 
which  there  are  marked  muscular  spasm,  local  tenderness, 
and  swelling,  require  temporary  rest,  in  many  instances 
simply  rest  from  functional  use  combined  with  massage; 
in  others  rest  in  a  plaster  bandage  in  the  adducted  posi- 
tion. In  the  milder  and  ordinary  class  of  cases,  the  use 
of  a  brace  and  shoe  will  alone  relieve  spasm  and  pain, 
and  the  range  of  motion  can  usually  be  regained  by 
manipulation,  passive  motion,  and  by  the  proper  use  of 
the  foot. 

Occasionally,  even  in  childhood,  one  may  encounter 
marked  limitation  of  normal  motion,  particularly  in  dofsal 
flexion,  not  due  to  pain  and  muscular  spasm  but  to  actual 
shortening  of  muscle.  This  may  be  the  accommodative 
shortening  that  is  characteristic  of  long-standing  deform- 
ity ;  in  other  instances  it  would  appear  to  be  the  result 
of  a  slight  and  unnoticed  neuritis  or  anterior  poliomyelitis, 
which  has  resulted  in  muscular  inequality.  If  the  con- 
traction does  not  yield  readily  to  manipulation  or  to 
mechanical  stretching,  forcible  correction,  and  if  neces- 
sary tenotomy,  should  be  employed  in  the  manner  already 
described ;  for  whatever  may  be  the  theory  of  its  causa- 
tion, it  is  again  emphasized  that  obstruction  to  motion  in 
any  direction  must  be  overcome  before  a  complete  cure 
is  possible. 

Adjuncts  in  Treatment. — It  must  be  apparent  that  in 
many  instances  the  cure  of  the  weak  foot  is  out  of  the 
question,  either  because  of  the  want  of  energy  or  oppor- 
tunity on  the  part  of  the  patient,  or  because  of  the  local 
or  general  conditions,  types  familiar  in  out-patient  prac- 
tice. In  such  cases,  raising  and  strengthening  the  inner 
side  of  the  shoe  by  the  wedge-shaped  leather  sole,  as 
used  by  Thomas,  splints  the  painful  foot  and  aids  in 
relieving  the  strain.  If  the  symptoms  are  more  acute 
the  adhesive  plaster  strapping,  as  advocated  by  Cottrell 
and  Gibney  for  the  treatment  of  sprains,  is  often  of  ser- 
vice, although  it  is  applied  in  a  different  manner,  and 
with  a  somewhat  different  object  in  view.  One  end  of 
a  strip  of  adhesive  plaster,  about  fifteen  inches  long  and 
three  inches  wide,  is  applied  to  the  outer  side  of  the 
ankle  just  below  the  external  malleolus;  the  foot  is  then 
adducted  as  far  as  possible  and  the  band  is  drawn  tightly 
beneath  the  sole  and  up  the  inner  side  of  the  arch  and 
leg,  and  is  stayed  in  this  position  by  one  or  two  plaster 
strips  about  the  calf.  Narrow  plaster  straps  are  then 
applied  about  the  arch  and  ankle,  in  the  figure-of-eight 
manner,  and  a  bandage  is  applied.  The  object  of  the 
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dressing  is  to  aid  in  holding  the  foot  in  the  proper  posi 
tion  by  the  support  and  suggestiveness  of  the  plaster, 
and  to  provide  the  firm  compression  about  the  ai'ch  that 
is  always  agreeable  to  the  sufferer  from  weak  foot.     This 
treatment  combined  with  the  built-up  shoe,  and  with  the 


Fig.  213a.— The  Internal  Border  ol  the  Shoe  Elevated  According  to 
Thomas'  Method. 

corrective  manipulation  that  has  been  described,  is  often 
very  effective  in  overcoming  the  acute  and  disabling 
symptoms  of  the  weak  and  injured  foot,  which  are,  as 
has  been  stated,  often  the  result  of  extra  strain  or  injury, 
in  other  words,  a  sprain  of  a  weak  foot.  Consequently 
when  these  symptoms  ai'e  relieved,  the  patient,  who  has 
become  habituated  to  the  weakness  and  deformitj%  con- 
siders himself  cured. 

Operatim  Treiitment. — The  various  cutting  operations 
for  the  relief  of  flat  foot  do  not  call  for  extended  comment. 
The  typical  operation,  the  removal  of  a  wedge  from  the 
astragalo-scaphoid  region,  aims  at  removal  of  deformity 
simply ;  functional  cure  is  made  impossible  by  the  de- 
struction of  the  medio-tarsal  joint.  It  woiild  hardly 
seem  possible  that  adhesion  between  the  astragalus  and 
scaphoid  bones  could  for  any  length  of  time  withhold  a 
recurrence  of  deformitj'  of  the  nature  and  origin  of  flat 
foot,  and  in  all  eases  that  the  writer  has  examined  in 
which  this  operation  lias  been  performed,  there  were  still 
local  tenderness  and  muscular  spasm  and  even  relapse  of 
deformity.  The  operation  of  advancement  of  the  pos- 
terior extremity  of  the  os  calcis,  as  proposed  by  Gleich, 
in  order  that  it  may  be  placed  in  a  relation  to  the  leg  some- 
what like  that  of  a  Pirogofl:  amputation,  offers  little  hope- 
of  ultimate  cure,  for  as  the  disability  is  not  due  to  pri- 
mary depression  of  the  arch,  it  can  hardly  be  cured  by 
exaggerating  its  depth  in  this  manner.  The  most  inno- 
cent and  rational  of  the  operations  for  flat  foot  is  the 
supramalleolar  osteotomy  of  Trendelenburg,  in  which  the 
bones  of  the  leg  are  divided  above  the  ankle,  and  the  dis- 
tal fragment  is  turned  inward,  with  the  aim  of  directing 
the  weight  upon  the  outer  border  of  the  foot.  In  prac- 
tice, the  operation  is  by  no  means  always  successful,  while 
the  bow-leg  deformity  that  results,  if  the  object  is  at- 
tained, is  an  unfortunate  accompaniment  of  the  treat- 
ment. 

It  may  be  mentioned  in  this  connection  that  fracture  at 
the  ankle  joint,  followed  \ij  faulty  union  in  a  position  of 
valgus,  is  a  form  of  traumatic  flat  foot  that  may  be  cured 
by  this  operation.  In  operative  treatment,  the  element 
of  rest,  necessary  for  weeks  or  months,  must  be  taken 
into  consideration,  as  explaining  in  part  the  immediate 
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favorable  effect  of  whatever  procedure  is  adopted.  An 
investigation  of  final  results  will  P™ye,  I  believe  as 
might  be  predicted  from  the  nature  of  the  deformity  and 
the  complex  structure  of  the  foot,  that  there  is  no  short 
and  easy  method  by  which  a  cure  may  be  attained. 

II  The  Hollow  or  C'ontkacted  Foot  (Syno- 
nyms: Talipes  cavus;  Talipes  plantaris.)  The  hollow 
foot  in  which  the  arch  is  exaggerated  may  be  considered 


Fig.  2140.— The  Contracted  Foot^An  Exaggerated  Arch  and  Slight 
Limitation  ol  Dorsal  Flexion. 

as  the  condition  directly  opposed  to  the  flat  or  relaxed 
foot  in  which  the  arch  is  lessened  or  lost.  In  the  latter 
instance  the  area  of  bearing  surface  is  increased  while  in 
the  hollow  foot  the  bearing  surface  is  diminished  and  the 
imprint  of  the  sole  may  show  that  the  entire  weight  is 
borne  upon  the  heel  and  upon  the  metatarso-phalaugeal 
region. 

The  contracted  foot  may  be  divided  into  two  classes, 
the  simple  and  the  compound.  In  the  first  class  the  arch 
alone  is  exaggerated,  "  Talipes  arcuatus. "  In  the  second 
there  is  a  limitation  of  the  range  of  dorsal  flexion  at  the 
ankle  joint  as  well,  "Talipes  plantaris."  This  latter 
variety  was  originally  described  by  Schaffer  under  the 
title  of  "  Non-Deforming  Clubfoot "  (New  York  Medical 
Record,  May  23d,  1885). 

Etiology. — The  simple  hollow  foot  may  be,  and  often 
is,  an  inherited  peculiarity.  It  may  be  induced  by  the 
habitual  use  of  high  heels  or  possibly  by  excessive  exer- 
cise of  the  calf  muscle  as  by  professional  dancers. 

Compound  hollow  foot,  in  which  there  is  limitation  of 
the  range  of  dorsal  flexion  at  the  ankle  joint,  or  even 
slight  persistent  equinus,  may  be  congenital  also,  but  in 
most  instances  it  appears  to  be  a  remote  effect  of  a  tem- 
.  porary  weakness  of  the  dorsal  flexors  of  the  foot,  or  of 
restriction  of  dorsal  flexion  from  some  other  cause.  This 
supposition  is  supported  by  the  fact  that  the  symptoms 
may  date  from  a  period  of  weakness  and  awkwardness 
following  scarlet  fever,  rlieumatism,  or  other  infectious 
disease  of  childhood,  symptoms  attracting  little  attention 
in  early  life,  but  becoming  more  marked  in  adolescence 
or  at  a  later  period.  In  other  instances  the  cause  may 
be  more  direct,  the  slight  deformity  following  a  sprain 
or  fracture,  or  it  may  be  a  result  of  an  habitual  attitude, 
as  m  patients  who  have  been  treated  for  disease  of  the 
hip  joint  by  the  traction  appliance. 

Symptoms.— T^&  simple  contracted  foot  may  not  cause 
s}'mptoms;  m  fact  it  often  passesasaparticulariy  beauti- 
ful member  rather  than  one  that  is  deformed.  As  a  rule 
however,  the  patient  complains  of  inability  to  buy  well- 
fitting  shoes,  as  the  ordinary  shoe  does  not  support  the 


arch  while  the  upper  leather  presses  uncomfortably  upon 
the  prominent  dorsum.  In  cases  of  this  type  there  may 
be  actual  exostoses  on  one  or  more  of  the  projecting 
cuneiform  bones  of  the  dorsum  surmounted  by  a  sensi- 
tive bursa. 

There  is  usually,  in  consequence  of  the  rigidity  of  the 
foot,  abnormal  pressure  upon  the  heel  and  fore  foot,  and 
sensitive  corns  or  callosities  at  the  latter  point  are  often 
found.  Pain  beneath  the  great  toe-joint  or  about  the 
anterior  metatarsal  arch,  which  is  often  depressed,  is  a 
common  symptom,  and  as  a  rule  patients  complain  of 
discomfort  in  the  hollow  of  the  foot  referred  to  the  tense 
and  sensitive  plantar  fascia.  The  gait  is  usually  ungrace- 
ful, the  patient  everting  the  feet  and  walking  heavily 
upon  the  heels.  In  many  instances  there  is  a  persistent 
attitude  of  valgus,  "  weak  ankles, "  and  in  cases  of  this 
type  the  most  troublesome  symptoms  may  be  those  char- 
acteristic of  the  weak  foot.  The  symptoms  described 
are  usually  more  marked  in  the  compound  variety  of  the 
contracted  foot  than  in  the  simple  form. 

On  examination  the  nature  of  the  affection  is  usually 
apparent.  The  arch  is  exaggerated,  especially  on  the 
inner  border,  and  the  tense  contracted  bands  of  plantar 
fascia,  usually  very  sensitive  to  pressure,  can  be  demon- 
strated when  the  foot  is  dorsiflexed.  In  many  instances 
there  is  an  obliteration  of  the  anterior  metatarsal  arch, 
the  normal  slight  concavity  being  replaced  by  a  distinct 
convexity,  and  at,  or  about,  the  head  of  the  third  meta- 
tarsal bone  a  sensitive  callus  is  usually  present.  The 
prominence  of  the  dorsum  of  the  foot  corresponds  to  the 
depth  of  the  arch,  and  at  this  point,  as  has  laeen  stated, 
one  or  more  of  the  cuneiform  bones  may  project  sharply 
beneath  the  skin.  The  range  of  dorsal  flexion  is  often 
restricted  at  the  right  angle  with  the  leg,  and  in  this  class 
there  is  usually  habitual  dorsiflexion  of  the  toes,  as  if 
the  direct  result  of  the  action  of  the  accessory  dorsal 
flexors  of  the  foot. 

Treatment. — In  the  mild  cases  of  simple  hollow  foot 
the  symptoms  may  be  relieved  in  many  instances  by  the 
use  of  a  properly  fitted  shoe  with  a  high  "  Spanish  "  arch. 

If  the  symptoms  are  more  persistent,  a  metal  foot  plate, 
modelled  upon  a  plaster  cast  of  the  sole,  may  be  em- 
ployed, the  object  of  the  brace  being  to  equalize  the 
pressure  on  the  sole,  to  remove  the  strain  upon  the  sensi- 
tive fascia,  and  to  lessen  the  pressure  on  the  sensitive 
points  of  the  anterior  metatarsal  arch.  If  the  foot  is 
habitually  used  in  a  valgus  attitude,  the  sole  of  the  shoe 
must  be  made  thicker  along  the  inner  border  In  order  to 
correct  the  inclination. 

In  addition  to  the  supporting  shoe  or  brace,  daily 
forcible  manipulation,  with  the  object  of  stretching  out 
the  foot  and  increasing  the  range  of  dorsal  flexion,  if  this 
be  limited,  is  of  service.  The  Schaffer  traction  brace  is 
a  useful  appliance  for  this  purpose. 

If  the  deformity  is  well  marked  and  of  long  standing 
it  should  be  corrected  by  operative  means.  The  patient 
being  anoBsthetized  the  fascia  is  divided  subcutaneously 
and  the  exaggerated  arch  is  then  reduced  to  the  normal 
depth  by  forcible  manipulation  with  the  hands,  or  by  the 
use  of  the  Thomas  wrench.  At  the  same  time  the  slight 
limitation  of  dorsal  flexion  is  overcome  and  the  foot  is 
fixed  in  a  plaster  bandage  in  which  a  thin  wooden  foot 
plate  is  incorporated.  The  patient  is  then  encouraged  to 
walk  and  he  thus  completes  the  cure  by  flattening  the  sole 
against  the  resistant  sole  plate.  In  severe  cases  tenotomy 
of  the  tendo  Achillis  may  be  required,  but  this  is  unusual. 

III.  Pi-ANTAH  Neuralgia. — Pain  referred  to  the  hol- 
low of  the  foot,  combined  with  sensitiveness  to  pressure 
on  the  plantar  fascia,  is  usually  symptomatic  of  the  hol- 
low or  contracted  foot  in  which  the  fascia  is  subjected  to 
abnormal  tension.  Occasionally  it  is  present  when  the 
arcli  is  weak  or  broken  down.  Sensitiveness  of  the  fascia 
and  pain  at  this  point  on  standing  are  sometimes  present 
in  fei't  apparently  normal.  These  symptoms  may  be  in- 
duced by  injury  or  by  irritation  or  inflammation  of  the 
fascia,  apparently  due  to  infection,  as  it  may  follow  in- 
fluenza, typhoid  fever,  and  the  like. 

Treatment.— U  the  foot  is  fairly  normal  in  appearance. 
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or  if  slight  weak  foot  is  present,  the  application  of  a  well- 
fitting  shoe  may  relieve  the  symptoms.  In  most  instances, 
however,  a  properly  fitted  Ught  steel  foot  plate  is  indi- 
cated, in  order  that  the  weight  may  be  disti'ibuted,  thus 
relieving  the  fascia  from  strain.  If  the  foot  is  markedly 
contracted  the  fascia  may  be  stretched  or  divided.  (See 
Contracted  Foot.) 

IV.  Weakness  of  the  Antekior  Metataksal 
Akch.  (Synonyms:  Anterior  Metatarsalgia ;  Morton's 
Neuralgia.)  Pain  and  discomfort  referred  to  the  meta- 
tarso-phalangeal  articulations  of  the  foot  are  symptoms 
that  may  be  explained  in  most  instances  by  an  abnormal 
condition  of  the  anterior  metatarsal  arch.  Normally  the 
anterior  extremities  of  the  metatarsal  bones,  although 
each  bears  its  share  of  weight  when  pressure  is  put  upon 
the  foot  in  standing  and  walking,  form  an  arch  when  the 
foot  is  not  in  use,  the  second  and  third  bones  being  on  a 
somewhat  higher  level  than  the  others.  In  other  words, 
there  should  be  a  certain  resiliency  of  this  part  of  the  foot 
that  lessens  tlie  liability  to  injurious  pressure  or  strain. 
In  many  instances  this  resiliency  is  lost  and  one  finds  on 
examining  the  sole  of  the  foot  a  persistent  convexity  in 
place  of  the  normal  arch.  It  may  be  noted  in  this  con- 
nection that  plantar  flexion  of  the  toes  raises  the  heads  of 
the  adjoining  metatarsal  bones  and  increases  the  meta- 
tarsal ai'ch.  On  the  other  hand,  dorsiflexion  of  the  toes 
lowers  the  arch,  and  as  this  attitude  of  persistent  dorsi- 
fiexion  of  the  first  phalanges  and  consequent  limitation 
of  plantar  flexion  is  one  of  the  common  effects  of  im- 
proper shoes,  one  recognizes  the  shoe  as  the  most  con- 
stant cause  of  weakness  and  of  depression  of  the  meta- 
tarsal arch. 

Another  type  of  weak  arch  is  that  in  which  there  is,  in 
consequence  of  weakness  and  flabbiness  of  tissue,  an 
abnormal  lateral  expansion  of  the  fore  foot.  Or  again 
there  may  be  apparently  a  local  weakness  of  the  muscles 
or  ligaments  of  one  of  the  component  bones  of  the  arch 
that  allows  it  to  assume  an  abnormal  relation  to  its  fel- 
lows. 

Attention  was  first  called  to  pain  in  this  region  of  the 
foot  by  Dr.  T.  G.  Morton  of  Philadelphia,  in  1876,  under 
the  title  of  a  painful  affection  of  the  fourth  metatarso- 
phalangeal articulation,  and  as  far  as  the  symptoms  of 
this  type  of  what  may  be  called  anterior  metatarsalgia  is 
concerned,  liis  description  needs  but  little  amendment. 
Typical  cases  of  this  class  are  characterized  by  a  sudden 
cramp-like  pain  beneath  the  fore  foot  in  the  neighbor- 
hood of  the  fourth  toe.  It  may  begin  as  a  burning  pain 
beneath  the  toe  or  simply  as  a  sensation  of  discomfort 
that  gradually  increases  until  it  becomes  unbearable. 
From  the  point  of  greatest  discomfort  the  pain  often 
radiates  to  the  end  of  the  toe  or  up  the  dorsum  of  the  foot 
to  the  leg.  Except  in  extreme  cases,  the  pain  is  never 
felt  except  when  the  shoe  is  worn,  and  it  may  be  relieved 
usually  by  removing  the  shoe  and  rubbing  the  foot. 
This  need  is  so  urgent  that  the  removal  of  the  shoe  is 
one  of  the  most  distinctive  signs  of  the  affection.  These 
cramp-hke  attacks  may  occur  only  at  infrequent  inter- 
vals, as  for  example  when  a  certain  shoe  is  worn,  or 
they  may  recur  so  frequently  as  practically  to  disable  the 
patient.  After  an  attack  of  cramp  the  part  may  be  sen- 
sitive for  a  time,  and  swelling  even  may  appear,  if  it  has 
been  severe  and  prolonged.  This  is,  however,  rather  un- 
usual. The  affection  is  relatively  more  common  among 
women  than  among  men,  and  among  the  well-to-do  rather 
than  the  poorer  classes.  It  is  not  infrequently  found  in 
several  members  of  the  same  family,  and  it  may  be  an  in- 
herited peculiarity.  It  is  often  bilateral,  the  second  foot 
becoming  affected  usually  after  a  considerable  interval. 
The  affection  is  usually  chronic  in  character  and  not  in- 
frequently the  patients  are  of  a  nervous  or  possibly  neu- 
rasthenic type. 

As  has  been  stated,  pain,  although  far  more  common 
at  the  fourth  articulation,  is  by  no  means  confined  to 
this  point.  In  some  instances  the  patient  is  imable  to 
localize  the  pain  accurately,  in  others  it  is  referred  to  the 
three  adjoining  toes,  second,  third,  and  fourth.  In  cer- 
tain cases  the  greatest  complaint  is  of  sensitiveness  of 


the  metatarso-phalangeal  joints  to  pressure,  eitlier  direct 
or  lateral.  This  complaint  is  more  common  when  the 
arch  is  depressed  and  fixed  in  this  attitude  corresponding 
to  the  rigid  weak  foot.  In  other  instances  a  painful 
callus  beneath  the  second  or  third  metatarsal  head  is  the 
source  of  discomfort. 

It  should  be  stated  that  typical  cases  of  Morton's  neu- 
ralgia may  be  present  although  the  foot  is  apparently 
normal  in  appearance. 

Etiology. — As  has  been  stated,  the  attacks  of  pain,  al- 
though favored  by  "  hot  pavements, "  by  "  the  sticking  of 
a  dam  I)  stocking  to  the  foot,"  by  thin  soles,  by  sudden  and 
unguarded  movements,  and  the  like,  are  practically  al- 
ways induced  by  the  shoe,  and  it  may  be  assumed  that 
the  pressure  of  the  shoe  upon  a  weakened  and  sensitive 
part  induces  the  cramp.  The  influence  of  the  shoe,  as 
the  author  lias  suggested  elsewhere  (New  York  Medical 
Record,  August  6th,  1898)  may  be  explained  as  follows. 
Normally,  lateral  pressure  on  the  hand  or  foot  compresses 
it  and  increases  the  depth  of  the  arch,  as  the  tight  glove 
does  the  hand.  If,  however,  this  increase  of  the  arch  is 
prevented,  the  adjoining  bones  cannot  escape  direct  lat- 
eral pressure,  a  pressure  that  then  becomes  extremely 
painful,  as  one  maj'  demonstrate  upon  one's  self  by 
squeezing  the  hand  suddenly  while  the  metacarpal  bones, 
are  fixed  in  the  same  plane ;  or  if  one  finger  of  the  hand 
be  dorsiflexed  so  that  the  metacarpo-phalangeal  joint  is 
forced  below  the  level  of  its  fellows,  pain  on  lateral  press- 
ure is  always  referred  to  this  point.  The  same  manoeuvre 
causes  pain  in  the  foot  at  the  corresponding  articula- 
tion. It  is  evident  also  that  in  the  foot  an  articulation 
that  is  depressed  habitually  will  be  constantly  subjected 
to  greater  weight,  or  direct  pressure  as  well,  when  it  is 
in  use. 

Of  all  the  causes  of  weakness  and  deformity  of  the  an- 
terior part  of  the  foot  the  shoe  is  by  far  the  most  impor- 
tant. The  lateral  compression  of  the  narrow  and  ill- 
shaped  sole  induces  distortion  of  the  toes  and  atrophy  of 
the  muscles  that  have  lost  their  function.  Thus  tiie  fore 
foot,  deprived  of  its  accessory  supports,  is  subjected  to 
abnormal  pressure.     The  depression  of  the  metatarsal 


Fig.  2141.— An  Attitude  in  which  Lateral  Pressure  Is  Painful. 

arch  is  induced  by  the  persistent  dorsiflexion  of  the  toes 
which  is  the  attitude  of  shoe-wearing  people,  an  attitude 
favored  by  direct  compression  by  the  rocker  shape  of  the 
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ordinary  slioe  and  by  the  slight  depression  of  the  sole 
beneath  its  centre.  .  . 

In  the  depressed  arch,  that  metatarso-phalangeal  joint 
that  is  lowest  is  subjected  to  abnormal  pressure  and  it  is 


Fig.  3142.— In  this  Attitude  Lateral  Pressure  Causes  Pain  at  the  Depressed  Joint. 


liable  to  lateral  compression  as  well,  the  latter  being  the 
direct  cause  of  the  characteristic  cramp.  The  fourth 
articulation  is  that  most  liable  to  injury  because  it  is 
practically  the  outer  support  of  the  arcli,  as  the  fifth  joint 
is  almost  always  on  a  higher  plane  or  in  an  attitude  that 
favors  injurious  pressure. 

This  may  be  readily  illustrated  by  the  school  tioy  trick 
of  suddenly  compressing  the  hand  when  the  fifth  meta- 
carpal bone  is  above  the  level  of  the  fourth. 

In  many  instances  of  Morton's  cramp  there  seems  to 
be  simply  a  laxity  of  tissues  that  allows  a  sudden  dis- 
placement downward  of  the  fourth  articulation  or  eleva- 
tion of  the  fifth,  a  movement  as  of  something  slipping 
in  the  bone  which  is  followed  by  the  characteristic  pain. 
This  displacement  may  be  induced  by  a  misstep  or  by 
overexertion  and  not  infrequently  the  first  appearance 
of  the  affection  dates  from  a  sprain  or  twist  of  the  foot, 
or  is  induced  by  extreme  dorsiflexion  of  the  toes.  It 
may  be  stated  also  that  extreme  dorsiflexion  may  cause 
a  subluxation  of  one  of  the  joints  which  in  itself  may  be 
the  cause  of  the  peculiar  pain.  There  are,  of  course, 
other  predisposing  or  exciting  causes  of  this  pain  than 
the  simple  local  causes  that  have  been  mentioned;  for 
example,  weakness  of  the  longitudinal  arch,  the  hollow 
foot,  in  which  the  plantar  fascia  is  contracted;  gout 
rheumatism,  or  other  local  or  constitutional  affection  that 
may  make  the  foot  abnormally  sensitive. 

Patlwlogy.—li  would  appear,  as  has  been  stated,  that 
the  ordinary  cause  of  the  symptoms  is  pressure,  which 
as  the  attacks  recur,  makes  the  articulation  in  general 
sensitive.  The  more  intense  pain  is  due  apparently  to 
injury  and  pressure  on  the  digital  nerve  and  in  certain 
instances  a  local  neuritis  may  be  present.  Other  changes 
in  and  about  the  joint  are  usually  those  secondary  to  the 
abnormal  position  of  the  part 

Treatment.~1h^  treatment  should  be  conducted  with 

and  Trplf  "°T^  *^'  '^H'*^'  causes  of  the  discomfort 
and  of  restonng  the  normal  condition  of  the  weakened 

212 


part.  The  first  essential  is  therefore  to  provide  the  pa- 
tient with  a  proper  shoe.  This  must  correspond  with  the 
outline  of  an  undistorted  foot;  the  sole  should  be  thick 
and  the  shank  should  be  arched  to  give  proper  support 
to  the  sole.  A  laced  shoe  that 
may  be  drawn  tight  about  the 
arch  usually  adds  to  the  comfort 
of  the  patient.  The  sole  should 
be  flat  and  it  should  be  some- 
what thicker  in  the  centre  so 
that  it  may  form  a  slight  con- 
vexity beneath  the  metatarsal 
arch.  In  fact  the  object  of  me- 
chanical treatment  is  to  support 
this  anterior  arch  in  its  proper 
position.  For  this  reason  it  is 
well  in  most  instances  to  provide 
the  patient  with  a  light  steel  sole 
plate,  fashioned  on  a  plaster  cast 
of  the  sole  of  the  foot,  of  which 
the  longitudinal  and  anterior 
arches  have  been  somewhat  ex- 
aggerated. This  plate,  as  is 
shown  in  the  diagram,  usually 
extends  from  the  centre  of  the 
heel  to  slightly  beyond  the  me- 
tatarso-phalangeal  joints,  but  in 
certain  instances  it  is  of  advan- 
tage to  extend  it  farther  for- 
ward in  order  to  splint  the  foot 
and  prevent  dorsal  flexion  of  the 
toes  if  this  motion  induces  dis- 
comfort or  if  the  part  is  espe- 
cially sensitive.  As  an  immediate 
treatment  the  fore  foot  from  the 
tarsus  to  the  phalanges  may  be 
bound  by  strips  of  adhesive 
plaster,  the  metatarsal  region 
being  compressed  somewhat  as 
a  tight  glove  compresses  the 
hand;  the  elevation  of  the  arch  may  be  further  assured 
by  inserting  a  pad  of  felt  or  leather-beneatli  it.  This  is 
a  very  effective  means  of  relieving  the  discomfort  and 
preventing  the  recurrent 
cramp. 

In  acute  cases  or  when 
the  part  is  very  sensitive, 
and  particularly  in  those 
cases  that  have  resulted 
directly  from  injury,  a 
plaster  bandage  may  be 
applied,  the  foot  being 
fixed  in  an  attitude  of 
slight  dorsiflexion  and 
adduction.  The  meta- 
tarsal arch  should  be  ex- 
aggerated and  the  toes 
fixed  in  slight  plantar 
flexion.  If  the  arch  is 
rigidly  depressed,  as  in 
certain  cases  complicat- 
ed by  rheumatism  and 
the  like,  the  deformity 
must  be  overcome  by 
forcible  manipulation 
under  anfesthesia  be- 
fore the  bandage  is  ap- 
plied. 

In  all  cases  the  pa- 
tient should  endeavor, 
in  the  after-treatment, 
to  regain  the  power  of 
plantar  flexion  of  the 
toes  by  manipulation 
and  by  exercise,  and  by 
pressing  the  toes  firmly  PW-  3143.  —  a  Brace  to  Support  the 
nB-ain«t  tlip  «nlp  nf  the  Anterior  Arch.  A,  The  point  ol 
against  iue_  soie  oi  tne  greatest  elevation  beneath  the  pain- 
shoe  to  assist,  as  far  as      fulpart. 
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maj'  be,  the  weakened  arch  in  the  performance  of  its 
labor. 

Operatiee  Treatment. — An  efCective  treatment,  and  one 
that  may  be  necessary  in  tlie  persistent  type  of  this  affec- 
tion, is  excision  of  tlie  head  of  the  metatarsal  bones,  if, 
as  is  usual,  the  pain  is  localized  at  this  point.     This 


Fig.  2144.— Plantar  Flexion  of  the  Toes.    An  exercise  for  strengtben- 
ing  the  anterior  arch  and  overcoming  detormlty. 

operation,  the  treatment  of  routine  suggested  by  Morton, 
is  easy  of  performance  and  it  usually  affords  relief.  The 
resulting  deformity  is  but  slight.  In  most  instances  it 
is,  however,  unnecessary. 

Depression  or  contraction  of  the  longitudinal  arch, 
which  in  certain  instances  may  predispose  to  the  discom- 
fort, should  be  relieved  if  possible. 

Massage,  the  hot-air  bath,  the  application  of  various 
liniments  are  of  some  service  in  certain  cases  as  adjuncts. 
Constitutional  treatment  is  also  indicated  in  those  cases 
in  which  there  is  a  gouty  or  rheumatic  tendency  or  other 
complication. 

V  Hallux  Rigedus.  (Synonym:  Hallux  tlexus.) 
Hallux  rigidus  is  a  painful  affection  of  the  great  toe 
joint  accompanied  by  restriction  of  motion.  In  well- 
marked  cases  the  toe  may  be  habitually  plantar-flexed  to 
a  slight  degree ;  hence  the  name  hallux  flexus  suggested 
by  Davifes-Colley.  In  this  class  the  motion  may  be  much 
restricted,  particularly  in  dorsal  flexion,  thus  interfering 
with  proper  functional  use  of  the  foot.  There  is  usually 
pain  of  a  burning,  throbbing  character  referred  to  the 
joint  and  increased  by  use,  and  a  certain  degree  of  con- 
gestion is  often  present.  _ 

««oZoffy.— Hallux  rigidus  is  usually  seen  in  adolescence 
as  a  complication  of  a  weak  arch  which  allows  the  fore 
foot  to  be  crowded  into  the  narrow  part  of  the  shoe,  thus 
subjecting  the  great  toe  joint  to  lateral  and  longitudinal 
pressure  In  some  instances  the  habitual  flexion  is  the 
effect  of  an  instinctive  effort  of  the  patient  to  support  a 
weakened  arch  by  downward  pressure  of  the  great  toe. 
(Hammer-toe  flat  foot.     Nicoladoni.)  ,    ,     .    . 

The  affection  may  also  be  induced  directly  by  in]ury, 
as  by  stubbing  the  toe  or  by  kicking  a  hard  object,  or  it 
may  be  a  complication  of  rheumatism  or  gout. 

There  are  no  distinctive  changes  m  the  joint  other  than 
those  secondary  to  long-standing  restriction  of  function 

^"^^MtT^it-li  the  rigid  joint  is  a  secondary  effect  as 
in  most  instances  it  is,  of  the  weak  or  broken-down  foot 


the  first  step  is  the  treatment  of  the  exciting  cause  (see 
Weak  Foot).  In  any  event  a  properly  fitting  shoe  must 
be  worn,  which  exerts  no  pressure  on  the  sensitive  part. 
The  sole  must  be  thick,  so  that  movement  in  the  joint 
may  be  restricted,  and  in  certain  instances  it  may  be 
necessary  to  insert  a  steel  brace  between  the  layers  of  the 
sole  of  the  slioe  in  order  to  prevent  all  motion  for  a  time. 
If  direct  pressure  on  the  toe  joint  causes  discomfort,  the 
sole  of  the  shoe  may  be  made  very  thick  just  behind  the 
sensitive  part,  so  that  the  weight  is  supported  as  it  •v\ere 
on  an  anterior  heel  (Fig.  2145). 

If  the  affection  of  the  toe  complicates  a  rigid  flat  foot, 
as  is  not  infrequently  the  case,  tlie  deformities  should  be 
over-corrected  under  anaesthesia  (the  flexed  toe  being 
forcibly  extended),  and  fixed  in  a  plaster  bandage  in  the 
manner  described  in  the  section  on  Weak  Foot.  In  ex- 
treme, and  very  exceptional,  cases  of  long  standing, 
excision  of  the  joint  may  be  required. 

VI.  Painful  Great  Tob.  Pain,  on  motion  and  press- 
ure, at  the  great  toe  joint,  and  symptoms  resembling 
those  of  hallux  rigidus,  are  not  uncommon  in  older  sub- 
jects. These  symptoms  are  induced  usually  by  a  long 
walk  or  by  strain  or  other  injury. 

The  treatment  is  based  upon  essentially  the  same  prin- 
ciples as  those  governing  the  treatment  of  the  former  af- 
fection. Thus,  for  example,  splinting  may  be  employed, 
M'hen  necessary,  to  restrain  painful  motion,  and  a  proper 
shoe  may  be  fitted  for  the  relief  of  pressure. 

Pain  about  the  great  toe  is  a  common  symptom  of  the 
weak  arch,  or  of  the  contracted  foot.  It  may  be  caused 
simply  by  the  pressure  of  a  tight  shoe.  It  is  often  pres- 
ent as  a  symptom  of  hallux  valgus  and  of  its  accompany- 
ing bunion.  The  joint  may  be  directly  involved  in  gout, 
rheumatism,  and  the  like.  The  treatment  must  be 
directed  to  the  cause. 

VII.  Hallux  Valgus.  Hallux  valgus  is  a  deformity 
of  the  foot,  in  which  the  first  metatarsal  bone  is  ad- 
ducted  and  at  its  anterior  extremity  separated  from  its 
fellows,  while  the  toe  is  turned  outward  or  abducted  to 
a  greater  or  less  degree.  Thus  although  the  area  of  the 
toes  is  contracted  the  fore  foot  is  actually  broadened. 

In  consequence  of  the  distortion  there  is  an  actual  dis- 
placement of  the  joint  surfaces.  In  marked  cases,  the 
tirst  phalanx  of  the  distorted  toe  articulates  only  with 
the  external  condyle  of  the  metatarsal  bone,  while  the  in- 
ternal condyle,  projecting  on  the  inner  side  of  the  foot, 
is  subjected  to  the  direct  pressure  of  the  shoe.  Here  a 
bursa  forms  and  this  is  in  turn  surmounted  by  a  corn  or 
callus. 

The  proj  ecting  condyle,  sometimes  irregular  and  hyper- 
trophied  b}'  the  deposit  of  periosteal  bone,  the  bursa,  and 
the  overlying  corn  make  up  the  enlarged  joint  or  so-called 
bunion.  In  cases  of  this  type  there  is  usually  more  or 
less  abduction  of  the  other  toes,  and  the  great  toe,  often 
rotated  on  its  long  axis,  may  be  displaced  above  or  below 
its  fellows. 

Etiology. — By  far  the  most  important  of  the  predispos- 
ing and  exciting  causes  of  the  deformity,  and  of  the  con- 
sequent pain  and  discomfort,  is  the  shoe.  In  fact  a 
moderate  degree  of  hallux  valgus,  shown  by  the  pro- 
jecting "enlai-ged"  joint, 
is  so  common  as  to  pass 
as  the  normal  condition  of 
shoe-wearing  people.  The 
influence  of  the  shoe  is  in- 
creased when  the  longitudi- 
nal arch  is  weak,  as  the 
parts  are  then  subjected  to 
greater  pressure.  The  de- 
formity, or  more  especially  the  symptoms,  may  be  in- 
creased by  gout,  rheumatoid  arthritis,  and  the  like,  and 
by  overstrain  and  injury  as  well. 

Pathology.— The  pathology  does  not  call  for  extended 
comment.  There  are  the  usual  changes  in  and  about  the 
joint  that  accompany  similar  subluxations,  the  cartilage 
disappears  from  the  exposed  parts  of  the  internal  condyle, 
and  the  ligaments  and  the  muscles  contract  on  the  short- 
ened side  and  oppose  the  rectification  of  the  deformity. 
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Fio.  2145.— The  Anterior  Heel. 


Foot. 
Foot. 
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Symptoms.— The  most  important  sign  of  liallux  valgus 
is  the  deformity.  Tlie  most  Important  symptoms  are 
the  pain  and  sensitiveness  induced  by  the  pressure  upon 
the  proiecting  joint.  The  discomfort  is,  of  course, 
greatly  increased  by  the  inflamed  bunion  and  accompany- 
ing corn  There  may  be  pain  also  beneath  and  about  the 
ioint  Pain  in  the  joint  may  be  in  part  symptomatic  of 
the  irritation  and  changes  secondary  to  the  deformity 
itself  Pain  beneath  the  Joint  is  usually  caused  by  the 
greater  pressure  to  which  the  part  is  subjected  by  the 
outward  rotation  of  the  foot,  an  attitude  that  is  almost 
always  assumed  by  the  patient  if  there  be  an  accompany- 
ing wealc  foot.  In  certain  instances  pain  beneath  the 
joint  may  be  due  to  irritation  about  one  of  the  displaced 
sesamoid  bones  which  are  sometimes  adherent  and  are 
sensitive  to  direct  pressure. 

Timtment.—Iu  the  slighter  degrees  of  deformity  the 
symptoms  may  be  checked  by  the  use  of  a  proper  shoe, 
straight  on  the  inner  side  and  with  capacious  upper 
leather.  This  removes  the  direct  pressure  and  allows 
an  opportunity  for  normal  movement.  Making  the  sole 
somewhat  thicker  on  the  inner  border  is  of  advantage 
also,  as  it  inclines  tlie  weight  slightly  toward  the  outer 
part  of  the  foot.  In  addition,  daily  manual  correction 
of  deformity,  together  with  alternate  voluntary  flexion 
and  extension  of  the  toe  while  it  is  guided  by  the  fingers 
in  the  normal  direction,  is  of  advantage  from  the  curative 
standpoint. 

A  number  of  appliances  liave  been  devised  to  hold  the 
toe  in  normal  position  while  the  foot  is  in  use.  In  most 
instances,  however,  the  incidental  discomfort  is  sutflcient 
to  prevent  their  use.  One  of  tlie  simplest  and  most  effi- 
cient of  these  devices  is  the  Holden  toe  post,  a  thin  up- 
right of  metal  fixed  in  the  front  of  the  sole  of  the  shoe, 
making  a  compartment  into  which  the  toe  is  guided  and 
thus  held  in  an  improved  position.  This  toe  post  neces- 
sitates a  digitated  stocking  and  a  special  shoe ;  like  other 
appliances  it  is  very  uncomfortable  unless  it  is  perfectly 
adjusted,  and  until  the  patient  has  become  accustomed 
to  it. 

It  must  be  borne  in  mind  that  a  part  of  the  deformity 
of  hallux  valgus  is  caused  by  the  adduction  of  the  meta- 
tarsal bone.  It  is  well,  therefore,  to  lessen  this  displace- 
ment by  the  use  of  a  bandage  or  by  adhesive-plaster 
strapping  about  the  fore  foot,  so  applied  as  to  exercise  a 
certain  amount  of  compression  at  this  point. 

It  has  been  stated  also  that  weakness  of  the  arch  or 
flat  foot  is  a  common  accompaniment  of  hallux  valgus. 
In  such  cases  a  proper  support  is  an  essential  part  of  the 
treatment. 

As  a  rule  patients  demand  treatment  rather  because  of 
the  discomfort  than  because  of  the  slight  degree  of  de- 
formity. This  discomfort  is  due  to  tlie  pressure  on  the 
sensitive  bunion  lying  on  the  projecting  condyle,  and  the 
removal  of  this  projecting  bone  will  practically  relieve 
the  symptoms. 

A  simple  and  effective  operation  is  conducted  as  fol- 
lows. A  slightly  curved  incision  is  made  below  the 
joint,  the  bunion  is  dissected  from  the  adherent  skin,  the 
joint  is  opened  and  the  projecting  bone,  usually  the 
greater  part  of  the  internal  condyle  of  the  metatarsal 
bone,  smoothly  removed  with  a  chisel,  after  which  the 
capsule  IS  closed  with  fine  catgut  as  in  the  external 
wound.  The  toe  is  then  straightened  by  stretching  the 
contracted  tissues.  The  entire  foot  is  slightly  adducted 
or  turned  inward,  and  together  with  the  leg  is  enclosed 
in  the  plaster,  the  toe  being  fixed  in  the  correctetl  posi- 
tion by  the  same  means. 

ro^?rtTi,'''  ^^^  Z"^^^'^.  '^''°,^''  supported  without  dis- 
comfoit  the  patient  is  allowed  to  walk  about  on  the  foot 
Afterward  manipulation,  exercises,  the  use  of  a  prooer 
shoe  together  with  a  flat-foot  brace,  if  this  is  indfcated 
will  complete  a  practical  cure  muicareu. 

Modifications  of  the   Opemiion.-ln  certain  instances 
oe      wX\'  -contraction  of  the  extensor  tendon  of  the 
toe.     Wei  -has  suggested  that  this  may  be  dividc>d  and 
sewed  to    he  periosteum  on  the  outer  border  of  tbe  Tst 
phalanx,  thus  serving  to  prevent  recurrencTof  deformky 

214 


In  more  extreme  cases  of  contraction  and  deformity, 
resection  of  the  head  of  the  metatarsal  bone  may  be  in- 
dicated. Cuneiform  osteotomy  of  the  metatarsal  bone 
has  been  suggested,  but  this,  to  be  effective,  must  include 
the  projecting  condyle. 

Fowler's  Operation. — In  this  procedure  the  incision  is 
made  between  the  first  and  second  toes,  the  ligament  is 
divided,  and  the  too  is  displaced  inward.  The  bunion 
and  the  projecting  portion  of  the  internal  condyle  are 
then  removed  if  necessaiy,  the  toe  is  replaced,  and  the 
wound  closed.  This  operation  appears  to  offer  no  ad- 
vantage over  the  simple  one  that  has  been  described, 
for,  when  properly  performed,  the  scar  is  insignificant 
and  is  not  subjected  to  pressure  if  it  be  made  slightly 
below  the  most  prominent  part  of  the  joint. 

Bunion. — The  treatment  of  the  bunion,  the  inflamed 
sac  and  corn,  may  be  summarized  as  rest  with  hot  or 
cold  applications  during  the  active  stage,  with  relief  of 
pressure  by  the  use  of  a  proper  shoe.  In  many  instances 
a  metallic  support  for  the  arch  to  remove  the  direct 
pressure  on  the  toe  is  indicated.  Operations  should  as  a 
rule  be  deferred  until  the  acute  symptoms  have  subsided. 
An  effective  operation  must  include  the  removal  of  the 
projecting  bone  as  well  as  the  sac. 

VIII.  Hallux  Vakus  asd  Pigeox  Toe.  The  term 
hallux  varus  is  properly  applied  only  to  persistent  ad- 
duction of  the  great  toe,  while  pigeon  toe  is  the  popular 
name  for  in-toeing,  an  attitude  usually  caused  by  an  in- 
ward rotation  of  the  entire  limb. 

Hallux  -^arus  is  usually  congenital ;  the  great  toe  turns 
inward,  sometimes  when  in  active  motion,  to  a  marked 
degree,  in  fact  it  may  be  almost  prehensile  in  its  move- 
ments. 

In  certain  instances  there  is  slight  accompanying  ad- 
duction of  the  foot  at  the  medio-tarsal  joint,  constituting 
a  mild  degree  of  talipes  varus.  The  mother's  attention 
is  usually  attracted  to  the  condition,  not  by  an  actual 
deformity  of  the  toe,  but  by  difficulty  in  putting  on  the 
baby's  stocking. 

Hallux  varus  is  occasionally  seen  also  as  an  acquired 
peculiarity  in  connection  with  certain  varieties  of  weak 
foot  (valgus).  In  such  cases  there  is  a  marked  inward 
bulging  at  the  medio-tarsal  joint  which  is  compensated 
for  by  an  exaggerated  inward  twist  of  the  fore  foot  and 
adduction  of  the  great  toe  (Fig.  2130). 

Trerttmcnt. — Simple  hallux  varus,  as  a  rule,  requires  no 
treatment  since  it  is  cured  by  the  use  of  the  shoe  when 
the  child  begins  to  walk.  In  more  extreme  cases  the 
prehensile  movements  may  be  restrained  by  a  narrow 
band  of  adhesive  plaster  passed  over  the  toes  and  fore 
foot.  If  talipes  varus  is  present  it  should  be  treated  in 
the  ordinary  manner  (see  Talipes). 

Pigeon  Toe. — Hallux  varus  is  a  rather  unusual  cause 
of  the  in-toeing  gait,  or  so-called  pigeon  toe,  which,  as 
has  been  stated,  is  caused  as  a  rule  by  Inward  rotation 
of  the  entire  limb  rather  than  by  a  deformity  of  the  toe 
or  foot.  This  rotation  of  the  limb  nia.y  be  cau-sed  also 
by  bow  legs  in  which  there  is  an  accompanying  inward 
twist  of  the  tibiiB  and  occasionally  it  may  be  induced  by 
a  restriction  of  the  range  of  outward  rotation  at  the  hip 
joints. 

As  a  rule,  however,  pigeon  toe  is  a  compensatory  atti- 
tude symptomatic  either  of  weak  feet  or  of  knock  knees, 
and  it  is  therefore  far  more  often  a  secondary  than  a 
primary  attitude.  The  proper  position  of  the  feet  in 
walking,  at  least  in  childhood,  is  one  of  parallelism.  In 
fact  the  exaggerated  outward  rotation  of  the  feet  which 
is  so  commonly  seen,  is  more  abnormal  than  a  slight  de- 
gree of  in-toeing.  As  the  latter  attitude,  from  the  con- 
ventional standpoint,  passes  for  deformity  it  usually  at- 
tracts the  mother's  attention  before  the  weakness,  of  which 
it  is  so  often  a  symptom. 

Tirittmeiit. — Tlie  rational  treatment  must  be  directed 
to  the  cause  of  the  peculiar  attitude,  viz.,  the  bow  leg, 
the  kuock  knee,  or  the  weak  foot.  In  many  instances  the 
in-toeing  habit  remains  for  a  time,  after  the  removal  of 
its  cause,  and  systematic  training  in  walking  with  the 
feet  rotated  outward  may  be  necessary  to  overcome  it. 
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If  there  be  actual  limitation  of  the  range  of  outward 
rotation  at  the  hip  joints,  as  is  sometimes  the  case,  this 
must  be  overcome  by  systematic  stretching. 

In  the  absence  of  knock  knee  or  weakness  of  the  arch 
the  tendency  to  in-toeing  may  be  lessened  by  making  the 
sole  of  the  shoe  somewhat  thicker  on  the  outer  border. 

In  the  more  exaggerated  types,  the  use  of  elastic  tapes 
attached  to  the  front  and  outer  margin  of  the  soles  of  the 
shoe,  passing  about  the  back  of  the  leg  from  without  in- 
ward over  the  front  of  the  thigh  and  across  the  buttock, 
to  be  attached  to  the  middle  of  the  waist  band,  is  an  efli- 
cient  treatment. 

IX.  Hammer  Toe.  Hammer  toe  is  a  persistent  flex- 
ion of  a  toe,  usually  of  the  second.  In  Avell-marked  cases 
the  first  phalanx  is  dorsiflexed,  the  second  plantar-flexed, 
and  the  third  may  be  flexed  and  extended.  The  toe  is 
usuallj'  compressed  between  its  fellows,  while  its  ex- 
tremity, lying  on  a  lower  level,  is  flattened  out  against 
the  sole  of  the  shoe  into  a  club  or  hammer  shape.  On 
the  dorsal  surface  of  the  flexed  joint  which  is  subjected 
to  pressure  from  above  there  is  usually  a  sensitive  corn 
or  callus.  The  discomfort  of  the  hammer  toe  is  caused 
by  the  pressure  of  tlie  shoe  upon  the  corn  above  and  upon 
the  hypertrophied  extremity  below,  of  which  the  nail  is 
not  infrequently  ingrown. 

Etiology. — Hammer  toe  may  be  congenital,  but  in  the 
great  majority  of  cases  it  is  an  acquired  deformity  caused 
by  narrow  and  short  shoes.  The  second  toe  is  more  often 
involved  because  it  is  the  longest  and  is  subjected  to 
greatest  lateral  pressure  also.  In  cases  of  long  standing 
all  the  tissues  are  shortened  on  the  plantar  or  short  sur- 
face, the  most  resistant  contraction  being  in  the  ligaments 
of  the  first  phalangeal  joint. 

Treatment. — Congenital  hammer  toe  may  be  corrected 
in  infancy  by  manipulation  and  by  retention  with  a  strip 
of  adhesive  plaster.  The  slight  degrees  of  hammer  toe 
in  older  subjects  may  be  treated  in  a  similar  manner  by 
methodical  stretching  and  splinting  with  some  light  ma- 
terial such  as  celluloid.  In  such  cases  a  digitated  stock- 
ing is  of  advantage.  In  all  cases  a  wide,  capacious  shoe 
which  exerts  no  pressure  whatever,  is  the  first  essential. 

Confirmed  hammer  toe  may  be  treated  by  division  of 
the  resistant  parts,  particularly  of  the  ligaments  of  the  first 
interphalangeal  joint,  and  by  correction  followed  by  re- 
tention for  a  time  with  a  digital  splint  of  elastic  material 
or  a  leather  inner  sole.  In  most  instances,  however,  pa- 
tients demand  treatment  for  the  relief  of  the  discomfort 
caused  by  vertical  pressure  upon  the  flexed  toe,  rather 
than  for  the  absolute  restoration  of  symmetry.  For  this 
class  the  most  etflcient  procedure  is  resection  of  the 
prominent  joint,  sufficient  bone  being  cut  away  from  the 
adjoining  phalanges  to  remove  the  projection  completely. 
By  such  a  procedure  permanent  relief  maj'  be  secured. 

X.  OvEKLAPPiNG  Toes,  Irregularity  in  the  Hne  of 
the  toes  is  sometimes  observed  in  Infancy ;  for  example,  a 
congenital  hammer  toe  may  be  present  or  the  little  toe 
may  be  set  upon  a  higher  level  than  its  fellows. 

The  irregularities  may  be  treated  by  methodical  manipu- 
lation and  by  retention  of  the  distorted  member  by  straps 
of  adhesive  plaster  passed  above  and  beneath  it,  fixing  it 
to  its  fellows.  Irregularities  of  this  character  in  older 
subjects  are  almost  always  caused  by  improper  foot 
wear,  with  the  exception  of  distortions  caused  by  rheu- 
matism or  by  lesions  of  the  nervous  system,  and  the  like. 
In  this  class,  the  use  of  a  proper  shoe  will  usually  relieve 
the  symptoms. 

XL  AcHiLLO-BuESiTis.  (Synonym:  Achillodynia.) 
In  1893  Albert*  suggested  the  title  Achillodynia  to 
characterize  a  group  of  symptoms  caused,  in  most  in- 
stances, by  irritation  or  inflammation  of  the  bursa  lying 
between  the  tendo  Achillis  and  the  posterior  surface  of 
the  OS  calcis. 

Etiology. — In  certain  cases  the  bursitis  may  be  caused 
directly  by  pressure,  injury,  or  overstrain,  but  in  many 
instances  rheumatism,  gout,  gonorrhoea,  and  the  like,  ap- 
pear to  be  predisposing  or  exciting  causes  of  this,  as  of 


*  Wien.  med.  Presse,  January  Stti,  ] 


similar  affections  of  biirsaj  and  tendon  sheaths  elsewhere. 
Concretions  within  the  bursa  or  exostoses  beneath  it  may 
be  mentioned  as  possible  causes,  or  complications. 

Pathology. —In.  chronic  cases  the  bursa  is  thickened  and 
enlarged  and  the  lining  membrane  is  fringed  and  redup- 
licated. The  contents  may  be  serous  or  semisolid  and 
concretions  may  be  present.  Suppuration  may  occur 
within  the  sac  or  it  maybe  the  seat  of  syphilitic  or  tuber- 
culous disease.  Tlie  periosteum  in  the  neighborhood  is 
usually  thickened,  and  the  underlying  bone  may  be  con- 
gested and  softened. 

Syiirptoiiis. — In  typical  cases  there  is  sensitiveness  to 
pressure  over  the  back  of  the  heel,  and  pain  or  discomfort 
exaggerated  by  functional  use,  particularly  by  motions 
and  attitudes  that  increase  the  strain  upon  the  tendon. 
The  pain  may  radiate  up  the  leg  or  it  may  be  referred  to 
the  bottom  of  the  heel.  Patients  often  complain  also  of 
a  sensation  of  laxity  and  insecurity  in  the  subastragaloid 
articulation.  In  a  large  proportion  of  the  cases  the 
symptoms  of  the  weak  foot  accompany  or  follow  those 
of  achillodynia.  In  the  latter  instance  this  is  explained 
doubtless  by  the  fact  tJial  the  loss  of  the  leverage  func- 
tion of  the  calf  muscle  induces  an  awkward  gait  with  a 
strong  inclination  toward  pronation  of  the  foot,  an  atti- 
tude that  throws  an  increased  strain  upon  its  inner  border 
and  upon  the  longitudinal  arch.  In  cases  of  long  stand- 
ing there  is  marked  atrophy  of  the  calf  due  to  disuse  of 
function  and  in  many  instances  a  broadening  of  the  pos- 
terior part  of  the  heel  caused  by  the  infiltration  or  irrita- 
tion of  the  periosteum  about  the  insertion  of  the  tendon. 
The  enlarged  bursa  is  usually  demonstrable  on  inspection 
and  palpation.  The  affection  may  be  unilateral  or  bi- 
lateral, the  latter  being  more  common  in  chronic  cases. 
As  a  rule  the  symptoms  begin  in  one  foot,  the  second  be- 
coming involved  after  an  interval  of  several  months. 

When  the  symptoms  have  persisted  for  any  length  of 
time,  there  appears  to  be  little  tendency  toward  spon- 
taneous recovery,  a  fact  that  is  explained  by  difliculty  in 
securing  relief  from  pressure  and  strain  in  this  situation. 

TreiUment. — In  acute  cases,  particularly  those  that 
have  followed  injury,  the  treatment  should  be — functional 
rest  combined  with  the  application  of  heat  or  cold,  as  may 
be  indicated.  When  the  imme- 
diate symptoms  have  subsided 
the  part  may  be  supported  by 
adhesive  plaster  so  arranged  as 
to  relieve  the  strain  upon  the 
sensitive  part.  A  long  band  of 
plaster  about  two  and  a  half 
inches  wide  is  closely  applied  to 
the  sole  of  the  foot  and  calf  of 
the  leg,  reaching  from  the  toes 
nearly  to  the  knee,  with  the  foot 
in  slight  plantar  flexion.  This 
is  supported  by  additional  straps 
about  the  fore  foot  and  leg,  the 
ankle  and  heel  being  completely 
covered  with  narrow  strips;  a 
bandage  is  then  applied.  By 
this  means  the  direct  pull  of  the 
muscle  on  the  sensitive  part  is 
checked  and  compression  is  ex- 
erted upon  the 
b  \i  r  s  a.  The 
dressing  should 
be  renewed 
when  its  effi- 
ciency is  less- 
ened. 

If  more  com- 
plete fixation  is 
indicated  by 
the    symptoms 

a  light  plaster  bandage  may  be  applied  to  hold  the  foot 
at  a  right  angle  with  the  leg  and  slightly  adducted.  The 
patient  can  then  use  the  foot  without  discomfort.  In 
many  instances  the  application  of  the  cautery  seems  to 
hasten  the  absorption  of  the  effusion.     If  reUef  from 


Fig.  3146.— The  Manner  of  Applying  Adhesive 
Plaster. 
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function  is  necessary  for  any  length  of  time,  as  in  the 
chronic  cases,  it  is  well  to  apply  a  leg  brace  to  the  shoe 
with  a  ioiut  at  the  ankle  so  arranged  as  to  prevent  dorsal 
flexion  beyond  a  right  angle.  As  patients  are  usually 
sensitive  to  direct  jar,  a  rubber  heel  should  be  employed, 
and  an  increased  height  of  the  heel  sufficient  to  throw 
the  weight  forward  upon  the  front  of  the  foot  usually 
lessens  the  discomfort.  . 

As  has  been  stated,  in  the  chronic  cases  there  is  usually 
an  accompanying  weakness  of  the  Ipugitudinal  arch. 
This  may  require  the  application  of  a  support  and  further 
treatment  as  described  in  the  section  on  the  weak  foot. 

Operative  Treatment. —In  persistent  cases,  particularly 
those  in  which  the  bursa  is  palpable  and  in  which  the 
adjoining  tissues  of  the  os  calcis  are  infiltrated,  the  re- 
moval of  the  bursa  is  indicated.  This  is  accomplished 
by  an  incision  beside  the  insertion  of  the  tendon  where  the 
bursa  is  most  prominent.  Irregularities  of  the  under- 
lying bone  should  be  removed  at  the  same  time.  The 
wound  is  then  closed  and  a  plaster  bandage  is  applied. 
This  should  be  worn  until  the  patient  can  walk  without 
discomfort.  Support  may  or  may  not  be  required  in  the 
after-treatment.  Operative  intervention  is  of  course  in- 
dicated when  suppuration  of  the  sac  is  present  or  when 
it  is  the  seat  of  primary  or  secondary  tuberculous  disease. 
As  has  been  stated,  the  local  disability  may  be  induced  or 
prolonged  by  systemic  disease.  In  such  instances  appro- 
priate remedies  should  be  employed. 

XII.  AoHiLLO-BmisiTis  PosTERioK. — A  Small  sensitive 
bursa  over  the  insertion  of  the  tendon,  between  it  and  the 
skin,  sometimes  causes  symptoms  resembling  those  of  the 
preceding  affection.  This  bursa  is  usually  caused  by  the 
pressure  of  the  shoe,  and  it  may  be  relieved  by  removing 
the  exciting  cause  and  by  strapping  with  adhesive  plas- 
ter. 

Bursas  or  sensitive  points  elsewhere  on  the  heel  are  to 
be  treated  in  a  similar  manner.  Irregular  projections  on 
the  bone  may  require  removal. 

XIII.  Strain  op  the  Tendo  Aghillis. — Pain  on  use 
of  the  foot  referred  to  the  tendo  Achillis  may  follow 
strain  or  overuse,  the  symptoms  may  resemble  those  of 
Achillo-bursitis,  but  the  sensitive  point  is  often  localized 
at  the  middle  of  the  tendon  or  at  the  junction  with  the 
muscular  substance.  Apparently  there  is,  in  these  cases, 
an  irritation  within  the  fibrous  sheath  of  the  tendon  or 
injury  to  the  muscular  fibres. 

The  treatment  is  functional  rest.  As  a  rule  the  appli- 
cation of  the  adhesive-plaster  strapping,  as  described  in 
the  treatment  of  Achillo-bursitis,  is  effective. 

XIV.  Painful  Heel  —  Calcaneo-Buksitis. — Pain 
and  sensitiveness  to  pressure  referred  to  the  bottom  of 
the  heel  are  common  symptoms  of  the  contracted  or  hol- 
low foot,  in  which  there  is  abnormal  pressure  on  the  an- 
terior and  posterior  pillars  of  the  arch.  It  may  be  in 
normal  feet  a  symptom  of  overuse,  as  when  the  tissues 
beneath  the  heel  become  sensitive  after  long  standing  or 
walking,  and  it  is  a  common  symptom  of  the  weak  foot 
of  which  the  so-called  heel  walk  is  characteristic. 

In  rare  instances  the  point  of  tenderness  is  distinctly 
localized  and  is  due  to  a  small  inflamed  bursa  lying 
over  the  periosteum  of  the  inner  tuberosity  of  the  os 
calcis. 

Treatment.— This  must  be  directed  to  the  condition  of 
which  the  pain  is  a  symptom.  The  treatment  of  the 
weak  foot  and  of  the  contracted  foot  is  described  else- 
where. If  the  sensitiveness  is  due  to  overuse  or  to  ab- 
normal pressure,  the  use  of  a  rubber  heel  combined  with 
frequent  change  from  the  passive  attitude,  in  which  the 
weight  is  supported  entirely  on  the  sensitive  part  may 
relieve  the  symptoms.  In  many  instances  the  use  of  an 
arched  foot  plate,  to  distribute  the  pressure  along  the 
entire  sole,  is  of  service.  ^ 

Painful  bursae  may  be  protected  from  direct  pi'essure 
or  removed  if  necessary.  Hoyal  WhLnal 

FOOT  DISTORTIONS  OF.-Talipes.-Iu  the  pre- 
ceding article,  the  disabilities  of  the  foot  of  which  the 
discomfort  is  of  greater  importance  than  the  deformity 
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have  been  described.  One  may  now  consider  those  of 
congenital  and  acquired  origin  of  which  deformity  is  the 
most  noticeable  feature.  A  distortion  of  the  foot  of  this 
class  is  simply  an  abnormal  retention  of  a  normal  atti- 
tude, or  what  is  an  exaggeration  of  a  normal  attitude. 
In  other  words  the  centres  of  motion,  at  which  the  foot 
is  deformed,  are  the  centres  of  normal  motion  and  the 
different  distortions  may  be  simulated  by  a  normal  sub- 
ject. If  the  foot  has  been  fixed  in  the  abnormal  attitude 
during  foetal  life,  or  if  it  has  been  used  for  any  length  of 
time  in  the  abuormal  position,  the  deformity  becomes 
exaggerated  beyond  the  possibility  of  imitation,  and 
secondary  variations  in  its  shape,  size,  and  nutrition 
follow. 

The  deformities  of  the  foot  are  grouped  under  the  gen- 
eric name  talipes,  derived  from  talus  (ankle)  and  pes 
(foot),  signifying  therefore  a  form  of  deformity  in  which 
the  patient  walks  upon  his  ankles.  Talipes  was  there- 
fore originally  synonymous  with  the  popular  term  club 
foot,  but  at  the  present  time  it  is  used  preferably  as  a 
prefix  to  the  descriptive  titles  of  the  different  distortions, 
while  club  foot  is  usually  applied  only  to  the  most  com- 
mon of  the  deformities,  equino-varus,  in  which  the  dis- 
torted foot  is  club-like  in  form. 

Vametibs. — There  are  four  simple  varieties  of  the  dis- 
torted foot  or  talipes: 

1.  Talipes  Equinus,  the  extended  or  plantar-flexed  foot. 
In  well-marked  cases  the  patieiit  walks  upon  the  heads 
of  the  metatarsal  bone,  an  attitude  that  suggested  the 
name  equinus  (horse-like). 

2.  Talipes  Calcaneus,  the  dorsi -flexed  foot  in  which  the 
heel  is  prominent,  and  which  alone  bears  the  weight  in 
walking ;  hence,  calcaneus  from  calcaneum,  the  heel  bone. 

In  these  forms  the  centre  of  motion  is  at  the  ankle 
joint.  Under  the  terms  equinus  and  calcaneus  are  in- 
cluded not  only  the  cases  of  marked  deformity,  but  also 
those  in  which  the  range  of  dorsal  or  plantar  flexion  is 
sufficiently  limited  to  cause  a  change  in  the  contour  of 
the  foot. 

3.  Talipes  Varus,  the  inverted  foot.  In  this  deformity 
the  foot  is  turned  in  or  adducted,  and  combined  with  the 
inward  twist,  which  exaggerates  the  normal  curve  of  the 
inner  border,  there  is  always  a  certain  amount  of  supi- 
nation, or  inversion ;  that  is,  the  inner  border  of  the  sole 
is  elevated  and  the  outer  border  is  depressed,  so  that  the 
weight  falls  to  the  outer  side  of  the  centre  of  the  foot. 

4.  Talipes  Valgus,  the  everted  foot.  This  deformity  is 
the  reverse  of  varus.  The  foot  is  abducted,  that  is,  the 
foot  is  twisted  outward  at  the  centre  and  pronated,  so 
that  in  use  the  weight  falls  on  the  inner  border. 

In  these  forms  of  lateral  deformity  the  centres  of 
motion  are  at  the  mediotarsal  and  subastragaloid  joints. 

These  simple  deformities  in  which  the  foot  is  persist- 
ently extended  or  flexed,  or  twisted  in  or  out,  are  com- 
paratively uncommon. 

Gomponnd  Deformities. — As  a  rule,  the  deformities  are 
combined  in  varying  degree ;  thus,  the  over-extended  or 
the  over-flexed  foot  is  usually  twisted  inward  or  outward, 
making  four  varieties  of  compound  deformity.  1.  Tal- 
ipes eguino-mrns — downward  and  inward.  3.  Talipes 
equino-valgus — downward  and  outward.  3.  Talipes 
caleaneo-mriLs — upward  and  inward.  4.  Talipes  calcnneo- 
valgus — upward  and  outward. 

In  the  simple  and  compound  varieties  of  talipes  the 
arc)]  of  the  foot  may  be  increased  or  diminished  in  depth. 
It  is,  for  example,  usually  increased  in  calcaneus  and 
equinus,  and  it  is  usually  diminished  in  valgus ;  but  this 
secondary  or  subordinate  deformity  is  not  recognized  in 
the  ordinary  classification.  If  the  arch  of  the  foot  is 
exaggerated,  the  condition  is  sometimes  called  talipes 
cams;  if  it  is  lessened  or  lost,  talipes  planus.  These 
slight  degi'ees  of  distortion,  in  which  the  functional  dis- 
ability is  far  more  important  than  the  deformity,  are 
rarely  classed  as  forms  of  talipes.  Simple  cavus,  the 
hollow  or  contracted  foot ;  and  planus,  one  of  the  forms 
of  the  common  weak  or  flat  foot,  have  been  described 
already. 

Etiology. — From  the  remedial  standpoint,  the  cause 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Foot. 
Foot. 


of  the  defotmity  is  of  far  greater  importance  tban  its 
form.  Thus  the  distortions  of  the  foot  fall  primarily  into 
two  groups:  1.  The  congenital  f mm,  in  which  the  foot 
has  become  deformed  in  process  of  formation.  2.  The 
acquired  form,  in  which  the  foot,  perfect  at  birth,  has  at 
a  later  time  become  distorted. 

Congenital  Talipes  is  simply  a  twisted  foot,  of  which 
the  component  parts,  although  malformed  to  a  greater  or 
less  degree,  are  capable  of  regaining  perfect  form  and 
function.  This  is  practically  true  of  the  great  majority 
of  cases,  although  there  are  exceptional  instances  in 
which  congenital  deformity  is  complicated  by  defective 
formation  of  the  foot  or  leg,  or  in  which  the  deformity  is 
caused  by,  or  at  least  accompanied  by,  paralysis,  as,  for 
example,  in  certain  forms  of  spina  bifida  or  other  con- 
genitg,l  defect  or  disease  of  the  nervous  apparatus. 

Acquired  Talipes  is  almost  always  a  consequence  of 
paralysis  of  spinal  origin  (anterior  poliomyelitis)  in  early 
childhood.  Certain  muscles  or  groups  of  muscles  being 
paralyzed,  the  muscular  force  is  unbalanced  and  the 
foot  is  drawn  into  a  distorted  position  by  the  action  of 
the  unopposed  muscles,  and  by  the  influence  of  gravity, 
Tliis  distortion  is  confirmed  and  increased  by  the  accom- 
modative changes  that  accompany  functional  use  and 
growth  in  the  abnormal  attitude. 

Par  less  often  acquired  talipes  may  be  the  result  of 
paralysis  of  cerebral  origin,  of  other  forms  of  spinal  dis- 
ease, of  local  paralysis 'following  neuritis  or  injury  to  a 
nerve  trunk,  It  may  be  caused  by  scar  contraction,  as 
after  a  severe  burn,  or  by  direct  injury  to  the  bone,  or 
by  disease  that  may  interfere  with  subsequent  growtli. 
Such  are,  however,  extremely  uncommon  causes,  and  the 
statement  holds  good  that  congenital  talipes  is  a  simple 
distortion  capable  of  perfect  cure,  while  the  acquired 
talipes  is  a  deformity  and  disability  usually  secondary  to 
disease  of  the  spinal  cord.  It  is  therefore  capable  only 
of  rectification,  not  of  perfect  cure  unless  recovery  from 
the  original  disease,  of  which  it  is  a  result,  has  taken 
place. 

CONGENITAL  TALIPES. 

Etiology.— The  etiology  of  congenital  talipes  as  of 
other  congenital  deformities  is  somewhat  conjectural.  In 
some  instances  the  influence  of  inheritance  is  apparent, 
and  again  two  or  more  children  with  club  foot  may  be 
born  of  the  same  mother,  but,  as  a  rule,  there  is  nothing 
in  the  family  or  personal  history  that  can  in  any  manner 
explain  the  deformity.  The  most  reasonable  explanation 
applied  to  the  majority  of  cases  is  that  the  foot  has  from 
some  cause  remained  for  a  longer  or  shorter  time  in  a 
constrained  or  fixed  position,  and  has  thus  grown  into 

deformity.  ,  ,     t,        ,-r, 

It  has  been  claimed  by  Eschricht,  and  by  Berg  (Berg, 
Arehims  of  Medicine,  New  York,  December  1st,  1882)  that 
at  about  the  third  month  of  intra- uterine  life  the  thighs 
of  the  embryo  are  abducted,  flexed,  and  rotated  outward 
the  legs  are  crossed,  and  the  feet  are  plantar-flexed  and 
adducted  so  that  the  inner  surfaces  of  the  thighs  the 
tibial  borders  of  the  legs,  and  the  plantar  surfaces  of  the 
feet  are  held  in  close  apposition  to  the  abdomen  and  to 
the  pelvis  of  the  foetus.  Later  there  is  an  inward  rota- 
tion of  the  legs  so  that  the  feet  are  turned  gradually 
outward  until  the  soles  are  brought  into  contact  with  the 
uterine  wall,  the  feet  then  being  in  the  attitude  of  abduc- 
tion and  dorsal  flexion.  According  to  this  theory  there 
is  a  regular  succession  of  attitudes  during  intra-uterine 
life  If  the  inward  rotation  of  the  lower  extremity  is 
prevented  or  if  it  is  incomplete,  the  foot  remaining  in 
the  original  position  becomes  deformed.  Thus  equino- 
varus  being  the  normal  attitude  of  the  early  and  middle 
period  of  intra-uterine  life,  is  the  most  common  and  the 
most  intractable  of  the  congenital  deformities.  If  the 
constraint  or  pressure  is  not  exerted  until  a  later  period 
after  rotation  has  taken  place,  when  the  foot  has  attained 
or  nearly  attained  its  normal  size  and  shape  it  will  then 
induce  the  less  common  and  comparatively  shght  grades 
of  deformity  such  as  calcaneus  or  valgus. 

This  theory  which  seems  interesting  and  reasonable. 


appears  to  rest  on  an  insecure  basis.  Bessel  Hagen  states 
that  in  embryos  of  30  mm.  in  length,  the  foot  is  in  ex- 
ti'eme  plantar  flexion ;  in  those  of  90  to  100  mm.,  the  foot 
is  at  a  right  angle  to  the  leg ;  and  from  this  size  to  that 
at  full  term,  the  foot  may  be  found  in  any  position,  ab- 
ducted, adclucled,  or  dorsiflexed.  He  slates  also  that 
supination  is  not  the  usual  attitude  at  an  earlj'  period, 
but  is  more  common  near  the  termination  of  intra-iitei'ine 
life,  and  that  when  it  is  present  it  is  more  often  combined 
with  dorsiflexion.  In  other  words,  there  is  no  time  when 
the  foot  regularly  and  normally  assumes  the  attitude  of 
club  foot,  from  which  it  is  changed  by  the  rotation  of  the 
legs.  Scudder  {Boston  Medical  and  Surgical  Journal,  Oc- 
tober 27th,  1887),  after  similar  investigations,  arrived  at 


Fig.  3147. -Congenital  Talipes  Illustrating  the  Attitude  of  the  Limbs 
at  Birtli. 

practically  the  same  conclusions.  He  states  that  there  is 
no  necessary  relation  between  the  age,  the  rotation  of  the 
legs,  and  the  position  of  the  feet. 

It  would  appear,  however,  that  there  is  during  the 
process  of  development  a  normal  alternation  of  attitudes 
and  postures.  If  the  feet  for  any  reason  are  fixed  in  one 
position  during  this  period  of  rapid  growth,  distortion 
must  follow ;  if  the  constraint  is  slight,  and  if  its  influ- 
ence is  exerted  at  a  late  period,  the  deformity  will  be 
slight ;  if  it  occurs  at  an  early  period,  the  deformity  will 
be  more  resistant.  j,     ^^.      ^ 

One  of  the  causes  of  constraint,  and  thus  ot  ultimate 
deformity,  appears  to  be  the  interlocking  of  the  feet. 
Many  museum  specimens  show  this,  and  in  some  of  the 
cases  of  talipes  seen  during  the  first  weeks  of  life,  the 
feet  may  be  replaced  in  the  attitude  in  which  they  had 
been  fixed  before  birth.  Intra-uterine  pressure,  although 
not  necessarily  direct  pressure,  undoubtedly  has  an  in- 
fluence in  aggravating  the  deformity.  The  effect  of 
pressure  is  not  infrequently  shown  in  atrophic  areas  of 
skin,  and  bursse  even  are  sometimes  found  over  promi- 
nent bones.  Entanglement  in  the  umbilical  cord,  the  di- 
rect pressure  of  extra-  or  intra-uterine  tumors,  and  the 
like  may  be  mentioned  also  as  possible  causes  of  restraint 
or  fixation  of  the  foot  that  induces  deformity.  Further 
evidence  of  restraint  of  normal  movements  and  ot  abnor- 
mal attitudes  of  the  limbs  is  seen  not  infrequently  in 
connection  with  club  foot.  For  example,  there  may  be 
hyperextension  or  fixed  flexion  of  the  knees,  and  m  cases 
of  extreme  deformity  the  foot  is  often  smaller  than  nor- 
mal or  otherwise  asymmetrical.  In  certain  instances  the 
distorted  foot  may  be  imperfect  in  structure ;  toes  may 
be  absent -("spontaneous  amputation"),  or  constricting 
bands  about  the  leg  or  foot  may  be  present.     Such  ab- 
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normalities  arc  usually  ascribed  to  amniotic  adhesions. 
Talipes  may  be  combined  with  evidences  of  impaired  or 
arrested  development,  with  harelip,  exstrophy  of  the 
bladder,  spina  bifida,  absence  of  patelht,  or  with  other 
deformities,'  such  as  club  hand  and  wry  neck.  Or  there 
may  be  evidence  of  intra-uterine  disease,  as  shown  by 
ankylosis  of  joints  or  by  so-called  foetal  rickets.  Fi- 
nally, deformities  of  the  foot  may  be  complicated  by  ab- 
sence of  bones  of  the  foot  or  of  the  leg,  indicating  origi- 
nal defects  in  the  germ  itself.  This  latter  group,  which 
inchides  the  complications  of  club  foot  and  imperfection 
of  structure,  is  comparatively  small.  As  has  been  stated, 
congenital  club  foot,  in  tlic  great  majority  of  cases,  is  a 
simple  deformity  capable  of  perfect  cure. 

The  relative  frequency  of  the  congenital  and  acquired 
forms  of  talipes  has  given  rise  to  much  discussion  in  the 
past,  and  statistics  on  this  point  are  at  considerable  vari- 
ance with  one  another.  This  may  he  explained  by  the 
fact  that  acquired  paralytic  talipes  is,  as  a  rule,  a  pre- 
ventable deformity.  At  the  present  time  the  extreme 
degrees  of  acquired  talipes  are  comparatively  infrequent 
and  the  deformity  is  usually  of  a  much  slighter  grade 
than  the  corresponding  form  of  congenital  distortion. 


Sex  of  Congenital  Talipes.* 
Males.       Females.    Total. 
1,066  585  1,651 


Sex  of  Acquired  Talipes. 
Males.       Females.       Total. 

975  828  1,794 

5«  46^ 


Congenital  talipes  is  much  more  common  among  males 
than  among  females.  All  the  statistics  are  in  accord 
upon  this  point.  Acquired  talipes  is  more  equally  di- 
vided between  the  sexes. 


Foot  Affected  in  Congenital 

Talipes. 

Eigbt.  Lett.     Both.  Total. 

510       440       710      1,660 

43.7!< 


31.1^  36.8^ 
Unilateral . . 
Bilateral 


950 
710 


57.2^ 
42.7^ 


Foot    affected    in   Acquired 
Talipes. 
Eight.   Left.     Both.  Total. 

781       768       254  1,803 
43.3^     42.6%     14.1^ 

UnilateraL..  1,,549  85.9^ 

Bilateral ....     254  14.1^ 


In  congenital  talipes  the  deformity  is  far  more  often 
bilateral  than  in  the  acquired  form.  In  each  variety  the 
right  foot  appears  to  be  more  often  affected  than  the 
left. 

The  Eelatite  Frequency  op  the  Different  Forms  of  Con- 
genital Talipes. 


Cases. 

Per  cent. 

Equino-varus 

1,272 

123 

85 

52 

40 

28 

28 

7 

5 

1 

1 

18 

77.0 
7.4 
5.1 
3.1 
2.4 
1.7 
1.7 

Valgus 

Varus 

Calcaneo-valgus 

Equinus 

Calcaneus 

EquiDO-Talgus 

Calcaneo-variis 

Cavus  

Valgo-cavus 

Equino-cavus 

Different  delormity  in  each  foot 

Total 

1,660 

Eelative  Frequenot   op  the  Different   Forms  or  Acquired 
Talipes  Together  with  the  Etiology. 


'1 

el 
If 

11 

m 

6 
1 

a 

g 

1 
H 

575 
463 
224 
173 
133 
78 
49 
12 
24 

o 

Equino- varus 

479 
321 
219 
134 
114 
76 
41 
12 

28 
66 
3 
4 
0 
0 
2 

0 
0 

35 

5 
0 
1 
0 
0 

4 
3 
0 
1 
0 
0 
0 
0 
0 

29 
26 

1 
27 
3 

5 
0 
2 

Equinus 

33.5 

Calcaneus 

36.1 

Valgus 

13.6 

Equino-valgus 

9.7 

Calcaneo-valgus 

Varus 

6.9 
4.4 

Calcaneo-cavus 

Equino-cavus 

3.7 

1.3 

*  statistics  from  Whitman's  "  Orthopiedic  Surgery." 


Eelative  Frequency  of  the  Different  Forms  of  Acquired 
Talipes  Together  with  the  Etiology.— CorcfimMed. 


if 

^1 

Si 

If 

.=1 

I 

3 

i 

Calcaneo-varus 

Cavus 

11 

35 

1 

0 

1 
1 

0 
0 
0 

0 
0 
0 

0 
0 
0 

11 

36 

2 

60 

2.0 

Delormity  different  on 
each  side 

Total 

1,465 

105 

95 

8 

95 

1,818 

Anterior  poliomyelitis  1,46.5,  83.8  per  cent. ;  ceretral  200,  11.3  per 
cent. ;  traumatic  95,  5.3  per  cent. 

Comparative  Frequency  of  the  Different  Forms  of  Talipes, 
Congenital  and  Acquired. 


Equino-varus  . . , 

Valgus 

Varus 

Calcaneo-valgus. 

Equinus 

Calcaneus 


Congenital. 


77.0  per  i-eut. 
7.4      ■■ 
5.1 
3.1 
2.4 
1.7 


Acquired. 


32.5  per  cent. 

9.7 

2.7 

4.4 
26.1 
12.6 


According  to  these  statistics,  in  three-fourths  of  the 
congenital  cases  the  deformity  is  equino-varus.  Equinus 
and  calcaneus,  rare  as  congenital  deformities,  comprise 
38  per  cent,  of  the  acquired  forms. 

Occasionally  the  deformitj'  of  each  foot  is  different, 
far  more  often  in  the  acquired  than  in  the  congenital 
form.  In  7  of  the  18  congenital  cases  the  deformity  was 
equino-varus  on  one  side,  calcaneus  on  the  other;  in  3 
equino-varus  and  calcaneo-valgus,  and  in  3  simple  varus 
and  valgus.  The  50  cases  of  acquired  talipes  represented 
every  combination  of  deformity. 

In  31,  or  4  per  cent.,  of  the  735  cases  of  congenital 
talipes,  the  distortion  was  combined  with  other  congen- 
ital defects  or  deformities,  viz. :  In  12  cases  with  double 
club  hands ;  in  6  cases  with  defective  development  of  the 
hands,  webbed  fingers,  and  the  like ;  in  7  cases  with  spina 
bifida;  in  3  cases  with  absence  of  one  or  more  bones  of 
the  leg ;  in  1  case  with  torticollis ;  in  1  case  with  hare- 
lip ;  in  1  case  with  dislocation  of  the  knee  and  ankylosis 
of  an  elbow:  in  2  cases  with  general  rigidity  and  deform- 
ity of  the  joints. 

The  Anatomy  op  Congenital  Talipes  EQxnNO- 
Vakus  (Club  Foot). — Congenital  talipes  is,  in  the  great 
majority  of  cases,  the  form  in  which  the  foot  is  twisted 
inward  and  downward,  or  in  the  more  extreme  cases,  in- 
ward and  upward,  and  in  its  club-like  appearance  justi- 
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Fig.  3148.— CdiiKi'nitiil  Club  Feet  in  Sisters,  the  Twelfth  and  Thir- 
lei'uth  Children ;  All  the  Others  Normal. 

lying  the  popular  name.  The  ordinary  congenital  club 
foot  in  early  infancy  is  simply  a  foot  held  in  an  attitude 
of  plantar  flexion,  adduction,  and  supination.  The  dor- 
sum of  the  foot  looks  forward  and  slightly  outward  and 
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upward,  the  plantar  surface  is  abnormally  c(jiicave  and 
looks  backward,  inward,  and  downward.  In  many 
cases  the  equinous  element  of  the  deformity,  masked  by 
the  extreme  inversion  of  the  foot,  does  not  appear  until 


Fig.  2149.— Resistant    Club    Foot    Showing  tlie   Secondary    Knoclt 
Knees. 


this  has  been  corrected  in  part.  The  foot  often  seems 
somewhat  smaller  than  normal,  and  the  heel  appears  to 
be  ill  formed.  Upon  the  outer  dorsal  surface  the  promi- 
nence of  the  astragalus  and  os  calcis  may  be  felt  beneath 
the  skin,  the  external  malleolus  is  prominent,  while  the 
internal  malleolus  lies  deep  beneath  the  redundant  tissue 
of  the  internal  aspect  of  the  foot. 

The  internal  structure  of  the  foot  corresponds  to  the 
external  contour ;  thus  the  relation  of  the  bones  to  one 
another,  and  the  shape  of  the  individual  bones  even,  are 
more  or  less  altered  as  the  deformity  is  more  or  less  of  an 
exaggeration  of  the  attitudes  that  the  normal  foot  is  ca- 
pable of  assuming.  These  changes  are  most  marked  in  the 
astragalus  and  os  calcis.  The  astragalus  is  somewhat 
wedge-shaped  from  without  inward ;  it  is  plantar-flexed 
so  that  a  large  part  of  its  body  protrudes  from  between 
the  malleoli.  Its  neck  is  often  somewhat  longer  than 
normal,  and  it  is,  as  a  rule,  depressed  and  deflected  in- 
ward. The  OS  calcis  is  also  in  an  attitude  of  plantar 
flexion ;  the  external  tuberosity  is  drawn  upward  to  the 
vicinity  of  the  external  malleolus,  its  anterior  extremity 
looks  downward  and  inward,  and  it  is  often  twisted  in- 
ward on  its  long  axis  corresponding  to  the  deformity  of 
the  neck  of  the  astragalus.  Its  external  surface  looks 
downward  and  forward,  and  it  lies  directly  beneath 
the  astragalus,  instead  of  to  its  outer  side  as  in  the  nor- 
mal relation. 

The  scaphoid  bone  is  drawn  inward  and  upward,  and 
articulates  with  the  inner  part  of  the  deflected  head  of 
the  astragalus,  lying  in  close  proximity  to,  and  often 
articulating  with,  the  internal  malleolus.  The  cuboid  is 
displaced  upward  and  inward  and  lies  to  the  inner  side 


of  the  anterior  extremity  of  the  os  calcis.  The  remaining 
bones  are  changed  in  position,  but  not  materially  in 
shape.  In  many  instances  the  tibia  is  rotated  inward 
upon  the  femur  at  tlie  knee  joint,  and  combined  with 
this  inward  i-otation  there  may  be  an  inward  twist  of  the 
tibia  on  its  long  a-\is. 

The  ligaments  are  altered  to  correspond  to  tlie  changed 
relations  of  the  bones.  Those  on  tlie  short  side  are  more 
or  less  resistant  accoiding  to  the  duration  of  the  deform- 
ity. Tlie  muscles  are  normal  as  to  their  sti'uoture  and 
their  origin  and  insertion,  but  the  direction  of  the  ten- 
dons as  they  pass  across  the  foot  is  changed.  Those  at- 
tached to  the  inverted  side,  the  extensor  and  adductor 
group,  are  shortened  and  are  relatively  stronger  than 
those  on  the  outer  side,  "which  are  lengthened  and  atro- 
phied fi'om  disuse. 

To  sum  up ;  all  the  component  parts  of  the  foot  partici- 
pate in  the  deformity.  The  most  noticeable  changes  in 
the  bones  are  in  their  position  and  relation  to  one  another, 
but  the  astragalus,  os  calcis,  and  scaphoid  bones  are  usu- 
ally somewhat  distorted. 

Tlie  mast  resistant  structures  in  the  defoi-med  foot  are 
the  plantar  fascia  and  the  ligaments  that  bind  the  scaph- 
oid, the  08  calcis,  and  the  internal  malleolus  to  one  an- 
other. The  muscles  that  are  most  active  in  retaining 
and  increasing  the  deformity  are  the  tibialis  anticus,  the 
tibialis  posticus,  and  the  combined  gastrocnemius  and 
soleus. 

The  changes  that  have  been  outlined,  which  are  com- 
paratively slight  and  which  may  be  easily  rectified  soon 
after  birth,  become  more  marked  as  the  part  develops. 
And  when  the  child  begins  to  walk,  the  weight  of  the 
body,  combined  with  growth  and  functional  use  in  the 
abnormal  position,  increases  and  flxs  the  deformity. 

In  the  adolescent  or  adult  type  of  club  foot  the  de- 
formity may  be  so  extreme  that  the  patient  actually  ap- 
pears to  walk  on  the  outside  of  his  ankles,  as  tlie  term 
talipes  implies.  The  feet  turn  directly  inward,  or  even 
inward,  upward,  and  backward,  and  the  peculiar  walk, 
by  which  interference  of  inverted  feet  is  prevented,  lias 
given  another  name  (reel  foot)  to  the  deformity. 

Genu  valgum  ia  usually  present  in  such  cases.  This 
deformity  may  be  congenital,  but  it  is  oftener  a  second- 
ary or  accommodative  distortion.  The  legs  are  shrunken 
from  disuse.  The  foot  itself  is  atrophied,  and  is  much 
smaller  than  the  normal.  The  changes  in  the  bones  are 
much  more  marked ;  only  a  small  part  of  the  articulating 
surface  of  the  astragalus  lies  between  the  malleoli,  and 
this  posterior  extremity  is  flattened  out  to  the  shape  of  a 
wedge.  There  is  consequently  an  apparent  backward 
displacement  of  the  fibula. 

All  the  bones  of  the  foot  are  more  or  less  atrophied, 
and  the  normal  area  of  cartilage  has,  to  a  great  extent, 
disappeared  from  the  proper  articular  surfaces.  In  this 
advanced  stage  the  foot  serves  practically  as  a  simple 
rigid  suj^port. 

In  these  extreme  cases  cure,  in  the  sense  of  perfect 
functional  recovery,  is  of  course  out  of  the  question ;  but 
relief  of  the  deformity,  that  is,  replacement  of  the  foot 
in  the  axis  of  the  leg  at  a  right  angle  to  it  and  in  the 
plantigrade  attitude,  is  nearly  always  possible. 

Symptoms. — The  symptoms  of  congenital  club  foot  are 
practically  included  in  the  description  of  the  deformity. 
The  functional  disability  is  of  course  considerable,  al- 
though some  patients  are  surprisingly  active  and  are  able 
to  walk  long  distances.  Discomfort  from  club  foot  is 
due  almost  entirely  to  the  corns  or  inflamed  burste  over 
the  bony  prominences,  and  its  degree  depends  of  course 
upon  the  use  to  which  the  foot  is  subjected. 

Treatment. — Although  congenital  club  foot  is  an 
eminently  curable  deformity,  yet  perfect  and  permanent 
cure  often  requires  minute  attention  to  details  during  the 
active  stage  of  treatment,  supplemented  by  long- 
continued  and  careful  supervision  after  the  cure  is  sup- 
posed to  be  complete.  No  other  deformity  presents  such 
a  record  of  failures  and  incomplete  cures;  of  relapses 
after  apparent  cure ;  of  tedious  and  ineffective  treatment 
by  braces,  often  tor  many  years,  and  of  unnecessaiy  and 
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mutilating  operations.  Some  of  the  failures  may  be  ex- 
plained by  the  neglect  of  the  parents  and  by  want  of 
opportunity.  A  few  are  due  to  the  unusual  obstacles  m 
the  deformity  itself,  but  by  far  the  greater  number  must 
be  accounted  for  by  failure  of  the  physician  to  apprehend 
the  true  nature  of  the  deformity,  or  by  his  inexperience 
in  the  practical  details  of  treatment. 

Proper  treatment  implies  suitable  opportunity.  U  ntler 
such  conditions  the  treatment  of  congenital  club  foot 
would  be  included  in  the  first  of  the  following  sections: 

The  infantile  club  foot  is,  as  has  been  stated,  simply  a 
twisted  foot.  It  is  true  that  there  are  slight  changes  m 
the  bones,  but  the  bones  of  an  infant's  foot  are  repre- 
sented by  yielding  cartilage  which  will  rapidly  reform 
under  changed  conditions.  The  shortening  of  the  mus- 
cles and  ligaments  may  be  overcome,  and  when  the  rela- 
tion of  the  bones  to  one  another  is  set  right,  the  joints 
will  become  normal.  The  treatment  of  a  club  foot  may 
then  be  divided  into  three  stages : 

1.  The  rectification  of  the  external  deformity. 

3.  The  support  of  the  foot  in  proper  position  during 
the  process  of  transformation  of  its  internal  structure, 
and  until  the  normal  muscular  power,  unbalanced  by  the 
deformity,  has  been  regained. 

3.  The  period  of  supervision.  This  would  include  the 
treatment  of  possible  complicating  deformities  of  the 
knee,  the  laxity  of  ligaments,  and  the  like,  as  well  as  the 
oversight  of  the  functional  use  of  the  foot  and  the  leg 
during  the  early  years  of  life. 

Tlie  First  Stage  of  Treatment:  Bectificatioii  of  Deform- 
ity.— It  should  be  stated  at  once  that  "  rectification  of 
deformity  "  does  not  mean  apparent  symmetry,  a  misap- 
prehension to  which  the  majority  of  failures  iu  treatment 
may  be  ascribed.  It  means  that  when  deformity  is  really 
rectified  all  contracted  and  resistant  parts  must  have  been 
so  elongated  that  every  passive  motion  and  attitude  pos- 
sible for  the  normal  foot  is  equally  possible  and  as  easily 
attained  in  that  which  was  deformed.  This  is  actual 
functional  rectification,  as  contrasted  with  the  simple 
straightening  of  deformity. 

The  most  important  part  of  the  club-foot  deformity 
is  varus.  The  foot  that  is  rolled  over  and  twisted  inward 
to  the  attitude  of  extreme  adduction,  must  be  untwisted 
and  forced  into  the  attitude  of  extreme  abduction  or  val- 
gus, the  so-called  over-correction.  Until  this  is  accom- 
plished no  attention  whatever  need  be  paid  to  the  residual 
equinus.  There  are  two  reasons  for  dividing  the  proced- 
ure into  two  parts:  first,  in  order  that  the  attention  of 
the  surgeon  may  be  concentrated  on  one  and  the  most 
Important  part  of  the  deformity  ;  second,  because  by  this 
preliminary  untwisting  the  os  calcis  is  brought  into  the 
upright  position,  into  its  proper  relation  to  the  astrag- 
alus, to  the  bones  of  the  leg  and  to  the  tendo  Achillis,  so 
that  the  true  degree  of  equinus  may  be  appreciated. 

Preliminary  Manipulation.  For  obvious  reasons,  the 
second  or  third  week  of  life  is  as  early  as  mechanical 
treatment  can  be  undertaken.  Until  then,  preliminary 
manipulation  by  the  nurse,  more  particularly  manual 
rectification  of  the  deformity  by  gently  drawing  the 
foot  toward  abduction  and  retaining  it  in  the  improved 
position  for  a  few  minutes,  as  often  as  is  possible,  may 
be  of  service  in  overcoming  its  resistance.  As  a  treat- 
ment by  itself,  however,  simple  manual  rectification  is 
tedious  and  ineffective,  although  partial  cures  have  been 
attained  by  perseverance  with  this  means  alone. 

Mechanical  rectification  is  the  treatment  of  choice  and 
routine  in  infantile  chib  foot.  In  this  treatment  two 
methods  may  be  described ;  (1)  by  the  plaster  bandage; 
(i)  by  some  form  of  simple  splint. 

The  principle  of  the  two  is  essentially  the  same  The 
foot  IS  drawn  toward  an  improved  position  and  retained 
there  by  the  plaster  bandage,  or  it  may  be  tixed  to  some 
form  of  metal  splint  or  brace  whose  shape  is  gradually 
changed  from  week  to  week,  as  the  resistance  lessens 

hmdual  Bectification  of  Deformity  by  Means  of  the  Pliix- 
ter  Bandage.— In  this  treatment  care  should  be  taken  to 
avoid  undue  pressure,  irritation  of  the  skin,  or  insecurity 
of  the  bandage.     Shreds  of  cotton  should  be  placed  be- 
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tween  the  toes,  and  the  outer  aspect  of  the  ankle,  where 
the  skin  is  thrown  into  folds  when  the  foot  is  straight- 
ened, should  be  smeared  with  vaseline.  A  narrow  strip 
of  adhesive  plaster  long  enough  to  reach  from  the  knee 
to  a  point  an  inch  or  more  below  the  heel  Is  applied  to 
the  outer  side  of  the  leg.  A  thin  layer  of  cotton  is  wound 
about  the  leg,  just  below  the  knee,  In  order  to  protect 
the  skin  from  the  hard  margin  of  the  plaster  bandage, 
and  a  similar  strip  Is  carried  about  the  toes.  The  foot  is 
then  drawn  gently  toward  the  abducted  position,  often 
as  far  as  the  axis  of  the  leg  at  the  first  dressing,  without 
causing  discomfort.  While  it  Is  held  In  this  position  a 
narrow  flannel  bandage  Is  smoothly  applied  to  the  leg 
and  foot,  the  band  of  adhesive  plaster  being  drawn  out 
between  the  folds  about  the  ankle.  A  very  light  plaster 
bandage  is  then  applied  from  the  knee  to  the  extremities 
of  the  toes,  and  into  this  bandage  the  projecting  strip  of 
adhesive  plaster  is  incorporated,  so  that  no  displacement 
of  the  dressing  is  possible.  The  turns  of  both  the  plaster 
and  the  flannel  bandage  are  made  from  within,  down- 
ward, and  outward,  in  order  that  the  tension  may  aid  In 
retaining  the  foot.  When  the  plaster  bandage,  which 
during  the  hardening  process  has  been  constantly  rubbed 
and  manipulated  so  that  it  may  fit  the  part  perfectly,  has 
become  firm,  a  long  stocking  is  drawn  over  it  and  is  at- 
tached to  the  body  clothing.  At  the  end  of  a  week  the 
bandage  is  removed.  The  leg  and  foot  are  gentlj'  bathed 
with  alcohol,  thoroughly  dried,  powdered,  and  protected 
as  before,  and  the  bandage  is  again  applied.  At  this 
second  dressing  the  irritated  adductor  muscles,  after  the 
interval  of  complete  rest,  will  be  much  less  active  and 
the  contracted  tissues  will  be  less  resistant,  so  that  the 
foot  may  be  easily  turned  somewhat  outward,  or  be3'ond 
the  line  of  the  leg. 

After  four  or  five  applications  of  the  bandage  at  weekly 
Intervals  the  foot.  In  ordinary  cases,  can  be  held  without 
resistance  in  the  attitude  of  extreme  equino- valgus.  The 
sole,  which  at  first  looked  backward,  inward,  and  up- 
ward, is  now  turned  in  the  opposite  direction,  forward, 
outward,  and  downward,  and  the  inner  border  of  the 
foot,  which  was  concave,  is  now  convex.  When  the 
varus  has  been  completely  overcome,  treatment  is  di- 
rected to  the  equinus.  At  this  stage  it  is  sometimes  of 
advantage  to  cover  the  bottom  of  the  foot  with  a  plate  of 
thin  wood  (splint  wood  or  cigar-box  cover)  to  give  the 
plaster  bandage  more  solidity  to  aid  in  flattening  the 


FIG.  2150.— The  First  Application  of  the  Piaster  Bandage,  Showing 
the  Improved  Position. 

rounded  sole.  At  the  first  application  of  the  dressing 
one  carries  the  foot  upward  (toward  dorsal  flexion),  while 
it  is  still  retained  in  the  abducted  position ;  but  when  the 
right-angled  position  has  been  attained,  it  is  brought 
nearer  to  the  axis  of  the  leg.  The  pronation  or  aversion 
of  the  sole  Is  retained,  however,  until  correction  is  com- 
pleted.    In  correcting  the  equinus,  a  certain  amount  of 
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force  18  required,  sufficient  to  cause  some  discomfort  dur- 
ing the  application  of  tlie  plaster,  but  not  sufficient  to 
cause  suttermg  afterward.  The  force  is  applied  bv 
means  of  the  sole  plate  to  the  entire  foot  so  that  the  pos 
tenor  extremity  of  the  os  calcis  maybe  drawn  downward 
by  actual  lengthening  of  the  tendo  Achillis,  and  not  as 
is  often  the  case,  by  an  over-correction  of  the  forefoot 
while  the  heel  remains  in  its  original  position  of  plantar 
flexion.  By  the  proper  application  of  force  the  cquinus 
IS  gradually  overcome ;  the  sharp  indentation  or  fold  at 
the  insertion  of  the  tendo  Achillis  is  lessened,  and  the 
heel  becomes  more  prominent. 

,.2'^*^/'^<^"°'^*°'^  °*  ^^'^  equinus  may  be  somewhat  more 
dilbcult  than  that  of  the  varus,  but  it  should  be  entirely 
corrected  in  three  or  four  months  from  the  time  of  bee-in 
ning  the  treatment. 

As  has  been  stated,  correction  of  the  deformity  implies 
over  correction ;  and  it  is  well  when  this  has  been  at- 
tained to  hold  the  foot  for  several  weeks,  by  means  of 
the  plaster  bandage,  in  an  attitude  of  extreme  pronation 
and  dorsal  flexion  (calcaneo-valgus)  in  order  to  impress, 
as  it  were,  the  new  position  upon  its  structure. 

This  concludes  the  first  stage  of  the  treatment,  the  sim- 
ple rectification  of  deformity. 

Correction  by  the  plaster  bandage  has  the  great  ad- 
vantage of  placing  the  treatment  entirely  under  the 
command  of  the  surgeon.  When  properly  applied,  the 
support  fits  perfectly  and  holds  the  foot  in  the  desired 
attitude  without  undue  pressure. 

The  disadvantages  of  the  treatment  are  almost  entirely 
due  to  its  improper  application.  For  instance,  the  band- 
age may  be  too  heavy,  or  the  padding  may  be  so  thick 
that  it  does  not  retain  its  position.  Excoriations  are  usu- 
ally due  to  carelessness  in  the  application  of  the  bandage 
or  they  result  from  a  failure  to  remove  it  in  proper  season. 
The  fear  of  compression,  of  atrophy  of  muscles,  of  stunt- 
ing the  growth  of  the  limb,  is  groundless.  At  the  end  of 
the  retention  treatment  the  corrected  foot  is,  as  a  rule, 
larger  than  one  that  has  remained  untreated.  The 
stunted  foot  is  the  result  of  non-treatment,  or  of  ineffec- 
tive treatment  by  braces  or  otherwise ;  not  of  the  enforced 
rest  necessitated  by  the  methodical  reduction  of  de 
formity. 

It  may  be  noted  in  this  connection  that  tlie  normal  in- 
fant moves  the  foot  in  various  directions  in  a  more  or  less 
regular  alternation  of  postures,  while  in  club  foot  motion 
is  in  one  direction  only,  that  toward  which  the  foot  is 
turned.  The  muscles  on  the  back  and  inner  side  of  the 
leg,  which  are  alone  active,  become  relatively  irritable 
and  hypertrophied  as  compared  with  those  on  the  front 
and  outer  side  that  are  disused.  Thus,  muscular  activity 
of  the  deformed  foot  is  in  reality  harmful,  because  it  in- 
creases deformity  and  still  further  disturbs  the  muscular 
balance.  For  this  reason  the  temporary  restraint  of  mo- 
tion, necessary  during  the  rectification  of  the  deformity, 
may  be  considered  rather  of  advantage  than  otherwise. 
When  movement  is  again  allowed  and  encouraged,  it 
must  be  in  the  directions  opposed  to  the  attitudes  of  de- 
formity, with  the  aim  of  so  strengthening  the  weakened 
group  of  muscles  at  the  expense  of  the  stronger,  that  the 
balance  of  muscular  power  may  be  re-established. 

Correction  of  deformity  may  be  accomplished  by  hold- 
ing the  foot  in  an  improved  position  by  strips  of  adhesive 
plaster,  or  by  the  elastic  traction  of  rubber  bands  attached 
to  the  leg  and  foot.  As  compared  with  the  ease,  rapidity, 
and  certainty  of  correction  by  the  plaster  bandage,  such 
methods  are  uncertain  and  ineffective  and  they  will  not 
therefore  be  described  in  detail. 

Tlie  Rectification  of  Deformity  by  Splints  and  Braces  : 
Of  mechanical  supports  there  are  many  varieties.  Com- 
plicated appliances  should  be  avoided  because  they  are 
unnecessary,  and  because  they  serve  to  distract  attention 
from  the  prime  object  of  treatment,  the  rapid  and  syste- 
matic correction  of  deformity. 

Of  the  simpler  braces,  that  used  by  Judson  of  New 
York  is  one  of  the  best  and  will  serve  as  a  type  to  illus- 
trate this  form  of  treatment.  The  method  of  application 
may  be  described  in  Judson's  own  words : 


The  apparatus  which  I  have  conveniently  used  to 
effect  this  reduction  before  the  child  learns  to  stand  is  a 
simple  retentive  brace  which  acts  as  a  lever  making 
pressure  on  the  outer  side  of  the  foot  and  ankle  at  A  in 


Fig.  3151. 


Fig.  3152. 


IIG.  2157. 


Fig.  2158. 


Pigs.  3151  to  2153,  inclusive,  and  counter-pressure  at  two 
points,  one  on  the  inner  side  of  the  leg,  at  B,  and  the 
other  at  the  inner  border  of  the  foot,  at  C.  It  is  advis- 
able to  keep  in  mind  that  this  simple  instrument  is  a 
lever,  because,  if  we  know  that  we  are  using  a  lever 
with  its  three  well-defined  points  of  pressure,  we  can 
make  the  apparatus  more  efficient  than  if  we  view  it,  in 
a  more  general  way,  as  an  apparatus  for  giving  a  better 
shape  to  the  foot. 

"  I  use  a  little  brace  made  of  sheet  brass,  doing  the  work 
with  a  few  simple  tools.  An  advantage  of  doing  the 
work  one's  self  is  that  there  is  no  room  for  doubt  as  to 
where  the  blame  lies  if  the  apparatus  does  not  work  well. 
Two  curved  discs,  B  and  G,  Pigs.  2153  and  3153,  are 
riveted  to  a  shank,  D,  and  thus  is  formed  that  part  of  the 
brace  which  applies  the  two  points  of  counter-pressure, 
while,  on  the  other  hand,  the  point  of  pressure  is  brought 
into  action  by  a  third  disc,  or  shield.  A,  which  is  drawn 
tightly  against  the  outer  side  of  the  foot  and  ankle,  and 
held  in  place  by  a  strip  of  adhesive  plaster  E,  which  in- 
cludes the  limb  and  the  piece  which  connects  the  two 
discs,  B  and  0.  The  discs  are  lined  with  two  or  three 
thicknesses  of  blanket,  easily  renewed,  when  necessary, 
with  a  needle  and  thread.  These  braces  are  so  cheap  and 
easily  knocked  together  that  it  is  nothing  to  apply  new 
and  larger  ones,  using  heavier  material  for  the  shank  as 
the  child  grows.  In  general,  three  sizes  will  be  enough, 
the  shanks  being  13  gauge,  f  in.  wide;  14  gauge,  -J  in. 
wide;  and  16  gauge,  fin.  wide.  The  discs  are  conven- 
iently made  from  33  gauge,  IJ  in.  wide.  The  rivets  are 
copper  belt-rivets.  No.  13.  A  lip  turned  on  the  edge  of 
the  discs,  with  the  flat  pliers,  gives  stiffness  to  the  thin 
brass,  and  protects  the  skin  from  the  rough  edge.  If 
more  easily  obtained,  tin  discs,  light  bars  of  iron  or  steel, 
and  ordinary  iron  rivets,  would  doubtless  answer.  (See 
Pigs.  2152,  2157,  and  2158.) 
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"The  brace  is  applied  with  three  strips  of  adhesive 
plaster.  The  upper  and  lower  pieces,  1  and  tr,  J^lg. 
2153  are  simply  to  keep  the  apparatus  in  place,  which 
they  do  effectively  if  ordinary  gum  plaster  is  used, 
while  by  drawing  the  middle  strip,  E,  tightly  over  the 
shield,  and  straiglitening  the  brace  from  time  to  time, 
the  deformity  is  gradually  and  gently  reduced.  At  each 
re-application  the  brace  is  made  a  little  straightcr  than 
the  foot  at  that  stage.  This  may  readily  be  done  by  the 
hands,  and  then  the  adhesive  strip  is  to  be  tightened  over 
the  shield  till  the  shape  of  the  foot  agrees  with  that  of 
the  brace.  After  a  few  days,  the  brace  is  to  be  made  still 
straighter  and  again  re-applied,  and  made  tight  till  an- 
other point  of  improvement  is  gained.  The  brace  is  ap- 
plied very  crooked  at  the  beginning  of  treatment,  as  in 
Figs.  2153  and  31.53,  and  is  straightened  from  time  to  time, 
and  a  longer  brace  applied  as  the  deformity  is  reduced 
and  the  patient  grows.  It  should  be  removed  every 
week,  or  two  weeks,  and  an  interval  of  a  few  days 
allowed  for  freedom  from  the  brace,  when  the  mother  is 
advised  to  manipulate  the  foot  constantly,  using  as  much 
force  as  she  will  in  the  direction  of  symmetry.  Manipu- 
lating the  foot  during  these  intervals  is  of  great  impor- 
tance, as  cases  have  occurred  in  which  varus  and  equinus 
have  been  entirely  overcome  by  the  mother's  hand  alone. 

"By  this  simple  and  prosy  treatment,  carried  out  sys- 
tematically and  without  haste,  or  violence,  or  pain,  the 
foot,  unless  it  is  a  frightful  exception,  may  with  cer- 
tainty be  changed  from  varus  to  valgus.  At  the  same 
time  the  tendo  Achillis  is  lengthened  till  the  position  of 
the  foot  is  near  the  normal,  or  at  right  angles  with  the 
leg,  as  the  result  of  manipulation  and  giving  the  brace 
from  time  to  time  a  partly  antero-posterior  action.  Figs. 
3153  and  3153  show  approximately  the  shape  of  the  brace 
at  the  beginning  of  treatment.  Fig.  2154  when  the  varus 


Fig.  2159. 


Fio.  2161.  j.jg^  2jg2. 

FIGS.  2159  TO  2163.-Tlie  Taylor  Club-loot  Brace. 

is  reduced,  and  Pig.  2155  when  valgus  has  taken  the 
place  of  varus.  The  foot,  in  this  latter  stage  may  not 
hold  Itself  valgus,  when  left  to  itself,  but  with  almost  no 
force  and  with  one  finger  it  may  be  pushed  into  vdgus  " 
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AVhen  the  varus  deformity  is  reduced,  the  equinus  is 
gradually  corrected  by  carrying  the  splint  behind  the  in- 
ternal malleolus,  and  finally,  if  necessary,  direct  upward 
pressure  may  be  obtained  by  lengthening  the  brace  and 
applying  it  to  the  posterior  aspect  of  the  foot  and  leg. 


Fig.  2163.— The  Thomas  Wrench. 


It  may  be  noted  that  manipulation  and  stretching  of  the 
contracted  parts  when  the  brace  is  removed,  is  of  much 
importance  in  the  correction  of  deformity  by  this  or 
other  means.  Splints  of  wood,  tin,  felt,  and  the  like 
may  be  employed,  but  they  present  no  particular  advan- 
tage over  that  which  has  been  described. 

Tenotomy :  The  equinus  has  been  spoken  of  as  the  sec- 
ondary deformity,  but  its  complete  correction  is  some- 
times more  difficult  than  that  of  varus.  The  mechanical 
stretching  of  the  contracted  parts  by  means  of  the  plas- 
ter-of -Paris  bandage,  or  the  brace,  is  often  accomplished 
with  ease,  but  in  more  resistant  cases  time  will  be  gained 
after  the  foot  has  been  forced  into  the  position  of  equino- 
valgus,  by  the  division  of  the  tendo  Achillis,  which  is  the 
most  resistant  of  the  shortened  tissues.  After  division 
of  the  tendon  it  may  be  necessary  to  use  considerable 
force  to  stretch  the  other  contracted  pairts,  and  to  force 
the  foot  up  to  the  limit  of  normal  dorsal  flexion,  which 
is  the  o))ject  of  the  operation.  Occasionally  the  obstacle 
seems  to  be  in  the  posterior  ligament  of  the  ankle,  and  it 
is  sometimes  of  service  to  re-insert  the  knife  and  to  divide 
this  structure,  in  part  at  least,  so  that  it  will  give  way 
under  manipulation.  When  the  foot  has  been  forced  into 
the  position  of  over-correction,  it  is  fixed  in  a  plaster 
bandage  which  is  allowed  to  remain  for  several  weeks, 
until  the  interval  between  the  separated  ends  of  the  ten- 
don is  filled  in  with  the  new  tissue. 

In  many  instances  the  leg  is  rotated  inward  upon  the 
thigh,  an  attitude  that  is  accompanied  by  accommoda- 
tive changes  in  the  ligaments  of  the  knee  joint.  During 
the  rectification  of  the  club  foot,  this  secondary  distortion 
may  be  corrected,  in  part  at  least,  by  forcible  manual  rota- 
tion of  the  leg  outward  on  the  thigh,  several  times  daily. 

The  management  of  the  first  stage  of  the  treatment  of 
infantile  club  foot  is  then — manipulation  by  the  nurse  or 
parents  from  birth  until  systematic  rectification  can  be 
begun, — mechanical  correction,  first  of  the  varus  and  then 
of  the  equinus  deformity,  terminating  with  a  period  of 
retention  in  the  over-corrected  position  (calcaneo- valgus). 
Division  of  tendons,  other  than  the  tendo  Achillis,  is  not 
often  necessary.  The  time  required  for  the  first  stage  of 
treatment,  or  over-correction  of  deformity,  should  not 
under  favorable  conditions  exceed  three  months. 

The  rapid  and  complete  correction  of  deformity  in  the 
manner  described,  begun  as  early  as  possible  and  accom- 
plished as  quickly  as  possible,  cannot  be  too  strongly 
urged.  In  the  first  months  of  life  the  tissues  are  not  re- 
sistant, the  bones  are  in  large  part  cartilaginous,  and 
when  the  foot  in  its  external  appearance  is  rectified, 
the  rapid  growth  in  the  first  months  of  life  will  change 
the  internal  structure  to  conform  to  the  normal  condi- 
tions. The  fear  of  atrophy,  compression,  or  other  harm 
from  the  temporary  fixation  necessary  during  rectifica- 
tion is  groundless,  and  in  fact  exercise,  so-called,  except 
in  the  direction  opposed  to  deformity  is  harmful  rather 
than  beneficial. 

The  !^(C(ind  Stiige  of  Treatment:  Support  and  Restor- 
aliiiii.  of  Fiiiirtio)!. — When  the  deformed  foot  has  been 
corrected,  in  the  sense  that  all  normal  motions  are  un- 
hampered, the  first  and  most  difficult  part  of  the  treat- 
ment will  have  been  completed,  and  in  some  instances  a 
practical  cure  is  assured.  Such  a  result  is  unusual,  how- 
ever, for  although  the  foot  may  be  normal  in  appearance, 
its  muscular  balance  has  not  been  restored.     This  is 
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Foot. 
Foot. 


shown  by  the  fact  that  there  is  little  power  in  the  dorsal 
flexors  and  abductors  to  draw  the  foot  upward  and  out- 
ward. For  this  reason,  the  foot 
must  be  supported  in  proper  posi- 
tion until  the  slack  of  the  length- 
ened tissues  has  been  taken  up  by 
development  in  the  normal  attitude, 
otherwise  the  deformity  must  recur. 
Practically,  support  is  always  nec- 
essary until  the  child  has  begun  to 
walk. 

The,  Retention  Brace  :   The  form 
of  retention  brace  will  vary  some- 


FiG.  3164.— The  Thomas  Wrench  Applied  to  a  Case  of  Talipes  Equino- 
varus. 

what  according  to  the  indications  of  the  individual 
case,  the  one  essential  helng  that  the  foot  shall  he  sup- 
ported in  normal  position,  or 
better,  in  an  attitude  of  slight 
dorsal  flexion  and  abduction. 
One  of  the  best  supports  is  the 
Taylor  brace,  the  invention  of 
Dr.  C.  F.  Taylor  of  New  York. 
This  consists  essentially  of  a 
light  upright  that  extends  along 
the  inner  side  of  the  leg  to  the 
knee,  and  a  thin  steel  foot  plate 
of  the  exact  size  of  the  sole, 
with  an  upright  flange  on  the 
inner  side  rising  to  a  point  just 
above  the  dorsal  surface  of  the 
foot,  against  which  the  foot  is 
closely   pressed   so   that    recur- 


FIG.  2165.— The  Delormity  Par- 
tially Corrected  by  the 
Wrench. 


rence  of  the  varus  deform- 
ity Is  prevented.  The 
joint  at  the  ankle  is  provided 
with  a  catch  that  prevents  plan- 
tar flexion,  but  allows  dorsal  flex- 
ion (Figs.  2159,  3160,  3161,  and 
2163).  By  bending  the  upright 
and  the  sole  plate  the  foot  may 
be  held  in  slight  abduction.  The 
apparatus  is  applied  with  straps 
as  illustrated,  and  if  necessary  its 
position  is  further  fixed  by  a  band 
of  adhesive  plaster  applied  on  the 
inner  side  of  the  leg  to  hold  the 
heel  firmly  against  the  foot  plate. 
The  foot  is  thus  held  constantly 


at  a  right  angle  to  the  leg,  or  better,  in  the  early  stage 
of  treatment,  in  an  attitude  of  dorsal  flexion  and  val- 
gus. Occasionally,  aftei'  complete  rectification  of  the 
defoi-mity,  the  foot  still  turns  in.  In  most  instances  this 
is  due  to  an  inward  rotation  of  the  tibia  on  the  femur  at 
the  knee  joint,  but  in  some  cases  it  is  caused  by  a  spiral 
twist  of  tiie  tibia  itself.  In  order  to  correct  this  second- 
ary deformity  the  upright  of  the  brace  is  carried  be- 
neath the  leg,  provided  with  a  joint  at  the  knee,  and  is 


FIG.  2166.— The  Delormity 
Fully  Corrected  by  the 
Wrench. 


Fig.  3167.— Club-Foot  Braces,  to  Correct  Inward  Rotation. 

extended  up  the  outer  side  of  the  thigh.  At  the  hip 
it  is  attached  by  a  free  joint  to  a  padded  pelvic  band 
of  light  steel.  The  band  holds  the  upright  in  the  proper 
relation  to  the  thigh ;  thus,  by  twisting  the  part  below 
the  knee  the  foot  can  be  rotated  outward  to  the  desired 
degree.  In  less  marked  cases,  the  retention  bands  used 
for  pigeon  toe  may  be  employed.     (See  Pigeon  Toe. ) 

Metlwdical  MatiUAil  Correction:  Several  times  during 
the  day  the  brace  should  be  removed  in  order  that  the 
foot  may  be  thoroughly  massaged  and  forcibly  abducted, 
that  is,  twisted  outward  at  the  medio-tarsal  joint  so  that 
the  inner  border  is  made  convex,  and  then  to  the  ex- 
treme limit  of  dorsal  flexion  and  abduction.  If  the  leg  is 
restated  inward,  it  is  forcibly  turned  outward  on  the 
femur.  Even  if  the  tibia  is  actually  twisted  on  its  long 
axis,  the  influence  of  the  brace  and  forcible  manipulation 
will  usually  correct  the  deformity.  If  not,  an  osteotomy 
of  the  tibia  may  be  required  at  a  later  period ;  this,  how- 
ever, is  not  often  necessary.  Active  contraction  of  the 
weak  muscles  may  be  induced  by  tickling  the  sole  of  the 
foot  or  by  the  use  of  electricity;  and  finally,  the  entire 
limb  should  be  thoroughly  massaged  before  the  brace  is 
re-applied. 

When  the  ability  to  dorsiflex  and  abduct  the  foot  has 
been  regained,  the  brace  may  be  removed  tor  a  part  of 
the  day ;  later  it  is  used  only  at  night,  and  finally  it  may 
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be  discarded  if  the  child  walks  normally.  But  t  s  best 
to  continue  the  daily  manipulation,  more  Part'^'ajly  the 
systematic  stretching  or  over-correction  ot  the  ^0*.  t"'  » 
long  time.  Thus  one  may  check  the  tendency  toward 
deformity  of  which  the  first  sign  is  always  a  slight  limita- 
tion of  the  range  of  dorsal  flexion  and  abduction. 

In  many  instances  the  deformity  may  have  been  so 
thoroughly  over-corrected  by  the  plastur-of-Pans  band- 
ae-e  or  by  the  brace,  and  the  after-treatment  of  massage 
and  stretching  may  have  been  so  efficiently  applied  by 
the  nurse  or  parent  that  uo  support  is  required  alter  the 
child  begins  to  walk.  On  the  other  hand,  the  inclination 
toward  deformity  may  be  so  marked  that  it  maybe  neces- 
sary to  hold  the  foot  in  slight  abduction  and  valgus  tor  a 
year  or  longer.  ,,,,,,     .     ^ 

In  other  cases,  the  use  of  a  light  brace  to  hold  the  foot 
in  the  over-corrected  position  during  the  night  is  alone 
required.  These  are  points  to  be  decided  by  the  circum- 
stances of  each  case.  The  period  of  observation  and  su- 
pervision is  included  in  the  final  stage  of  the  treatment. 

Third  Stage  of  Treatment:  Supermsion.— During  this 
period  the  attitudes  of  the  limb  and  foot  of  the  child  in 
walking  must  be  carefully  watched  and  one  should  ob- 
serve the  signs  of  wear  on  the  sole  of  the  shoe.  If  it 
shows  greater  wear  on  the  outer  side  than  is  usual,  it  is 
an  indication  that  the  weight  does  not  fall  on  the  centre 
of  the  foot  and  that  there  is  therefore  a  tendency  toward 
deformity.  This  must  be  counteracted  by  making  the 
sole  thicker  on  the  outer  border,  or  somewhat  wedge- 
shaped,  so  that  the  weight  may  be  deflected  toward  the 
inner  side. 

This  third  period  of  treatment,  or  rather  of  oversight 
of  the  functional  use  of  the  foot,  must  be  continued  in- 
definitely. In  fact,  it  is  the  quality  of  this  final  super- 
vision that  decides  in  most  instances  whether  the  ultimate 
outcome  is  to  be  what  is  called  a  satisfactory  result,  or  a 
perfect  cure. 

The  Tredtmeiit  of  Neglected  Club  Foot. — The  treatment 
of  club  foot,  under  what  may  be  called  the  proper  condi- 
tions, as  outlined  in  the  preceding  pages,  applies  practi- 
cally to  all  cases  before  the  completion  of  the  first  year 
of  life,  and  mechanical  rectification  may  be  successfully 
employed  in  cases  far  beyond  this  limit  of  age.  As  a 
rule,  however,  when  the  patient  has  walked  for  any 
length  of  time,  the  resistance  of  the  tissues  has  increased 
to  such  an  extent  that  more  rapid  and  efEective  treatment 
is  indicated.  The  investigations  of  Wolff  have  shown 
that  the  internal  structure  of  the  bones  corresponds  to 
their  external  contour,  and  that  the  structure  and  contour 
are  adaptations  to  functional  use.  This  internal  structure 
is  not,  however,  permanent,  but  is  readily  transformed  to 
conform  to  changes  in  form  or  function.  If  then  the  ex- 
ternal contour  of  the  club  foot  were  suddenly  reversed, 
and  if  use  of  the  foot  were  permitted  in  this  new  attitude, 
a  transformation  of  the  internal  structure  of  the  bones 
and  at  the  same  time  of  their  shape  would  begin  at  once. 
This  would  continue  until  both  structure  and  shape  had 
become  adapted  to  habitual  function.  It  is  upon  this 
natural  power  of  transformation  that  one  depends  for  the 
final  and  complete  change  of  the  distorted  bones  to  the 
normal;  and  what  is  true  of  a  resistant  structure  like 
bone  is  equally  true  of  the  other  constituents  of  the  de- 
formed foot. 

Age  as  Influencing  Trent meni. —There  is  then  this  very 
essential  difference  between  the  indications  for  treatment 
in  infancy  and  in  childhood.  In  the  first  instance  the 
foot  has  no  essential  function.  In  the  walking  child 
however,  the  weight  of  the  body  and  habitual  use  tend 
to  confirm  and  to  increase  the  deformity.  As  a  general 
pnnciple  of  treatment,  therefore,  walking  should  not  be 
permitted  until  the  weight  of  the  body  may  aid  rather 
than  retard  the  correction  of  deformity.  This  is  another 
point  in  favor  of  rapid,  as  opposed  to  gradual,  correction 
of  deformity. 

The  Puqrid  pmrcction  of  Deformity—The  principles  on 
which  operative  treatment  is  conducted  are  the  same  as 
those  which  govern  mechanical  treatment.  Thus  the  de- 
formed foot  must  be  over-corrected,  and  it  must  be  held 
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in  the  over-corrected  position,  until  the  immediate  ten 
dency  toward  deformity  has  been  overcome.  It  must 
then  be  supported  until  the  foot  has  become  adapted  to 
its  new  position  and  until  the  balance  of  muscular  power 
has  been  regained.  No  surgical  operation,  however  radi- 
cal, can  be,  in  childhood  at  least,  curative  by  itself  alone. 
Operative  procedures  are  undertaken  simply  for  the  pur 
pose  of  making  the  primary  over-correction  possible,  and 
that  operation  by  which  this  object  can  be  accomplished, 
with  the  least  interference  with  the  structure  of  the  foot, 
should  be  selected.  Such  an  operation  is  what  may  be 
called  forcible  manual  correction. 

Forcible  Manual  Goi-rection* — The  patient  having  been 
anaesthetized,  one  first  attempts  to  correct  the  sharp  in- 
ward twist  at  the  medio-tarsal  joint.  Supposing  the 
right  foot  to  be  deformed,  one  grasps  the  heel  with  the 
right  hand,  in  such  a  manner  that  the  projection  or  mus- 
cular part  of  the  palm  lies  on  the  outer  aspect  of  the  foot, 
against  the  most  prominent  part  of  its  outer  border,  which 
is  at  the  junction  of  the  os  calcis  and  cuboid  bones.  This 
hand  serves  as  a  fulcrum,  over  which  the  inverted  foot 
may  be  bent.  The  forefoot  is  then  grasped  firmly  by  the 
left  hand  and  one  begins  a  series  of  outward  twists  over 
the  fulcrum  of  the  opposing  palm,  gently  at  first  with 


Fig.  3168.— Reduction  ol  Varus.    (After  Lorenz.) 

alternate  relaxation  of  pressure,  but  with  gradually  in- 
creasing force  as  the  resistant  tissues  stretch  under  the 
tension. 

If  greater  force  Is  required,  a  triangular  block  of  wood, 
well  padded,  may  be  used  as  the  fulcrum  (Fig.  2168),  one 
hand  pressing  on  the  heel  and  the  other  on  the  forefoot ; 
but  there  is  a  great  advantage  in  using  nothing  but  the 
hands,  because  one  feels  sure  that  no  injurious  force  is 
likely  to  be  exerted.  Under  this  steady  manipulation, 
the  foot  soon  loses  its  rigidity  and  its  elastic  recoil  tow- 
ard deformity;  it  becomes  so  limp  that  with  two  fin- 
gers one  can  not  only  hold  the  sole  straight,  but  can  push 
it  or  bend  it  outward.  Thus  the  first  stage  of  the  me- 
thodical correction  has  been  accomplished. 

One  then  turns  his  attention  to  the  supination  which 
makes  the  outer  border  of  the  foot  lower  than  the  inner 
border.  The  leg  is  grasped  firmly  near  the  ankle  with 
the  left  hand,  and  with  the  right  the  foot  is  forcibly 
twisted  in  a  direction  downward,  outward,  and  upward, 
over  and  over  again,  with  steadily  increasing  force  as  the 
tissues  slowly  yield,  until  it  may  be  forced  into  a  position 
of  extreme  abduction,  so  that  the  sole  may  be  made  to 
look  outward  and  downward — the  reverse  of  the  former 
attitude. 

One  next  stretches  the  contracted  plantar  fascia  and 
reduces  the  cavus,  which  is  usually  present,  by  forcing 

*  First  described  by  Delore,  ol  Lyons. 
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the  forefoot  toward  dorsiflexion,  against  the  resistance 
of  the  contracted  tendo  Achillis,  until  the  sole  is  made 
perfectly  flat  (Fig.  2169).  Finally,  the  fourth,  and  often 
the  most  difficult  part  of  the  rectification,  that  of  forcing 


Fig.  3169.— Reduction  of  CaTUS.    (Alter  Lorenz.) 

the  displaced  astragalus  into  its  proper  position  between 
the  malleoli,  is  attempted.  To  accomplish  this,  the  ten- 
do  Achillis  is  first  divided  subcutaneously,  and  if  neces- 
sary the  posterior  ligament  of  the  ankle  is  also  divided  at 
the  same  time.  The  patient  is  then  turned  upon  his  face 
so  that  with  the  knee  resting  on  the  table  the  leg  is  held 
upright.  This  allows  one  to  hook  the  fingers  about  the 
extremity  of  the  os  calcis  while  the  hand  and  arm,  lying 
along  the  sole  of  the  foot,  may  be  used  as  a  lever  to  force 
it  toward  dorsal  flexion  as  the  os  calcis  is  drawn  down- 
ward. In  this  manner  forcible  stretching  is  continued 
until  the  dorsum  of  the  foot  can  be  brought  almost  into 
apposition  with  the  crest  of  the  tibia.  When  the  oper- 
ation has  been  completed,  the  foot  should  be  perfectly 
limp.  It  is  usually  somewhat  congested  from  the  press- 
ure of  the  fingers,  but  it  is  warm  and  the  circulation  is 
unimpaired. 

One  may  assume  that  in  the  change  that  has  taken 
place  from  rigid  deformity  to  a  limp  foot  that  can  be 

moulded  into 
any  position,  the 
component  parts 
of  the  deformed 
foot  must  have 
been  subjected 
t  o  considerable 
violence ;  that 
ligaments  and 
muscles  must 
\  have      been 

stretched  and,  it 
may  be,  rup- 
tured ;  that  new  surfaces  are 
now  opposed  to  one  another 
in  the  articulations,  and  that 
the  bones  liave  been  forced 
into  approximately  normal 
position.  This  method  of 
treatment  has  a  great  ad 
vantage  over  the  ordinary 
operative  treatment,  in  that 
the  entire  foot  has  partici- 
pated in  the  correction, 
Instead  of  a  limited  por- 
tion, as  when,  for  example, 
bone  is  removed  by  cunei- 
and  it  has  a  second  and  almost  equally 
that    the   immediate    use   of 


FIG.  2170.— Reduction  ol  Equinus. 
(Alter  Lorenz.) 


form  osteotomy 

important   advantage,   in  that    the   immeaiate    use   oi 
the  corrected  and  yielding  foot  is  possible  m  the  place 
of  the  necessary  rest  that  must  follow  cutting  operations. 
Vol.  IV.— 15 


For  these  reasons  forcible  massage  should  be  the  operation 
of  clioice,  and  preliminary,  at  least,  to  more  severe  pro- 
cedures in  tlie  treatment  of  resistant-club  foot  in  cliild- 
hood.  The  only  disadvantage  of  the  operation  is  the 
actual  labor  which  it  necessitates  on  the  part  of  the  sur- 
geon, usually  twenty  minutes  or  more  of  rather  exhaust- 
ing work. 

The  foot  must  now  be  fixed  by  a  plaster  bandage  in  an 
over-corrected  position.  It  is  first  evenly  covered  with  a 
layer  of  cotton  and  a  bandage  of  canton  flannel,  and 
while  it  is  held  by  the  assistant,  the  plaster  bandages 
are  applied  from  the  tips  of  the  toes  to  the  upper  part  of 
the  thigh.  It  is  important  that  the  toes  should  not  pro- 
ject beyond  the  bandage,  because  of  the  swelling  that 
sometimes  follows.  It  is  important,  also,  that  the  foot 
should  be  held  in  the  proper  position  while  tlie  bandage 
is  hardening,  and  that  it  should  not  be  manipulated  to 
any  extent  after  the  bandage  is  applied,  in  order  that  no 
rigid  wrinkle  may  press  against  the  skin.  The  bandage 
is  applied  to  the  thigh  in  most  instances  in  order  that  the 
tibia  may  be  rotated  outward  to  its  normal  position  and 


Fig.  2171.— The  Feet  Fixed  In  an  Attitude  of  Over-Correction. 

held  there,  and  because  more  effective  fixation  may  be 
assured  and  greater  pressure  exerted  on  the  ioU  in  walk- 
ing. To  utilize  this  pressure  to  better  advantage  the 
bandage  is  made  very  thick  beneath  the  sole,  and  a  thin 
foot  plate  of  wood  should  be  incorporated  in  the  plaster. 
"When  the  bandage  is  applied  the  position  of  the  foot 
should  be  that  of  over-correction  of  deformity,  fiexed  be- 
yond the  right  angle,  twisted  far  outward,  and  the  outer 
border  should  be  elevated  considerably  beyond  the  level 
of  the  inner  border  (Fig.  2171). 

One  would  suppose,  after  using  the  force  that  has  been 
necessarily  applied,  that  much  pain  and  swelling  would 
follow.  This  is,  however,  not  the  case.  Often,  on  the 
following  day,  the  patients  are  able  to  stand  upon  the 
foot,  and  always  within  the  first  week  if  the  bandage  has 
been  properly  applied.  The  pain  following  this  oper- 
ation is  far  more  often  caused  by  pressure  of  an  ill-fitting 
bandage  than  by  the  violence  that  has  been  used.  Thus 
one  should  be  careful  to  remove  sections  of  the  bandage 
if  it  appears  to  cause  undue  discomfort.  These  points 
are  usually  the  front  of  the  ankle,  the  back  of  the  heel, 
and  the  inner  border  of  the  great  toe. 

The  immediate  use  of  the  foot  is  encouraged,  and  al- 
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though  only  the  heel  and  inner  border  bear  weight 
directly,  yet  the  pressure  of  the  foot  plate  on  the  parts 
that  do  not  come  in  contact  with  the  floor  is  usually 
sufficient  to  mould  the  foot  into  its  proper  shape.  Jt 
greater  pressure  is  thought  necessary  wedges  of  wood 
or  cork  may  be  attached  to  the  sole  of  the  plaster  band- 
age so  that  all  parts  may  bear  weight  equally.  Ihe 
bandage  is  covered  by  a  stocking,  a  slipper  may  be  worn 
indoors,  and  an  ordinary  overshoe  for  street  wear. 

The  first  bandage  should  be  removed  at  the  end  of  about 
three  weeks,  as  by  that  time  it  will  have  become  loose.  1  he 
foot  will  then  be  found  to  be  extremely  flexible,  and  by 
an  enthusiast  it  might  be  considered  cured.  But  knowl- 
edge of  its  previous  condition  should  make  it  evident 
that  a  much  longer  time  is  necessary  to  allow  for  its 
consolidation  in  the  new  position.  At  this  time  almost 
no  evidence  of  the  operation  remains,  except,  it  may  be, 
slight  discoloration  of  the  skin.  The  foot  is  again  held 
as  far  as  possible  in  the  over-corrected  position  and  an- 
other plaster  bandage  is  applied,  usually  as  far  as  the 
knee  only.  This  should  remain  for  eight  weeks,  or  longer 
if  it  is  still  unbroken.  The  patient  uses  the  foot  con- 
stantly, and  is  drilled  in  the  proper  method  of  walking, 
so  that  the  muscles  of  the  leg  may  become  accustomed  to 
the  new  and  normal  attitudes. 

At  the  end  of  another  month  or  more,  the  plaster  is  re- 
placed by  a  brace  to  be  worn  inside  the  shoe,  usually  of 
the  simplest  description,  consisting  of  an  upright  bar 
with  a  calf-band,  attached  to  a  steel  sole  plate  by  a  joint 
that  will  allow  dorsal  flexion  but  checks  extension  at  a 
right  angle.  This  is  applied  because  the  dorsal  flexors, 
after  years  of  disuse,  only  slowly  recover  sufficient  power 
to  resist  the  action  of  the  opposing  group  and  the  force 
of  gravity. 

The  second  stage  of  the  treatment  is  now  begun.  This 
may  be  divided  into  a  period  of  active  treatment  and  one 
of  supervision.  The  first,  or  treatment  stage,  consists 
in  massage  of  the  entire  leg  and  of  the  foot  to  stimulate 
the  growth  of  the  atrophied  muscles,  and  methodical 
manipulation  of  the  foot  several  times  a  day  by  pushing 
it  with  the  hand  to  the  extreme  of  the  range  of  motions 
possible  immedialely  after  the  operation,  viz.,  eversion, 
abduction,  and  dorsal  flexion,  in  the  same  order  as  at  the 
time  of  opei-ation.  At  the  same  time  the  patient  attempts 
voluntarily  to  carry  out  these  motions  by  his  own  mus- 
cles, the  power  being  supplied  by  the  hand  of  the  mas- 
seur. Slowly  the  muscles  gain  in  strength  and  abilits' 
and  when  normal  muscular  power  and  balance  have  been 
regained  the  patient  is  practically  cured ;  but  for  long 
afterward  supervision  is  kept  up  of  the  patient's  atti- 
tude, of  the  manner  of  using  the  foot,  of  the  wear  of  the 
sole  of  the  shoe,  and  the  like,  and  by  constant  drilling 
and  stimulation  the  attempt  is  made 'to  restore  the  nor- 
mal appearance  and  function. 

One  cannot  exaggerate  the  importance  of  this  after- 
treatment,  and  of  supervision  at  least  on  the  part  of  the 
surgeon.  The  active  treatment  may  often  be  left  to  the 
parents.  But  constant  supervision  is  necessary  to  keep" 
this  after-treatment,  which  seems  so  commonplace  and 
simple,  up  to  the  proper  pitch;  and  to  assure  one's  self 
that  the  range  of  motion  regained  by  the  operation  does 
not  gradually  become  more  and  more  restricted,  even 
though  the  contour  of  the  foot  appears  to  be  normal. 

Forcible  manual  correction  may  be  employed  with  ad- 
vantage from  the  second  to  the  tenth  year,  although  the 
limits  may  be  extended  in  either  direction  in  special 
cases.  In  this  operation,  as  described,  the  tcndo  Achillis 
IS  the  only  structure  divided.  There  is  no  particular  ob- 
jection to  subcutaneous  division  of  other  tendons  or  liga- 
me^nts  m  connection  with  forcible  manual  correction  ■ 
but  in  such  prolonged  manipulation  it  is  much  better  if 
the  skin  which  itself  must  be  stretched,  is  unbroken  and 
dry,  rather  than  moist  from  the  bleeding  from  punctured 
wounds.  For  this  reason  it  is  well  to  correct  the  deform- 
ity without  extensive  tenotomy  if  possible 

Treatment  of  Seenndcwy  Deformities.—ln  eases  such  'is 
have  been  described  a  certain  amount  of  secondarv  de 
formity  of  the  leg  is  often  present.     Knock  knee  rarely 
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requires  other  treatment  than  daily  manual  correction  in 
connection  with  the  massage  of  the  foot  and  leg. 

Hyperextension  at  the  knee  will  correct  itiself  during 
the  treatment  of  the  foot,  which,  being  fixed  in  an  atti- 
tude of  dorsal  flexion,  obliges  the  patient  to  walk  with 
the  knees  slightly  flexed.  Inward  rotation  of  the  leg  upon 
the  thigh  may  be  sufficient  to  require  a  brace,  but,  as  a 
rule  in  childhood  and  adolescence,  the  patient  has  so  long 
walked  with  exaggerated  outward  rotation  of  the  femur 
that  after  correction  of  the  deformity  no  inward  rotation 
of  the  foot  appears,  even  though  inward  rotation  of  the 
tibia  be  present.  Osteotomy  of  the  tibia,  to  correct  the 
inward  twist,  is  rarely  necessary. 

Malleotomy .—In  confirmed  club  foot  of  the  type  under 
consideration,  the  chief  obstacle  to  perfect  correction 
may  be  the  astragalus.  This  is  often  displaced  forward, 
downward,  and  inward,  so  that  only  the  posterior  por- 
tion of  its  articulating  surface  is  contained  within  the 
malleoli.  In  the  cases  of  long  standing  the  spaces  be- 
tween the  bones  may  have  become  insufficient  for  the 
anterior  and  wider  part  of  the  body  of  the  astragalus. 
In  such  instances,  even  after  division  of  the  tendo  Achil- 
lis and  the  posterior  ligament  of  the  ankle,  dorsal  flexion 
still  remains  restricted,  and  examination  shows  that  the 
astragalus  still  projects  as  before,  although  the  foot  has 
been  forced  into  a  position  of  apparent  dorsiflexion  and 
abduction.  This  apparent  correction  is  the  result  of 
over-correction  at  the  medio-tarsal  joint,  of  outward  ro- 
tation of  the  tibia  upon  the  femur,  and  of  backward  dis- 
placement of  the  fibula.  In  such  cases  the  malleoli  may 
be  separated  from  one  another  by  dividing  the  ligaments 
that  hold  them  in  apposition. 

A  straight  incision,  about  two  inches  long,  is  made  on 
the  outer  side  of  the  ankle  directly  over  the  anterior 
aspect  of  the  articulation,  the  ligaments  are  divided  and 
by  inserting  a  thin  chisel  the  bones  are  pried  apart,  and 
the  astragalus  is  replaced  in  the  proper  position.  This  is 
usually  easy  if  the  restraining  tissues  on  the  posterior 
part  of  the  ankle  have  been  divided.  The  wound  is  then 
closed  and  the  foot  held  in  the  over-corrected  position  by 
a  plaster  bandage.  Complete  correction  of  the  varus  de- 
formity should,  of  course,  precede  this  operation. 

It  would  seem  on  first  consideration  that  if  immediate 
correction  of  deformity  could  be  so  easily  accomplished 
in  the  confirmed  case,  it  should  be  employed  even  in  in- 
fancy. There  are,  however,  practical  reasons  against  it; 
first,  because  the  foot  is  so  small  that  it  cannot  be  easily 
manipulated ;  second,  because  even  after  it  is  corrected  it 
must  be  supported  until  the  child  begins  to  walk ;  and 
third,  because  the  foot  can  be  so  easily  straightened  with- 
out an  operation,  which,  even  of  so  slight  a  character,  is 
sometimes  cause  of  much  anxiety  to  the  parents.  For 
these  reasons,  although  immediate  reduction  of  deformity 
is  a  thoroughly  practical  and  safe  operation,  it  is  rarely 
advised  until  a  later  time. 

Utihcvtaneiius  Tenotomy. — The  division  of  tendons  and 
other  tissues  by  the  subcutaneous  method  has  been  men- 
tioned incidentally,  but  as  it  has  so  long  occupied  an  im- 
portant, and  even  at  one  time  the  most  important,  place 
in  the  treatment  of  club  foot,  the  operation  and  its  effects 
may  be  described  somewhat  in  detail. 

Tenotomy,  as  has  been  stated,  is  performed  for  the  pur- 
pose of  removing  an  obstacle  to  the  correction  and  over- 
correction of  deformity.  In  the  acquired  or  paralytic 
form  of  club  foot,  one  or  more  shortened  tendons  may  be 
the  chief  obstacles  to  reposition,  but  in  the  congenital 
form,  in  which  all  the  tissues  have  grown  into  deform- 
ity, the  shortened  tendons  are  b}''  no  means  the  only  re- 
sistant parts,  and  tenotomy  should  be  considered,  there- 
fore, merely  as  an  incident  in  correction.  In  the  ordinary 
treatment  of  infantile  club  foot,  tenotomy  may  often  be 
dispensed  with,  and  in  the  great  majority  of  cases  divis- 
ion of  the  tendo  Achillis  is  alone  required. 

When  the  tendcm  has  been  divided,  the  deformity  is 
immediately  over-corrected;  thus  the  two  extremities  are 
separated  to  the  extent  necessary  to  allow  the  improved 
position.  At  the  end  of  three  weeks  or  more,  when  the 
first  dressing  is  removed,  the  space  will  be  filled  with  new 
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material,  and  in  another  month  the  splice,  which  will  be 
somewhat  larger  and  thicker  than  the  normal,  should  be 
strong  enough  for  use.  The  slight  thickening  at  the  site 
of  the  operation  may  be  felt  for  a  year  or  more,  but  for 
all  intents  and  purposes  the  new  and  lengthened  tendon 
Is  perfectly  normal,  as  is  the  function  of  the  muscle  of 
which  it  is  a  part. 

The  process  of  repair  is  somewhat  as  follows :  Imme- 
diately after  the  operation  the  space  between  the  divided 
ends  of  the  tendon  is  tilled  or  partially  filled  with  blood ; 
then  leucocytes  appear,  which  with  those  in  the  bloorl 
clot  serve  as  pabulum  foi-  the  plasma  cells  which  migrate 
from  between  the  fasciculi  of  the  tendon  and  from  the 
tendon  sheath.  The  fibrin  and  red  corpuscles  of  the  clot 
are  absorbed,  the  extremities  of  the  divided  tendon  soften 
and  become  fused  with  the  new  material,  which  begins 
to  take  on  the  form  and  consistence  of  true  tendon,  and 
to  separate  itself  from  the  adherent  sheath.  This  new 
tendon,  according  to  Tubby,  differs  from  the  normal 
structure  in  that  the  fibrous  fasciculi  are  more  irregular 
and  its  substance  is  more  like  scar  tissue,  but  practi- 
cally it  is  perfectly  normal  in  its  appearance  and  func- 
tion. 

Since  the  tendon  sheath  serves  an  important  purpose 
in  repair,  it  should  be  disturbed  as  little  as  possible,  and 
for  this  as  well  as  for  other  obvious  reasons,  subcuta- 
neous tenotomy  of  the  tendo  Achillis,  which  is  so  promi- 
nent and  so  distinct  from  other  important  parts,  is  to  be 
preferred ;  but  if  more  extensive  division  of  other  tendons 
is  required,  the  open  operation  is  often  indicated. 

Dimsion  of  the  Tendo  Achillis :  For  this  operation  anaes- 
thesia is  usually  required,  preferably  by  means  of  nitrous 
oxide  gas,  and  it  is  hardly  necessary  to  state  that  surgical 
cleanliness,  even  in  so  slight  a  procedure,  is  essential. 

The  instrument  should  be  small  and  very  sharp  so  that 
no  force  is  required  in  the  operation ;  the  blade  should  be 
as  long  as  the  tendon  is  wide.  The  patient  is  turned  upon 
the  side  or  to  the  prone  position,  so  that  the  foot  may 
be  held  with  the  heel  upward  by  the  left  hand.  The 
position  and  size  of  the  tendon  are  ascertained  by  careful 
palpation,  and  the  knife  is  then  inserted  to  its  inner  side, 
at  about  the  level  of  the  extremity  of  the  internal  malle- 
olus. The  flat  surface  of  the  blade  is  held  parallel  to  the 
tendon,  and  it  is  passed  beneath  it  until  its  point  can  be 
felt  beneath  the  skin  on  the  opposite  side.  The  edge  is 
then  turned  upward,  and  the  tendon,  being  made  tense, 
is  divided  by  a  sawing  motion  of  the  knife.  When  the 
division  is  complete,  as  indicated  by  the  separation  of 
the  divided  ends,  the  knife  is  withdrawn,  and  tlie  minute 
opening  in  the  skin,  from  which  there  is  usually  slight 
bleeding,  is  covered  with  a  pledget  of  aseptic  cotton. 
The  foot  is  forced  into  dorsal  flexion  and  is  securely  fixed 
by  a  plaster  bandage.  In  applying  the  dressing  one 
should  take  care  that  no  pressure  is  brought  upon  the  seat 
of  operation,  as  this  might  interfere  with  the  effusion  of 
plastic  material.  As  soon  as  the  discomfort  attending 
the  operation  has  subsided  the  patient  is  encouraged  to 
stand  and  to  walk.  Functional  use,  far  from  retarding 
repair,  is,  by  stimulating  the  _  circulation,  an  important 
agent  in  assuring  firm  and  rapid  union. 

Division  of  the  plantar  fascia  is  not  infrequently  neces- 
sary and  should  be  performed  subcutaneously.  The 
tenotome  is  inserted  beneath  the  skin  at  about  the  centre 
of  the  concavity  to  one  or  the  other  side  of  the  central 
band  of  the  fascia,  which  is  divided  by  a  sawing  motion 
of  the  knife.  The  part  is  put  upon  the  stretch,  and  other 
resisting  bands  to  the  outer  and  inner  side  are  divided  in 
the  same  manner ;  the  cavus  is  then  corrected  by  manual 
or  instrumental  force.  The  operation,  like  that  upon  the 
tendo  Achillis,  is  practically  free  from  danger. 

Division  of  the  tibialis  anticns  is  not  often  necessary, 
as  this  tendon  offers  little  resistance  to  the  rectification  of 
deformity.  .  ,      ,.   . ,  j  ^ 

The  tendon  of  the  tibialis  posticus  may  be  divided  to- 
gether with  that  of  the  tibialis  anticus  near  the  points  of 
attachment.  If  the  operation  is  required,  it  may  be  com- 
bined with  simultaneous  section  of  the  calcaneo-scaphoid 
ligament,  with  which  are  blended  the  anterior  part  of  the 


deltoid  and  fibres  of  the  anterior  ligament  of  the  ankle.* 
According  to  Parker's  directions,  the  foot  should  be 
strongly  abducted  to  make  the  parts  tense.  The  teno- 
tome is  entered  directly  in  front  of  the  anterior  border  of 
the  internal  malleolus,  its  cutting  edge  being  turned  for- 
ward between  the  skin  and  tlie  ligament.  It  is  then 
turned  toward  the  ligament,  and  the  tissues  are  divided 
to  the  bone.  The  blade  is  then  made  to  enter  the  inter- 
val between  tlie  astragalus  and  the  scaphoid,  and  is  car- 
ried downward  and  forward  to  divide  the  inferior  part  of 
tlic  ligament  and  at  the  same  time  the  tendons  of  tibialis 
anticus  and  posticus. 

The  posterior  ligament  of  the  ankle  joint  may  be  di- 
vided or  sufficiently  weakened,  so  that  it  may  be  rup- 


FiG.  3172.— Resistant  Club-Foot  in  Adolescence. 

tured  after  section  of  the  tendo  Achillis  by  passing  the 
knife  directly  downward  in  the  middle  line  upon  the 
upper  border  of  the  astragalus. 

Forcible  Correction  of  Deformity  by  Means  of  Osteoclasts 
and  Wrenches. — In  place  of  manual  correction  of  de- 
formity greater  force  may  be  employed  by  means  of 
osteoclasts  or  wrenches.  There  is  this  important  differ- 
ence between  the  two  procedures;  force  may  be  applied 
by  the  hands  for  as  long  a  time  as  is  necessary  with  but 
little  danger  of  injury,  while  force  applied  by  a  machine 
must  be  momentary  because  of  the  pressure  and  strain 
on  the  parts  where  the  leverage  is  exerted.  Manual 
force,  continuously  applied,  may  be  supposed  to  stretch 
the  resistant  parts,  and  although  much  less  power  is  ex- 
erted it  is  often  more  effective  than  the  sudden  and  mo- 
mentary force  of  tlie  wrench  or  osteoclast. 

Correction  by  means  of  the  Thomas  wrench  is  one  of 
the  simplest  and  most  efiicient  of  these  procedures.  The 
wrenching  may  or  may  not  be  preceded  by  tenotomy,  a 
point  to  be  decided  by  the  resistance  of  the  parts.  As  a 
rule  division  of  the  tendo  AehiUis  is  alone  necessary. 
The  instrument  is  a  simple  heavy  monkey  wrench,  of 


*  Parker :  "  The  Astragalo-Scaphoid  Capsule." 
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which  the  iaws  have  been  replaced  by  two  strong  pins 
slightly  bulbous  at  the  ends  to  keep  the  covers  ot  rubber 
tubing  from  slipping  off  (Figs.  2163-3166).    ^^    .    ^       , 

The  wrench  is  applied  to  the  inner  side  of  the  foot  and 
screwed  down,  so  that  it  may  "bite  "  and  hold  its  place 
fii-mlv  for  if  it  slips  it  is  likely  to  abrade  or  tear  the 
skin-  then  with  considerable  force  the  foot  is  twisted 
outward  and  upward.  The  "  keynote  "  of  the  operation 
is  so  to  wrench  the  foot  that  it  loses  its  elasticity,  and 
shows  no  tendency  to  recoil  toward  deformity.  The  foot 
is  then  placed  in  the  best  possible  position  and  retained 
there  by  the  Thomas  foot  splint  or  by  a  plaster  bandage. 
In  certain  instances  one  may  complete  the  rectiiacatiou  at 
one  operation,  but  this  is  not  usually  attempted,  the  pro- 
cedure being  repeated  at  intervals  of  a  few  days  until  the 
deformity  has  been  over-corrected.  In  very  resistant 
cases  eight  or  ten  applications  of  force  may  be  necessary. 
When  the  deformity  has  been  rectified,  the  foot  is  held  in 
the  over-corrected  position  for  several  weeks  by  the  splint 
or  plaster  bandage. 

As  a  walking  appliance,  a  simple  upright  of  iron  with 
a  calf  band  is  apphed  to  the  inner  side  of  the  leg  from  a 
point  just  below  the  knee  to  the  heel  of  the  shoe,  into 
which'it  is  inserted,  as  is  the  Thomas  knock-knee  brace. 
By  bending  the  upright  the  foot  may  be  kept  in  slight 
valgus,  and  this  position  is  still  further  assured  by  mak- 
ing the  outer  side  of  the  sole  of  the  shoe  thicker  than  the 
inner,  so  that  the  weight  falls  upon  the  inner  border  of 
the  foot. 

In  many  instances  the  walking  brace  may  be  dispensed 
with  in  the  after-treatment,  but  a  light  brace  is  usually 
worn  to  hold  the  foot  in  the  corrected  position  during 
the  night,  until  the  power  of  the  abductors  and  dorsal 
flexors  has  been  regained.  Massage  and  manipulation 
are  used  in  the  after-treatment  in  the  manner  already 
described. 

Properly  applied  the  treatment  is  satisfactory  and  free 
from  danger.  Sloughing  of  the  tissues  caused  by  the 
pressure  of  the  instrument  or  by  the  plaster  bandages 
has  been  reported,  but  such  accidents  have  not  occurred 
in  the  extensive  practice  of  Thomas  and  Jones. 

Correction  by  Means  of  the  Osteoclast. — The  late  Mr. 
Grattan,  of  Cork,  used  the  osteoclast  that  goes  by  his 
name  to  crush  and  to  over-correct  resistant  club  foot. 
The  operation  may  include,  besides  the  correction  of  de- 
formity of  the  foot  itself,  fracture  of  the  leg  above  the 


The  Open  Incision  Combined  with  Forcible  Rectification 
of  Deformity — Phelps'  Operation. — When  extensive  divis- 
ion of  soft  parts  is  indicated,  as  in  resistant  cases,  the 
open  incision  is  to  be  preferred  because  of  the  opportu- 


FiG.  2173.— Phelps'  Machine  In  Use  for  the  Correction  of  Club 

malleolus  to  turn  the  foot  toward  valgus,  and  a  second 
fracture  half-way  up  the  limb,  to  overcome  the  twist  of 
the  tibia. 

Other  appliances  constructed  on  somewhat  similar 
pnnciples  may  be  employed.  Of  these  the  Lorenz  osteo- 
clast and  the  Bradford  lever  apparatus  are  the  most 
effective. 
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Fig.  2174.— Phelps'  Machine  Adjusted  to  the  Foot. 

nity  thus  offered  for  the  recognition  and  for  intelligent 
selection  of  structures  that  require  division  in  the  final 
correction  of  the  deformity. 

Phelps'  operation  is  in  all  essential  respects  simply  the 
division  of  the  contracted  parts  through  an  incision  on 
the  inner  border  of  the  foot,  combined  with  the  manual  or 
instrumental  force  sufficient  to  over-correct  the  deformity. 
It  is  the  most  conservative  of  the  more  radical  procedures, 
and  by  it  even  the  most  severe  type  of  deformity  in  the 
adult  can  be  corrected ;  that  is  to  say,  the  deformity  may 
be  overcome  and  a  serviceable  foot  may  be  assured  to  the 
patient.  Perfect  functional  cure  is  not  possible  when 
deformity  has  become  habitual  after  many  years  of 
neglect. 

The  steps  of  the  Phelps  operation  are  as  follows :  After 
proper  surgical  preparation  the  Esmarch  bandage  is  ap- 
plied.   The  tendo  Achillis,  and  usually  the  posterior  liga- 
ment of  the  ankle,  are  divided  subcutaneously,  and  by 
manual  or  instrumental  force  the  equinus  is  corrected  as 
far  as  possible.     An  incision  is  then  made  on  the  inner 
border  of  the  foot,  just  below  and  in  front  of  the  internal 
malleolus  which  is  extended  directly  downward  over  the 
head  of  the  astragalus  to  include  the 
inner  quarter  of  the  sole.     Through 
the  incision  all  resistant  parts  are  di- 
vided,  according    to   Phelps,    some- 
what in  the  following  order: 

1.  The  tibialis  posticus,  and  the 
anticus  if  it  offers  resistance. 

2.  The  abductor  pollicis. 

3.  The  plantar  fascia. 

4.  The  flexor  brevis  digitorum. 

5.  The  long  flexor  of  the  toes. 

6.  The  deltoid  ligament  in  all  its 
branches. 

During  the  successive  division  of 
the  tissues  repeated  attempts  are 
made  to  correct  the  foot,  and  only 
those  structures  are  divided  that  pre- 
sent themselves  as  tense  and  resist- 
ant tissues  when  tlie  foot  is  forcibly 
abducted. 

In  the  adult  type  of  club  foot  no 
attempt   is    made  to  recognize    the 
different  structures,  but  all  the  tis- 
Foot  In  the  Adult.  g^gg  g^   tijg  inner  side  of   the  foot 

including  blood-vessels  and  nerves, 
the  deep  ligaments,  and  occasionally  the  tendon  of  the 
peroneus  longus  muscle,  are  divided.  Even  then  it  is 
necessary  to  apply  considerable  force  to  correct  the  de- 
formity (Figs.  3173  and  3174).  In  rare  instances  the  recti- 
fication of  deformity  necessitates  osteotomy  of  the  neck  of 
the  astragalus,  or  the  removal  of  a  cuneiform  section  from 
the  OS  calcis.     The  object  of  the  Phelps  operation  is,  by 
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the  use  of  force  and  by  division  of  resistant  tissues,  to 
over-correct  the  deformed  foot  at  one  sitting,  and  as  much 
force  and  as  extensive  division  as  are  required  should  be 
employed  by  the  operator. 

"When  the  foot  can  be  held  in  the  desired  position 
without  resistance,  the  v^^ound  is  covered  with  Lister 
protective,  the  foot  and  leg  are  thickly  covered  with 
gauze  and  cotton,  a  plaster  bandage  is  applied,  and  the 
limb  is  elevated.  In  younger  subjects  the  patient  may 
walk  upon  the  corrected  foot  in  a  few  days.  The  large 
gaping  wound  closes  by  granulation  in  from  one  to  three 
months;  in  many  instances  healfng  is  practically  com- 
pleted under  the  first  dressing. 

By  this  operation  the  foot,  even  in  severe  cases  in  adult 
life,  may  be  made  straight  in  appearance.  It  is  evident, 
however,  that  in  such  cases  the  correction  of  the  deform- 
ity of  the  bones  is  by  no  means  always  perfect,  for  the 
fore  foot  may  be  simply  twisted  outward  and  upward 
while  the  astragalus  and  os  calcis  may  remain  in  an  ap- 
proximation to  their  original  deformity.  After  thorough 
over-correction  by  the  Phelps  method  the  danger  of  re- 
currence of  deformity  in  the  adult  and  adolescent  type  of 
club  foot  is  not  great,  and  in  many  instances  support 
other  than  that  of  the  plaster  bandage  for  several  months 
after  the  operation  may  be  unnecessary ;  but  in  childhood 
the  ordinary  precautions  in  after-treatment  to  prevent 
relapse  will  be  necessary. 

Operations  on  the  Bones. — Osteotomy  of  the  neck  of  the 
astragalus,  as  a  supplementary  part  of  the  operation  of 
forcible  correction,  has  been  mentioned.  In  certain  in- 
stances, particularly  in  the  adolescent  or  adult  type  of 
deformity,  the  displaced  astragalus  may  offer  such  an 
obstacle  to  correction  that  its  removal  is  indicated — an 
operation  first  performed  by  Mr.  Lund  of  Manchester. 

Astragalectomy . — The  astragalus  is  usually  removed  by 
means  of  an  incision  passing  over  its  most  prominent  part, 
in  a  direction  forward  and  downward  from  the  tip  of  the 
external  malleolus,  between  the  tendons  of  the  peroneus 
brevis  and  peroneus  fortius.  The  soft  parts  are  drawn 
aside,  the  ankle  and  astragalo-scaphoid  joint  are  opened, 
and  the  attachments  to  the  scaphoid,  and,  as  far  as  pos- 
sible, those  at  the  inner  and  outer  border,  are  divided. 
The  foot  is  next  adducted  so  that  the  head  of  the  bone 
may  be  seized  with  forceps  and  drawn  upward ;  the  in- 
terosseous ligament  and  the  internal  lateral  ligament  may 
then  be  divided  with  curved  scissors  and  the  bone  may 
be  removed.  If  after  removal  of  the  astragalus  the  de- 
formity cannot  be  corrected,  the  anterior  part  of  the  os 
calcis  or  the  external  malleolus  should  be  removed  as  well. 
A  useful  movable  foot  may  be  obtained  by  this  operation, 
but  it  by  no  means  assures  the  patient  from  recurrence  of 
deformity.  It  is  rarely  indicated  as  a  primary  operation. 
The  varus  should  be  thoroughly  corrected  as  a  prelimi- 
nary procedure ;  then  the  resistance  that  the  astragalus 
oilers  to  dorsal  flexion  can  be  estimated. 

Omwiform  Osteotomy. — The  removal  of  cuneiform  sec- 
tions of  bone  from  the  outer  border  of  the  foot  is  some- 
times necessary,  but  the  operation  should  be  secondary 
to  other  methods  of  correction.  The  aim  should  be  to 
lengthen  contracted  and  shortened  tissues  on  the  inner 
border  of  the  foot,  to  the  extent  required  for  reposition ; 
not  to  remove  bone  to  accommodate  these  shortened  tis- 
sues. If  this  has  been  shown  to  be  impossible  by  ordinary 
means,  then  removal  of  bone  may  be  indicated,  but  this 
is  practically  never  necessary  in  childhood  or  even  in 
adolescence.  If  suflBcient  bone  is  removed  from  the 
adult  foot  to  allow  of  perfect  correction  of  the  deformity, 
relapse  is  not  usual;  but  in  childhood,  as  has  been  stated, 
no  operation  will  take  the  place  of  after-treatment. 

The  treatment  by  cuneiform  osteotomy  as  it  is  ordi- 
narilv  carried  out  is  sufficiently  simple.  In  severe  cases, 
the  astragalus  is  usually  removed  and  a  wedge-shaped 
section  of  bone  is  taken  from  the  os  calcis  and  the  cu- 
boid, and  if  necessary  also  from  the  scaphoid  bone.  The 
external  malleolus  may  be  removed  if  it  interferes  with 
reposition.  Preliminary  fasciotomies  and  tenotomies  are 
usually  performed,  but  those  who  favor  this  method  of 
treatment  rarely  use  force  in  reposition.     In   less  ad- 


vanced deformity  the  astragalus  is  not  removed,  but  a 
part  of  its  body  and  neck  is  included  in  the  cuneiform 
resection.  The  foot  is  retained  in  proper  position  until 
the  wounds  are  closed;  then  plaster  bandages  are  em- 
ployed for  several  months.  Braces  are  seldom  used  in 
the  after-treatment. 

In  certain  cases  of  relapsed  or  ineffectively  treated 
club  foot,  even  in  childhood,  deformity  of  the  os  calcis 
either  interferes  with  correction  of  the  foot  or  favors 
relapse.  In  such  instances  the  removal  of  a  cuneiform 
section  of  bone  from  the  anterior  extremity,  as  a  supple- 
mentai-y  part  of  over-correction,  may  be  of  service. 

Sinqile  Mechanical  Bectification  of  Deformity  in  Walk- 
iiifi  Vhildren  and  in  tlwse  of  Older  Qr&ioih. — It  has  been 
stated  that  simple  mechanical  rectification  of  deformity 
was  possible  even  up  to  adolescence,  but  that  the  time 
required  for  such  treatment,  usually  extending  over  sev- 
eral years,  as  a  rule  excluded  it  from  consideration. 

The  simplest  mechanical  treatment  is  that  by  which 
the  foot  is  slowly  forced  from  equino-varus  into  equino- 
valgus  by  a  brace  on  the  lever  principle,  which  is  at  first 
shaped  to  the  deformity,  and  is  then  gradually  straight- 
ened as  the  resistance  diminishes.  When  the  midpoint 
has  been  passed  between  varus  and  valgus  the  weight 
of  the  body  aids  in  the  correction  of  the  remaining  varus 
and  equinus.  The  modification  of  the  Taylor  brace  used 
by  Judson,  an  advocate  of  pure  mechanics  iu  the  treat- 
ment of  club  foot,  will  serve  to  illustrate  the  type  of  ap- 
paratus which,  with  slight  change,  may  be  employed  to 
correct  or  to  support  the  weakened  or  deformed  foot. 

The  brace  consists  of  an  upright,  a  flat  tapering  bar  of 
mild  steel,  a  foot-plate  of  steel  from  18  to  16  gauge,  and 
a  strong  calf-band.  The  shape  of  the  brace,  the  method 
of  its  attachment  to  the  legs  by  straps  of  webbing,  and 
its  effect  in  gradually  changing  the  attitude  of  the  foot 
from  varus  to  valgus  are  shown  in  the  accompanying 
figures  (Figs.  3174^3181). 

The  upright  is  firmly  riveted  to  the  foot  plate  in  the 
angle  of  deformity,  so  that  the  patient  walks  upon  his 
toes;  as  the  equinus  is  decreased  by  the  influence  of  the 
weight  of  the  body,  this  angle  is  lessened. 

The  important  points  are,  that  the  brace  should  be 
strong  enough  to  hold  its  place  under  the  strain  of  use, 
and  that  the  foot  shall  be  firmly  secured  to  it,  whether 
one  or  many  straps  of  webbing  are  required,  as  maj'  be 
seen  in  the  figures.  The  use  of  massage  and  manipula- 
tion is  of  course  combined  with  the  mechanical  treat- 
ment. 

By  persistent  attention  to  the  details  of  treatment  satis- 
factory results  can  be  obtained  by  this  method  in  the  less 
resistant  cases,  even  in  adolescence. 

Ree/tpitulation  of  the  Principles  of  Treatment  of  Con- 
genital Talipes  Hguino-Varus.— The  object  of  treatment 
is  to  overcome  and  to  over-correct  the  deformity  at  as 
early  a  period  of  life  as  is  possible,  and  as  quickly  as 
possible.  The  object  of  over-correction  is  to  overcome 
all  the  resistance  of  the  tissues  that  may  even  in  the  slight- 
est degree  limit  the  normal  range  of  motion  in  any  direc- 
tion. The  foot  must  be  supported  in  the  over-corrected 
position  until  the  recoil  of  the  tissues  toward  deformity 
is  no  longer  ijresent. 

It  must  be  supported  in  the  proper  relation  to  the  leg, 
and  at  a  right  angle  with  it,  until  the  muscular  balance 
has  been  re-established  by  stimulation  of  the  weaker,  and 
by  limitation  of  the  activity  of  the  stronger,  muscles,  and 
until  transformation  of  the  internal  structure  has  been 
completed. 

If  eflScient  mechanical  treatment  is  applied  at  the 
proper  time,  that  is  to  say,  in  earliest  infancy,  no  opera- 
tion, other  than  division  of  the  tendo  Achillis,  will  be 
required. 

If  the  deformity  is  not  corrected  or  is  but  partially 
corrected,  when  the  child  has  bogun  to  walk,  some  form 
of  operation  is  as  a  rule  indicated ;  but  division  of  the 
resistant  tissues  must  always  be  combined  with  the  em- 
ployment of  sufficient  force  to  accomplish  the  desired 
result,  viz.,  over-correction  of  the  deformity.  Manual 
correction,  applied  in  the  manner  described,  is  the  most 
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efficient  means  of  attaining  this  object.  No  instrumeiit 
can  equal  the  hand,  and  the  force  that  can  be  applied  by 
the  hand  is  sufficient  in  all  the  ordinary  cases  in  early 
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Fig.  3175. 


Fig.  3176. 


FIG.  3177. 
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childhood,  and  in  combination  with  subcutaneous  division 
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manifest  disadvantage  in  submitting  fpatient  to  a  sue' 
cession  of  operations,  even  of  so  slight  a  rhL?  f      ■', 

immediateover-correctioncanbelVai'f^!i^%1Cm\"ns^ 
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The  Phelps'  operation,  vphich  combines  thorough  di- 
vision of  the  resistant  parts  vpith  the  application  of  proper 
force  to  over-correct  the  foot,  is  the  operation  of  selection 
for  the  more  resistant  cases  in  adolescence,  in  adult  life, 
and  in  extremely  resistant  cases  in  childhood. 

Astragalectomy  and  cuneiform  resection  are  never  in- 
dicated as  primary  operations,  but  one  or  the  other  may 
be  necessary  in  the  rectification  of  the  deformity  when 
other  means  have  failed. 

Complete  cure  of  deformity,  even  in  the  later  years  of 
childhood,  is  possible  by  means  of  braces  alone,  but  such 
treatment  is  very  tedious.  It  requires  not  only  the  con- 
tinuous supervision  of  the  skilled  surgeon,  but  the  intel- 
ligent and  persistent  co-operation  of  the  parents.  The 
results  are  in  no  way  superior  to  those  attained  by  more 
rapid  methods,  while  the  disadvantages  of  long-continued 
use  of  braces  are  sufticiciitly  obvious.     To  the  popular 


FIG.  2183.— Congenital  Talipes  Varus. 

faith  in  braces  as  a  cure-all  of  deformity,  and  to  the  un- 
intelligent use  of  braces,  may  be  ascribed,  now  as  in 
former  times,  the  failure  of  treatment  of  this  eminently 
curable  deformity.  This  statement  seems  justified,  even 
when  balanced  by  the  equally  fallacious  belief,  so  prev- 
alent among  physicians,  that  an  operation,  if  not  synony- 
mous with  cure,  is,  at  least,  the  essential  part  of  the 
treatment. 

Rectification  of  deformity,  by  whatever  means,  simply 
completes  the  first  stage  of  treatment.  Perfect  cure  can 
be  assured  only  by  attention  to  the  small  details  of  after- 
treatment,  by  checking  the  slightest  impulse  toward 
deformity,  and  by  guiding  the  unbalanced  foot  toward 
perfect  functional  use. 

Otiikh  V.\kiktiks  of  Congenital  Talipes. — Forms 
of  congenital  distortion  of  the  foot  other  than  equino- 
varus  are  not  uncommon,  but  as  a  rule  these  deformities 
are  so  slight,  and,  as  compared  to  equino- varus,  so  easily 
remedied  that  they  are  relatively  of  little  importance 
(Pig.  3183),  This  distinction  does  not  apply,  liowever,  to 
ac(iuired  talipes,  of  which  the  various  fortiis  will  be  con- 
sidered in  other  sections. 
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Congenital  Talipes  Varus. — This  deformity  often  ap- 
pears to  be  an  incomplete  form  of  equino-varus,  but  in 
some  instances  tliere  is  simply  a  slight  inward  twist  of 


Fig.  3184.— Congenital  Talipes  Calcaneus. 

the  foot  without  supination ;  in  fact,  the  fore  foot  seems 
to  be  drawn  inward  by  the  active  movement  of  the  great 
toe,  which  in  such  cases  seems  almost  prehensile  (see 
Pigeon  Toe).  In  the  more  marked  form  the  foot  is  ad- 
ducted  and  supinated,  and  the  tissues  are  very  resistant. 

The  slight  grades  of  deformity  may  be  treated  by 
simple  manipulation,  and  if  deformity  remains  after  the 
first  year,  the  shoe  will,  as  a  rule,  correct  it.  The  more 
marked  varieties  must  be  treated  like  the  varus  deformity 
of  club  foot,  until  the  varus  has  been  transformed  into 
valgus.  The  after-treatment  is  the  same  as  that  for  or- 
dinary club  foot.  . 

Congenital  Talipes  Egmiuis.— This  is  a  rare  congenital 
deformity,  about  half  as  common,  according  to  the  statis- 
tics, as  varus  (40  cases  in  1,660).  The  term  equinus  im- 
plies that  dorsiflexion  is  limited,  but  that  the  foot  is  not 
deviated  to  one  or  the  other  side  (toward  valgus  or 
varus).  In  congenital  equinus  the  deformity  is  as  a 
rule  slight,  and  it  may  be  overcome  usually  by  simple 
manual  force  applied  frequently.  In  the  more  resistant 
type,  mechanical  correction,  or  tenotomy,  followed  by 
over-correction  and  support,  may  be  necessary. 

Congenital  Talipes  Calca?uvs.~-Gongemta.\  calcaneus  is 
comparatively  rare  (38  cases  in  1,660).  As  a  rule  the 
heel  is  prominent,  the  foot  is  habitually  dorsifiexed,  and 
the  dorsum  can  be  brought  into  contact  easily  with  the 
crest  of  the  tibia  (Fig.  2184).  The  exaggerated  cavus 
that  is  usually  present  in  acquired  calcaneus  is  absent. 
Occasionally  the  deformity  is  accompanied  by  hyperex- 
tension  of  the  knee,  and  if,  as  in  many  instances,  there 
is  a  history  of  breech  presentation,  it  may  be  inferred 
that  the  attitude  before  birth  was  one  of  extreme  flexion 
of  the  thiglis  upon  the  abdomen,  while  the  anterior  sur- 
faces of  the  extended  legs  were  pressed  closely  to  the 
ventral  surface  of  the  body,  the  feet  being  fixed  m  an 
attitude  of  dorsiflexion.  As  a  rule  the  deformity  is 
slight  and  the  resistance  of  the  tissues  on  the  anterior 
aspect  of  the  leg  can  be  overcome  easily  by  massage  and 
manipulation.  The  foot  should  be  gently  forced  toward 
plantar  flexion  several  times  in  the  day,  and  the  weak 
muscles  of  the  calf  should  be  stimulated  by  massage. 

Cure  may  be  hastened  by  the  use  of  some  simple  form 
of  retention  splint  to  hold  the  foot  in  plantar  flexion  until 
the  posterior  group  of  muscles  has  recovered  its  power. 


Tenotomy  or  other  operative  treatment  is  not  often  nec(.'.s- 
sary.  In  rare  instances,  the  tibia  may  be  bent  slightly 
backward,  thus  increasing  the  deformity.  In  sucli  cases 
the  distortion  of  the  bone  may  be  overcome  by  manipu- 
lation and  by  apparatus. 

Congenital  Talipes  Valgus. — Congenital  valgus  is  some- 
what more  common  than  the  preceding  varieties  (123  in 
1,660).  Not  infrequently  it  is  combined  with  a  slight 
degree  of  calcaneus  or  equinus.  The  resistance  of  the 
contracted  tissues  is  not  great  and  the  deformity  may  be 
overcome,  in  most  cases,  by  persistent  manipulation.  If 
the  muscular  power  is  sufficiently  unbalanced  to  warrant 
it,  the  foot  should  be  held  in  tlie  over-corrected  position 
(varus)  for  some  time. 

Congenital  valgus  is  one  form  of  what  is  known  as 
weak  ankle,  and  it  frequently  passes  unnoticed  until  the 
child  begins  to  walk.  If  at  that  time,  in  spite  of  mas- 
sage, the  muscles  appear  weak  or  the  foot  inclines  out- 
ward when  weight  is  borne,  it  is  well  to  make  the  sole 
of  the  slioe  wedge-shaped,  the  thicker  part  (one-quarter 
of  an  inch)  on  tlie  inner  side.  In  more  persistent  cases,  a 
brace  may  be  necessary,  as  described  in  the  treatment  of 
the  acquired  variety  (see  the  Wealc  Foot). 

Talipes  equino-valgus  is  less  common.  This  must  be 
treated  as  the  other  varieties  by  complete  over-correction 
of  deformity,  manual  or  otherwise,  by  massage,  and  sub- 
sequently by  support  if  necessary. 

Calcaneo-valgus,  calcaneo-varus,  equino-cavus,  valgo- 
cavus,  valgo-cavus  and  cavus  are  extremely  rare.  If 
treated  early  by  persistent  forcible  massage,  these,  as 
well  as  nearly  all  slighter  grades  of  congenital  deformity, 
may  be  corrected  or  cured  even,  before  the  child  begins 
to  walk. 

Congenital  Dbpokmities  op  the  Foot  Associated 
WITH  Defective  Development. — Talipes  Equina-  Valgus 
Associated  with  Congenital  Absence  of  Fibula. — This  is  a 
rare  deformity,  but  the  most  common  of  this  class.  The 
foot  at  birth  is  usually  in  an  attitude  of  well-marked  and 
resistant  equino-valgus.  The  leg  is  somewhat  shorter 
than  its  fellow,  and  the  tibia  is  often  bent  sharply  for- 
ward, sometimes  to  an  acute  angle,  at  a  point  somewhat 
below  the  centre,  as  if  it  had  been  broken  in  utero.  At 
the  most  prominent  point  the  skin  may  be  adherent  or  it 
may  present  a  dimpled  appearance.  In  some  instances 
the  formation  of  the  foot  is  perfect,  but  more  often  one 
or  more  of  the  outer  toes,  with  the  corresponding  meta- 
tarsal bones,  are  absent. 

The  cause  of  deformity  associated  with  absence  of 
bone  must  be  either  an  original  defect  in  the  germ  or  it 


PIG.  2185.— Congenital  Talipes  Valgus— "Flat  Foot." 

may  be  due  to  interference  with  its  development.  In 
some  instances  amniotic  adhesions  may  be  one  of  the 
predisposing  causes;  the  sharp  bend  in  the  tibia,  so 
often  present,  may  be  due  to  lessened  resistance  of  the 
defective  part. 

Treatment.— The  indications  for  treatment  are  to  cor- 
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rect  the  deformity  of  the  foot  in  the  usual  manner.  The 
bend  in  the  tibia  may  be  straightened  by  manipulation 
and  splinting,  oi  by  osteotomy  if  necessary.  When  the 
patient  begins  to  walk  the  foot  must  be  supported.  A 
liKht  steel  upright  on  the  outer  side  of  the  leg,  provided 
with  a  T  strap  to  hold  the  ankle  against  it,  may  be  used 
to  supply  the  place  of  the  missing  fibula.  The  growth 
of  the  tibia  is  retarded,  and  a  final  shortening  of  three 
or  more  inches  may  be  expected,  but  with  care  a  useful 
limb  may  be  assured.  •.,,    /7 

Talipes  Varus  or  Equim-Varus  Associated  with  bon- 
gevital  Absence  of  the  TOia. -Defective  formation  of  the 
tibia  is  much  less  common  than  that  of  the  fibula,  in 
most  cases  the  femur  is  somewhat  shortened  and  its  lower 
extremity  is  imperfectly  developed.  The  foot  is  practi- 
cally always  in  an  attitude  of  varus.  The  toes  may  be 
normal,  but  in  a  number  of  instances  one  is  found  to  be 
lacking. 

The  prognosis,  as  regards  a  useful  limb,  is  extremely 
bad.  The  growth  of  both,  the  thigh  and  the  lower  leg  is 
much  retarded,  and  it  is  almost  impossible  to  balance  the 
foot  upon  the  fibula  by  any  form  of  brace. 

The  ordinary  treatment,  after  the  correction  of  the  de- 
formity of  the  foot,  has  been  to  resect  the  extremities  of 
the  feinur  and  the  fibula  to  produce  ankylosis  between 
the  bones.  No  final  results  have  been  reported.  A  full 
account  of  the  reported  cases  may  be  found  in  an  article 
by  Launois  and  Kuss,  Beme  d' Orthopedic,  September, 
1901. 

Deformity  of  the  Foot  Associated  with  Absence  of  Bones. 
—The  leg  bones  may  be  perfectly  formed,  but  one  or 
more  bones  of  the  foot  itself  may  be  absent.  In  these 
cases,  after  the  reduction  of  the  deformity,  a  support  to 
hold  the  defective  foot  in  its  proper  relation  to  the  leg 
must  be  used. 

The  foot  may  be  divided  into  two  parts  so  that  it  re- 
sembles a  lobster  claw.  Supernumerary  toes,  or  deflciency 
of  toes,  or  hypertrophy  of  one  or  more  of  the  toes,  with 
or  without  corresponding  overgrowth  of  the  foot  or  leg, 
are  not  extremely  uncommon.  These  deformities  must 
be  treated  on  ordinary  surgical  principles. 

Constricting  Bands. — Tightly  constricting  bands  of 
scar-like  tissue,  which  cause  deep  indentations  in  the 
flesh  of  the  foot  or  leg,  are  sometimes  seen.  These  are 
supposed  to  be  caused  by  amniotic  adhesions.  "  Spon- 
taneous amputations  "  of  toes,  or  of  the  foot  itself,  are 
due  to  the  same  cause. 

In  ordinary  cases  the  bands  require  no  treatment,  but 
they  interfere  with  the  nutrition  of  the  foot.  They  may 
be  removed. 

Congenital  QSdema  of  the  Feet. — In  rare  instances,  some- 
times in  combination  with  deformity,  the  tissues  of  the 
feet  appear  to  be  oedematous,  although  the  circulation 
seems  to  be  perfect.  The  condition  is  apparently  due  to 
obstruction  of  the  lymphatic  circulation.  It  should  be 
treated  by  massage  and  compression. 

Spina  Bifida  and  Talipes. — Talipes  coexisting  with 
spina  bifida  should  be  treated  as  are  other  forms  of  club 
foot.  If  paralysis  of  the  lower  extremities  be  present, 
as  is  often  the  case,  the  corrected  feet  must  be  supported 
as  in  the  ordinary  forms  of  paralytic  deformity. 

ACQUIRED  TALIPES. 

It  has  been  stated  that  equino-varuij  is  by  far  the  most 
common  of  the  congenital  deformities  of  the  foot  and 
that  as  compared  with  it  tlie  other  forms  of  talipes  are 
of  slight  importance. 

In  the  acquired  varieties  of  talipes,  equino-varus  is 
much  less  common  (33.5  per  cent,  of  the  total  number 
as  contrasted  with  77  per  cent,  of  the  congenital  deformi- 
ties). Acquired  equinus  comes  next  in  frequency  (30 
per  cent._  as  compared  with  8.4  per  cent,  of  tlie  congenital 
deformities),  and  every  variety  and  combination  oi  dis- 
tortion finds  its  representative  in  acquired  talipes  as  may 
be  seen  in  the  table  of  statistics. 

Etiology. -The  cause  of  acjuired  talipes  is  almost 
always  paralysis.     In  the  table  of  statistics  it  may  be 
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noted  that  in  83.8  per  cent,  the  paralysis  was  of  spinal 
origin  (anterior  poliomyelitis) ;  in  11.3  per  cent,  the  lesion 
was  of  the  brain,  the  talipes  being  a  part  of  the  defoimity 
of  hemiplegia  or  paraplegia.  A  few  cases  were  caused 
by  local  disease  of  the  nerves,  and  the  remainder,  5.4  per 
cent. ,  were  of  traumatic  origin. 

The  distinction  between  congenital  and  acquired  talipes 
is  well  marked.  In  the  congenital  foim  the  disability  is 
due  simply  to  local  deformity,  and  when  this  has  been 
overcome  a  perfect  cure  may  be  expected.  In  paralytic 
talipes  the  rectification  of  deformity  is  but  a  part  of  the 
treatment,  and  perfect  cure  is  impossible  except  in  that 
small  proportion  of  cases  in  which  the  spinal  cord  has 
sustained  no  permanent  injury,  or  in  which  the  deformity 
was  the  result  of  some  slight  or  passing  disability  or  dis- 
ease. 

Congenital  deformity  cannot  be  anticipated  or  pre- 
vented; acquired  deformity  is  an  evidence  that  pro- 
tective treatment  has  been  neglected.  It  is  a  result, 
therefore,  that  may  be  foreseen  and  prevented. 

The  characteristics  of  anterior  poliomyelitis  are  de- 
scribed elsewhere.  In  its  effect  upon  the  foot  the  usual 
sequence  is  somewhat  as  follows:  Immediately  after  its 
onset  the  paralysis  is  usually  widespread,  affecting  the 
entire  limb,  for  example.  Then  follows  a  period  of  partial 
recovery,  after  which  the  amount  of  damage  that  the 
spinal  cord  has  sustained  may  be  estimated.  It  is  during 
the  period  of  partial  recovery,  the  six  months  or  more 
following  the  attack,  that  contractions  which  lead  to  de- 
formity occur.  If,  for  example,  the  anterior  group  of  leg 
muscles  is  paralyzed,  the  foot  habitually  hangs  down- 
ward, a  position  due  to  the  force  of  gravity  and  to  the  con- 
traction of  the  unaffected  posterior  group.  If  this  attitude 
is  allowed  to  persist,  the  tissues  accommodate  themselves 
to  the  new  position ;  the  muscles  that  are  never  extended 
to  their  normal  limit  become  structurally  shortened,  while 
the  paralyzed  group  becomes  correspondingly  longer. 
Even  within  a  few  weeks  after  the  onset  of  the  paralysis 
the  evidences  of  advancing  deformity  appear.  The  con- 
tracted tissues  resist  passive  motion  in  the  direction 
opposed  to  the  habitual  attitude,  and  the  child  shows 
evidence  of  pain  if  force  is  used  to  increase  the  limited 
range  of  motion.  As  has  already  been  stated,  paralytic 
talipes  is  an  unnecessary  deformity.  It  may  be  prevented 
by  supporting  the  paralyzed  part  in  a  right-angled  rela- 
tion to  the  limb,  and  by  systematic  passive  exercise 
throughout  the  entire  range  of  normal  motion. 

Anterior  poliomyelitis  is  most  common  during  and 
after  the  second  year  of  life  or  when  the  child  has  already 
begun  to  walk.  When  the  first  and  more  general  effect 
of  the  disease  lias  passed  away,  the  child  again  uses  the 
disabled  limb  as  best  it  may ;  thus  the  distortion  of  the 
foot  is  increased  and  confirmed  by  the  weight  of  the  body 
and  by  functional  use  in  the  abnormal  attitude. 

The  final  deformity  in  a  particular  case  may  be  pre- 
dicted from  the  knowledge  of  the  function  of  tlie  muscle 
or  muscles  which  has  been  lost.  For  example,  paralysis 
of  the  tibialis  anticus,  the  most  powerful  dorsiflexor 
and  adductor  of  the  anterior  group,  must  result  in  equino- 
valgus;  paralysis  of  the  tibialis  posticus  induces  valgus. 
If  the  peroneus  brevis  and  tertius  are  affected  varus  will 
follow.  Paralysis  of  the  calf  muscle  will  cause  calcaneus. 
Paresis  or  paralysis  of  the  entire  anterior  group  will 
cause  equinus.  If  all  the  muscles  are  paralyzed,  what  is 
called  a  "  dangle  foot "  is  the  result.  The  cold  atrophied 
member  dangles  from  the  attenuated  leg  with  but  little 
tendency  to  deformity  unless  the  limb  is  used,  when  it  is 
usually  forced  into  an  attitude  of  equino-varus  or  valgus. 

A  slight  degree  of  paralysis  may  cause  so  little  dis- 
ability that  it  may  be  entirely  overlooked,  and  its  later 
effect  in  causing  disability  or  deformity  may  not  attract     ^ 
attention  for  many  3'ears.     This  fact  has  been  mentioned 
in  the  etiology  of  tlie  contracted  foot. 

DlPPKRENTIAL   DIAGNOSIS  BETWEEN  CONGENITAL  AND 

AcQuiRioD  Depoumity.— The  history  itself  is  usually 
suflScieut,  for  deformity  of  the  foot  at  birth  is  never 
overlooked  by  the  mother.  Acquired  talipes  is  practi- 
cally always  preceded  by  a  history  of  disease,  or  weakness. 
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or  injury  which  was  soon  followed  by  slight  and  after- 
ward by  Increasing  and  confirmed  deformity. 

In  paralytic  talipes  (anterior  poliomyelitis),  there  is 
evidence  ot  paralysis  in  loss  of  function  of  certain  mus- 
cles, as  shown  by  electrical  stimulation  or  by  pricking 
the  foot  with  a  pin ;  later,  in  the  atrophy  of  the  muscles, 
and  the  evident  change  in  the  nutrition  and  diminished 
growth  of  the  limb. 

Only  in  extreme  and  untreated  cases  of  congenital  de- 
formity of  long  standing  could  there  be  dithculty  in 
distinguishing  between  the  acquired  and  the  congenital 
deformity.  In  rare  instances,  it  is  true,  paralysis  may  be 
present  at  birth,  due  to  intra-uterine  disease  or  to  defect 
in  the  nervous  apparatus.  In  such  cases  the  cause  of  tlie 
paralysis  is  usually  apparent  (spina  bifida,  or  spastic 
paralysis  associated  with  defective  cerebral  development), 
and  the  treatment  does  not  differ  from  that  of  the  ac- 
quired form. 

Acquired  Talipes  Equinus. 

In  well-marked  cases,  the  foot  is  plantar-flexed  to  its 
full  limit,  and  it  is  held  in  this  attitude  by  the  shortened 
structures  on  the  posterior  aspect  of  the  leg.  The  pa- 
tient walks  \ipon  the  heads  of  the  metatarsal  bones,  the 
toes  being  dorsiflexed  to  accommodate  the  attitude.  The 
arch  of  the  foot  is  increased  and  the  tissues  of  the  sole, 
particularly  the  plantar  fascia,  are  contracted.  The 
entire  foot  is  broadened  and  shortened,  the  breadth  be- 
ing especially  increased  across  the  metatarsal  region. 
On  the  dorsal  surface  the  cuneiform  bones  are  prominent, 
and  the  head  and  body  of  the  projecting  astragalus  may 
be  felt  beneath  the  skin.     Occasionally,  in  cases  of  ex- 


Fiu.  2186.— Acquired  Talipes  Equlnus. 

treme  deformity,  in  which  all  the  anterior  muscles  are 
paralyzed,  the  toes  may  be  plantar-flexed  so  that  the  pa- 
tient walks  upon  their  dorsal  surface. 

The  cavus  or  exaggerated  arch  is  due  primarily  to  the 
plantar  flexion  of  the  fore  foot  at  the  medio-tarsal  joint, 
and  in  many  instances  this  dropping  of  the  fore  foot  is 
larffely  responsible  for  the  equinus,  for  the  os  calcisis 
rarely  plantar-flexed  to  the  degree  commonly  found  m 
the  ordinary  congenital  equinus. 


In  the  slighter  degrees  of  the  deformity  the  toes  are 
usually  dorsiflexed,  an  attitude  due  apparently  to  the 
over-action  of  the  extensor  longus  digitorum  and  proprius 
pollicis,  an  aid  in  dorsiflexion. 

Etiology. — Equinus  in  the  slighter  degrees  is  perhaps 
the  most  common  of  the  forms  of  acquired  talipes,  and  it 
is  not  at  all  infrequent  as  a  result  of  other  affections  than 
anterior  poliomyelitis,  although  this  is  by  far  the  most 
important  cause.  The  nerve  supply  of  the  anterior 
muscles  of  the  foot  seems  especially  susceptible,  and  toe- 


FiG.  2187.— Slight  Equinus  Caused  by  Paralysis  ol  the  Tibialis  An- 
tleus  Muscle.  The  distortion  ol  the  toe  due  to  the  over-use  of  the 
extensor  proprius  polUcls  is  characteristic. 

drop  from  neuritis  of  various  types  is  not  at  all  uncom- 
mon. As  a  sequel  of  infectious  diseases  it  has  been  men- 
tioned as  an  explanation  of  the  slight  forms  of  eqnmus 
first  noticed  after  recovery  from  such  affections. 

Equinus  may  be  a  result  of  cerebral  disease,  or  even, 
in  rare  instances,  of  pseudo-hypertrophic  muscular  pa- 
ralysis or  of  locomotor  ataxia.  It  is  sometimes  induced 
by  habitual  posture,  as  after  long  confinement  to  the  bed 
for  the  treatment  of  fracture,  or  during  the  treatment  of 
hip  disease  by  apparatus.  The  contraction  may  be  an 
effect  also  of  voluntary  posture  as  when  the  patient 
habitually  walks  upon  the  toes  because  of  a  short  leg. 
It  is  a  verv  common  result  of  neglected  disease  at  the 
ankle  joint,"  and  it  may  be  due  to  direct  in  jury ;  but  as  of 
paralysis,  so  of  these  less  frequent  causes  it  may  be  said 
that  equinus  need  never  follow,  if  the  foot  is  protected. 

The  changes  in  the  internal  structure  of  the  foot  are 
secondary  to  the  deformity  and  are  more  marked  in  the 
cases  of  long  standing  originating  in  early  life  than  in 
those  that  follow  other  forms  of  deformity ;  the  tissues  on 
the  long  side  are  lengthened  and  attenuated  while  those  on 
the  short  side  become  contracted.  The  bones  themselves 
are  but  little  changed  in  gross  appearance,  but  the  articu- 
lating surfaces  are  in  different  relation  to  one  another ; 
for  example,  only  the  posterior  aspect  of  the  astragalus 
is  in  relation  to  the  tibia,  while  only  the  lower  part  of  its 
anterior  surface  articulates  with  the  scaphoid  bone. 

In  all  cases  of  equinus  there  is  a  strong  tendency 
toward  lateral  deviation  to  varus  or  valgus,  particularly 
in  cases  of  paralytic  origin. 

Symptoms.— \i  the  Hmb  is  actually  shorter  than  its  fel- 
low, and  if  the  foot  is  firmly  fixed  in  the  deformed  posi- 
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tion,  surprisingly  little  discomfort  or  disability  may  be 
experienced  other  than  from  corns  or  calluses  beneatlr 
the  metatarsal  bones.  If  the  limb  is  not  shorter,  the  addi- 
tional length  caused  by  the  equinus  must  be  compensated 
by  an  upward  tilting  of  the  pelvis,  which  may  induce 
symptoms  of  discomfort  in  the  lumbar  region.  The  gait 
is  always  awkward,  giving  the  impression  as  of  stepping 
over  an  obstacle.  If  the  foot  is  not  fixed  but  simply 
hangs  downward  when  it  is  lifted,  the  gait  is  very  awk- 
ward because  of  the  insecurity  and  because  of  the  ex- 
aggerated flexion  of  the  knee  at  each  step,  necessary  in 
order  that  the  pendent  foot  may  not  drag  upon  the  ground 

If  the  equinus  is  extreme,  the  limb  is  usually  flexed 
at  the  knee  when  in  use ;  if  the  equinus  is  slight,  the 
strain  resulting  from  the  limitation  of  dorsal  flexion  is 
felt  at  the  knee,  and  in  childhood  at  least  there  is  often  a 
well-marked  tendency  to  over-extension,  or  recurvation, 
caused  by  the  effort  to  place  the  sole  flat  on  the  ground. 

In  the  slight  forms  of  equinus,  discomfort  about  the 
calf  is  experienced ;  the  limitation  of  dorsal  flexion  causes 
a  rather  shortened  stride  and  awkward  gait,  while  an  un- 
guarded step  that  throws  a  sudden  strain  upon  the  rigid 
heel  cord  is  felt  as  a  shock  and  strain  through  the  leg 
and  body.  Very  often  the  patient  complains  of  pain 
about  the  metatarsal  bones  (anterior  metatarsalgia),  and 
if  the  equinus  is  accompanied  by  a  slight  degree  of  val- 
gus, symptoms  of  the  weak  foot  may  be  present. 

The  Prognosis  depends  of  course  upon  the  cause  of  the 
deformity.  If  it  is  simply  the  result  of  posture,  or  if  it 
is  secondary  to  neuritis,  permanent  cure  may  be  expected. 
In  many  cases  caused  by  anterior  poliomyelitis  recovery 
of  function,  complete  or  partial,  has  taken  place ;  yet  al- 
though voluntary  control  of  the  muscles  has  been  re- 
gained it  cannot  be  exercised  because  the  foot  is  held  in 
the  distorted  position  by  the  contracted  tissues. 

In  such  instances  practical  cure  may  be  predicted  if, 
after  the  over-correction  of  deformity,  sufficient  time  is 
allowed  for  the  lengthened  and  atrophied  muscles  ki  re- 
gain their  proper  length  and  volume. 

Treatment. — In  the  somewhat  uncommon  cases  of  fixed 
equinus  combined  with  a  short  leg  and  not  attended  by 
discomfort,  no  treatment  is  required  other  than  a  shoe  so 
built  that  the  heel  may  support  a  part  of  the  weight. 
In  the  more  extreme  cases  in  which  the  leg  is  short  and 
the  foot  is  atrophied,  an  extension  foot  attached  after 
the  manner  of  an  artificial  leg  may  be  worn  with  comfort 
and  with  but  little  evidence  of  deformity. 

In  the  ordinary  cases,  whether  permanent  cure  is  ex- 
pected or  not,  the  rule  holds  good  that  the  heel  should 
bear  the  weight  of  the  body  and  that  the  range  of  dorsal 
flexion  should  not  be  limited  when  the  calf  muscle  retains 
Its  power.  If  the  nervous  apparatus  has  received  per- 
manent injury,  the  foot  must  be  supported  after  the  de- 
formity has  been  rectified ;  but  even  in  this  class  the  gait 
may  be  improved  and  the  discomfort  relieved  by  remov- 
ing the  restrictions  to  normal  motion.  The  slighter  de- 
grees of  equinus,  such  as  those  that  are  seen  soon  after  the 
onset  of  anterior  poliomyelitis,  may  be  rectified  by  simple 
manipulation  and  retention  in  a  splint  or  in  plaster  of 
Paris. 

The  Shaffer  extension  shoe  is  also  a  useful  appliance, 
and  IS  especially  so  in  that  it  may  be  employed  to  reduce 
the  accompanying  cavus  at  the  same  time. 

The  weight  of  the  body  may  be  utilized  as  a  means  of 
overcoming  slight  equinus,  when  the  foot  is  held  in  its 
proper  relation  to  the  leg  by  a  brace  which  extends  above 
the  knee ;  but  this  tedious  method  has  but  little  to  recom- 
mend It  in  ordinary  cases.  The  elastic  tension  of  straps 
and  bands  attached  to  a  brace  or  to  the  foot  itself  by 
means  of  adhesive  plaster  is  of  some  service  in  sliglit 
cases,  but  by  far  the  most  effective  method  is  the  im- 
mediate reduction  of  the  deformity  by  a  simple  foivible 

wfthC  Wp  "'^^l?'-7*.«the«ia.  "■■  by  t^enotom'y  combined 
with  forcible  manipulation,  or  by  wrencliinK 

caUe7n  "ti^^r'''"**""  "-^  ^^';/^"''«-<i/-Al  teution  has  been 
eouinus  nnr,  w>7"'  ^' ^°  accompaniment  of  confirmed 
fnrmTV  f  ^^"'^''^ ""^  0"e  attempts  to  coiivet  the  de- 
formity by  force,  the  exaggerated  arch  should  be  reduced 
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to  its  normal  depth,  otherwise  the  foot  will  appear  stunted 
and  deformed. 

One  of  the  most  effective  ijrocedures  for  overcoming 
the  cavus  is  the  use  of  the  Thomas  wrench.  The  con- 
tracted bands  of  the  plantar  fascia  are  first  divided  sub- 
cutaneously,  the  wrench  is  then  fixed  to  the  foot,  and, 
with  sudden  force  exerted  against  the  resistant  tendo 
Achillis,  the  foot  may  be  straightened,  the  deep  ligaments 
being  ruptured  or  stretched  to  the  proper  degree.  The 
tendo  Achillis  is  then  divided,  and  the  foot  having  been 
dorsiflexed  is  fixed  by  a  plaster-of-Paris  bandage.  As 
the  patient  is  encouraged  to  walk  upon  the  foot  as  soon 
as  possible,  the  weight  of  the  body  forcing  the  relaxed 
tissues  against  the  unyielding  sole,  completes  the  flat- 
tening of  the  arch.  In  many  of  these  cases  the  knee  has 
been  over-extended  by  use  in  tlie  deformed  attitude,  so 
tiiat  the  habitual  flexion  necessary  to  bring  the  dorsi- 
flexed foot  upon  the  ground  during  the  two  months 
allowed  for  the  complete  union  of  the  divided  tendon  is 
of  benefit  as  it  serves  to  correct  this  secondary  weakness 
and  deformity. 

The  importance  of  the  immediate  relief  of  the  strain 
of  the  deformed  position  upon  the  weak  anterior  group 
of  muscles,  together  with  the  complete  relaxation  of  the 
over-stretched  tissues  which  allows  the  "slack  to  betaken 
in  "  during  the  long  rest  in  the  over-corrected  position, 
is  not  generally  appreciated.  Whenever  the  weakened 
muscles  after  paralysis  show  b}'  tests,  electrical  or  other- 
wise, that  they  have  recovered  their  power  in  part,  this 
treatment  should  be  that  of  selection.  The  application 
of  electricity  or  other  form  of  stimulation  to  muscles  that 
are  unable  to  exercise  their  function  because  of  contrac- 
tion of  opposing  tissues  is  useless.  Nor  is  any  form  of 
artificial  stimulation  equal  to  that  of  the  functional  use, 
which  is  made  possible  by  the  removal  of  the  deformity 
and  by  the  employment  of  proper  support. 

In  many  instances  after  the  equinus,  which  more  often 
than  any  other  deformity  is  the  result  of  slight  or  tem- 
porary disability  of  the  anterior  group  of  muscles,  has 
been  corrected  in  the  manner  described  perfect  cure  seems 
to  have  been  attained  when  the  plaster  bandage  is  finally 
removed.  But  even  in  such  cases  the  application  of  a 
simple  support  to  hold  the  foot  at  a  right  angle  with  the 
leg  for  several  months  is  an  advantage.  The  after- 
treatment  by  massage,  muscle-beating,  electricit3r,  and 
the  like,  combined  with  methodical  passive  movements 
to  the  limit  of  dorsal  flexion  to  guard  against  recontrac- 
tion  of  the  calf  muscle,  should  be  continued  for  a  long 
time,  or  until  the  muscular  balance  has  been  regained. 

The  same  form  of  support  is  necessary  in  cases  of  hope- 
less paralysis,  to  hold  the  foot  at  a  riglit  angle  with  the 
leg.  The  common  form  is  a  simple  steel  sole  plate  of 
sufficient  size  to  support  the  foot  and  the  toes,  if  their 
muscles  are  paralyzed,  attached  to  a  light  upright  pro- 
vided with  a  calf  band.  The  upright  is  usually  applied 
on  the  inner  side  of  the  leg  where  it  is  least  noticeable. 
At  the  ankle  there  is  a  "stop  joint,"  which  allows  dorsi- 
flexion  but  prevents  the  toe-drop.  This,  when  properly 
fitted,  can  be  placed  inside  the  ordinary  shoe,  as  the 
paralyzed  foot  is  usually  somewhat  smaller  than  its  fel- 
low. If  the  toes  do  not  need  support,  the  upright  can  be 
attached  to  the  outside  of  the  shoe  and  the  foot  plate  may 
be  dispensed  with;  or  the  upright  may  be  concealed  by 
introducing  it  inside  the  shoe  to  a  joint  sunk  in  the  heel; 
the  toe-drop  being  prevented  by  straps  passing  from  the 
front  of  tlie  upper  leather  of  the  shoe  to  the  calf  band. 

Equinus  due  to  posture  or  disease  may  be  cured  by 
simple  correction  of  the  deformity.  That  due  to  frac- 
ture, when  the  ileformity  is  caused  by  displacement  of 
the  liones,  may  be  treated  by  direct  operation  or  by  the 
removal  of  a  cuiu'iform  section  from  the  anterior  surface 
of  the  tibia  above  the  ankle. 

Acquired  Talipes  Calcaneus. 

Acquired  talipes  calcaneus  is  much  less  frequent  than 
equinus  and  it  is  almost  always  of  paralytic  origin  (an- 
terior poliomyelitis). 
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There  are  several  varieties  or  grades  of  tlie  deformity. 
In  the  early  stage,  and  especially  if  all  the  muscles  of  the 
posterior  group  have  been  paralyzed,  the  foot  assumes 
an  attitude  of  slight  dorsiflexiou  and  the  range  of  plantar 
flexion  is  gradually  lessened  by  secondary  contractions. 


Fig.  2188.— Acquired  Talipes  Calcaneus. 

Tliis  variety  resembles  closely  the  congenital  form.  In 
the  ordinary  and  typical  form  of  calcaneus,  when  fully 
developed  the  patient  walks,  as  the  name  implies,  on  an 
elongated  heel.  The  arch  of  the  foot  is  much  increased 
in  depth,  and  the  fore  foot  is  atrophied  and  useless. 

The  development  of  the  deformity  is  somewhat  as  fol- 
lows; The  support  of  the  calf  muscle  being  removed, 
the  OS  calcis,  in  the  foot  that  is  used,  gradually  assumes 
an  attitude  of  dorsiflexion.  It  stands  on  end  so  that  its 
posterior  surface  becomes  inferior.  The  posterior  pro- 
jection of  the  heel  is  lost  and  it  lies  in  the  plane  of  the 
atrophied  calf.  The  change  in  the  position  of  the  os 
calcis  increases  the  distance  from  the  malleoli  to  the 
ground;  thus  calcaneus,  though  in  less  degree  than 
equinus,  makes  the  leg  longer.  The  turning  of  the  os 
calcis  on  end  shortens  the  foot  and  increases  the  arch ; 
thus  cavus  in  more  marked  degree  than  with  equinus 
accompanies  calcaneus.  The  cavus  is  a  later  complica- 
tion of  nearly  all  cases  of  paralytic  calcaneus.  In  many 
instances  there  is  no  permanent  dorsiflexion  or  eleva- 
tion of  the  forefoot,  although  in  all  the  range  of  plantar 
flexion  is  limited.  In  this  class  the  power  in  the  remain- 
ing muscles  of  the  posterior  group  is  probably  sufficient 
to  counteract  the  contraction  of  the  dorsiflexors.  Cavus 
is  thus  a  direct  effect  of  the  displacement  of  the  os  calcis. 
If  the  entire  posterior  group  of  muscles  is  paralyzed, 
while  the  anterior  muscles  are  unaffected,  the  foot  will 
be  somewhat  dorsiflexed  and  the  cavus  will  be  less 
marked.  If  the  calf  muscle  only  (gastrocnemius  and 
soleus)  is  paralyzed,  the  remaining  muscles  of  the  pos- 
terior group  will  counterbalance  the  dorsiflexors  and  at 
the  same  time  increase  the  cavus.  In  some  instances  the 
calf  muscle  is  alone  affected,  in  others  one  or  more  of  the 
anterior  muscles  may  be  paralyzed  also,  in  which  case 
the  foot  is  usually  turned  toward  varus  or  valgus.  The 
changes  primarily  caused  by  the  paralysis  and  by  unop- 
posed muscular  action  become  fixed  by  habitual  use  and 
by  secondary  adaptation  of  the  tissues.  The  heel  only 
Is  used  in  walking,  and  the  area  of  callus  which  marks 
the  weight-bearing  surface  becomes  much  enlarged,  while 
the  fore  foot  and  toes,  which  have  but  little  functional 
use,  become  atrophied,  a  mere  appendage  to  the  enlarged 
heel. 


Symptoms.— The  gait  is  awkward  and  inelastic;  the 
patient,  who  is,  as  it  were,  "ham-strung,"  stamps  along 
upon  the  insecure  support  of  the  heel  in  a  manner  which 
is  easily  recognizable  by  one  familiar  with  the  disability. 
The  changes  in  the  internal  structure  of  the  foot,  the  in- 
evitable adaptations  to  the  deformity,  do  not  call  for 
especial  description ;  the  disused  bones  atrophy  together 
with  the  other  tissues  and  new  articulating  surfaces  form 
to  accommodate  the  necessities  of  functional  use. 

lyeatmeiit.—When  the  diagnosis  of  paralysis  of  the 
calf  nuiscle  is  made  one  may  predict,  unless  recovery 
takes  place,  a  deformity  such  as  has  been  described. 
This  deformity  may  be  prevented  by  proper  support,  by 
massage,  and  by  methodical  stretching  of  the  tissues  that 
hav(!  a  tendency  to  contract.  The  form  of  brace  used  for 
walking  and  for  support  should  be  provided  with  a  sole 
plate,  upright,  and  calf  band,  as  already  described  in  the 
tiealment  of  paralytic  equinus.  If  motion  is  allowed  at 
the  ankle  it  should  be  in  plantar  flexion  only,  the  stop 
being  the  reverse  of  that  used  in  equinus,  or  as  this  fonii 
of  check  entails  much  strain  iipon  the  brace,  the  joint 
may  be  omitted  as  in  that  form  used  by  Judson.  Thus 
the  strain  removed  from  the  weakened  tissues  is  borne 
by  the  anterior  surface  of  the  leg.  Other  forms  of  braces 
provided  with  elastic  bands  to  supply  the  place  of  the 
calf  muscle  are  sometimes  used,  but  as  a  rule  the  im- 
provement in  gait  hardly  compensates  for  the  trouble  in 
adjustment  or  the  conspicuousuess  of  the  appliance. 

The  most  important  part  of  the  actual  deformity  of 
calcaneus  is  the  cavus  due  to  the  changed  position  of  the 
OS  calcis ;  and  in  confirmed  cases  it  is  practically  impos- 
sible to  reduce  this  completely  because  the  absence  of  the 
tendo  Achillis  takes  away  the  point  of  resistance  that 
makes  tlie  corrective  force  efficient.  If  the  deformity  is 
not  marked  operative  treatment  is  not  required.  The 
foot  may  be  drawn  as  far  as  possible  toward  equinus  and 
fixed  in  a  plaster  bandage.  Upon  this  the  patient  may 
walk,  the  heel  being  built  up  with  cork  wedges  to  make 
the  sole  level.  When  the  contraction  of  the  anteiior 
tissues  has  been  overcome,  the  brace  is  applied  and  the 
usual  treatment  of  manipulation  and  massage  is  con- 
tinued. 

The  method  of  prolonged  fixation  in  the  attitude  of 
eqjiinus  by  means  of  the  plaster  bandage  is  often  very 
efficacious  in  childhood  and  cures  of  apparently  hopeless 
cases  by  this  means  have  been  reported. 

Operative  Treatment. — In  more  extreme  cases  immediate 
reduction  of  the  deformity  under  anaesthesia  may  be 
attempted.  The  plantar  tissues,  more  particularly  the 
plantar  fascia,  may  be  divided  and  by  forcible  manipula- 
tion or  wrenching  the  foot  may  be  somewhat  lengthened 
and  the  heel  pushed  somewhat  upward  and  backward, 
so  that  the  foot  may  be  fixed  in  a  plaster  bandage  in  slight 
plantar  flexion.  The  tissues  on  the  front  of  the  leg  that 
require  elongation  are 
those  directly  in  front  of 
the  ankle.  It  must  be 
borne  in  mind  that  in  cor- 
recting tlie  deformity  one 
must  not  force  the  fore- 
foot downward,  as  this 
would  simply  increase  the 
cavus,  but  whatever  over- 
correction is  gained  should 
be  by  means  of  elevation 
of  the  OS  calcis  and  elon- 
gation of  the  plantar  tis- 
sues. 

In  some  instances  the 
improved  position  of  the 
OS  calcis  may  be  confirmed 
by  shortening  the  tendo 
Achillis,  as  first  performed 
by  Willett,  of  London  (St.  Bartholomew's  Hospital  Re- 
ports, vol.  xvi.,  1880,  p.  309). 

Willett's  Operation  for  Calcaneus. — A  Y-shaped  in- 
cision about  two  inches  in  length  is  made  through  the 
tissues  down  to  the  tendon.    At  the  lower  or  vertical  part 


,  2189.— Judson's  Brace  Applied 
lor  Talipes  Calcaneus. 
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of  the  incision,  which  is  continued  down  to  the  tuberosity 
of  the  OS  calcis,  the  tendon  is  dissected  free  from  the  sur- 
rounding parts.  It  is  then  divided  in  an  ohlique  direc- 
tion from  within  outward  and  downward,  and  the  heel 
having  been  pushed  upward  as  far  as  possible,  the 
divided  ends  are  overlapped  and  sutured;  the  flap  ot 
skin  is  drawn  downward  at  the  same  time,  so  that  the  Y 
incision  is  converted  into  the  shape  of  a  V.  According 
to  Mr  "Willett's  original  directions,  deep  sutures  are 
passed  through  the  skin  flaps  and  through  the  tendon 
on  either  side,  so  that  all  the  tissues  are  united.  The 
foot  is  then  fixed  in  a  plaster  bandage,  in  the  attitude  of 
equinus,  and  the  patient  is  allowed  to  walk  about  wear- 
ing a  high  heel  to  compensate  for  the  elevation  of  the 
sole. 

The  operation  is  of  especial  value  in  those  cases  in 
which  some  power  remains  in  the  calf  muscle,  which  is 
thus  made  serviceable.  In  cases  of  complete  paralysis 
the  position  of  the  foot  may  be  temporarily  improved, 
but  unless  proper  support  is  used  afterward,  the  tissues 
will  stretch  under  the  strain  of  use ;  thus  the  treatment 
should  always  be  supplemented  by  a  brace  of  the  char- 
acter already  described. 

Astragalectomy  and  Backward  Displacement  of  the  Foot.  — 
In  cases  of  conlirmed  calcaneus,  or  calcaneus  especially 
if  combined  with  lateral  deformity,  removal  of  the  as- 
tragalus may  be  indicated.  This  operation  permits  the 
malleoli  to  be  brought  into  direct  contact  with  the  os 
calcis,  tlius  improving  the  security  of  the  foot. 

The  astragalus  may  be  removed  by  a  long  curved  ex- 
ternal incision  passing  from  the  tendo  Achillis  just  below 
the  outer  malleolus  to  the  front  of  the  joint.  The  peronei 
tendons  are  divided,  the  foot  is  displaced  inward,  and  the 
astragalus  is  removed.  The  articulating  surfaces  of  the 
leg  bones  and  of  the  os  calcis  are  denuded  of  cartilage ;  the 
tendo  Achillis  is  shortened  and  to  its  insertion  the  peronei 
tendons  are  attached,  if  the  muscles  are  active.  The  en- 
tire foot  is  then  displaced  backward  so  that  the  denuded 
malleoli  overlap  the  anterior  extremity  of  the  os  calcis. 
The  object  of  this  procedure  is  to  throw  the  weight  of 
the  body  upon  the  centre  of  the  tarsus ;  thus  the  deform- 
ity is  reduced  and  the  stability  of  the  foot  is  increased. 


The  wound  is  closed  and  the  foot  is  fixed  in  plaste.-  of 
Paris._  As  soon  as  possible  the  patient  uses  I  lie  foot  in 
standmg  and  walkmg.  Ultimately  apparatus  may  be 
dispensed  with  but  a  brace  may  l,e\,sed  for  a  tinu  with 
advantage  This  operation  has  been  performed  in  man v 
mstances  by  the  writer,  for  whom  it  is  now  the  treat 

236 


ment  of  choice  in  this  type  of  cases.  By  it  the  usefulness 
of  the  foot  is  greatly  increased  and  its  appearance  very 
much  improved. 

ACQUIEBD    CaLCANBO-VaLGUS  AND   CaI.CANBO-VABTJS. 

In  many  cases  the  foot  deformed  as  a  result  of  paralysis 
of  the  calf  muscle  is  in  addition  turned  in  a  lateral  direc- 
tion, so  that  the  weight  of  the  body  falls  to  the  inner  or 
outer  side  of  its  centre. 

Calcaneo- valgus,  in  which  the  foot  is  turned  outward 
and  upward  so  that  the  patient  walks  on  the  inner  side 
of  the  heel,  or  even  on  the  inner  ankle,  is  not  uncommon; 
the  opposite  deformity  is  far  less  so.  Calcaneo- valgus  is 
usually  a  result  of  more  extensive  paralysis  than  simple 
calcaneus.  For  example,  all  the  muscles  about  the  foot 
may  be  disabled  except  the  peronei,  or  in  cases  of  a 
milder  type  the  tibialis  anticus  may  be  the  only  muscle 
of  the  front  of  the  foot  that  is  paralyzed. 

Treatment. — When  the  foot  inclines  toward  calcaneo- 
valgus  it  is  diflicult  to  hold  it  in  proper  position.  The 
usual  method  is  to  apply  the  brace  used  for  ordinary  cal- 
caneus, with  the  upright  on  the  outer  side  of  the  foot; 
the  ankle  and  arch  are  then  held  against  it  by  means  of 
the  valgus  strap.  Another  form  of  brace  is  provided 
with  an  upright  on  either  side  of  the  leg,  the  outer  being 
slightl}'  longer  than  the  inner  so  that  the  sole  plate  is 
tilted  inward,  or  as  it  were  supinated;  thus  the  weight  is 
guided  toward  and  balanced  on  the  outer  side  of  the  foot. 
It  must  be  borne  in  mind  that  other  muscles  of  the  limb 
are  often  paralyzed,  so  that  the  deformity  of  the  foot  may 
be  but  a  part  of  more  general  distortion;  hence  the  foot 
brace  is  often  combined  with  apparatus  for  the  support 
of  the  leg. 

In  these  cases  the  deformity  may  be  reduced  and  the 
stability  of  the  foot  may  be  increased  by  the  removal  of 
the  astragalus  in  the  manner  described. 

Calcaneo-varus  is  a  much  less  serious  affection,  since 
the  foot  may  be  more  easily  supported.  A  brace  such  as 
is  used  in  the  treatment  of  ordinary  varus,  without  mo- 
tion at  the  ankle  or  provided  with  a  reverse  stop,  is  ordi- 
narily employed. 

Acquired  Talipes  Equino-Vakus. 

Talipes  equino-varus  is.  as  in  the  congenital  form,  the 
most  common  of  the  paralytic  deformities  of  the  foot. 

The  tendency  of  simple  equinus  is  usually  toward 
varus,  because  in  plantar  flexion  the  foot  is  slightly  ad- 
ducted,  and  because  the  outer  side  of  the  foot  is  shorter 
than  the  inner  side,  so  that  in  walking  with  the  foot  ex- 
tended the  tendency  of  the  foot  is  to  turn  somewhat 
inward. 

Equino-varus  is  usually  preceded  b}'  equinus  and 
the  etiology  of  the  one  will  serve  for  the  other. 

In  certain  cases  the  varus  is  more  marked  than  the 
equinus,  as,  for  example,  when  the  abductors  of  the  foot 
are  paralyzed  while  the  adductors  retain  their  power;  or 
in  cases  of  direct  injury  as  in  fracture  at  the  ankle;  or 
when  the  growth  of  the  tibia  has  been  arrested  as  the 
result  of  injury  or  disease. 

The  appearance  and  effect  of  the  deformity  are  suffi- 
ciently indicated  in  the  description  of  the"  congenital 
form. 

TrcKtiiieiit. — If  the  distortion  is  recent  and  therefore 
non-resistant,  the  treatment  consists  in  supporting  the 
part  in  proper  position  by  a  brace,  of  which  the  Taylor 
club-foot  apparatus  is  the  type.  During  the  night  the 
over-corrected  attitude  may  be  assured  by  a  strap  running 
from  the  upright  to  the  sole  plate.  Massage,  electrical 
stimulation,  and  the  like  may  be  applied  as  in  the  routine 
treatment  of  anterior  poliomyelitis. 

If  the  deformity  is  fixed  it  should  be  reduced  and  over- 
corrected  by  forcible  manipulation  under  ana-sthesia. 
Division  of  the  resistant  parts  is  less  often  necessary  than 
in  the  congenital  form,  but  should  be  performed  in  suit- 
able cases.  Tlie  over-corrected  position  should  be  retained 
until  time  has  been  allowed  for  the  recontraction  of  the 
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lengthened  tissues,  preferably  for  several  months ;  such 
rest  in  the  over-corrected  position  is  by  far  the  most 
effective  treatment  that  can  be  applied  to  a  weak  or 
paralyzed  part. 

_  Astragalectomy  and  cuneiform  osteotomy  are  rarely 
indicated,  but  the  latter  operation  is  sometimes  of  service 
in  checking  the  tendency  toward  recurrence  of  deformity 
which  is  more  marked  after  over-correction  in  the  par- 
alytic than  in  the  congenital  talipes. 

Acquired  Talipes  Eqtiino-Valgus. 

Simple  equino-valgus  is  usually  the  result  of  primary 
paralysis  of  the  tibialis  anticus,  the  most  powerful  of  the 
dorsal  flexors;  thus  the  foot  is  drawn  somewhat  outward 


Fig.  2191.— Paralytic  Deformity  of  the  Foot,  of  the  Varus  Type.    The 
atrophy  and  shortening  of  the  limb  are  evident. 

in  dorsal  flexion,  while  the  metatarsal  bone  of  the  great 
toe,  having  lost  the  support  of  the  tibialis  anticus  muscles, 
falls  downward  and  is  drawn  outward  by  the  peroneus 
longus.  In  this  type  one's  attention  is  often  attracted 
by  the  peculiar  appearance  of  the  great  toe  which  is 
deformed  somewhat  like  a  hammer  toe  by  the  over-action 
of  the  flexor  longus  pollicis  in  its  attempt  to  take  the 
place  of  the  tibialis  anticus.  The  equinus  is  usually 
slight  and  is  secondary  to  the  valgus.  If  the  tibialis 
posticus  is  paralyzed  in  addition,  the  lateral  displace- 
ment of  the  foot  is  more  marked. 

Treatment  may  be  begun  by  placing  the  foot  in  a 
plaster  bandage  in  an  attitude  of  varus  and  allowing  the 
patient  to  walk  upon  It  until  the  tendency  toward  de- 
formity has  been  overcome.  A  support  with  the  catch, 
as  for  toe-drop,  is  applied  to  the  shoe  while  the  tendency 
toward  valgus  is  checked  by  raising  the  inner  border  of 
the  sole  or  by  the  use  of  a  sole  plate,  as  in  the  treatment 
of  the  simple  weak  foot. 

Acquired  simple  talipes  valgus,  from  paralysis  of  the 
tibialis  anticus  and  posticus,  is  rare.  Talipes  valgus,  as 
when  the  foot  is  dislocated  outward,  in  cases  of  complete 
paralysis  of  all  its  muscles,  may  be  regarded  as  a  variety 
of  dangle  foot. 

Talipes  valgus,  sometimes  called  spurious  valgus,  the 
simple  weak  or  flat  foot,  has  been  described. 

Traumatic  valgus  and  equino-valgus,  due  to  fracture 
at  the  ankle  (Pott's  fracture),  may  be  treated  by  osteotomy 
of  the  tibia  above  the  ankle  in  order  that  the  proper  rela- 
tion of  the  leg  to  the  foot  may  be  restored.  Equino- 
valgus  of  slight  degree  is  not  uncommon  after  tuberculous 
or  rheumatic  disease  at  the  ankle  or  at  the  astragalo- 


scaphoid  joints.  This  is  practically  one  variety  of  the 
weak  foot. 

Talipes  from  Other  Causes.— Talipes  caused  by 
cerebral  disease  or  injury,  whether  of  the  paraplegic  or 
hemiplegic  type,  is  almost  always  in  the  form  of  equino- 
varus.  The  hemiplegic  form  of  talipes  is  usually  more 
unyielding  and  rigid  than  the  paraplegic  type. 

The  deformity  must  be  corrected  by  the  ordinary 
methods.  In  many  instances,  when  the  contractions  are 
not  marked,  the  after-treatment  by  a  brace  is  not  neces- 
sary. 

Hysterical  equino-varus  or  other  forms  of  deformity 
are  not  especially  uncommon.  The  diagnosis  can  be 
made  by  the  other  symptoms  of  hysteria,  from  the  his- 
tory of  the  onset  and  duration  of  the  distortion,  and  from 
the  appearance  of  the  deformity  which  is  evidently 
merely  an  assumed  posture. 

Tendon  Transplantation  for  the  Relief  op  Par- 
alytic Talipes.— When  one  or  more  of  the  muscles 
are  paralyzed  the  unbalanced  action  of  those  that  remain 
tends  to  distort  the  foot.  The  object  of  tendon  grafting 
or  muscle  transplantation  is  to  utilize  the  power  that  re- 
mains by  giving  an  active  muscle  a  new  point  of  at- 
tachment where  it  may  be  of  service  instead  of  an  agent 
of  deformity. 

Tendon  grafting  is,  as  the  name  implies,  the  operation 
of  attaching  the  tendon  of  a  living  to  that  of  a  paralyzed 
muscle.  The  first  operation  was  performed  by  Nicoladoni 
in  1883  for  the  relief  of  paralytic  calcaneus  (TlrcAjw/.  Miii. 
Chir.,  3,  37,  S.  660,  1883).  The  tendons  of  the  peroneus 
longus  and  brevis  were  divided  behind  the  external  mal- 
leolus, and  the  proximal  ends  united  to  the  distal  extrem- 
ity of  the  divided  tendo  Achillis.  The  result  was  said  to 
be  satisfactory. 

The  first  operation  on  the  front  of  the  foot  was  per- 
formed by  Parish  of  New  York  (New  York  Med.  Jour., 
October  8th,  1893)  for  the  relief  of  paralytic  valgus,  by 
attaching  the  tendon  of  the  extensor  proprius  pollicis  to 
that  of  tlie  paralyzed  tibialis  anticus,  without  division  of 
either  tendon.  In  more  recent  years  the  field  of  the 
operation  has  been  extended  to  include  almost  every 
possible  combination  of  tendons  and  muscles. 

Tendon  grafting  is  most  effective  as  a  curative  opera- 
tion when  but  one  muscle,  for  example  an  adductor  or  an 
abductor,  is  paralyzed.  The  most  common  form  of  this 
milder  type  is  paralj'sis  of  the  tibialis  anticus,  resulting 
in  secondary  equino-valgus.  In  Parish's  operation  the 
tendon  of  the  adjoining  extensor  proprius  pollicis  was 
simply  attached  to  that  of  the  tibialis  anticus,  but  as  the 
extensor  of  the  great  toe  is  a  very  weak  muscle,  its  power 
is  hardly  sufficient  for  the  double  task. 

A  more  efficient  procedure  is  to  split  the  tendon  of  the 
paralyzed  muscle.  The  outer  half  is  then  separated  from 
its  muscular  attachment  and  the  distal  extremity  is  car- 
ried across  the  foot  and  is  sutured  to  all  the  other  tendons. 
The  proprius  poUit  is  is  then  attached  to  the  inner  half. 
In  cases  of  longer  standing  and  more  marked  deformity 
it  is  well  to  reduce  the  power  of  the  abductors  by  cutting 
the  tendon  of  the  peroneus  tertius  from  its  insertion. 
This  is  then  drawn  beneath  the  other  tendons  and  is  at- 
tached to  that  of  the  tibialis  anticus.  All  of  the  tendons 
may  be  sutured  to  one  another,  so  that  all  may  act  as 
direct  dorsal  flexors. 

If  varus  has  resulted  from  paralysis  of  the  peroneus 
tertius  or  brevis,  or  if  there  is  weakness  of  the  extensors 
of  the  toes,  while  the  tendon  of  the  tibialis  anticus  re- 
tains its  power,  it  may  be  split,  and  the  outer  half,  having 
been  separated  at  the  distal  end,  may  be  passed  beneath 
the  other  tendons  to  be  attached  to  the  peroneus  tertius, 
or  a  new  attachment  to  the  tissues  on  the  outer  border  of 
the  foot  may  be  made. 

Every  variety  of  combination  has  been  employed.  The 
tendon  of  the  peroneus  longus  has  been  brought  across 
the  foot  and  attached  to  the  tibialis  anticus  for  the  relief 
of  valgus,  and  a  portion  of  the  inner  part  of  the  tendo 
Achillis  has  been  utilized  for  the  same  purpose,  a  pro- 
cedure, however,  that  can  hardly  offer  much  prospect  of 
success.    Operations  for  the  relief  of  calcaneus  have  been 
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practically  that  of  Nicoladoni,  the  transplantation  of  tlie 
two  peronei  muscles  into  the  tendo  Achillis;  or,  as  modi- 
fied by  Goldthwiiit,  the  tendon  of  the  peroneus  longus 
was  i'nserted  into  the  tendo  Achillis  and  the  brevis  was 
transplanted  into  that  of  the  flexor  longus  pollicis  It 
the  tibialis  posticus  is  paralyzed  with  resulting  valgus, 
the  peroneus  brevis  may  be  carried  beneath  the  tendo 
Achillis  and  attaclied  to  its  distal  extremity. 

The  operation  of  tendon  transplantation  should  not  be 
performed  until  the  recovery  from  the  paralysis^  is  con- 
sidered impossible.  The  incision  should  be  sufliciently 
long  to  expose  the  tendon  and  the  muscular  substance. 
The  paralyzed  muscle  is  quite  different  in  color  from 
the  normal,  being  dull  reddish-yellow,  and  the  tendon  is 
usually  dull  white  in  place  of  the  silvery  glistening  color 
of  the  normal  tendon.  The  splitting  of  the  tendon  should 
be  begun  high  up,  including,  in  some  instances,  muscle 
substance,  and  in  joining  the  splices  as  much  surface  as 
possible  of  each  splice  should  be  apposed  because  the 
tendons  do  not  readily  unite.  In  certain  instances  it  may 
be  advisable  to  attach  the  transplanted  tendon  directly  to 
the  periosteum  at  the  point  at  which  its  force  may  be 
exerted  to  best  advantage.  This  as  a  routine  measure  is 
advocated  by  Lange  (Munch,  med.  Woohen.,  November 
15th,  1900). 

Fine  silk  is  usually  employed  for  suturing.  The  tendon 
sheaths  are,  as  far  as  possible,  closed  by  fine  catgut  and 
the  skin  incision  by  the  same  material.  Before  the  opera- 
tion is  performed,  all  resistance  to  normal  motion  should 
be  overcome  by  force,  and  by  division  of  the  contracted 
parts,  if  necessary.  The  attachment  of  the  muscles  or 
tendons  should  be  made  while  the  foot  is  held  in  proper 
position,  and  in  many  instances  it  is  well  to  cut  and  over- 
lap the  paralyzed  tendons  to  aid  in  retaining  the  foot  in 
the  improved  attitude. 

After  the  operation  is  completed,  the  foot  should  be 
fixed  in  a  plaster  bandage  in  the  over-corrected  position 
for  several  weeks  or  months.  As  a  rule  the  foot  should 
be  supported  by  a  brace  until  it  is  evident  that  the  union 
of  the  parts  is  firm,  and  a  good  functional  result  is  assured. 

The  prognosis  will  depend  entirely  upon  the  character 
of  the  paralysis.  If  the  tibialis  anticus  is  alone  affected, 
it  may  be  hoped  that  suiflcient  power  may  be  borrowed 
from  the  other  muscles  to  lift  the  foot  at  least  enough  to 
prevent  awkwardness  of  gait,  and  to  restrain  deformity. 
Even  more  favorable  is  the  prospect  for  the  relief  of 
varus  caused  by  weakness  of  the  abductors;  but  it  is 
impossible  for  weak  muscles  like  the  peronei  to  supply 
the  place  of  the  great  calf  muscle.  The  power  obtained 
from  the  peronei,  however,  which  has  become  useless  and 
even  harmful  because  it  draws  the  foot  into  deformity, 
may  be  sufficient  to  hold  the  heel  in  proper  position  and 
at  least  to  aid  the  brace  in  retaining  the  foot  in  a  normal 
attitude. 

The  relative  strength  of  the  muscles  should  be  consid- 
ered in  selecting  grafts,  as  well  as  in  making  a  prognosis. 
According  to  Fick  it  is  as  follows,  in  kilogrameters : 

Back  op  the  Leg. 

The  calf  muscle— gastrocnemius  and  soleus 8  31 

Tibialis  posticus in 

Peroneus  longus aa 

Flexor  com.  digltoriim 37 

Flexor  longus  pollicis j^o 


Total. 


10.24 


1.61 


Front  of  the  Leg. 

Tibialis  anticus 

Extensor  proprius  pollicis  '.'.'.'..'. 

Extensor  longus  digltorum ?S 

Peroneus  brevis it 

Peroneus  tertius 20 


Total. 


3.23 


nfThf  ™P".'^t'^°ce  of  the  calf  muscle  on  the  back,  and 
ot  the  tibialis  anticus  on  the  front  of  the  leg,  is  apparent 
The  former  IS  nearly  four  times  as  strong  as  the  other 
muscles  of  the  combined  posterior  group,  the  latter  bein"- 
nearly  equal  to  all  the  others  on  the  front  of  the  leg! 
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(Rudolph  Fick,  "Ueberdie  Arbeitsleistung  der  auf  die 
Pussgelenke  wirkenden  Muskeln, "  Leipsic,  1893.) 

It  has  been  claimed  that  the  transplanted  muscle  may 
become  hypertrophied  sufficiently  to  carry  out  its  ne'w 
function,  but  this  is  somewhat  doubtful.  Direct  trans- 
plantation of  muscles  on  the  same  principle  as  tendon 
grafting  has  also  been  performed  by  Drobnik,  Goldth  wait, 
and  others;  for  example,  the  sartorius,  the  gracilis,  or 
the  tensor  vaginte  femoris  may  be  transplanted  into  the 
substance  of  the  quadriceps  extensor  muscle.  Drobnik 
has  suggested  the  possibility  of  regenerating  the  paralyzed 
muscle  by  thus  engrafting  a  portion  of  one  that  is  still 
active,  but  this  is,  of  course,  a  possible  rather  than  a 
probalale  outcome. 

The  principle  of  the  operation  applies,  of  course,  to 
other  parts  of  the  body  as  well,  but  the  opportunities  for 
its  application  are  far  less  frequent  than  in  the  lower 
extremities. 

Tendon  Splicing. — Division  and  overlapping  of  the 
tendons  of  paralyzed  muscles  may  be  employed  with  ad- 
vantage in  certain  instances.  For  example,  in  complete 
paralysis  of  all  the  dorsal  flexors  of  the  foot,  each  tendon 
may  be  shortened  and  attached  to  the  anterior  ligament ; 
thus  the  toe-drop  may  be  remedied  or  reduced  to  such 
an  extent  that  tlie  deformity  may  interfere  but  slightly 
with  locomotion.  In  most  instances,  however,  unless 
support  is  used  the  shortened  part  will  relax  subsequently. 

Arthkodesis. — Arthrodesis,  for  the  purpose  of  pro- 
ducing ankylosis  of  a  joint,  was  first  performed  by  Al- 
bert of  Vienna,  in  1878.  Its  field  is  practically  limited 
to  those  cases  in  which  no  muscular  power  remains,  the 
so-called  dangle  foot.  It  may  be  of  service  also  in  cases 
of  partial  paralysis,  as  in  equinus  or  calcaneus,  when  the 
patient  is  unable  to  provide  himself  with  apparatus. 

The  operation  consists  in  opening  the  joint  and  remov- 
ing the  cartilage  from  the  opposing  surfaces  of  the  bones, 
then  sewing  or  nailing  them  to  one  another,  or  simply 
fixing  the  parts  in  a  plaster  bandage  until  union  has 
taken  place.  If  the  case  is  one  of  simple  calcaneus  or 
equinus,  without  lateral  deviation,  the  operation  may  be 
limited  to  the  ankle  joint,  which  may  be  opened  from  the 
back  or  front  or  side,  as  seems  preferable.  The  cartilage 
is  usually  removed  with  a  sharp  spoon  and  at  the  same 
time  relaxed  tissue  may  be  shortened  after  the  Willett 
method,  if  the  deformity  be  calcaneus ;  or  the  tendons  on 
the  front  of  the  foot  may  be  similarly  shortened  with  the 
aim  of  lifting  the  toes  to  the  proper  level,  if  they  are  de- 
pressed. The  operation,  to  be  effective  in  cases  of  com- 
plete paralysis  and  dangle  foot,  must  include  all  the 
larger  joints  of  the  foot.  Even  when  ankylosis  has  been 
attained,  there  is  a  marked  tendency  to  subsequent  de- 
formity. In  cases  of  calcaneus,  the  removal  of  the  as- 
tragalus in  the  manner  described  is  the  preferable  opera- 
tion. 

Arthrodesis  is  also  performed  at  the  knee  and  at  other 
joints  for  the  purpose  of  fixing  the  part  in  a  useful  atti- 
tude. In  certain  instances  the  operation  is  indicated.  It 
is,  of  course,  limited  to  cases  of  hopeless  parah'sis  and  is 
more  suitable  to  the  older  than  to  the  younger  class  of 
patients. 

The  improvement  in  the  gait  obtained  by  the  removal 
of  deformity  and  fixation  of  the  foot  is  often  very 
marked,  and  support  may  often  be  discarded,  but  in  early 
childhood,  at  least,  cases  should  if  possible  be  kept  under 
observation  in  order  that  support  may  be  applied  if  the 
deformity  shows  a  tendency  to  recur. 

Royal  Whitman. 

FOREARM,  THE.— The  forearm  is  that  portion  of  the 
pectoral  girdle  or  upper  extremity  lying  between  the 
elbow  and  wrist  joints.  Its  bony  framework  comprises 
two  bones,  the  radius  and  the  ulna. 

The  skill  of  the  forearm  is  soft  and  is  usually  well 
supplied  with  hairs,  especially  along  the  posteroexternal 
surface.  Along  the  anterior  surface  the  hairs  are  fewer 
and  finer.  The  skin  is  freely  movable  throughout  the 
forearm  upon  the  deep  fascial  sheath.  The  bursa  over 
the  olecranon  gives  it  free  mobility  at  that  point.     Lying 
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within  the  layers  of  the  superficial  fascia  are  the  super- 
ficial veins  and  the  cutaneous  nerves. 

The  suPBBnciAL  veins  rise  in  two  plexuses:  the  large 
plexus  of  tlie  dorsum  of  the  hand  which  is  derived  from  the 
digital  veins,  and  tlie  smaller 
plexus  ofiliefront  of  tlie  wrist, 
from  the  palm  and  thumb. 
These  veins  are  larger  than 
those  of  the  deep  set,  have 
fewer  valves  and  return 
most  of  the  blood.  At  points 
of  communication  between 
these  sets  of  veins,  valves 
are  regularly  found. 

The  veins  arising  from 
these  two  plexuses  are  ir- 
regular in  their  distribution 
and  are  seldom  symmetrical 
upon  the  two  sides  in  the 
same  body.  For  conven- 
ience four  principal  vein 
trunks  are  distinguished 
upon  the  outer,  anterior 
and  inner  surfaces  of  the 
forearm:  the  radial,  the 
median,  the  anteno^'  and 
the  posterior'  ulnar  veins 
respectively.  The  median 
vein  as  it  reaches  a  point 
opposite  the  insertion  of 
the  biceps  receives  a  com- 
munication from  the  deep 
set  which  perforates  the 
deep  fascia.  This  trunk  is 
short  and  is  known  as  the 
profunda.  The  median  at 
once  divides  into  branches 
that  diverge  in  V-form,  the 
median  -  cephalic  to  the 
outer  side  and  the  median- 
basilic  to  the  inner  side  of 
the  biceps.  The  median- 
cephalic  ascends  to  a  point 
a  little  above  the  elbow,  is 
joined  by  the  radial  vein, 
and  this  trunk,  called  the 
cephalic,  lies  in  the  furrow 
to  the  outer  side  of  the  bi- 
ceps in  the  arm.  The  me- 
dian cephalic  vein  overlies 
the  cutaneous  branches  of 
the  musculo -cutaneous 
nerve  as  they  pass  the  el- 
bow. The  median  -  basilic 
vein  passes  upward  and  in- 
ward and  is  usually  joined 
at  a  point  about  in  front  of 
the  internal  condyle  by  both 
the  tdnar  veins.  The  trunk 
so  formed  is  called  the  ba- 
nlic  and  lies  to  the  inner 
side  of  tlie  biceps  in  the 
arm.  The  median  basilic 
is  usually  larger  and  shorter 
than  the  median  cephalic; 
the  basilic  is  usually  a  con- 
siderably larger  trunk  than  the  cephalic.  The  median 
basilic  vein  overlies  from  without  inward  the  bicipital 
fascial  aponeurosis,  the  brachial  artery,  a  part  of  the  an- 
terior division  and  the  whole  of  the  posterior  division  of 
the  terminals  of  the  internal  cutaneous  nerve. 

Superficial  Nekvbs.— The  cutaneous  nerves  are  the 
musculocutaneous,  with  a  few  fibres  from  the  musculo- 
spiral  near  the  elbow,  for  supplying  the  outer  side  of  the 
forearm,  front  and  back ;  the  internal  cutaneous,  for  sup- 
plying the  inner  side  of  the  forearm,  front  and  back. 
Lyino-  between  the  two  on  the  back  of  the  forearm  is  the 
distribution  of  the  lower  (larger)  cutaneous  branch  of  the 


musculo-spiral.     All  these  nerves  pass  the  elbow.     Be- 
hind, over  a  small  area,  limited  to  the  olecranon,  is  tlie 
nerve  of  Wrisberg. 
Piercing  the  fascia  at  the  lower  third  of  the  forearm, 


the  following  nerves  become  supei-ficial  or  cutaneous: 
the  palmar  branches  of  the  ulnar  median  and  radial  nerves 
on  the  front,  and  the  dorsal  branch  of  the  ulnar  nerve  and 
the  radial  nerve  on  the  back. 

The  Smc/tM?  (deep) /aWa  at  the  elbow  is  firmly  fixed 
to  the  bony  prominences,  and  is  strengthened  in  front  by 
the  bicipital  fascia.  This  slip  is  given  off  from  the  tendon 
of  insertion  of  the  biceps,  which  bridges  over  the  brachial 
artery,  and  is  lost  over  the  pronator  teres  and  its  sheath 
at  the  inner  side  of  the  forearm.  Some  fascial  fibres  are 
also  often  received  from  the  tendon  of  the  triceps.  To- 
gether in  the  upper  third  of  the  forearm  this  deep  fascia 
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forms  a  strong  enveloping  sheath.  Near  the  elbow  at 
the  internal  condyle  it  serves  in  part  as  the  origin  of 
several  muscles  wliich  spring  from  the  condyle.  _  Lower 
down  in  the  forearm  septa  are  given  off  from  its  deep 


fn'fhfinw'^''?,'^Tf.,  ^f  "^  •'°.  ^^^  ^^™"«  n>"scle  bellies. 
In  the  lower  third  the  fascia  is  continuous  with  the  vari- 
ous muscle  tendons  and  at  the  wrist  forms  the  anterior 
and  posterior  annular  ligaments.  It  ends  in  the  fasda 
«ri  nf  th""^-  1  ^*  '^  attached  to  the  posterior  triangular 
area  of  the  olecranon  and  to  the  whole  of  the  posterior 
ndge  of  the  ulna  and  is  much  thicker  behind.  Between 
the  superficial  and  deep  layers  of  muscles,  front  and  bTk) 
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is  a  thin  membranous  layer  of  fascia.  Below  and  behind, 
the  fascia  is  strengthened  by  transverse  fibres  to  form  the 
posterior  annular  ligament  of  the  wrist  which  passes  from 
the  anterior  border  of  the  radius  above  the  styloid  proc- 
ess baclsward  and  inward,  over 
the  series  of  ridges  forming 
grooves  for  tendons,  over  the 
ulna  serving  as  an  orbicular 
ligament,  to  attach  itself  to  the 
inner  aspect  of  the  wrist,  es- 
pecially over  the  pisiform  and 
cuneiform  bones. 

Muscles. — The    muscles   of 
the  forearm,  for  convenience, 
can  be  divided    into  groups: 
those  of  the  front,  those  of  the 
back,  and  those  of  the  outer  side 
of  the  forearm.     Those  of  the 
front    (anterior    radio  -  cai-pal) 
consist  of  a  superficial  set,  five 
in  number:  the  pronator  teres, 
flexor    carpi     radialis,     flexor 
carpi  ulnaris,  flexor  digitorum 
sublimis,  and  (flexor)  palmaris 
longus ;  and  a  deep  set,  three 
in    number:   flexor   digitorum 
profundus,  flexor  poUicis  lon- 
gus, and  pronator  quadratus. 
The  muscles  of  the  outer  side 
(radial),  three  in  number,  are: 
brachio-radialis,  extensor  carpi 
radialis  longus,  and  extensor 
carpi    radialis    brevis.     Those 
of   the  back  (posterior    radio- 
carpal) comprise  a  superficial 
set,  four  in  number:   extensor 
digitorum  communis,  extensor 
digiti  minimi,    extensor  carpi 
ulnaris,  and  anconeeus;  and  a 
deep  set,  five  in  number:   su- 
pinator (brevis),  extensor  ossis 
metacarpi     pollicis,     extensor 
poUicis  longus,  extensor   pol- 
licis brevis,  and  extensor  in- 
dicis. 

The  five  muscles  of  the  su- 
perficial flexor  group  are  in- 
timately associated  at  their 
origin  from  the  internal  con- 
dyle. Rising  from  it  is  a  ten- 
don common  to  them  all,  which 
gives  fibres  to  each  and  sends 
septa  between  every  two  con- 
tiguous muscles.  The  mus- 
cles, from  without  inward,  are 
the  following : 

The  pronator  teres,  the  most 
external,  crosses  obliquely  the 
upper  half  of  the  forearm.  It 
rises  by  two  heads :  one,  large 
and  superficial,  from  the  inner 
condyle  of  the  humerus,  by  a 
tendon  common  to  both  heads, 
and  from  the  supracondylar 
ridge,  fascia,  and  intermuscular 
septa ;  the  other,  a  thin  and  deep 
band,  coming  from  the  inner 
side  of  the  coronoid  process 
and  soon  joining  the  deep  sur- 
face of  the  large  head.  This 
slip  separates  the  median  nerve  from  the  ulnar  artery. 
The  muscle  thus  formed  passes  outward  and  ends  in  a 
flattened  tendon  which  turns  over  the  radius  and  is  in- 
serted into  a  rough  impression  on  the  outer  surface  of 
the  shaft  of  the  radius  about  at  its  middle.  Near  the  in- 
sertion the  muscle  is  crossed  by  the  radial  artery  and  is 
covered  by  the  brachio-radialis. 
The  flexor  carpi  radialis  rises  from  the  flexor  tendon, 
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from  fascia,  mtermuscular  septa,  and  adjacent  muscles 
At  about  the  middle  of  the  forearm  its  fleshy  belly  merges 
mto  a  long  flattened  tendon,  passes  In  a  special  compart- 
ment of  the  anterior  annular  ligament,  grooves  the  tra- 
pezium, and  inserts  itself  into  the  base  of  the  second  and 
frequently  into  the  third  metacarpal  bone. 

The  (flexo7-)  palmaris  longus  is  a  long  slender  muscle 
the  smallest  of  the  group.  It  rises  from  the  flexor  tendon' 
fascia,  and  septa,  to  form  soon  a  small  round  belly  It 
soon  ends  in  a  long  slender  tendon  which  inserts  itself  into 
the  lower  border  of  the  annular  ligament  and  the  palmar 
fascia.  This  muscle  is  very  variable  and  is  often  absent. 
The  flexoi'  carpi  idnaris,  the  innermost  muscle  of  the 
group,  rises  by  two  heads :  the  one  from  the  back  part 
of  the  flexor  tendon,  the  other  from  the  inner  side  of  the 
olecranon  and,  by  an  aponeurosis,  from  the  upper  two- 
thirds  of  the  posterior  border  of  the  ulna.  The  two  heads 
bridge  the  space  between  the  internal  condyle  and  the 
olecranon,  and  between  and  beneath  them  the  ulnar  nerve 
is  transmitted.  The  muscle  converges  into  a  tendon 
which  is  placed  along  its  front 
surface  and  inserts  itself  into 
the  pisiform  bone. 

The  flexor  digitorum  sub- 
limis  (flexor  perforatus)  is  a 
broad  flat  muscle  placed  be- 
hind the  preceding.  It  rises 
by  a  strong  head  from  the 
flexor  tendon,  from  the  inter- 
nal lateral  ligament  of  the  el- 
bow joint,  from  the  inner  bor- 
der of  the  coronoid  process, 
and  from  the  overlying  mus- 
cles and  septa ;  and  by  a  second 
head,  a  thin  flat  baud,  from 
the  anterior  oblique  line  of  the 
radius  and  its  anterior  border. 
It  merges  from  a  broad  muscle 
into  four  separate  tendons 
which  first  pass  through  the 
middle  compartment  of  the 
anterior  annular  ligament,  then 
diverge,  and  continue  their 
course,  each  one  separately,  in 

company  with  a  corresponding  tendon  from  the  profun- 
dus (behind),  to  each  of  the  last  four  fingers.  At  the  wrist 
the  tendons  pass  in  pairs,  those  for  the  third  and  fourth 
fingers  being  in  front,  those  for  the  second  and  fifth  lying 
behind  the  first  pair.  The  tendons  opposite  the  first 
phalanx  divide,  allow  the  profundus  tendon  to  pass  be- 
tween, then  unite  behind  to  insert  themselves  into  the 
second  phalanx. 

The  deep-seated  flexor  group  comprises  the  following 
muscles : 

The  flexor  digitorum  profundus  (flexor  perforans),  a  large 
thick  muscle,  rises  from  the  upper  three-fourths  of  the 
front  and  inner  side  of  the  ulna,  from  the  ulnar  half  of 
the  interosseous  membrane,  and  from  the  aponeurosis  of 
the  flexor  carpi  ulnaris.  It  divides  finally  into  four  ten- 
dons for  the  inner  four  fingers,  but  the  tendon  for  the  index 
finger  becomes  distinct  in  the  forearm.  It  passes  behind 
the  sublimis  at  the  wrist,  behind  the  sublimis  tendons  in 
the  palm,  and  after  perforating  the  sublimis  inserts  itself 
at  the  bases  of  the  last  phalanges  of  the  inner  four  fingers. 
The  lumbricales  take  origin  from  the  tendons  in  the  palm. 
The  flexor  pollieis  longus,  to  the  outer  side  of  the  pro- 
fundus, rises  from  the  front  of  the  radius  between  the 
oblique  line  and  the  pronator  quadratus,  and  the  adjacent 
interosseous  membrane.  From  a  fleshy  belly,  a  round 
tendon  passes  under  the  annular  ligament  and  thenar 
eminence  to  its  insertion  at  the  base  of  the  second  (last) 
phalanx  of  the  thumb.  Occasionally  a  second  head  rises 
from  the  coronoid  process  or  internal  condyle  in  common 
with  the  sublimis. 

The  pronator  quadratus  rises  from  the  pronator  ridge 
and  from  the  front  of  the  ulna  at  its  lower  fourth,  passes 
close  to  the  bones,  and  inserts  itself  into  the  front  of  the 
lower  end  of  the  radius. 
Vol.  IV.— 16 


The  muscles  of  the  outer  (radial)  extensor  group  are  ■ 
The  brachio-radialis  (supinator  longus)  rises  from  the 
upper  two-thirds  of  the  external  supracondylar  ridge  and 
from  the  front  of  the  external  intermuscular  septum.  It 
forms  a  long  slender  muscle  which,  near  the  middle  of 
the  forearm,  merges  into  a  flat  tendon ;  and  this  in  turn 
inserts  itself  into  the  outer  side  of  the  radius  near  the 
base  of  the  styloid  process. 

The  extensor  carpi  radialis  longus  rises  just  below  the 
preceding  muscle  fom  the  ridge  and  septum,  a  few  fibres 
being  derived  from  the  common  extensor  tendon.  From 
this  origin  a  long  tendon  passes  under  the  posterior  an- 
nular ligament  in  its  second 
compartment  and  passes  to 
its  insertion  into  the  base  of 
the  second  metacarpal.  In 
its  course  it  lies  upon  the  fol- 
lowing muscle. 

The  extensor  carpi  radialis 
brevis  rises  by  the  common 
extensor  tendon  from  the  ex- 
ternal condyle  of  the  hu- 
merus, from  the  intermus- 
cular septa,  and  from  the 
external  lateral  ligam.ent  of 
the  elbow.  Its  tendon  passes 
with  the  longus  in  the  same 


compartment  at  the 
wrist  and  is  finally 
inserted  into  the 
base  of  the  third 
metacarpal. 

The  superficial  ex- 
tensor group,  from 
without  inward, 
contains  the  follow- 
ing muscles: 

The  extensor  dig- 
itorum communis 
rises    by  the   com- 
mon extensor  ten- 
don, fascia,  and   fm.  2196.-The  inner  Arm.    Muscles  con- 
septa,       i  r  o  m     a  tracted.    (After  Gerristi.) 
fleshy    belly    four 
tendons    are     ulti- 
mately  given  off,  and  these  pass  through  the  fourth 
compartment  of  the  posterior  annular  ligament  on  their 
way   to  the  hand.     Here  they  diverge  and  then  pass 
on  to  the  points  where  they  are  inserted  at  the  bases 
of  the  second  and  the  third  phalanges  of  the  inner  four 
fingers. 

The  extensor  digiti  minimi  lies  at  the  inner  side  of  the 
preceding  muscle.  It  rises  in  the  same  manner  as  does 
the  latter  and  passes  through  the  fifth  compartment  at 
the  wrist  (between  radius  and  ulna);  its  points  of  inser- 
tion are  the  same  as  those  of  the  corresponding  tendon 
of  the  preceding  muscle. 

The  extensor  carpi  ulnaris  rises  in  the  same  manner  as 
the  preceding,  and  also  by  an  ulnar  aponeurosis  common 
to  it,  the  flexor  carpi  ulnaris,  and  the  flexor  profundus. 
The  tendon  emerges  near  the  wrist,  passes  in  the  sixth 
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TOmpartment,  and  is  inserted  into  the  base  of  the  fifth 
metacarpal  near  its  ulnar  border. 

The  ancomiM  rises  from  the  lower  part  of  the  back  ot 
the  external  condyle  and  from  the  adjacent  posterior  hga- 
ment  of  the 
elbow     and 
is     inserted 
into  the  out- 
er surface  of 
the    olecra- 
non   and    the 
upper  third  of 
the  back  of  the 
ulna.     This 
muscle  is  some- 
times continu- 
ous   with    the 
triceps  and  is 
usually  described  in 
connection    with    it, 
as  a  fourth  head. 

The    deep    extensor  ' 

group  comprises  the 
following : 

The  supinator  {brevis)  rises 
from  the  back  of  the  externa,! 
condyle,  the  external  lateral  lig- 
ament, the  orbicular  ligament 
of  the  radius,  and  the  back  part 
of  the  bicipital  hollow  of  the 
ulna,  from  which  point  it  ex- 
tends a  variable  distance  down 
the  outer  border  of  the  ulna. 
Over  these  fibres  of  origin  is  a 
strong  aponeurotic  cover.  The 
muscle  passes  out  and  down 
over  the  back  of  the  radius  to 
insert  itself  into  the  back  of  the 
neck  of  the  radius  and  upon  the 
outer  and  front  surfaces  of  this 
bone  as  far  down  as  the  insertion 
of  the  pronator  teres.  The  mus- 
cle is  divided  into  superficial 
and  deep  layers  by  the  posterior 
interosseous  nerve  as  it  passes 
to  the  back  of  the  forearm. 

The  extensor  ossis  metaearpi 
poinds  (abductor  poUicis  longus) 
rises  from  the  outer  part  of  the 
back  surface  of  the  ulna  at  the 
junction  of  the  upper  and  mid- 
dle thirds,  from  the  correspond- 
ing portion  of  the  interosseous 
membrane,  from  a  small  part  of 
the  back  of  the  radius  near  its 
middle,  and  from  intermuscular 

septa.  The  muscle  extends  down  and  out,  emerges  be- 
tween the  extensor  digitorum  communis  and  the  exten- 
sor carpi  radialis  brevis,  and  in  company  with  the  ex- 
tensor pollicis  brevis  it  crosses  the  two  radial  extensors. 
At  about  this  point  it  merges  into  its  tendon,  follows 
down  the  outer  side  of  the  base  of  the  radius,  and  en- 
ters the  first  compartment  of  the  posterior  annular  liga- 
ment. It  is  inserted  into  the  outer  side  of  the  base  of 
the  first  metacarpal  bone  and  by  its  aponeurosis  into 
neighboring  structures,  notably  the  back  of  the  trape- 
zium, and  also  into  the  palmar  fascia,  especially  that  part 
which  covers  the  thumb. 

The  extensor  poUicis  brevis  (extensor  primi  internodii 
pollicis)  rises  from  the  middle  of  the  back  of  the  inter- 
osseous membrane  just  below  the  pi-eceding,  from  the 
back  of  the  radius  extending  obliquely  outward  and 
downward,  and  from  the  internmscular  septa  of  this  group 
of  muscles.  It  extends  obliquely  down  and  out  and 
forms  its  tendon  at  the  lower  third  of  the  forearm .  From 
this  point  it  accompanies  the  tendon  of  the  preceding 
muscle,  lying  behind  it,  to  be  inserted  into  the  base  of 
the  first  phalanx  of  the  thumb. 


Fig.  21 97.— Skiagraph  Show- 
ing Kelations  of  Bony 
Framework  of  the  Shoul- 
der, Arm,  and  Elbow  t« 
the  Sott  Parts  which  Sur- 
round Them.  (After  Ger- 
rish.) 


The  extensor  poUicis  longus  (extensor  secundi  internodii 
pollicis)  rises  from  the  outer  part  of  the  back  of  the  ulna 
at  its  middle  third,  close  to  the  outer  border,  from  the  in- 
terosseous membrane,  and  from  the  septum  betv/een  it 
and  the  extensor  indicis.  This  muscle,  somewhat  stroiiger 
than  the  preceding,  passes  down  and  out  to  merge  into 
a  tendon  placed  along  its  back.  The  tendon  becomes 
free  just  above  the  posterior  annular  ligament,  passes 
through  its  third  compartment,  then  over  the  radial  ex- 
tensors, lies  close  to  the  inner  side  of  the  tendon  of  the 
preceding,  and  is  inserted  into  the  base  of  the  second 
phalanx  of  the  thumb. 

The  extensor  indicis  rises  from  the  back  of  the  ulna 
(from  a  point  just  below  the  preceding  muscle  to  one 
situated  nearly  at  the  lower  end  of  the  bone),  from  the 
adjacent  interosseous  membrane,  and  from  the  septum 
between  it  and  the  preceding.  It  merges  into  a  tendon 
which  is  placed  along  its  radial  border.  This  becomes 
free  at  the  lower  third  of  the  forearm,  passes  through  the 
fourth  compartment  beneath  the  tendons  of  the  extensor 
digitorum  communis,  and  after  it  emerges  from  this  it  is 
inserted  into  the  inner  border  of  the  tendon  of  the  com- 
mon extensor  of  the  index  finger  at  about  the  metacarpo- 
phalangeal joint. 

Arteries.— The  brachial  a/rtery  ends  just  below  the 
bend  of  the  elbow  where  it  divides  opposite  the  neck  of 
the  radius  into  its  two  terminals,  the  radial  and  the  ulnar. 

The  radial  artery,  the  smaller  of  the  two,  extends 
downward,  in  direct  continuation  of  the  brachial  artery, 
along  the  outer  side 
of  the  front  of  the 
forearm  to  the  low- 
er end  of  the  ra- 
dius. Here  it  turns 
around  the  outer 
side  of  the  radius 
to  the  back  of  the 
wrist,  over  the  ex- 
ternal lateral  liga- 
ment, and  under  the 
extensors  of  the 
thumb. 

In  the  upper  fore- 
arm it  lies  in  the 
outermost  intermuscular 
space  between  the  brachio- 
radialis  and  the  pronator 
teres,  and  is  covered  by 
fascioe  and  skin.  In  the 
middle  and  lower  thirds  of 
the  forearm  it  lies  along  the 
inner  border  of  the  muscle 
and  tendon  of  the  brachio 
radialis,  which  latter  serves 
as  a  guide  in  the  opei'ation 
for  ligating  this  vessel.  In 
this  part  of  the  forearm  it 
is  covered  only  by  fasciae 
and  skin,  and  by  a  few  su- 
perficial veins  and  cutane- 
ous branches  of  the  mus- 
culo-cutaneous  nerve.  The 
ladial  at  the  wrist  lies  di- 
rectly upon  the  bone,  and 
forms  the  pulse.  The  ra 
dial  nerve  approaches  the 
arterjr  above  at  an  acute 
angle;  in  the  middle  and 
lower  thirds  it  lies  along  its 
outer  side.  The  venaj  com- 
ites  accompany  the  artery 
on  either  side. 

The   radial  artery  in  the 
forearm,  besides  the  irregu- 
lar and  numerous  muscular  branches,  gives  oflE  the  radial 
recurrent,  the  anterior  radio-carpal,  and  the  superficial 
volar. 
The  radial  recurrent,  a  branch  of  considerable  size,  is 


Fig.  2198.— External  and  Posterior 
Region  of  Wrist,  showing  Ar- 
rangement of  Tendons,  Artery, 
Nerve,  etc.  The  skin  and  fasciae 
have  been  removed.  (Reduced 
in  size.)  (After  M.  H.  Rich- 
ardson.) 
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usually  given  off  from  the  outer  side  of  the  radial  just 
below  its  origin  from  the  brachial.  It  run.s  outward  be- 
tween the  brachio-radialis  and  the  supinator  (brevis),  di- 
vides into  several  branches  and  anastomoses  with  the 
interosseous  recurrent  and  superior  profunda,  and  gives 
ofE  a  branch  to  supply  the  elbow  joint. 

The  superficial  volar  and  the  anterior  radio-carpal  are 
branches  given  off  just  above  the  wrist. 

The  ulnar  artery,  the  larger  of  the  terminals  of  the 
brachial,  from  the  inner  side  of  the  neck  of  the  radius 
passes  down  and  inward  to  the  front  of  tlie  inner  (ulnar) 
side  of  the  forearm,  thence  directly  to  the  wrist,  and  over 
the  anterior  annular  ligament  to  the  palm. 

In  the  upper  half  of  its  course  the  artery  lies  deeply 
beneath  the  pronator  teres  and  the  superficial  flexors;  in 
the  lower  half  of  the  forearm  it  is  overlapped  only  by  the 
flexor  carpi  ulnaris  muscle  and  tendon  which  lie  to  its 
inner  side  and  serve  as  a  guide  in  operations  for  ligating 
the  vessel.  Only  in  the  last  inch  or  so  is  the  artery  su- 
perficial. As  the  artery  lies  beneath  the  pronator  teres 
it  is  crossed  from  within  outward  by  tlie  median  nerve, 
the  deep  liead  of  the  muscle  usually  separating  the  two. 
The  ulnar  nerve  approaches  the  artery  from  behind  the 
inner  condyle  at  an  acute  angle,  being  separated  from  it 
by  the  flexor  sublimis,  and  in  the  lower  two-thirds  it  lies 
close  to  the  inner  side  of  the  artery.  The  latter  is  covered 
b}'  superficial  ulnar  veins,  in  addition  to  fascise  and  skin, 
and  is  crossed  by  branches  of  the  internal  cutaneous  nerve. 
The  artery  is  accompanied  by  two  venae  comites. 

The  ulnar  artery,  besides  numerous  and  irregular  mus- 
cular branches,  gives  off  the  anterior  and  posterior  recur- 
rent ulnar,  the  anterior  and  posterior  interosseous,  the 
anterior  and  posterior  ulnar  carpal,  and  usually  the  nutri- 
ent of  the  ulna. 

The  anterior  recurrent  ulnar,  the  smaller  of  the  two 
recurrent  branches,  runs  up  in  front  of  the  inner  condyle 
of  the  humerus,  between  the  pronator  teres  and  tlie  bra- 
chialis,  and  anastomoses  with  the  anterior  branch  of  the 
anastomotica  magna  and  a  branch  of  the  inferior  profunda. 

The  posterio-r  recurrent  ulnar,  the  larger,  passes  inward 
between  the  flexor  sublimis  and  the  flexor  profundus, 
then  up  and  back  of  the  inner  condyle  of  the  humerus, 
and  comes  to  lie,  with  the  ulnar  nerve,  between  the  two 
heads  of  the  flexor  carpi  ulnaris.  It  anastomoses  with 
the  posterior  branch  of  the  anastomotica  magna,  with 
the  inferior  profunda,  and  with  the  interosseous  recur- 
rent to  form  the  olecranal  rete. 

The  interossei  rise  from  the  ulnar  by  a  common  trunk 
about  half  an  inch  in  length,  and  the  latter,  in  turn,  rises 
from  the  outer  and  back  part  of  the  ulnar  just  before  the 
median  nerve  crosses  the  main  vessel.  It  rises  about  an 
inch  below  the  origin  of  the  ulnar,  and  proceeds  backward ' 
to  the  interosseous  membrane,  where  it  divides  into  its  two 
terminals. 

The  anterior  interosseous,  the  smaller,  follows  the  front 
of  the  membrane  in  company  with  two  veins  and  the 
deep  branch  of  the  median  nerve  which  lies  to  its  outer 
side.     It  usually  supplies  nutrients  to  both  bones. 

The  posterior  interosseous,  the  larger,  passes  back  be- 
tween the  interosseous  membrane  and  the  oblique  liga- 
ment above,  descends  between  the  superficial  and  deep 
muscles,  and,  crossing  the  extensors  of  the  thumb  and 
index  finger,  anastomoses  below  the  latter  muscle  with 
the  anterior  interosseous. 

The  anterior  and  posterior  ulnar  carpals  are  small  car- 
pals  which,  in  company  with  the  anterior  radial  carpal, 
anastomose  and  form  the  carpal  arch. 

Nerve  Tkunks.— The  nerve  trunks  of  the  forearm  are 
the  radial,  posterior  interosseous,  median,  and  ulnar. 

The  musculo-spiral  nerve,  a  short  distance  above  the 
elbow,  lying  upon  the  brachialis  and  covered  by  the 
brachio-radialis,  divides  into  its  terminals,  the  posterior 
interosseous  and  the  radial  nerves. 

The  posterior  interosseous  nerve  passes  back,  out,  and 
down  between  the  brachialis  and  extensor  carpi  radialis 
longus  through  the  supinator  (brevis),  to  the  deep  layer 
of  the 'forearm  extensors.  It  approaches  the  posterior 
interosseous  artery  at  an  angle,  and  is  in  relation  with  it 


as  far  as  to  a  point  below  the  origin  of  the  extensor  pol- 
licis  longus  where  it  approaches  and  is  in  relation  with 
the  posterior  branch  of  the  anterior  interosseous  artery. 
Lower  down,  it  passes  through  the  fourth  compartment 
o|  the  wrist,  with  the  extensors  communis  and  indicis,  to 
the  back  of  the  wrist  where  it  becomes  ganglionic. 

The  radial  nerve  passes  directly  downward  under  cover 
of  the  brachio-radialis.  At  the  middle  third  of  the  arm 
it  lies  along  the  outer  side  of  the  radial  artery,  then  winds 
around  the  outer  side  of  the  radius  under  cover  of  the 
brachio-radialis  tendon,  and  pierces  the  deep  fascia  in 
the  lower  forearm,  breaking  up  into  its  terminal  branches 
on  the  back  of  the  wrist. 

The  median  nerve,  from  the  bend  of  the  elbow,  where 
it  lies  to  the  inner  side  of  the  tendon  of  the  biceps,  the 


Fig.  2199.— Dissection  of  the  External  Eegion  of  the  Bight  Wrist. 
The  radial  artery  is  seen  between  the  relaxed  tendon  of  the  flexor 
carpi  radialis  below,  and  the  brachio-radialis  on  the  outer  (upper) 
side.  It  then  passes  beneath  the  first  two  extensors  of  the  thumb 
and  a  small  branch  of  the  radial  nerve,  crosses  the  base  of  the 
thumb  obliquely,  and  disappears  under  the  tendon  of  the  extensor 
pollicis  longus.  (Thlnsubject,  female,  one-half  normal  size.)  (Alter 
M.  H.  Richardson.) 

brachial,  and  the  beginning  of  the  ulnar  artery,  passes 
down  the  centre  of  the  front  of  the  forearm  beneath  the 
condylar  head  of  the  pronator  teres  and  over  the  ulnar 
artery,  being  separated  from  the  latter  by  the  deep  head 
of  the  same  muscle.  Beyond  this  point  it  passes  beneath 
the  radial  head  of  the  flexor  digitorum  sublimis,  and  later 
still  it  lies  deep  beneath  the  flexor  sublimis  and  on  the 
flexor  profundus.  At  the  wrist  the  nerve  becomes  su- 
perficial and  lies  between  the  tendons  of  the  fiexor  sub- 
limis to  the  inner  side;  and  of  the  flexor  carpi  radialis  on 
the  outer  side.  It  passes  superficially  through  the  large 
flexor  compartment  of  the  anterior  annular  ligament  and 
soon  divides  into  an  inner  and  an  outer  terminal.  Besides 
muscular  branches  in  the  forearm,  the  median  gives  off 
the  anterior  interosseous  and  small  branches  to  the  elbow 
joint. 

The  anterior  interosseous  nerve  is  given  off  from  the  me- 
dian opposite  the  insertion  of  the  biceps,  runs  down  the 
front  of  the  membrane  in  company  with  the  anterior  in- 
terosseous artery,  and  supplies  the  medullary  arteries, 
the  periosteum  of  the  radius  and  ulna,  and  the  wrist  joint. 

The  ulnar  nerve,  from  the  angle  between  the  olecranon 
and  the  internal  condyle,  passes  between  the  inner  and 
outer  heads  of  the  flexor  carpi  ulnaris  to  the  front  of  the 
forearm.  It  passes  down  upon  the  flexor  profundus  un- 
der cover  of  the  flexor  carpi  ulnaris  and  overlapped  by  it 
upon  the  inner  side.  It  passes  nearly  to  the  wrist  along 
the  outer  side  of  this  muscle  and  its  tendon,  when  it  be- 
comes superficial  and  enters  the  hand  anteriorly  to  the  an- 
nular ligament.  In  the  lower  two-thirds  of  the  forearm 
the  ulnar  artery  lies  to  its  outer  side,  separating  it  from 
the  flexor  sublimis.  It  also,  besides  giving  off  muscular 
branches,  supplies  the  elbow  joint. 

The  ijiterosseous  membrane  bridges  across  between  the 
interosseous  borders  of  the  radius  and  ulna,  from  a  point 
a  little  below  the  bicipital  tubercle  of  the  radius  to  the 
wrist  joint.     Its  fibres  pass  mainly  in  an  oblique  direc- 
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tion  from  the  radius  to  the  ulna.  The  posterior  interos- 
seous vessels  pass  back  over  its  upper  border  and  are  in  re- 
lation with  its  back  surface  low  down  m  the  torearm. 
The  anterior  interosseous  vessels  and  nerve  are  m  relation 
with  the  front  surface  throughout.  Except  in  supination 
of  the  forearm  and  in  full  pronation  this  membrane  is 
usually  tense.  It  serves  also  to  carry  strains  from  the 
radius  to  the  ulna  and  to  bind  the  bones  together. 

The  forearm  is  subconical,  so  that  the  lateral  flap  opera- 
tion is  a  necessilv,  since  the  skin  cannot  be  pushed  far 
upward  in  the  lower  forearm.  The  skin  is,  also,  quite 
adherent  to  the  underlying  aponeurosis.  Roughly 
speaking,  the  intermuscular  septa,  the  bones,  and  the  in- 
terosseous membrane  form  a  front  and  a  back  compart- 
ment. The  ulna  is  subcutaneous  from  olecranon  to  sty- 
loid process,  so  that  any  injury  or  fracture  is  readily 
manifest.  The  radius  lies  deeply  lodged  among  the  up- 
per forearm  muscles  and  it  is  only  occasionally  that  its 
head  can  be  felt.  In  the  lower  forearm  the  radius  be- 
comes gradually  subcutaneous  and  can  be  examined.  The 
interosseous  membrane,  is  relaxed  in  the  semi-prone  position 
of  the  forearm,  which  indicates  the  best  position,  in  frac- 
ture of  the  radius  or  ulna,  for  splinting.  Care  should  be 
exercised  not  to  permit  the  fractured  ends  of  the  radius 
to  rest  upon  the  ulna,  thereby  causing  injury  to  interos- 
seous vessels  and  nerves  and  favoring  an  eventual  anky- 
losis. Anteroposterior  splints  ma)''  press  too  much  upon 
radial  and  ulnar  vessels  and  nerves  and  injure  them. 

The  muscles  of  the  forearm,  in  extremely  muscular 
subjects  after  too  long  and  severe  use,  may  cause  press- 
ure upon  arteries  and  nerves,  and  resultant  pains  and 
neuralgias.  Muscular  spasm  may  effect  the  same  results. 
Muscles  become  greatly  hypertrophied  under  special  ex- 
ercises (as  occurs,  for  example,  in  the  pronator  teres  mus- 
cle of  the  "  tennis  arm  ") .  A  spasm  of  the  same  muscle 
may  take  place,  as  in  the  "  glass  arm  "  of  baseball  pitch- 
ers. Hypertrophy  of  both  of  the  pronators,  the  result 
of  "feathering,"  may  take  place  in  the  case  of  oarsmen. 
The  inner  edge  of  the  brachio-radialis  is  the  guide  to  the 
radial  artery  and  nerve;  the  inner  edge  of  the  palmaris 
tendon  is  that  for  the  median  nerre ,  and  the  outer  border 
of  the  flexor  carpi  ulnaris  indicates  where  the  ulnar  ar- 
tery and  nerve  are  to  be  sought  for.  Both  arteries  may  be 
ligated  at  any  point  above  the  annular  ligament  for  severe 
hemorrhage  of  the  palm.  Above  the  anterior  annular 
ligament  the  two  synovial  tendon  sheaths  of  the  flexor 
poUicis  longus  and  that  common  to  the  sublimis  and  pro- 
fundus extend  for  a  distance  of  an  inch  and  a  half,  and 
often  carry  infection  from  the  palm  to  the  tendon  spaces 
of  the  forearm. 

Through  the  posterior  annular  ligament  extend  upward 
six  such  sheaths,  all  of  which  save  the  last  extend  well 
above  the  ligament.  They  are:  one  for  the  two  outer 
thumb  extensors,  one  for  the  two  radio-carpal  extensors, 
one  for  the  long  thumb  extensor,  one  for  the  common 
extensor,  one  for  the  little  finger  extensor,  and  lastly  one 
for  the  ulno-carpal  extensor. 

Injuries  of  the  nerve  trunks  may  cause  varying  symp- 
toms. (Compare  Arm.)  The  posterior  interosseous  'nerve 
may  be  injured  in  resection  of  the  head  of  the  radius  or 
in  fracture  of  the  radial  neck,  and  thus  may  cause 
paralysis  of  the  extensors.  The  posterior  interosseous 
nerve  may  suffer  loss  of  function  from  fracture  of  the 
humerus  at  some  point  near  its  middle.  Pressure  upon 
the  median  nerve  in  musrular  spasm  and  in  compression 
from  long  and  severe  muscular  exeicise,  may  cause  in- 
creased cramps  and  pain  or  even  a  prolonged  neuralgia. 
The  ulTum-  nerre  may  be  injured  in  fracture  of  tlie 
olecranon  and  may  cause  loss  of  sensation,  or  numbing- 
or  it  may  be  caught  in  the  callus  of  fracture,  either  then' 
or  along  the  shaft  of  the  ulna,  and  cause  pain;  and, 
finally,  the  conditions  may  be  such  as  to  neccssitalc 
excision  of  the  nerve  from  the  callus.  The  numbness 
from  a  sudden  blow  upon  the  ulnar  nerve  ut  the  cDiow 
—commonly  spoken  of  as  "  striking  the  funny  bone  "— 
18  a  familiar  instance  ;  and  if  severe,  this  numbin^'-and 
tingling  may  be  persistent  and  maybe  accompanic^i  by 
loss  ot  function  of  the  flexor  muscles.     In  plumbism  the 


ulnar  nerve  is  regularly  involved,  causing  the  "claw 
hand."  The  ulnar  and  median  nerves  are  both  involved 
in  alcoholic  neuritis.  The  radial  nerve  may  be  painful 
at  its  points  of  distribution  if  the  trunk  is  injured  in 
Colics'  fracture.  Neuromata  along  the  nerve  trunks, 
due  to  injury,  may  demand  excision. 

Luzerne  Coville. 

References :  Joessel,  Quain,  Morris,  Gerrisb,  Keen,  Holden,  Cunnlng- 
bam,  Gray. 

FORMALDEHYDE,  formic  aldehyde,  methyl  aldehyde 
or  oxymethylene  (HCOH),  is  a  gas  whose  saturated  aque- 
ous solution  is  known  as  formalin  or  formal.  The 
method  of  manufacture  used  now  on  a  large  scale  is  a 
modification  of  that  used  by  A.  W.  Hoffmann,  who  intro- 
duced formaldehyde  in  1867.  By  means  of  superheated 
steam  passing  through  a  copper  coil,  methyl  alcohol  is 
vaporized  under  pressure  in  a  steel  chamber,  from  which 
it  issues  with  great  force  and  mixed  with  a  definite  quan- 
tity of  air,  and  then  passes  through  a  double  tube  con- 
verter. The  inner  tube  of  this  is  perforated  with  very 
fine  holes  and  separated  from  the  outer  tube  by  broken 
coke,  and  the  whole  is  kept  at  a  dull  red  heat.  As  it 
passes  through  this  heated  coke,  the  vapor  is  oxidized  to 
formaldehyde,  and  this  is  either  condensed  by  extreme 
cold  to  a  liquid,  or  cooled  and  dissolved  in  water  by  agita- 
tion. Copper  filings,  spongy  platinum,  or  any  porous 
material  may  be  substituted  for  coke.  The  gas  is  usually 
generated  on  a  small  scale  by  heating  paraformalde- 
hyde, though  methyl  alcohol  can  be  employed  by  heating 
in  a  tin  vessel  so  that  the  vapor  will  pass  through  a 
perforated  red-hot  copper  plate.  The  reaction  is: 
CH3OH  +  O  =  CHOH  +  H,0.  The  yield  is  said  to 
be  only  twenty  per  cent,  from  commercial  wood  alcohol. 
Other  methods  of  manufacture  are  by  the  complete  oxi- 
dation of  ethyl  nitrate ;  by  heating  a  mixture  of  ethylene 
and  oxygen  to  400°  C. ;  by  the  dry  distillation  of  calcium 
formate,  etc. 

Formaldehyde  is  a  colorless  gas  of  pungent,  penetrat- 
ing odor,  and  verj'  irritating  to  the  eyes  and  nose.  Its 
saturated  cold  aqueous  solution  (formalin)  contains  from 
thirty-five  to  forty  per  cent,  of  the  gas  by  weight,  is 
colorless,  lias  a  sharp  taste,  and  mixes  freely  with  water, 
alcohol,  and  glycerin.  The  gas  is  more  soluble  in  methyl 
alcohol  than  in  water.  Its  chemical  affinities  are  exten- 
sive. It  is  rendered  inert  by  alkalies,  deodorizes  hydro- 
gen sulphide,  and  is  the  basis  of  many  aniline  colors  and 
new  synthetic  remedies,  such  as  iirotropin,  bismal,  tan- 
noform,  etc.  It  reduces  Pehling's  solution,  produces  a 
black  precipitate  with  ammoniacal  silver-nitrate  solu- 
tion, and  white  precipitates  with  dilute  aqueous  solution 
of  aniline  and  with  ammonia  and  bromine  water.  Hen- 
ner's  test,  sensitive  1  in  200,000,  consists  in  superposing 
a  mixture  of  very  weak  carbolic  acid  with  the  suspected 
liquid  upon  concentrated  sulphuric  acid;  a  rose-violet 
ring  at  the  line  of  contact  indicates  formaldehyde.  A 
modification  of  this  is  to  dissolve  0.1  gm.  morphine  hy- 
drochlorate  in  1  c.c.  of  sulphuric  acid  and  add  to  this  the 
suspected  liquid.  In  milk  and  such  fluids,  however, 
these  tests  may  lie  obscured  by  the  charring  of  the  or- 
ganic substances  by  the  acid ;  hence,  in  such  a  case,  the  for- 
maldehyde should  be  distilled  off  and  passed  into  water, 
and  then  tested  for.  Jorrissen's  test  was  designed  for 
milk:  shake  together  25  c.c.  of  milk  and  10  c.c.  of  0.1 
per  cent  aqueous  phloroglucin,  add  5  to  10  c.c.  of  one- 
third  strength  potash  lye,  and  a  transient  salmon-red 
color  indicates  formaldehyde. 

When  formalin  is  heated,  part  of  it  is  converted  into 
paraformaldehyde  (paraform,  triformol,  or  trioxymethy- 
lene),  which  separates  as  a  white  insoluble  flocculent 
mass,  capable  of  again  yielding  HCOH  gas.  Formalde- 
hyde renders  gelatin  insoluble,  forming  elastic  translu- 
cent masses,  so  it  has  been  used  to  replace  tannin  in  mak- 
ing leather  and  to  harden  gelatin  films  in  photography. 
Formaldehyd-gelatin  is  emploj-ed  as  an  absorbable  anti- 
septic. When  added  to  serum  albumin,  formalin  pre- 
vents coagulation  by  heat;  added  to  calcium  carbide,  it 
retards  the  evolution  of  acetylene   gas.     It  neutralizes 
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alkalies  by  forming  with  tliem  complex  substances,  that 
with  ammonia  being  hexamethylene-tctramine. 

It  is  said  not  in  any  way  to  affect  the  textile  character 
of  wool,  cotton,  fur,  silk,  or  leather;  and  it  does  not 
change  their  colors  except  in  tlie  case  of  iron-containing 
dyes  or  a  few  of  the  aniline  colors  such  as  fuchsin  (ani- 
line red).  Its  aqueous  solution  attacks  metals;  conse- 
quently the  dry  gas  only  should  be  used  for  sterilizing 
instruments.  In  1886  its  powerful  bactericidal  properties 
were  reported  by  Loew,  and  it  has  now  become  an  almost 
universal  disinfectant  (see  Disinfectants  and  Disinfection). 
Rubber  goods,  catheters,  etc.,  may  be  kept  sterile  in  a 
weak  solution  for  a  long  time  without  harm.  Hofl'- 
meister,  Hirst,  and  others  have  used  it  for  sterilizing 
catgut. 

It  is  also  used  largely  as  a  hardening  and  fixing  agent, 
and  as  a  preservative  for  anatomical  and  biological  spec- 
imens. These,  especially  plants,  tend  to  retain  some  of 
their  brilliant  colors,  and  do  not  shrink  as  they  would  in 
alcohol.  Plants  slowly  discolor  the  solution  by  giving 
up  their  tannin.  As  formaldehyde  has  little  penetrating 
power,  openings  should  be  made  so  that  it  may  permeate 
the  interiors  of  specimens;  otherwise  they  may  rot,  even 
in  strong  solution.  Moulds  have  been  found  growing  on 
tissues  apparently  saturated  with  solutions  of  iive  to  ten 
per  cent,  strength.  Orth's  hardening  and  fixing  formula 
is:  MilUer's  fluid,  100  parts;  formalin,  10  parts.  To  be 
mixed  just  before  use.  Kaiserling  keeps  the  specimen 
for  twenty -four  hours  in  formalin  75,  potassium  nitrate  1, 
potassium  acetate  3,  distilled  water  100,  then  transfers  to 
80-per-cent.  alcohol  for  twelve  hours,  then  to  95-per-cent. 
alcohol  for  two  hours.  The  specimen  may  then  be 
mounted  for  sectioning,  or  kept  in  equal  parts  of  water 
and  glycerin  containing  3  per  cent,  of  potassium  acetate. 
Before  putting  through  alcohol.  Carter  leaves  the  tissues 
for  from  six  to  twelve  hours  in  20-per-cent.  formaldehyde 
solution  with  5  per  cent,  acetic  acid.  Blood  smears  ex- 
posed to  the  vapor  are  firmly  fixed,  and  may  be  stained 
as  by  any  other  method  of  fixing.  Blood  on  the  hands 
becomes  hardened  and  diflBcuIt  to  wash  off. 

Being  diflScult  of  detection  in  small  quantities,  it  is 
used  as  a  preservative  of  foods  and  medicines,  vigorous 
prohibitive  laws  not  preventing  its  widespread  use  by 
dairymen,  canners,  etc.  In  the  strength  of  1  to  20,000  it  is 
said  to  preserve  milk  for  several  days,  yet  even  this  mi- 
nute quantity  has  been  shown  by  Annett  and  others  to 
be  harmful.  It  has  been  employed  by  pharmacists  for 
the  preservation  of  ointments,  syrups,  fruit  juices,  infu- 
sions, and  various  other  articles  which  readily  spoil. 
Mucilage  of  acacia,  lard,  cider,  etc.,  remained  sweet  after 
a  year,  yet  the  odor  of  formaldehyde  could  not  be  de- 
tected at  any  time.  Once  added  to  an  article,  a  portion 
of  it  remains  persistently  and  cannot  be  driven  off  by 
heat.  The  best  means  of  neutralizing  it  in  vapor  or  in 
solution  is  by  ammonia. 

Physiological  Action  and  Toxicology.— Formalde- 
hyde vapor  is  a  powerful  irritant  to  the  eyes  and  the 
mucous  membranes  of  the  respiratory  tract.  Applied  in 
solution  to  the  skin  it  smarts,  but  usually  for  a  short 
time  only.  Severe  urticaria  is  reported  to  have  followed 
its  application.  The  solution  in  glycerin  is  said  to  be 
less  irritant.  Taken  by  mouth  it  retards  digestion  even 
in  small  dosage,  especially  the  pancreatic  digestion  of  al- 
bumin. In  strong  solution  it  may  cause  vomiting.  It 
weakens  pulse  and  respiration  and  is  depressing  to  the 
vital  functions.  The  ingestion  of  several  ounces  of  for- 
malin by  an  adult  was  followed  by  unconsciousness, 
marked  pallor,  cold  clammy  perspiration,  increased 
respiration,  and  rftles  over  both  lungs.  The  urine  con- 
tained formic  acid.  In  a  few  hours  anuria  developed, 
and  the  next  morning  the  coma  disappeared,  and  the 
patient  acted  as  if  drunk,  complaining  of  headache,  con- 
junctivitis, and  a  sore  mouth.  He  recovered  in  twenty- 
four  hours  (Klueber).  In  England,  the  drinking  of  two 
ounces  of  a  four-per-cent.  solution  resulted  in  death 
from  heart  failure  twenty-nine  hours  later.  The  autopsy 
showed  corrosive  action  on  the  cesophagus  and  stomach. 
Fischer   (1901)    reported    to    the  Chicago  Pathological 


Society  an  experimental  study  of  the  action  of  formalde- 
hyde on  animals.  Inhalation  resulted  in  marked  inflam- 
niation  throughout  the  respiratory  tract.  Dosage  by 
stomach  produced  vomiting,  subnormal  temperature, 
rapid  weak  pulse,  and  death.  Sometimes  the  death  was 
sudden.  Neci'opsy  revealed  intense  gastritis,  with  con- 
gestion, necrosis,  and  leucocyte  infiltration.  Intraperi- 
toneal injections  were  followed  by  a  fibrino-hemorrhagic 
peritonitis  of  an  intensity  referable  to  the  strength  of 
the  solution.  Small  repeated  intraperitoneal  injections 
of  dilute  solutions  stimulated  great  connective-tissue 
proliferation.  Eye  instillations  caused  iritis.  Every 
case  showed  early  eosinophilia  followed  by  general 
leucocytosis,  and  degenerative  changes  with  focal 
necroses  in  liver  and  kidneys.  Experiments  in  France 
show  that  lleas  easily  succumb  to  the  vapor,  but  that  to 
kill  rats  and  mice  requires  as  much  as  8  or  10  gm.  to  the 
cubic  metre  of  air  space. 

The  best  local  antidote  is  ammonia,  though  other  alka- 
lies are  of  some  avail.  Ammonia  gas  quickly  neutralizes 
the  irritating  vapors  in  a  room.  For  the  stomach  it  may 
be  given  as  the  aromatic  spirit  of  ammonia  or  the  liquor 
ammonii  acetatis.  When  formalin  is  swallowed,  vomit- 
ing should  be  promoted,  or  the  stomach  emptied  by 
lavage.  Stimulants,  especially  aromatic  spirit  of  ammonia 
and  caffeine,  and  hypodermics  of  strychnine  should  be 
administered,  external  heat  applied,  and  absolute  recum- 
bency enjoined.  Demulcent  drinks  may  be  given  to  allay 
irritation. 

Thbbapbutics. — As  a  general  disinfectant  and  deodo- 
rizer this  drug  is  undoubtedly  without  a  peer,  though  its 
penetrating  power  is  not  great  (see  Disinfection).  In  the 
respiratory  passages  it  is  of  pronounced  value  as  a  pro- 
phylactic and  curative  in  influenza  and  pertussis,  and  in 
allaying  the  cough  and  sweetening  the  sputum  in  tuber- 
culosis.  It  is  also  used  in  chronic  pharyngitis,  in  atrophic 
rhinitis  (principally  as  a  deodorizer),  and  as  a  mouth 
wash.  It  is  said  to  be  of  less  use  in  diphtheria,  as  it  does 
not  penetrate  the  dense  membrane.  A  few  drops  of  I^ 
Aq.  chloroformi  3iij.  (13  c.c),  ether  J  ss.  (15  c.c.), 
formaldehyde  solution  (6  per  cent.)  ad  §  iv.  (120  c.c.) 
may  be  sprinkled  on  the  sponge  of  a  zinc  respirator,  and 
inhaled  for  fifteen  minutes.  Or  one  can  use  as  a  mouth 
wash  or  spray  a  mixture  of  40per-cent.  formaldehyde  so- 
lution 3  i.  (4  c.c),  glycerin  3  iv.  (15  c.c),  and  water  to 
make  5  iv.-vi.  (120  to  180  c.c).  The  method  of  treating 
tuberculosis  by  cataphoresis  or  the  electrical  transmission 
of  formaldehyde  directly  into  the  human  body,  the  writer 
saw  tested  scientifically  with  negative  results. 

For  suppurative  otitis  media  Reik  recommends  irriga- 
tion twice  a  day  with  3  i.  (4  c.c.)  of  formalin  in  O  i.  (500 
c.c.)  of  water.  Ward  uses  five  to  ten  drops  of  a  one- 
per-cent.  solution,  and  in  acute  otitis  three  drops  at  a 
time. 

In  the  mycotic  skin  diseases,  such  as  sycosis,  ringworm., 
and/«i''i.s,  the  strong  solution  may  be  applied  every  other 
day.  Cures  resulted  from  one  to  four  applications  (Sal- 
ter, Daniel).  For  seborrhcea  Ravogli  advises  rubbing 
with  1$  Formalin,  3i.-ij.  (4-8_c.c);  glycerin,  3  ij.  (8 
c.c);  aq.  coloniensis,  alcohol,  aa  |iij.  (90  c.c). 

Hyperidrosis  pedis  may  be  checked  for  a  week  or  two 
(Hahn,  Hirschfeld)  by  momentarily  immersing  the  feet  in 
pure  formalin,  or  by  "applying  it  withabrush.  Unnaap- 
pliesadeps  lanse  20,  vaseline  10,  formahn  10-20.  The  ap- 
plication of  formalin  to  eczema  or  intertrigo  Unna  found 
to  be  very  painful.  He  then  tried  a  gelatin  mask  hard- 
ened with  formalin  for  lupus,  erythema  centrifugum, 
lepra,  and  obstinate  chronic  eczema,  but  was  obliged  to 
discard  it.  Next  he  employed  formalin  as  a  corrosive  for 
carcinoma,  lupus,  condylomata,  and  ulcers.  The  diseased 
tissues  were  cleanly  destroyed,  the  necrotic  surface  being 
dry  and  odorless,  but  the  development  of  a  line  of  de- 
marcation took  so  long  a  time  that  other  means  were 
deemed  preferable.  He  found  formalin  of  value,  how- 
ever, in  inoperable  carcinoma,  as  it  deodorizes  and  mum- 
mifies the  part.  For  condylomata  and  other  soft  skin  pro- 
tuberances he  uses  paraform  collodion,  which  possesses 
the  advantage  of  keeping  the  growths  dry.     Daniel  rubs 
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formalin  into  warts  witli  a  sticli,  and  tliese  shrinli  and 
come  off  -witliout  leaving  a  scav. 

As  a  vasinal  douche  Crawford  recommends  formalm 
in  ohstetries,  and  Van  Winckel  uses  3  i.  (4  c.c.)  to  a  quart 
(1  litre)  for  endometritis  or  for  mgimtis,  especially  gonor^ 
rhceal.  It  may  be  used  in  full  strength  in  the  treatment 
oi chancroids.  „.  . 

Surgically  it  is  an  antiseptic  of  great  power  (sen  Disin- 
fectants and  Disinfection),  and  is  used  for  sterilizmg  the 
hands,  dressings,  sutures,  and  instruments.  HoHmeister, 
Hirst  and  others  recommend  it  highly  for  catgut.  Hpff- 
meister's  method  is  to  harden  the  catgut  on  glass  spools 
in  four  per  cent,  formaldehyde  for  twenty-four  hours 
then  boil  in  water  for  ten  minutes  and  keep  in  alcohol 
containing  five  per  cent,  of  glycerin  and  0.1  per  cent,  of 
corrosive  subhmate.  Vandermarker  states  that  it  should 
not  be  used  directly  in  wounds,  as  one-per-cent.  solutions 
will  destroy  fresh  granulations,  and  two-per-cent.  will 
produce  sloughs.  Its  combination  with  gelatin  (glutei), 
however,  is  used  thus  by  Schleich  and  others.  Inoperable 
epitheliomata  and  sarcomata  have  been  treated  with 
injections  of  one-half-per-cent.  solution  (about  twenty 
minims)  followed  by  curetting  of  the  hardened  tissue. 
The  bleeding  has  been  slight,  and  the  growths  have 
practically  disappeared  after  a  few  treatments  (Mitchell, 
Thompson).  Ravogli  claims  to  obtain  the  same  results 
from  the  application  of  a  paste  of  rice  powder,  oxide  of 
zinc,  and  formalin.  In  chronic  tuberculous  joints,  tuber- 
culous abscesses,  and  empyema,  Hahn  considers  a  one- 
per-cent.  glycerin  solution  to  be  more  efficient  than  the 
much  used  iodoform-glycerin. 

In  dentistry,  paraformaldehyde  is  preferred,  as,  being 
in  solid  form,  it  can  be  placed  in  cavities,  disinfecting 
them  by  slowly  evolving  formaldehyde  gas. 

The  more  common  preparations  and  compounds  of 
formaldehyde  are : 

Aminoform,  Ammonio-foTmuldeJiyde — synonyms  forhex- 
ametliylene-tetramine. 
Amylofo7-m — starch  and  formaldehyde  (see  Vol.  I.). 
Bismal — the  bismuth  salt  of  methylene  digallic  acid, 
formed  by  the  action  of  gallic  acid  on  formaldehyde. 
Used  as  intestinal  antiseptic  and  astringent. 

Creoform,  Greosoform,  Kreoform — a  non-toxic,  tasteless, 
and  odorless  compound  of  creosote  and  formaldehyde. 
A  strong  antiseptic. 

Cystamine,  Gystogen — synonyms  for  hexamethylene- 
tetramine. 

Dextroform — formaldehyde  and  dextrin  (see  Amyloform, 
Vol.  I.). 

Eka-iodoform — iodoform  and  paraformaldehyde  (see 
Vol.  HI.). 

Evformol  is  a  mixture  of  oil  of  eucalyptus,  formalde- 
hyde, thymol,  menthol,  etc. 
Fm'macoll — synonym  for  glutei. 

Formaldeliyd-bisulphite  (HCOH,  NajSjOs)  is  a  crystal- 
line mixture  resulting  from  the  action  of  formaldehyde 
on  sodium  bisulphite  in  solution.  It  is  claimed  to  possess 
the  antiseptic  properties  of  both  constituents. 

Formalckhyde-casein  (Formalbumin)  is  an  odorless, 
tasteless,  coarse  yellow  powder,  used  in  surgery  as  an 
antiseptic. 

Formaldehyde-gelatin — used  in  photography  and  in  sur- 
gery (see  Olutol). 

Formaldehyde-sulpho-carbolic  acid  [(CH20H)o.C6H3.- 
OH]  is  used  as  an  antiseptic  dressing  for  wounds. 

Formaldehyde  tannaUmminate — ^tannalbumin  subjected 
to  the  action  of  formaldehyde  to  render  it  more  resistant 
to  the  action  of  the  gastric  juice.  The  compound  passes 
unchanged  through  the  stomach,  and  as  it  is  split  up  but 
slowly  in  the  intestines,  it  gets  well  down  in  tlie  bowel 
before  it  separates  into  its  components.  Used  as  an  in- 
testinal antiseptic  and  astringent. 

Formaldehyde-urea  is  an  amorphous,  white  conden- 
sation product  of  urea  and  formaldehyde  in  alkaline 
solution.  It  is  insoluble  in  water.  Used  as  disinfect- 
ant. 

Formalin,  Formal— e,  saturated  aqueous  solution  of 
formaldehyde. 


Formatol  is  a  proprietary  dusting  powder  containing 
formaldehyde. 

Formin — synonym  for  hexamethylene-tetramine. 

Formo-chloral  is  an  oily  compound  formed  by  the  ac- 
tion of  formaldehyde  on  chloral  in  the  presence  of 
concentrated  sulphuric  acid.  It  is  used  as  an  anti- 
septic. 

Another  compound  of  this  name,  used  by  Trillat  as  a 
deodorizer,  is  made  by  acting  with  calcium  chloride  on 
formaldehyde  in  solution  in  methyl  alcohol. 

Formoforin  consists  of  formaldehyde  0.18,  thymol  0.10, 
zinc  oxide  34.44,  and  starch  65.38  per  cent.,  and  is  used 
for  sweating  of  the  feet. 

Formopyrin  occurs  in  white  crystals  formed  by  the 
action  of  formalin  on  a  solution  of  antipyrin.  It  is  insol- 
uble in  cold  water  or  ether,  but  fairly  soluble  in  boiling 
water,  alcohol,  chloroform,  and  acids,  with  the  latter 
forming  stable  salts. 

Fortoin — cotoiu  acted  upon  by  formaldehyde  (see 
Fortoin). 

Oalloformin  is  prepared  by  acting  on  hexamethylene- 
tetramine  with  gallic  acid  (see  Oalloformin). 

Oeoform — guaiacol  and  formaldehyde  (see  Oeoform). 

Olyco-formol  is  a  mixture  of  formalin,  water,  and  gly- 
cerin . 

Olycero-formol  is  said  to  be  formed  by  the  prolonged 
action  of  formaldehyde  on  glycerin.  It  is  claimed  to  be 
more  toxic  than  formaldehyde,  but  the  writer  could  find 
no  evidence  for  this  statement. 

Hexamethylene-tetramine — the  chemical  name  for  amin- 
oform, cystamine,  cystogen,  formin,  and  urotropin  (see 
Uro  tropin). 

Holzin  is  a  sixty-per-cent.  solution  of  formaldehyde  in 
methyl  alcohol  used  by  Oppermann  as  a  deodorizer. 

Hohinol  is  a  mixture  containing  formaldehyde  and 
menthol. 

Krameroform  is  prepared  like  tannoform,  but  from 
rhatany-tannin. 

Lanoform  is  lanolin  containing  one  per  cent,  of  formal- 
dehyde. 

Lysoform  Is  a  soapy  disinfectant  containing  formalde 
hyde  (see  Lysoform). 

Naphthofm'min.  is  made  from  paraformaldehyde  and 
the  alpha  and  beta  compounds  of  naphthol.  It  is  used 
both  externally  and  internall}'  as  an  antiseptic. 

Paraform  is  paraformaldehyde. 

Polyformin  Soluble  and  Insoluble — used  in  skin  diseases 
(see  Polyfarmin). 

Preservalin — a  mixture  used  by  dairymen. 

Protogen  is  an  albuminous  food  obtained  by  acting  on 
serum  or  egg  albumen  with  formaldehyde.  It  is  not 
coagulated  by  heat. 

Quebi-achoform,  Qninoform,  Quercifoi'm  are  prepared 
like  tannoform  (which  see),  but  from  the  tannins  of  que- 
bracho, cinchona,  and  oak. 

Saligenin,  also  yielded  by  salicin,  may  be  obtained  by 
the  interaction  of  phenol  and  formaldehyde. 

Steriform  Chloride  and  Iodide — formaldehydes,  pepsin 
20,  lactose  65,  and  ammonium  chloride  or  iodide  10. 

Tannoform — an  antiseptic  in  skin  diseases  (see  Tanno- 
form). 

Taniiopin  or  Tannon  consists  of  tannin  and  hexameth- 
ylene-tetramine, and  is  used  in  diarrhoea  (see  Tanno- 
pin). 

Thymoform  is  thymol-formaldehyde  (see  Thymoform). 

Triforinol,  l^'io.ryinethylene — synonyms  for  paraformal- 
dehyde. 

Urotropin — hexamethylene-tetramine  (see  Urotropin). 

W.  A.  Bastedo. 

FORMANILID  (CHsNH.COH) occurs  in  long,  colorless 
prismatic  needles  obtained  by  digesting  aniline  with  for- 
mic acid,  or  by  rapidly  heating  aniline  and  oxalic  acid  to- 
gether. It  melts  at  46°  C.  (115'  F.),  and  is  soluble  in 
water,  alcohol,  glycerin,  and  oils.  In  dose  of  0.13-0.3 
gm.  (gr.  ij.-v.)  it  is  antipyretic  and  analgesic,  but  is  said 
to  depress  the  heart  and  produce  cyanosis.  Its  chief 
employment  is  as  a  local  ansesthetic   in   two-per-cent. 
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solution,  as  in  genito-urinary  inflammation,  or  subcutane- 
ously,  or  in  powder  form,  mixed  with  chalk,  starch,  or 
talcum,  or  as  a  snuff  in  nasal  troubles.      W.  A.  Bastedo. 

FORMIC  ACID.— HCHO2.  Formic  acid  is  a  heavy, 
colorless  fluid  of  a  sharp,  sour  odor  and  taste,  soluble  in 
all  proportions  in  water,  alcohol,  and  glycerin.  It  is  ex- 
ceedingly irritating,  producing,  when  applied  to  the  skin, 
redness,  blistering,  and  even  sloughing,  and,  taken  in- 
ternally, gastro-enteritis  and  bloody  urine.  It  has  been 
used  occasionally,  locally,  as  a  counter-irritant,  applied 
diluted  with  an  equal  measure  of  water. 

Edward  Curtis. 

FORT  CRAWFORD  MINERAL  WELL.— Crawford 
County,  Wisconsin. 

Post-Opfice. — Prairie  Du  Chien.     Hotel. 

Access. — ^Via  Chicago,  Burlington  and  Quincy,  and 
Chicago,  Milwaukee  and  St.  Paul  Railroads.  Prairie  du 
Chien  contains  about  4,000  inhabitants,  and  is  one  of  the 
oldest  towns  in  the  State.  The  well  from  which  the 
mineral  water  is  obtained  was  bored  in  1876.  At  a  depth 
of  960  feet  a  strong  flow  of  water  was  encountered,  and 
ever  since  there  has  been  a  continuous  stream,  six  inches 
in  diameter  and  having  a  pressure  of  twenty  poimds  to 
the  square  inch.  The  well  yields  about  40,000  gallons 
per  hour.  By  means  of  mains  and  hydrants  it  furnishes 
the  city  Are  department,  and  affords  an  abundance  of 
water  for  domestic  purposes.  It  was  soon  learned  that 
the  water  possessed  medicinal  qualities.  An  analysis  by 
Professor  Bode,  of  Milwaukee,  showed  the  following 
results: 

One  United  States  Gallon  Contains  : 
Solids.  Grains. 

Calcium  bicarbonate 0.82 

Magnesium  bicarbonate 10.97 

Sodium  cblorlde 90.20 

Potassium  chloride 3.80 

Sodium  bromide 13 

Sodium  sulphate 12.K) 

Calcium  sulphate 15.38 

Iron  bicarbonate .23 

Sodium  phosphate Trace. 

Sodium  bicarbonate Trace. 

Alumina B6 

Silica 3.84 

Organic  matter None. 

Total 138.63 

This  is  a  valuable  member  of  the  widely  useful  alka- 
line-saline class  of  waters.  It  closely  resembles  some  of 
the  Saratoga  waters  in  its  mineral  constituents,  being, 
however,  somewhat  milder  than  those  waters.  Its  chief 
effects  are  antacid,  laxative,  diuretic,  and  tonic.  It  is 
well  adapted  for  the  class  of  diseases  to  which  such 
waters  are  applicable.  It  is  also  an  excellent  table  water. 
A  well-equipped  sanitarium  with  ample  bathing  facilities 
is  conducted  in  connection  with  the  well.  The  water  is 
used  commercially.  James  K.  Crook. 

FORTOIN,or  methylene-dicotoin  [CH2(C,4Hi,0,)2]  is 
obtained  by  allowing  formaldehyde  to  act  on  cotoin,  and 
occurs  in  yellow,  tasteless  crystals  or  powder  having  a 
cinnamon-like  odor.  It  melts  at  311°-313°  C.  (412°-415° 
F.),  is  insoluble  in  water,  soluble  with  difficulty  in  alcohol, 
ether,  and  benzol,  and  readily  soluble  in  chloroform,  ace- 
tone, glacial  acetic  acid,  and"  alkalies.  Overlach  reports 
thirty  cases  of  diarrhcaa  in  which  it  was  used  in  dose  of 
0.25  gm.  (gr.  iv.)  three  times  a  day  as  an  intestinal  as- 
tringent. He  believes  it  preferable  in  cases  with  sloughs 
of  the  mucous  membrane  of  the  intestine,  as,  unlike  the 
tannin  preparations,  it  stimulates  tissue  growth  and 
causes  regeneration  of  the  mucous  membrane.  Its  ad- 
vantages over  cotoin  are  that  it  is  free  from  pungent  taste 
and  is  a  more  powerful  bactericide.         F.  A.  Bastedo. 

FOUNTAIN    PARK    MAGNETIC    SPRINGS.— Cham- 
paign County,  Ohio. 
Post-Opficb. — Fountain  Park.     Hotel  and  cottages. 
Access.— Via  Pennsylvania  Railroad  (P.,  C,  C.  and 


St.  L,,  Indianapolis  Division).  The  hotel  is  within  five 
minutes'  drive  of  the  Fountain  Park  Station.  The  loca- 
tion is  34  miles  west  of  Columbus  and  13  miles  east  of 
Urbana.  Fountain  Park  village  was  laid  out  in  1882 
soon  after  the  discovery  of  the  springs.  The  resort  came 
under  the  present  management  in  1894.  The  site  of  the 
village  is  one  of  great  natural  attractiveness.  The  eleva- 
tion is  1,200  feet  above  the  sea-level  and  the  surrounding 
country  is  gently  undulating.  The  hotel  and  cottages  are 
located  in  a  beautiful  tract  of  43  acres  in  which  are 
numerous  hills  surmounted  by  groves  of  deciduous  trees. 
New  acme  stone  walks  and  driveways  have  recently 
been  laid  around  the  hotel  grounds,  and  an  artificial  lake 
of  sufficient  size  for  boating  constructed.  The  large 
lawn  is  adapted  for  all  kinds  of  outdoor  sports  and  games. 
Brush  Lake,  one  mile  east  of  the  Park,  affords  rare  at- 
tractions to  the  piscatorially  inclined  visitor.  The  waters 
at  Fountain  Park  proceed  from  five  flowing  wells.  The 
largest  is  2,200  feet  in  depth  and  fills  a  ten-inch  pipe 
at  about  twenty-one  pounds'  pressure.  Following  is  an 
analysis  of  this  spring,  made  in  1893  by  Prof.  E.  S. 
Wayne,  of  Cincinnati : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  chloride 13.64 

Calcium  chloride 4.22 

Magnesium  chloride 2.12 

Potassium  sulphate 2.61 

Calcium  carbonate 26.24 

Magnesium  carbonate 11.41 

Iron  carbonate 16 

Silica 24 

Organic  matter 39 

Total 61.03 

This  is  an  excellent  water  of  the  alkaline-saline-calcic 
variety.  The  presence  of  a  small  quantity  of  carbonate  of 
iron  will  prevent  debilitating  effects  on  continuous  use. 
The  water  has  been  found  valuable  in  acute  and  chronic 
rheumatism,  gout,  dyspepsia,  and  diabetes.  Two  of  the 
remaining  four  wells  were  analyzed  in  1895  by  Prof.  H. 
A.  Weber  of  the  Ohio  State  University.  They  show  the 
same  general  characteristics  as  Spring  No.  1  (above). 
There  is  an  excellent  modern  hotel  in  the  Park,  It  con- 
tains twenty  well-equipped  bath-rooms,  under  the  charge 
of  an  experienced  physician.  James  K.  Crook. 

FOXGLOVE.    See  Digitalis. 

FRACTURES. — A  fracture  is  the  breaking  of  a  bone 
or  of  a  cartilage.  The  sudden  forcible  destruction  of  the 
continuity  of  a  bone  in  whole  or  in  part,  except  when 
done  with  a  cutting  instrument,  is  called  a  fracture  (Stim-- 
son).  The  gradual  undermining  of  the  strength  of  a 
bone,  whether  by  tumor  or  by  inflammation,  does  not  pro- 
duce a  fracture  until  a  trauma,  however  slight,  snaps  the 
diseased  bone.  The  so-called  pathological  fractures  are 
of  this  class.  The  trauma  may  be  so  slight  as  to  pass 
unrecognized,  but,  nevertheless,  this  "sudden,  forcible 
destruction  of  continuity  "  constitutes  the  fracture.  The 
only  etiological  difference  between  pathological  and  trau- 
matic fractures  is  that  in  the  former  the  disease  of 
the  bone  predisposes  it  to  fracture  and  the  violence  re- 
quired to  produce  the  fracture  is  comparatively  insig 
nificant. 

Varieties. — Fractures  are  commonly  classified  as 
complete  and  incomplete. 

A  Complete  Fracture  is  a  break  traversing  the  whole 
thickness  of  a  bone.  In  a  long  bone,  this  implies  that 
the  extremities  of  the  bone  are  separated  by  the  line  of 
fracture.  In  a  flat  bone  a  complete  fracture  may  simply 
break  off  a  fragment. 

Incomplete  Fractures  may  be :  (1)  Fissured ;  (3)  "  Green- 
stick  " ;  (3)  Depressed ;  (4)  Separation  of  a  splinter  or  of 
an  apophysis. 

By  a  "  depressed  "  fracture  is  here  meant  a  depression 
of  only  part  of  the  thickness  of  a  flat  or  long  bone.  It  is 
not  an  uncommon  fracture  of  the  cranial  bones. 

The  commonest  of  all  incomplete  fractures  is  the  green- 
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stick  fracture  (infraction).  It  usually  occurs  in  the  fore- 
arm or  clavicle,  and  is  rarely  seen  in  adults.  The  condi- 
tion of  the  bone  is  exactly  that  of  a  green  stick  broken 
over  the  knee  (Fig.  3200).     The  bone  is  bent  and  on  its 


FIG.  3200.— Green-Stick  Fracture. 

convexity  broken,  the  line  of  fracture  running  inward, 
transversely  or  obliquely,  and  then  longitudinally  in 
either  or  both  directions. 
Fractures  are  usually  described  according  to— 
(a)  Their  direction,  as  tranverse,  oblique,  longitudinal, 
toothed  (dentate),  etc.  (Figs.  3201,  3203,  2303). 

(J)  The  seat  of  fracture— of  the  shaft,  neck,  epiphysis, 
condyle,  epiphyseal  separation,  etc. 

(c)  Special  features— simple,  compound,  comminuted, 
impacted,  multiple,  gunshot,  pathological,  intra-articu- 
lar,  etc. 

A  simple  fracture  is  one  neither  compound  nor  com- 
minuted. A  compomid  fracture  is  one  in  which  the  ex- 
ternal wound  runs  down  to  the  seat  of 
fracture.  A  comminuted  (Fig.  2204) 
fracture  is  one  in  which  the  bone  is 
splintered  into  a  number  of  small  frag- 
ments. By  multiple  fracture  is  meant 
the  fracture  of  several  bones  or  of  the 
same  bone  in  several  distinct  places. 
Simple  fracture  of  both  bones  of  the 
forearm  or  leg,  however,  is  not  spoken 
of  as  a  multiple  fracture.  An  impacted 
fracture  is  one  in  which  the  broken 
bone  ends  are  crushed  into  each  other 
and  thus  fixed  more  or  less  firmly. 

Etiology. — Frequency. — Men  are 
more  subject  to  fractures  than  women 
(three  to  one),  by  the  nature  of  their 
occupations,  and  their  habits  of  life. 
Stimson  disagrees  with  the  accepted 
belief  that  fractures  are  most  frequent 
during  the  winter  months  on  account 
of  the  ice  and  snow,  the  increased  fre- 
quency of  fracture  of  the  lower  extremity  in  winter  (sev- 
enty-six to  fifty-three)  being  more  tlian  offset  by  the 
increased  frequency  of  fractures  of  the  upper  extrem- 
■  ity  in  summer  (one  hundred  and  seven  to  sixty-seven.) 
Fractures  are  relatively  more  frequent  in  the  aged  than 
in  the  adolescent  (Malgaigne,  Gurlt),  and  this  in  spite  of 
the  greater  exposure  of  the  latter  class  to  various  injuries. 
This  increasing  liability  to  fracture  with  age  is  due  to  a 
progressive  decrease  in  agility  and  strength 
of  muscle  with  which  to  ward  off  or  minimize 
an  injury,  and  also  to  certain  changes  that 
take  place  in  the  bones  themselves. 

Predisposinff  Causes. — In  infancy  the  struc- 
ture of  the  bones  is  in  great  part  cartilaginous, 
the  bones  are  elastic,  and  fracture  is  rare.  In 
adult  life  the  cartilage  is  replaced  by  bone ; 
hence  a  loss  in  elasticity  and  an  increase  in 
strength;  fractures  are  more  frequent.  Later 
still,  when  senile  changes  occur  in  tlie  body, 
the  bones  become  thinned  by  an  actual  dim- 
inution in  the  amount  of  bone  tissue  and  a 
corresponding  increase  in  the  contained  fatty 
and  connective  tissue.  The  bone  becomes 
weak  and  brittle,  and  in  spite  of  the  lessened 
exposure  to  injury,  fractures  are  most  fre- 
quent.    The  luxations  of  elbow  and  liip,  for 

, ,„     example,  are  in  great  part  replaced  by  frac- 

FiQ  2202-  *}?*'®  °*  *'^^  humerus,  and  neck  of  the  femur. 
Oblique  "l'^  ,'***^'"  l^emg,  par  excellence,  the  fracture 
Fracture,    of  old  age. 
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FIG.  2201.— Toothed 
Fracture  of  the 
Femur. 


FIG.  2203.— V-shaped 
Fracture. 


Pathological  predisposing  causes  of  fracture  are  dis- 
ease of  the  bone,  such  as  gumma,  sarcoma,  osteomyelitis, 
and  necrosis.  The  condition  known 
as  osteoporosis  is  a  rare  cause  of  frac- 
ture. In  this  disease  the  bones  ap- 
pear to  have  undergone  in  early  life 
the  rarefying  process  natural  in  old 
age.  Diabetes,  paralysis,  locomotor 
ataxia,  osteomalacia,  and  pregnancy 
have  been  noted  as  causes  of  this 
condition.  The  resulting  brittleness 
of  bone  is  often  so  marked  that 
many  fractures  occur  almost  simul- 
taneously. Such  fractures  usually 
heal  perfectly  well.  Prolonged  dis- 
use may  apparently  cause  osteoporo- 
sis, and  some  cases  are  congenital. 

Immediate  Causes. — A  fracture  is 
always  caused  by  some  force,  exter- 
nal or  internal.  (1)  Fracture  by  ex- 
ternal violence.  (2)  Fracture  by 
muscular  action. 

The  meclianism  of  fracture  by  ex- 
ternal violence  is  usually  simple  enough.  The  bone  is 
crushed,  broken  or  twisted,  or  a  fragment  is  torn  away 
from  It.  The  fracture  may  be  direct  or  indirect.  A  di- 
rect fracture  occurs  at  the  point  of  impact,  an  indirect 
one  by  transmission  of  the  force  to  some  more  or  less 
distant  point.  Thus  a  fall  upon  the  outstretched  hand 
may  result  in  a  direct  fracture  of  the  carpus,  metacarpus, 
or  phalanges,  or  an  indirect  fracture  of  radius,  ulna,  hu- 
merus, or  clavicle.  This  distinction  is  most  important 
only  in  compound  fractures. 

Muscular  action  is  concerned  in  almost  every  fracture. 
Indeed  the  drunken  man  who  uses  his  muscles  little  or 
not  at  all  is  notoriously  shielded  by  a  special  Providence 
in  this  matter.  But  by  "  fracture  by  muscular  action  " 
is  meant  those  fractures  caused  solely  by  muscular  action. 
The  commonest  of  these  is  fracture  of  the  patella. 

Spontaneous  and  patlwlogical  fractures  have  already 
been  considered. 

Pathology. — When  a  bone  is  broken  the  condition  is 
a  laceration  of  the  bone  itself,  the  periosteum,  and,  to  a 
greater  or  less  degree,  of  the  surrounding  tissues. 

The  bone  is  broken  more  or  less  completely,  splintered 
or  comminuted  (see  Varieties).  The  periosteum  is  usu- 
ally torn  in  one  or  more  places,  and  is  elsewhere  stripped 
up  from  one  or  both  fragments,  while  remaining  attached 
to  each  and  forming  a  bridge  between  them.  This  peri- 
osteal hridge  is  of  great  service  in  the  process  of  repair. 

Tlie  damage  to  the  soft  parts,  if  caused  by  the  broken 
ends  of  the  bone  ploughing  tlirough  them,  constitutes  a 
complication  of  the  fracture,  while  if  the  fracture  is 
simply  one  of  a  number  of  lesions  due  to  a  trauma,  the 
condition  of  the  bone  is  relatively  unimportant.  This 
distinction  has  no  weight  in  fractures  of  the  extremities 
where  bone  lesions  are  always  of  primary  importance ; 
but  in  injuries  of  the  skull  and  tho- 
rax an  undue  prominence  is  often 
ascribed  to  the  bone  lesion  and  injuries 
of  the  contained  viscera  are  classed  as 
complications  of  fracture;  whereas 
the  presence  or  absence  of  fracture 
has  often  little  or  nothing  to  do  with 
the  etiology,  prognosis,  or  treatment 
of  the  visceral  injury. 

The  laceration  of  the  skin  may,  like 
that  of  otlier  soft  parts,  be  caused  di- 
rectly by  the  trauma  or  indirectly  by 
the  protrusion  of  a  fragment  of  bone 
either  by  laceration  or  sloughing. 
Hero,  again,  the  distinction  is  of  im- 
portance. If  the  fracture  is  com- 
pounded at  the  seat  of  injury  the 
wound  is  usually  large  and  plenti- 
fully befouled,  while  if  indirectly 
compounded  by  puncture  or  slough-  ^g.  2ao4.-Commi 
lug    over    a    sharp    point  oi    bone,        nuted  Fracture. 
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the  skin  wound  is  comparatively  small  and  clean ;  the 
probability  is  that  it  will  escape  infection,  and  as  a  com- 
pound fracture  it  is  comparatively  unimportant. 

Process  op  Repair.— Within  the  first  few  hours  after 
a  fracture  has  been  received  the  contusion  and  laceration 
of  the  various  tissues  produce  a  ha^matoma  and  tlu-n 
oedema.  This  osdema  increases  for  twenty-four  or  forty- 
eight  hours  and  then  gradually  subsides.  The  applicu 
tion  of  moist  heat  and  pressure  to  the  limb  minimizes  the 
oedematous  reaction  and  hastens  its  resorption.  During 
this  period,  the  periosteum  like  the  other  tissues  is  boggy 
and  thickened,  and  the  bone  ends  lie  in  a  cavity  of  greater 
or  less  size,  full  of  serai-coagulated  blood.  As  the  oedema 
disappears,  granulations  spring  from  the  periosteum,  the 
surrounding  soft  parts,  the  marrow,  and  the  bone  itself. 
At  the  same  time  the  blood  collection  disappears,  partly 
by  absorption  and  partly  by  making  its  way  along 
the  various  fascial  planes  whence  it  may  finally  reach 
the  surface,  forming  an  ecchymosis  some  days  after 
the  injury  and  thus  constituting  one  of  the  signs  of  frac- 
ture. 

^  Thus  the  process  of  repair  begins  by  simple  granula- 
tion of  all  the  lacerated  structures,  and  it  may  be  said  to 
have  completed  its  first  stage  when  these  granulations, 
spreading  along  the  periosteal  bridge  or  simply  filling  the 
cavity  between  the  bone  ends,  completely  envelop  the 
region  of  fracture  in  a  mass  of  granulation  tissue.  This 
mass  is  called  the  provisional  callus.  Its  shape  and  size, 
as  well  as  its  relation  to  the  bone  ends,  depend  on  the 
amount  and  nature  of  the  displacement.  If  this  is  slight 
the  callus  is  small;  if  considerable,  it  is  large  and  irregu- 
lar. This  callus  is  formed  chiefly  by  granulations  spring- 
ing from  the  periosteum  (Fig.  2206),  and  in  a  less  degree 
from  the  marrow,  and  also  by  a  thickening  of  the  perios- 
teum and  by  granulations  from  the  soft  parts  and  the 
bone  ends.  The  greater  part  of  the  callus,  that  arising 
from  the  periosteum,  first  changes  to  cartilaginous  tissue 
and  then  to  bone ;  the  callus  formed  from  the  marrow 
goes  through  no  cartilaginous  formation,  but  becomes 
bone  directly,  the  osseous  formation  beginning  around 
the  inner  surface  of  the  bony  shell  and  extending  inward 
until  it  entirely  occludes  the  medullary  canal  (medullar}' 
plug),  and  outward  to  meet  the  periosteal  callus  and  the 
medullary  plug  of  the  other  fragment. 

By  this  time,  toward  the  end  of  the  third  or  fourth 
week,  the  healing  of  the  soft  parts  is  complete,  the  ec- 
chymoses  are  disappearing,  and  the  callus,  composed  of 
bone  within  and  cartilage  and  bone  without,  is  quite  firm 
everywhere  except  over  the  broken  edges  of  the  frag- 
ments. The  delay  here  is  due  to  the  very  slow  progress 
of  bone  granulation,  partly  because  of  the  comparatively 
poor  circulation  of  that  tissue  and  partly  because  a  thin 
shell  along  the  surface  of  the  bone  is  cut  oH  from  the 
circulation  and  has  to  be  absorbed,  as  have  also  the  splint- 
ers which  must  inevitably  be  torn  away  at  the  time  of 
fracture,  before  the  callus  can  unite  firmly  to  the  bone 
itself.  This  concludes  the  second  stage  of  the  process  of 
repair. 

The  osseous  callus  now  unites  the  bone  ends  very 
much  as  a  mass  of  solder  connects  two  ends  of  pipe,  with 
this  important  difference,  however,  that  the  callus  is  a 
solid  mass  obstructing  the  lumen  of  the  "pipe''  as  well 
as  extending  beyond  its  circumference.  In  the  third  and 
final  stage  of  repair  the  superabundant  callus  is  gradually 
absorbed.  The  lumen  of  the  bone  is  cleared,  the  callus 
between  the  bone  ends  becomes  firmer  and  more  com- 
pact, approaching  in  structure  very  nearly  to  that  of  the 
bone  ends  which  it  connects,  and  the  external  callus  is 
absorbed  until  in  some  cases,  when  the  bone  has  been  ac- 
curately "set,"  there  remains  no  trace  of  the  fracture. 
Thus  the  reparative  process  is  completed  months  after 
the  receipt  of  injury.  In  most  cases,  however,  the  re- 
duction of  the  fracture  is  not  and  cannot  be  absolutely 
accurate,  and  in  these  cases  the  displaced  bone  is  forti- 
fied by  a  permanent  exuberance  of  callus  which  persists 
during  the  life  of  the  subject.  At  the  same  time  pro- 
iecting  edges  of  displaced  bone  are  rounded  off  in  the 
process  of  callus  absorptioa     If  the  exuberant  callus  in- 


vades a  joint  cavity  or  surrounds  a  nerve,  ligament,  or 
tendon,  the  chisel  may  be  required  to  I'educe  it. 

The  fate  of  completely  detached  fragments  of  bone  is 
interesting.  Small  splinters  are  probably  always  ab- 
sorbed, but,  judging  from  the  appearance  of  old  frac- 
tures, it  is  probable  that  fairly  large  fragments  may 
become  embedded  in  the  granulations,  derive  new  circu- 
lation from  them,  and  end  by  forming  an  important 
element  in  the  reconstructive  process.  On  the  other 
hand,  fragments  may  remain  embedded  but  unattached 
to  the  callus  for  years,  and  their  presence  be  fii'st  sus- 
pected when,  on  account  of  .debility  or  inflammation 
elsewhere  in  the  organism,  they  become  centres  of  sup- 
puration which  go  on  to  abscess  and  fistulization  and 
persist  until  the  offending  fragment  is  removed. 

In  fractures  of  the  skull  the  repair  is  chiefly  effected 
by  tlie  diploS  which  is  not  capable  of  producing  exuber- 
ant callus  or  of  closing  in  large  defects,  sucli  as  those 
left  by  a  trephine  opening. 

Fracture  of  spongy  bones  or  of  the  spongy  ends  of  long 
bones  is  repaired  chiefly  by  the  bone  itself.  Fracture  of 
cartilage  is  slow  to  heal  and  the  union  is  chiefly  fibrous. 
Hence  old  fractures  crossing  a  joint  surface  are  usually 
marked  by  a  line  of  fibrous  tissue  or  bare  bone  where  the 
cartilage  has  been  lacerated,  though  in  exceptional  in- 
stances the  callus  is  exuberant. 

The  histological  processes  of  callus  and  bone  formation 
and  resorption  are  quite  the  same  as  take  place  in  the 
normal  growth  of  a  bone. 

The  repair  of  a  compound  fracture  differs  in  several 
ways  from  that  of  a  simple  fracture.  In  the  first  place 
the  primitive  oedema  and  hematoma  are  less  on  account 
of  the  free  escape  allowed  to  the  blood  and  serum.  A 
more  important  difference,  however,  lies  in  the  result  of 
infection.  If  the  wound  suppurates,  healing  is  delayed 
by  the  casting  off  of  all  fragments,  by  the  death  of  a 
layer  of  some  thickness  along  the  broken  edge,  and 
especially  by  the  destruction  of  the  periosteum.  The 
bone  is  reformed  entirely  by  the  medullary  plug  which 
grows  slowly  (and  does  not  undergo  immediate  cartilag- 
inous formation).  The  callus  is  large  and  irregular  and 
fragments  of  dead  bone  caught  within  it  may  prolong 
the  suppuration  indefinitely. 

Symptoms  and  Diagnosis. — The  symptoms  of  fracture 
are  subjective  and  objective.  The  subjective  symptoms 
are  the  history,  pain,  tenderness,  and  loss  of  function. 
The  objective  signs  are  deformity,  abnormal  mobility, 
crepitus.  It  is  usually  one  or  more  of  the  subjective 
symptoms  that  lead  to  the  suspicion  of  fracture,  while  it 
is  upon  the  objective  signs  that  the  diagnosis  is  based. 

Subjective  Signs. — The  history  of  the  patient  may 
relate  to  previous  fractures  which  have  left  a  deformitj' 
that  might  otherwise  be  misleading,  A  history  of  active 
syphilis  affects  the  prognosis  and  treatment.  In  old 
fractures  the  history  may  be  of  valuable  assistance, 
though  in  recent  cases  it  is  usually  indefinite  and  unre- 
liable. 

Pain  and  tenderness  are  constant  symptoms  of  fracture 
unless  the  patient  is  intoxicated,  comatose,  oi'  suflering 
from  some  grave  lesion  of  the  central  nervous  system. 
Spontaneous  pain  is  usually  diffuse  and  referred  rather 
to  the  point  of  greatest  contusion  than  to  the  point  of 
fractui-e.  Thus  in  Pott's  fracture,  the  pain  is  often 
greatest  over  the  inner  side  of  the  joint,  though  the  chief 
lesion  of  the  bone  is  in  the  other  side.  Tenderness  is, 
however,  a  more  definite  symptom.  It  is  usually  local- 
ized over  the  point  of  fracture  and  may  be  a  great  aid 
in  establishing  this  point  accurately.  This  is  especially 
the  case  in  fracture  of  the  ribs  and  fibula  (y.  «.).  It  is  a 
universal  rule  that  wlien  pressure  applied  laterally  oi-  in 
the  long  axis  of  a  bone  evokes  pain  at  a  distance  from  the 
point  lohere  the  pressure  is  applied  there  is  a  fracture  at  the 
painful  point. 

Loss  of  function  may  be  considerable  or  slight.  When 
the  shaft  of  a  long  bone  is  broken  function  is  lost  in  most 
instances.  Yet  the  loss  of  function  is  in  part  due  to  pain 
and  fright,  and  hence  varies  with  the  nervous  quality  of 
the  patient. 
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Fig.  2205.— Fracture  of  the  Shaft 
of  the  Femur.  Overriding  and 
angular  displacement ;  faulty 
union. 


Objective  Signs.— Without  the  objective  signs  the 
diagnosis  of  fracture  is  never  certain.  They  are  essential. 
The  objective  signs  of  contusion  or  laceration  of  the  soft 
parts,  always  present  in 
greater  or  less  degree,  some- 
times [e.g. ,  compound  frac- 
tures) facilitate  the  diag- 
nosis, but  more  often  only 
obscure  the  objective  signs 
of  the  fracture  itself. 

Deformity. — The  deform- 
ity caused  by  fracture  is  the 
result  of  injury  to  the  soft 
parts  as  well  as  of  displace- 
ment of  the  broken  bone. 
In  some  fractures  the  bone 
deformity  is  characteristic 
and  unmistakable,  but  it  is 
too  often  obscured  by  the 
effusion  of  blood  and  con- 
secutive ffidema  to  be  a 
symptom  readily  deter- 
mined by  simple  inspec- 
tion. Hence  the  four  methods  of  determining  the 
existence  of  deformity,  ■mz.,  inspection,  palpation,  men- 
suration, and  the  a-rays. 

The  deformity  is  caused  by  displacements  of  the  broken 
ends  of  the  bone.  The  displacement  may  be  slight  or 
great,  characteristic  or  obscure;  hence  the  variety  of 
means  adopted  to  recognize  it.  Malgaigne  has  classified 
displacements  as  transverse,  angular,  rotary,  overriding, 
impaction  or  crushing,  and  rarest  of  all,  direct  longi- 
tudinal separation.  Clinically  the  displacement  may 
come  under  two  or  more  of  these  classes  {e.g.,  overriding 
and  angular)  (Pigs.  2205,  2206). 

Inspection  may  suffice  to  determine  the  existence  of 
displacement.  Palpation  may  determine  the  angular  de- 
formity of  a  bone  or  the  protrusion  of  sharp  fragments 
close  under  the  skin ;  but  abnormal  motility  and  crepitus 
(q.  V. )  are  par  excellence  the  data  sought  by  palpation. 

Mensuration,  on  the  other  hand,  is  often  of  great  ser- 
vice in  the  estimation  of  deformity,  for  whether  impacted 
or  overriding,  the  broken  bone  is  usually  shortened  by 
muscular  tension  and  swelling,  the  increase  in  circum- 
ference of  the  member  being  compensated  for  partly  by 
shortening  and  partly  by  the  elasticity  of  the  integument. 
However  obscured  the  deformity  at  the  point  of  fracture, 
the  shortening  of  the  bone  may  be  estimated  by  compar- 
ing its  length  with  that  of  its  fellow  of  the  opposite  side. 
In  applying  mensuration,  however,  two  most  important 
facts  must  be  borne  in  mind : 

1.  There  may  be  a  previous  difference  in  length,  either 
congenital  or  acquired,  of  the  two  bones. 

2.  In  comparing  the  length  of  the  long  bones  of  a  limb 
it  is  often  necessary  to  measure  from  bony  points  not  on 
the  same  bone.  In  this  case  the  bones  to  be  compared 
must  be  in  the  same  relative  position. 

In  other  words,  if  the  injured  limb  is  measured  in  the 
abducted  or  flexed  position,  the  measurements  of  the 
unmjured  member  must  be  taken  with  it  at  the  same 
angle  of  abduction  or  flexion.  Neglect  of-  this  simple 
precaution  is  often  a  grave  source  of  error  in  estimating 
shortening  from  fracture  of  the  neck  of  the  femur  The 
measurements  are  usually  taken  from  the  anterior  supe- 
rior spine  of  the  ilium  to  the  external  malleolus  and  the 
injured  limb,  whether  fractured  or  not,  usually  lies 
slightly  abducted  and  flexed,  while  the  patient  instinc 
tively  protects  it  by  adduction  of  the  sound  limb  The 
relative  positions  of  the  limbs  cannot  be  appreciated 
unless  the  patient  Is  laid  flat  on  his  back  and  stripped 
so  that  the  two  anterior  superior  spines  can  be  distinctly 
felt,     A  string  drawn  tightly  from  one  to  the  other  marks 

HrLr,"Tf        .f^''"''  f  ^^^  ^°'^^'  *'°'J  a  perpendicular 
dropped  from  the  centre  of  this  marks  the  sag  ttal  plane 

rng^es""  abducted  thighs  should  make  equal 

Measurenients  of  the  diameter  or  the  perimeter  of  the 
hmb  are  entirely  fallacious. 
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Abnormal  Mobility  and  Crepitus. — These  two  symp- 
toms might  be  termed  the  accessory  symptoms  of  frac- 
ture. When  obtainable  there  is  nothing  more  charac- 
teristic of  fracture  than  abnormal  mobility  along  what 
should  be  the  firm  shaft  of  a  bone,  especially  if  accom- 
panied by  a  grating  sensation  of  crepitus  imparted  to  the 
fingers  rather  than  to  the  ear  of  the  surgeon  as  the  rough 
bone  ends  are  made  to  rub  against  each  other.  But  while 
these  two  signs  are  more  frequently  sought  for  than  any 
other  of  the  signs  of  fracture,  they  may  be  misleading 
and  non-essential  to  a  complete  diagnosis,  and  the  search 
for  them  is  often  the  occasion  of  rough  and  painful  man- 
ipulations injurious  both  to  the  patient's  tissues  and  to 
his  mental  attitude  toward  the  surgeon.  In  this  matter 
gentleness  is  far  more  successful  than  force,  for  force 
assures  the  resistance  of  the  patient's  muscles  at  the  same 
time  as  it  blunts  the  sensitiveness  of  the  surgeon's  fingers. 
The  methods  of  eliciting  abnormal  mobility  and  crepitus 
are  two;  (1)  pressure;  (2)  passive  motion. 

Pressure  is  usually  applied  transversely  to  one  or  al- 
ternately to  each  of  the  fragments  with  the  intent  of 
making  them  slip  by  each  other.  Passive  motion,  an- 
gular or  rotary,  is  employed  for  the  purpose  of  demon- 
strating that  one  fragment  (or  some  bony  prominence 
upon  it)  is  unaffected  by  motion  communicated  to  the 
other. 

The  commoner  causes  of  error  are  impaction  which 
prevents  both  abnormal  mobility  and  crepitus,  the  inter- 
position of  soft  parts  which  prevents  crepitus  or  the  exis- 
tence of  that  form  of  fracture  known  as  epiphyseal  sepa- 
ration, in  which  crepitus  is  cartilaginous.  Moreover,  in 
injuries  about  a  joint  abnormal  mobility  may  indicate 
either  fracture  or  dislocation,  perhaps  both,  and  the.rule 
that  "  in  fracture  there  is  mobility  where  before  there  was 
none,  while  in  dislocations  abnormal  mobility  in  one  di- 
rection is  compensated  by  restricted  mobility  in  other 
directions,"  may  not  be  practically  applicable. 

X-Bays. — The  reportof  the  committeeof  the  American 
Surgical  Association  defines  very  accurately  the  present 
status  of  the  x-rays  In  the  diagnosis  of  f  I'actures.  Among 
their  conclusions  are  the  following: 

1.  The  routine  emplo}'ment  of  the  ir-ray  in  cases  of 
fracture  is  not  at  present  of  sufficient  definite  advantage 
to  justify  the  teaching  that  it  should  be  used  in  every 
case.  If  the  surgeon  is  in  doubt  as  to  his  diagnosis,  he 
should  make  use  of  this  as  of  every 
other  available  means  to  add  to  his 
knowledge  of  the  case,  but  even  then 
he  should  not  forget  the  grave  possi- 
bilities of  misinterpretation.  'There 
is  evidence  that  in  competent  hands 
plates  may  be  made  that  will  fail  to 
reveal  the  presence  of  existing  frac- 
tures or  will  appear  to  show  a  frac- 
ture that  does  not  exist. 

2.  In  the  regions  of  the  base  of  the 
skull,  the  spine,  the  pelvis,  and  the 
hips,  the  a-ray  results  have  not  as  yet 
been  thoroughly  satisfactory,  although 
good  skiagraphs  have  been  made  of 
lesions  in  the  last  three  localities.  On 
account  of  the  rarity  of  such  skia- 
graphs of  these  parts  special  caution 
should  be  observed,  when  they  are  af- 
fected, in  basing  upon  a;-ray  testimony 
any  important  diagnosis  or  line  of 
treatment. 

3.  As  to  questions  of  deformity, 
skiagraphs  alone,  without  expert  sur- 
gical interpretation,  are  generally  use- 
less and  frequently  misleading.  The 
appearance  Of  defbrmity  may  be  pro- 
duced in  any  normal  bone,  and  existing 
deformity  may  be  grossly  exaggerated. 

4.  It  is  not  possible  to  distinguish  after  recent  fractures 
between  cases  in  which  perfectly  satisfactory  callus  has 
formed  and  cases  which  will  go  on  to  non-union.  Neither 
can  fibrous  union  be  distinguished  from  union  by  callus 


Fie.  2206. —  Mal- 
unlon  after  Frac- 
ture of  the  Shaft 
of  the  Femur. 
Shows  callus  for- 
mation under 
periosteal  bridge. 
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in  which  lime  salts  have  not  yet  been  deposited.  There 
is  abundant  evidence  to  show  that  the  use  of  the  JM'ay 
in  these  cases  should  be  regarded  as  merely  the  adjunct 
to  other  surgical  methods,  and  that  its  testimony  is  espe- 
cially fallible. 

Diagnosis. — In  general  the  diagnosis  of  fracture  is 
made  by  inspection  and  gentle  palpation,  aided  perhaps 
by  mensuration.  Most  of  the  commoner  fractures  are 
marked  by  a  characteristic  deformity,  or  by  some  other 
pathognomonic  sign. 

In  compound  fractures  the  diagnosis  should  be  made 
with  as  little  probing  as  possible,  If  the  wound  is  small 
and  clean  it  should  be  drained  or  sealed  after  it  has  been 
thoroughly  irrigated,  and  the  diagnosis  made  as  in  simple 
fracture.  If,  however,  the  wound  is  wide  and  befouled, 
the  diagnosis  of  the  exact  nature  of  the  fracture  is  readily 
determined  in  the  course  of  the  preliminary  antiseptic 
toilet. 

Young  persons  up  to  the  age  of  twenty -five  present 
two  special  points  of  diagnosis.  In  the  first  place,  when 
they  receive  a  fracture  through  the  extremity  of  a  long 
bone,  it  is  very  likely  to  follow  the  line  of  least  resis- 
tance along  the  unossifled  cartilage  between  the  diaphysis 
and  epiphysis,  thus  forming  an  epiphyseal  separation. 
The  diagnosis  of  this  condition  is  made  on  three  data :' 
first,  the  correspondence  of  the  line  of  fracture  either 
wholly  or  in  greater  part  with  the  line  of  the  epiphyseal 
cartilage;  second,  the  "muffled"  cartilaginous  crepitus 
obtained  when  the  bone  ends  are  drawn  across  each  other ; 
and  third,  the  subsequent  atrophy  of  the  torn  cartilage 
often  resulting,  unless  the  bone  has  attained  its  full 
growth,  in  a  shortened  deformed  limb.  The  most  im- 
portant epiphyseal  separations  are  those  of  the  upper  ex- 
tremity of  the  humerus  and  the  lower  extremity  of  the 
radius,  since  these  injuries  are  comparatively  common 
and  tliese  epiphyses  together  are  responsible  for  two- 
thirds  of  the  growth  of  the  upper  extremity.  The  second 
point  of  importance  in  the  diagnosis  of  fracture  in  young 
persons  is  the  frequency  of  incomplete  fractures.  The 
green-stick  fracture,  practically  unknown  in  the  adult, 
occurs  with  comparative  frequency  in  the  young  as  a 
result  sometimes  of  a  slight  trauma.  If  the  break  is  in- 
significant the  only  clinical  evidence  of  it  is  an  abnormal 
protuberance  of  tlie  shaft  of  the  bone.  This  may  pass 
for  a  mere  contusion,  especially  if  the  supei-ficial  tissues 
are  considerably  bruised.  Such  fractures  are  unimpor- 
tant since  they  require  no  attention  and  have  no  more 
consequence  than  an  outgrowth  of  callus  which  is  ab- 
sorbed in  the  ensuing  months.  More  severe  "green- 
stick"  fractures  produce  a  curving  or  angular  deformity 
of  the  bone  and  a  considerable  protuberance  of  the  split 
fragment,  so  that  the  diagnosis  is  not  difficult. 

Differential  Diagnosis.— A  fracture  must  be  differ- 
entiated on  the  one  hand  from  a  dislocation,  and  on  the 
other  from  a  sprain  or  bruise.  In  either  case  the  confu- 
sion is  likely  to  arise  only  in  the  region  of  a  joint,  where, 
from  the  slight  deformity,  the  difticulty  in  eliciting 
crepitus  and  abnormal  mobility,  and  the  unimportant 
interference  with  function  (e.g.,  many  Colles'  and  some 
Pott's  fractures),  the  injury  may  be  mistaken  for  a 
sprain  •  or  because  of  the  great  swelling  of  the  soft  parts 
all  landmarks  may  be  obscured.  In  such  a  contingency 
if  an  accurate  diagnosis  cannot  be  reached  by  the  aid  of 
the  ordinary  data,  an  examination  should  be  made  with 
the  patient  anaesthetized,  or,  better  still,  if  the  apparatus 
is  at  hand,  the  »-rays  may  be  employed,  ^      ^  . 

Pkognosis. — If  a  fracture  is  properly  reduced  and  im- 
mobilized, the  primary  inflammatory  reaction  may  be 
expected  to  subside  in  from  three  to  ten  days.  During 
this  period  there  is  more  or  less  discomfort;  but  later 
physioloo-ical  rest  and  a  comfortable  splint  may  be  de- 
pended upon  to  relieve  the  patient  of  almost  all  his  pain. 
The  amount  of  rest  required  depends  upon  the  nature  of 
the  injury  and  the  individuality  of  the  patient.  The 
laboring  man  who  insists  upon  walking  off  on  an  ambu- 
latorv  splint  two  days  after  he  has  received  a  Pott's  frac- 
ture is  not  to  be  classed  with  the  neurasthenic  woman 
whom  the  same  injury  confines  to  her  room  until  long 


after  the  bones  have  united.  Immobilization  is  almost 
as  unimportant  in  the  treatment  of  Colles'  fracture  as  it 
is  essential  in  fracture  of  the  patella. 

Age  affects  the  prognosis  in  that  metiibolism  is  less 
rapid  in  the  aged ;  their  bones  heal  more  slowly  and  their 
confinement  to  bed  may  result  in  bed  sores  and  perma- 
nent debility ;  while  if  they  escape  this,  a  permanent 
stiffening  and  neuralgic  condition  of  the  affected  limb 
may  result.  In  the  young  the  prognosis  of  simple  frac- 
ture is  entirely  good,  unless  there  is  epiphyseal  separation. 
Habits  and  disease,  such  as  alcoholism,  syphilis,  and 
general  debility,  affect  the  prognosis  in  proportion  to 
their  severity.  The  shock  of  fracture  will  often  bring 
on  delirium  tremens  in  an  alcoholic  subject.  Such  an 
attack  may  sometimes  be  averted  by  getting  the  patient 
up  and  about  immediately,  in  addition  to  the  usual  thera- 
peutic measures.  Syphilis  in  an  active  stage  may  delay 
or  prevent  union  in  a  broken  bone,  and  any  chronic  de- 
bilitating disease  may  have  a  similar  effect. 

Certain  qualities  of  the  fracture  itself  must  be  consid- 
ered in  the  prognosis.  For  example,  the  prognosis  in 
compound  fractures  is  far  graver  botli  as  to  life  and  limb 
than  that  of  simple  fracture.  Indeed,  what  with  the 
dangers  of  suppuration,  septicaemia,  delayed  and  mal- 
union,  it  is  almost  impossible  to  give  an  accurate  prog- 
nosis for  a  compound  fracture  until  healing  is  well  ad- 
vanced. Again,  fractures  of  spongp  bone  Ileal  far  more 
rapidly  than  fractures  of  the  shaft.  But,  on  the  other 
hand,  the  spongy  bones  lie  chiefly  in  the  region  of  joints, 
and  if  these  are  invaded  by  the  callus,  or  even  if  merely 
immobilized  during  the  process  of  repair,  the  stiffness 
resulting  from  prolonged  inaction  may  indefinitely  delay 
complete  recovery.  Indeed,  the  union  of  the  bone  is 
only  the  skeleton  of  the  cure  as  far  as  the  patient  is  con- 
cerned. When  the  bones  are  sound  he  is  "  set  upon  his 
feet,"  but  it  may  be  weeks  before  he  is  "limbered  up" 
enough  to  accomplish  anything  but  the  lightest  labor. 
In  this  connection  Loew's  figures  are  instructive  and 
represent  a  most  successful  series.  Of  167  simple  frac- 
tures of  the  leg,  one  was  permanently  disabled,  and  the 
others  were  able  to  return  to  work  in  an  average  of 
one  hundred  and  one  days  (seventy  per  cent,  of  them  in 
ninety-one  days),  more  than  twice  the  classical  limit  as- 
signed to  the'  healing  of  a  fracture  of  the  leg.  In  this 
matter  of  regaining  function,  age  is  of  prime  importance. 
The  young  and  vigorous  regain  both  strength  and  agility 
in  a  few  weeks,  while  the  aged  and  rheumatic  remain 
stiffened  and  more  or  less  completely  decrepit.  The 
joint  implicated  also  makes  a  difference.  The  fingers 
and  toes  are  especially  liable  to  stiffening  when  extended. 
Other  elements  in  the  prognosis  are  afforded  by  tlie  com- 
plications. 

Complications. — The  pain,  oedema,  and  contusion  of 
the  soft  parts  during  the  first  days,  and  the  later  stiff- 
ening of  the  joints,  occur  as  complications  to  almost 
every  fracture,  however  normal  the  process  of  repair, 
and  they  have  therefore  been  described  above.  The 
remaining  complications  may  be  early  or  late,  local  or 
general. 

Among  the  earlp  local  complications  the  most  important 
are  the  laceration  of  the  soft  parts  producing  a  compound 
fracture,  penetration  of  a  joint  by  the  line  of  fracture, 
and  fracture  dislocation. 

A  compound  fracture  ma.y  be  direct  or  indirect.  Direct 
compound  fracture  occurs  when  the  trauma  causing  the 
fracture  tears  open  the  soft  parts  surrounding  the  bone. 
Indirect  compound  fracture  is  caused  by  the  protrusion 
through  the  skin  of  one  of  the  fragments,  perhaps  at 
some  distance  from  the  point  of  injury.  This  may  be 
due  to  displacement  at  the  time  of  fracture  or  during  the 
subsequent  manipulation  or  transportation;  or  it  may 
occur  later  by  sloughing  of  the  tissues  over  a  sharp  frag- 
ment on  account  of  faulty  splints.  The  distinction  be- 
tween direct  and  indirect  compound  fractures  has  an  im- 
portant bearing  on  the  prognosis  and  treatment.  In  the 
former  class  the  wound  is  often  gaping,  irregular,  and 
befouled ;  wherefore  the  prognosis  is  bad  and  the  primary 
antisepsis  must  be  thorough.     In  the  latter  the  small, 
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clean    wound    may  often  be   cleansed    by    superficial 
antisepsis,  without  disturbing  the  deeper  tissues. 

Fractures  implicating  joints,  intra-articular  fractures, 
imperil  the  integrity  of  the  joint  both  by  displacing  the 
articular  surfaces  and  by  the  production  of  callus  which 
may  invade  the  joint  cavity  and  impede  its  motion  or 
even  unite  the  opposing  articular  surfaces  by  fibrous  or 
bony  union,  thus  altogether  preventing  motion. 

IPmctiire  dislocation  is  often  a  very  serious  condition. 
The  various  fracture  dislocations  will  receive  special 
mention. 

Other  early  local  complications  are  laceration  of  a 
nerve,  gangrene  from  rupture,  thrombosis  or  occlusion 
of  vessels,  profuse,  even  fatal  hemorrhage  through  lacera- 
tion of  a  large  vessel,  and  traumatic  or  arterio-venous 
aneurism  from  the  same  cause.  Gangrene  and  muscular 
contracture  from  improper  splinting  are  complications  of 
the  treatment  ratlier  than  of  the  fracture  itself. 

Svjyptjration  and  septicmmia,  so  common  in  direct  com- 
pound fractures,  are  rare  otherwise.  Fat  embolism  is 
most  exceptional.  In  the  first  days  after  fracture,  fat 
globules  may  sometimes  be  found  in  the  urine.  Of  ex- 
ceptional occurrence  are  the  cases  in  which  within 
twenty-four  or  forty-eight  hours  of  the  injury  the  pa- 
tient is  suddenly  overcome  with  dyspnrea  and  dies  some- 
times with  symptoms  of  pulmonary  embolism,  sometimes 
with  cedema  of  the  lungs,  sometimes  with  predominence 
of  symptoms  from  the  central  nervous  S3'stem,  uncon- 
sciousness, paralysis,  convulsions.  On  autopsy  the  pul- 
monary or  cerebral  capillaries  are  found  occluded  by 
minute  globules  of  fat,  derived,  it  is  presumed,  from  the 
bone  marrow.  Opinions  differ  as  to  how  much  influence 
fat  embolism  has  in  the  production  of  "  delayed  "  shock, 
and  irregular  "  delirium  tremens  "  occurring  within  the 
first  few  days  after  fracture.  Delirium  tremens  and 
pneumonia  are  not  infrequent  complications  of  fractures 
in  alcoholic  subjects,  both  on  account  of  the  shock  and 
the  confinement  to  bed.  Either  condition  is  a  very  grave 
one  coming  on  during  the  first  week  and  often  terminat- 
ing fatally. 

The  late  cornplications  oi  fracture  are  all  local.  Persist- 
ent pain  of  a  rheumatic,  gouty,  or  neuralgic  character, 
atrophy  of  the  muscles  from  disuse,  arrest  of  develop- 
ment in  the  bone  after  epiphyseal  injury,  and  stiffness  of 
the  joints  from  prolonged  immobilization  have  already 
been  alluded  to.  Permanent  atrophy  and  paralysis  may 
result  from  rupture  of  a  nerve,  and  permanent  neuralgia 
from  the  inclusion  of  a  nerve  within  the  callus.  There 
is  always  some  a?dema  when  the  limb  is  first  allowed  to 
hang  down.  This  is  transitory,  hovjrever,  unless  main- 
tained by  other  causes. 

TJie  callus  may  be  painful,  excessive,  or  weak.  Pain 
localized  in  the  callus  is  rare  and  suggestive  of  threaten 
ing  suppuration,  inclusion  of  a  nerve,  or  hysteria.  That 
the  callus  should  be  excessive  at  first  is  not  abnormal 
nor  is  it  to  be  expected  that  a  small  callus  will  suffice 
to  weld  two  widely  separated  or  widely  displaced  frag 
ments.^  Indeed,  except  from  an  aesthetic  point  of  view, 
excessive  callus  is  not  a  complication  unless  it  produces 
pressure  on  some  vital  structure  or  impedes  the  action 
of  a  joint  or  muscles.  In  such  a  case  recourse  must 
be  had  to  the  chisel,  but  only  after  several  months  of 
massage  and  motion  have  proven  that  resorption  is  not 
to  be  expected.  Pathological  weakness  in  the  callus- 
weakness,  namely,  after  the  time  necessary  for  consolida- 
tion has  elapsed— is  unusual  except  from  considerable 
displacement,  from  compound  fracture  in  which  suppu 
ration  has  occurred,  or  from  systemic  debility  or  disease 
Primary  sarcoma  and  secondary  carcinomatous  deposits 
have  very  rarely  been  observed  after  fracture.  Weakness 
of  the  callus  produces  the  condition  known  as  delaved 
union.  '^ 

Delayed  union  (failure  of  union,  pseudoarthrosis)  is 
that  condition  m  which  the  callus  uniting  a  fracture  fails 
either  wholly  or  partially  to  ossify,  so  that  the  fra~^^ 
are  connected  by  a  mass  or  band  of  fibrous  tisSue  or 
rarely  by  a  distinct  joint.  ' 

From  this  definition  must  be  excepted  certain  fractures, 
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such  as  those  of  the  patella,  the  olecranon,  and  other 
apophyses,  in  which  bony  union  is  unusual  and  unessen- 
tial. A  theoretical  distinction  may  be  made  between  de- 
layed union,  in  which  union  is  still  possible,  and  failure 
of  union  in  which  it  is  not.  But  it  is  never  certain  in 
any  given  case  that  union  is  impossible  unless  years  have 
passed  from  the  time  of  the  injury,  and  hence  the  more 
hopeful  term  is  preferable. 

The  causes  of  delayed  union  have  been  briefly  enume- 
rated above.  Although  every  form  of  lowered  vitality  has 
been  incriminated,  local  conditions  are  to  blame  in  the 
great  majority  of  cases.  Either  the  fracture  is  a  "  patho- 
logical "  one,  in  which  case  the  "  pathological "  factor 
must  be  removed  before  union  can  be  expected,  or  the 
bone  ends  have  not  been  kept  in  apposition,  on  account 
of  faulty  immobilization,  the  interposition  of  the  soft 
tissues  between  the  fragments,  or  the  interposition  of 
a  considerable  amount  of  comminuted  bone  detached 
from  its  periosteum.  A  common  cause  of  delayed  union 
is  suppuration,  notably  in  compound  fractures.  Even  a 
slight  inflammatory  reaction  destroys  the  osteogenetic 
power  of  the  periosteum  and  leaves  to  the  marrow  the 
burden  of  ossification.  Hence  this  process  is  always  slow 
and  often  fails  entirely.  Loss  of  periosteum  is  the  usual 
cau.se  of  delayed  union  after  operations  on  bone. 

Especially  common  is  the  delayed  union  after  a  com- 
minuted or  compound  fracture  of  both  bones  of  the  leg. 
The  fibula  unites  speedily,  and  thus  holds  the  fragments 
of  the  tibia  at  such  a  distance  from  each  other  that  the 
bony  callus  is  inadequate  to  bridge  the  gap.  The  same 
thing  may  occur  in  the  forearm. 

Finally  there  are  certain  fractures  which  do  not  unite, 
although  apposition,  immobilization,  and  all  the  other 
factors  are  apparently  perfect.  Such  failures  are  not 
explained. 

The  morbid  anatomy  of  delayed  union  depends  on 
manj'  factors.  The  bones  are  united  either  by  a  band  of 
fibrous  tissue  or  by  a  distinct  joint.  In  the  former  case 
there  may  be  but  little  change  in  the  shape  of  the  frag- 
ments. Their  edges  may  be  slightly  rounded  off;  but  ex- 
cept for  this,  they  remain  as  they  were  at  the  time  of  the 
fracture,  united  simply  by  a  fibrous  band  in  which  no 
ossification  has  taken  place.  Or,  on  the  other  hand,  there 
may  have  been  some  attempt  at  ossification,  manifesting 
itself  in  exuberant  callus,  or  in  partial  ossification  of  the 
fibrous  hand.  Or,  finally,  there  may  be  a  progressive 
rarefying  ostitis  rendering  the  fragments  soft  and  pointed 
and  gradually  absorbing  them,  thus  constantly  enlarging 
the  gap. 

Where  there  is  a  distinct  joint  (nearthrosis)  the  bone 
ends  enlarge  and  become  eburnated — they  are  said  even 
to  become  covered  with  cartilage^ — and  lie  in  a  cavity 
containing  a  pseudo-synovial  fluid, 
and  surrounded  by  a  dense  fibrous 
capsule. 

The  prognosis  depends  on  the 
amount  of  abnormal  mobility,  the 
time  which  has  elapsed  since  the 
receipt  of  injury,  the  general  health 
of  the  patient,  and  the  treatment  he 
has  already  undergone  for  the  pur- 
pose of  remedying  the  defect.  In 
general,  the  prognosis  should  be 
guarded;  for  while  union  may  be 
obtained  by  persistent  efforts  in  ap- 
parently desperate  cases,  and  after 
the  lapse  of  many  months,  all  ef- 
forts may  fail  even  though  the  de- 
fect be  small  and  the  condition  of 
the  patient  excellent. 

Faulty  union,  by  which  term  a 
union  with  deformity  that  might 
have  been  avoided  is  understood,  is 
rather  a  complication  of  the  treat- 
ment than  of  the  fracture  itself. 

account  of  the  nature  of  the  fracture  or  the  condition  of 
the  individual,  any  union,  with  however  much  deform- 
ity, is  a  proud  achievement  rather  than  a  failure.    Indeed, 
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after  no  fracture  is  it  possible  to  predict  with  certainty 
that  every  trace  of  the  injury  will  disappear  in  time, 
while  m  many  cases  a  greater  or  less  amount  of  deformity 
will  surely  persist  for  all  time.  A  common  form  of  mal- 
union  IS  union  of  the  two  bones  of  the  forearm  to  each 
other  (Fig.  3207),  a  condition  which  effectively  limits 
pronation  and  supination. 

Treatment.— The  treatment  of  fractures  in  general 
will  be  considered  according  to  the  following  scheme: 

I.  Prophylaxis. 

II.  Treatment  of  simple  fractures. 
General  measures. 

Reduction. 

Immobilization,  temporary  and  permanent. 
Accessory  measures. 
The  management  of  joints. 
Massage. 
Hot  air. 
Direct  fixation. 
HI.  Treatment  of  compound  and  gunshot  fractures. 

IV.  Treatment  of  articular  fractures. 

V.  Treatment  of  complications. 
Early — 

Gangrene. 
Nerve  injury. 
Suppuration  and  sepsis. 
Late — 
Pain. 

Joint  stiilness. 
Exuberant  callus. 
Delayed  union. 
Mal-uniou. 

I.  Pt'ophylaxis. — The  prophylaxis  of  fracture  is  more 
a  matter  of  common  sense  than  of  surgery.  No  especial 
precautions  need  be  suggested  except  to  the  surgeon. 
Fracture  of  the  arm  or  leg  of  a  foetus  during  instrumen- 
tal delivery  is  unfortunately  not  the  most  uncommon 
thing  in  the  world,  and  the  same  may  be  said  of  fracture 
during  operations  on  diseased  bones.  To  avoid  fracture 
in  the  latter  class  of  cases  it  is  not  sufficient  to  leave  a 
firm  bridge  of  bone  untouched.  Besides  that  precaution 
the  surgeon  must  be  gentle  in  the  use  of  heavy  chisels 
and  lai'ge  forceps,  lest  the  jar  caused  by  the  avulsion  of 
a  fragment  be  sufficient  to  split  the  entire  shell. 

II.  Treatment  of  Simple  IPract^ires.  —  Oeneval  Menmires  : 
The  first  thought  that  arises  after  the  diagnosis  of  frac- 
ture has  been  made  concerns  the  setting  of  the  broken 
bone.  Yet.  many  impediments  may  arise  to  make  the 
setting  or  reduction  of  tlie  fracture  a  matter  of  secondary 
importance.  The  patient's  condition  may  be  such  as  to 
demand  immediate  removal  to  home  or  hospital.  It  may 
be  impossible  to  make  a  definite  diagnosis  or  immediately 
to  effect  reduction  on  account  of  local  swelling  or  spasm. 
In  such  cases  transportation  is  the  immediate  question, 
and  whether  the  fracture  has  been  set  or  not,  it  is  of  the 
greatest  importance  that  the  injury  already  inflicted  be 
not  increased  by  the  jolts  and  jars  of  travelling.  To  this 
end  the  fractured  limb  must  either  be  confided  to  the  care 
of  an  intelligent  attendant  who  shall  support  it  in  his 
hands,  or  it  must  be  bound  firmly  but  not  tightly  to  a 
board  or  a  barrel  stave,  care  being  taken  to  immobilize 
the  adjacent  joints  as  well  as  the  fragments  themselves. 
And  since  the  greatest  danger  is  that  the  fragments  may 
be  driven  through  the  skin  and  a  simple  fracture  thus 
rendered  compound,  the  dressing  is  to  be  applied  with 
sufficient  pressure  near  bulging  fragments  to  secure  safety 
in  this  regard.  It  is  scarcely  necessary  to  recommend 
gentleness  and  despatch  in  transportation  as  well  as  in 
the  local  manipulations. 

If  the  patient  is  to  remain  long  in  bed,  the  quality  of 
the  bed  demands  consideration.  If  impending  bed  sores 
are  foreseen,  the  patient  will  ultimately  have  to  lie  on  a 
water  bed,  and  he  should  be  placed  there  from  the  begin- 
ning. If  one  of  the  long  bones  of  the  lower  extremity  is 
broken,  a  flat  couch  is  necessary,  such  as  can  be  produced 
by  sliding  several  boards  between  the  springs  and  the 
mattress  of  an  ordinary  bedstead.  Fancy  fracture  beds 
are  unessential. 


The  patient,  once  in  bed  with  his  fracture  reduced  and 
immobilized,  as  a  rule  has  to  pass  long  weeks  of  waiting 
before  the  member  can  be  of  use  again,  and  it  is  the  sur- 
geon's part  to  attend  during  this  season  more  to  the  gen- 
orul  condition  of  the  patient  than  to  his  fracture.  The 
fight  may  be  a  life  and-death  one,  or  it  may  be  a  mere 
question  of  when  to  get  the  patient  about.  "  But  in  any 
case,  however  insignificant,  the  surgeon  who  wishes  to 
do  full  justice  to  his  patient  will  not  be  satisfied  with 
mere  union  of  the  broken  bone,  but  will,  by  the  aid  of 
those  measures  grouped  as  "accessory,"  endeavor  to 
leave  his  patient  in  the  l)est  possible  condition  at  the  time 
he  throws  off  his  splints  and  is  "discharged  cured." 

RiThictioii :  Many  fractures  cause  no  displacement  and 
therefore  require  no  reduction.  Such  are  fractures  of 
the  ribs,  pelvis,  shaft  of  the  fibula,  etc.  Many  others  are 
complicated  by  some  impediment  to  reduction.  Such  an 
impediment  may  be  temporary  or  permanent. 

The  local  swelling  caused  by  hemorrhage  or  ccdema 
may,  by  obscuring  the  diagnosis  and  pi-eventing  im- 
mobilization, make  it  advisable  to  postpone  reduction. 
Elevation  of  the  limb  and  a  temporary  dressing  appHed 
as  firmly  as  the  patient  permits  will  speedily  reduce  the 
swelling.  Muscular  spasm  occasionally  impedes  reduc- 
tion in  the  same  way  and  may  be  overcome  by  similar 
measures  or  by  the  administration  of  C'liloroform  or 
opium.  The  danger  of  gangrene  may  also  discourage 
reduction  during  the  first  few  days,  although  reduction 
often  lessens  this  dangei-.  In  any  such  ease  reduction 
may  usually  be  postponed  for  two  or  three  days  with 
perfect  propriety  and  with  no  subsequent  effect  on  union 
or  function;  but  longer  delay  is  inadvisable  lest  the 
bones  acquire  relations  with  the  surrounding  tissues  so 
firm  as  to  impede  reduction. 

Reduction  is  never  literally  impossible  in  a  recent  frac- 
ture, though  it  may  well  be  inadvisable  if  the  operation 
for  the  removal  of  the  impediment  to  reduction  involves 
too  great  a  risk  or  puts  the  patient  in  a  worse  condition 
than  before.  Thus  certain  impacted  fractures,  notably 
fracture  of  the  neck  of  the  femur,  are  irreducible,  since 
reduction,  which  could  be  accomplished  only  imperfectly 
and  with  great  difficulty,  would  separate  the  ends  of 
the  bone,  so  that  in  place  of  a  slightly  deformed  and 
shortened  member  a  false  joint  would  result,  with  con- 
siderable or  complete  loss  of  function.  Another  form  of 
permanent  obstruction  occurs  when  reduction  is  mechan- 
ically impossible  because  of  interposed  soft  parts,  or 
fragments  of  bone,  or  interlocking  of  the  bone  ends.  The 
associated  contusion  may  make  tfie  diagnosis  as  doubtful 
as  the  treatment. 

In  face  of  such  complications  the  surgeon  may  well 
hesitate.  The  choice  lies  between  immediate  operation 
and  expectant  treatment  in  the  hope  that  the  patient  may 
yet  have  a  fairly  useful  limb  which  may  in  any  case  be 
improved  by  a  later  operation.  As  a  rule,  immediate 
operation  is  to  be  preferred,  and  irreducible  fractures  in- 
volving a  joint  especially  demand  the  knife,  for  if  let 
alone  they  will  almost  inevitablj^  heal  with  excessive 
callus,  impaired  function,  and  with  little  prospect  of 
relief  by  secondary  operation. 

Elements  which  .should  weigh  against  operation  are  the 
unfamiliarity  of  the  surgeon  with  such  treatment,  and 
the  impossibility  of  obtaining  asepsis.  The  best  results 
will  be  obtained  if  operation  is  performed  within  twentj^- 
four  hours  of  the  time  of  fracture.  Later,  the  union  is 
delayed  by  oedema  and  contusion.  The  operative 
method  is  described  below. 

Unless  some  of  the  above  complications  are  present,  the 
sooner  the  fracture  is  reduced  the  better.  This  is  not 
only  that  union  may  progress  favorably  but  also  for  the 
comfort  of  the  patient;  his  pains  are  immediately  less- 
ened and  the  cedematous  reaction  is, diminished. 

The  general  principles  upon  which  reduction  is  usually 
performed  are : 

1.  To  place  the  lower  fragment  in  the  same  plane  as 
the  upper  one,  and 

2.  To  draw  it  into  place  by  relaxing  the  muscles  as 
much  as  possible,  and  by  traction  and  counter-traction. 
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These  rules  hold  good  because  the  upper  fragment  (the 
one  nearest  the  body)  is  usually  more  or  less  fixed  by  the 
muscles  attached  to  it,  and  the  lower  fragment  must  be 


Fig.  2208.— Board  Splints  Applied. 

manipulated  with  a  knowledge  of  this  position,  obtained 
often  rather  from  anatomy  and  pathology  than  from  in- 
spection and  palpation  of  the  broken  limb. 

Evidently  no  generalization  is  possible  in  this  matter. 
Each  fracture  must  be  discussed  individually.  But  few 
fractures  are  reduced  directly  by  apposing  the  fragments, 
although  local  manipulations  are  often  employed  to  aid 
traction  as  well  as  to  ascertain  its  results. 

The  reduction  of  green-stick  fractures  is  accomplished 
by  forcibly  bending  the  bone  back  until  it  is  straightened. 
It  may  be  necessary  to  break  it  entirely  across  before  it 
will  remain  straight. 

Small  fragments,  if  they  interfere  with  reduction  or 
threaten  to  slough  through  the  skin,  should  be  removed 
with  due  antiseptic  precautions. 

If  bne  of  the  fragments  pierce  a  muscle,  relaxation  of 
the  muscle  by  flexion  or  extension  of  the  neighboring 
joints  may  aid  materially  in  its  extraction. 

ImmoUKzation :  The  apparatus  employed  to  retain  a 
fracture  in  place  is  called  a  splint.  Before  describing  the 
different  varieties  of  splints,  temporary  and  permanent, 
a  few  rules  governing  their  use  may  be  laid  down. 

1.  The  splint  must  immobilize  the  broken  bone.  To 
do  this  it  must  usually  immobilize  the  joints  at  each 
end  of  the  bone. 

_  2.  It  must  not  be  allowed  to  interfere  with  the  circula- 
tion, hence 

3.  Temporary  splints  to  be  used  during  the  first  few 
days  after  fracture,  while  the  circulation  of  the  limb  is 
impaired,  should  never  consist  of  a  snug  encasement, 

4.  Splints  made  of  metal  or  board  should  be  wide 
enough  to  prevent  the  circular  retention  dressing  from 
encircling  the  limb  snugly,  and 

5.  The  toes  and  fingers  must  always  remain  exposed 
as  indices  of  the  circulation  in  the  extremity. 

6.  When  a  dressing  is  applied  to  the  upper  part  of  a 
hmb,  light  compression  by  bandage  should  be  carried  to 
the  toes  or  fingers  to  prevent  oedema  and  pain. 

7.  Every  patient  wearing  a  splint  should  be  inspected 


FIG.  2209.-Mode  ol  Using  Adhesive  Plaster  for  EetalnlnR  Spimts. 

UnLesIaT;'  '""^  ''''  ^P""'  ^^^^^"^  *- *>^at  purpose, 

8.  Afterthefirst  two  weeks  (or  even  sonnr.r\ti,o=..  1-  ^ 

should  be  so  arranged  as  to  aiwThrgr^a^L^'Sbl: 
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freedom  to  adjoining  joints  as  far  as  compatible  with  the 
union  of  the  bone. 

Once  the  fragments  are  in  place  they  must  be  kept  so. 
Yet  in  many  instances  during  the  first  few  days  there  is 
so  much  swelling  about  the  seat  of  fracture  that  the  re- 
tentive apparatus  must  be  applied  as  much  for  pressure 
as  for  immobilization,  and  after  the  swelling  has  been 
tlms  reduced  this  primary  dressing  is  no  longer  suitable. 
Other  reasons  for  the  use  of  a  temporary  dressing  are 
transportation  and  the  treatment  of  compound  fractures. 
In  many  varieties  of  fracture  the  temporary  apparatus 
may  be  entirely  dispensed  with,  permanent  dressings 
being  applied  at  once. 

Temporary  Immobilization:  The  important  require- 
ments of  a  temporary  splint  are  that  it  may  be  (1)  every- 
where obtainable,  and  (3)  universally  and  readily  appli- 
cable. Hence  wide  side  splints  of  board,  cardboard,  or 
metal  are  usually  employed  for  this  purpose  (Pig.  2208). 
Such  articles  are  obtainable  everywhere  and  may  be  bound 
to  the  limb  with  any  cloth,  though  adhesive  plaster 
makes  the  best  binder  (Fig.  2209).  The  board  need  only 
be  wide  enough  to  prevent  the  bandage  from  compressing 


Fig.  2210.— Moulded  Splint  for  Fracture  of  the  Humerus. 

the  limb  laterally  and  long  enough  to  immobilize  the 
adjacent  joints.  It  should  be  roughly  padded  with 
cotton,  heaped  up  to  fill  the  space  left  by  the  natural 
depressions  of  the  limb  and  thickened  around  the  bony 
prominences  (but  not  on  them)  so  as  to  prevent  pressure 
upon  them. 

When  the  material  is  at  hand,  moulded  splints  of  gutta 
percha  (Pig.  2210),  leather,  felt,  or  wire  mesh  make  more 
elegant  and  lighter  splints.  But  these  have  been  dis- 
carded by  most  surgeons  in  favor  of  moulded  splints  of 
plaster  of  Paris.  Tliis  substance  is  easily  obtained  and 
can  readily  be  moulded  into  a  splint  which,  for  durability 
stoutness,  and  lightness,  leaves  nothing  to  be  desired' 
Unfortunately  the  plaster  adheres  firmly  to  the  surgeon's 
hand.s  and  althougli  thi  s  may  be  prevented  in  some  de- 
gree by  anointing  the  hands  with  vaselin,  and  its  re- 
moval assisted  by  glycerin  and  hot  water,  yet  it  is  an 
annoyance  that  cannot  be  completely  overcome 

To  make  a  plaster-vf  Paris  splint,  previously  prepared 
bandages  may  be  employed  or  the  plaster  may  be  applied 
to  tlie  bandage  at  the  making  of  the  splint.  The  former 
method  is  by  far  the  simpler;  but  unless  the  bandages 
are  hermetically  sealed  in  tins  they  soon  absorb  enough 
moisture  from  the  atmosphere  to  render  them  absolutely 
useless,  and  unfortunately  their  condition  cannot  always 
be  determined  until  they  are  being  applied. 

If  prepared  bandages  are  to  be  used  to  make  a  moulded 
splint,  they  are  immersed  in  hot  water  to  which  a  little 
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salt  or  zinc  sulphate  is  added.  Tlie  length  of  splint  re 
quired  is  measured  off  with  a  muslin  bandage,  which  is 
then  laid  upon  a  towel  or  oilcloth.  By  this  time  the 
plaster  bandage  will  be  soaked  through,  and  may  be 
taken  from  the  water,  squeezed  gently  and  applied  back 
and  forth  until  the  muslin  bandage  (which  liad  best  be  a 
double  thickness)  is  covered  by  six  or  eight  lengths  of 
plaster  bandage.  A  little  of  the  hot  water  sprinkled  here 
and  there  adds  smoothness,  and  the  whole  is  strengthened 
and  polished  with  a  handful  of  dry  plaster  rubbed  in 
and  moistened.  This  band  is  then  applied  lengthwise  to 
tlie  limb  with  the  muslin  bandage  next  to  the  skin.  A 
snug  roller  bandage  binds  it  in  place,  and  the  limb  being 
laid  or  propped  in  a  suitable  position,  there  results  in 
about  six  hours  a  light,  strong  splint,  perfectly  moulded 
to  the  limb  and  removable  at  will. 

If  there  are  no  prepared  bandages  at  hand,  the  plaster 
is  poured  into  an  agate  basin,  enough  hot  water  is  added 
to  bring  it  to  tlie  consistence  of  a  rather  thin  paste,  and 
it  is  then  applied  to  the  muslin  bandage  between  the 
folds  of  a  gauze  bandage,  a  layer  of  plaster  being  spread 
quite  thick  between  every  two  layers  of  bandage.  Six  or 
eight  layers  of  the  gauze  bandage  are  used  and  the  dress- 
ing is  finished  and  applied  as  directed  above.  When  using 
the  prepared  bandages  the  tendency  is  not  to  wet  them 
enough;  when  using  the  fresh  plaster  to  wet  it  too  much. 
Hence  the  latter  usually  sets  more  slowly. 

Such  devices  as  waterproofing  the  exterior  of  a  splint 
with  varnish,  protecting  it  with  rubber  tissue,  or  strength 
ening  it  with  additional  plaster  at  its  angles  or  with  iron 


Fig.  2211.— Petit's  Fracture  Box. 

bands  or  bass  wood  slivers,  will  suggest  themselves  to  the 
surgeon.     Such  splints  should  last  two  or  three  weeks. 

For  fractures  of  the  leg  or  ankle  the  fracture  hox  (Pig. 
2211),  or  better  the  Volkmann  splint  {Fig.  2212)  is  often 
applied  during  the  first  few  days.  Unless  care  is  taken  to 
prevent  it,  the  pressure  of  the  heel  upon  the  sphnt  causes 
excruciating  pain  and  later  ulceration.  To  avoid  this 
the  foot  is  suspended  by  a  strip  of  adhesive  plaster  pass- 
ing from  the  ankle  under  the  heel  and  along  the  sole  of 
the  foot  and  over  the  top  of  the  foot-piece  to  which  it  is 
attached  by  a  reversed  strip.  This  splint,  moreover, 
must  be  well  padded,  especially  on  each  side  of  the  tendo 
Achillis.  If  pain  is  felt  in  spite  of  these  precautious  it 
may  be  relieved  by  pushing  the  cotton  from  under  the 
heel  up  on  each  side  of  the  ankle.  When  using  these 
appliances  a  snug  bandage  should  be  previously  applied 
to  the  limb  in  order  to  hasten  the  subsidence  of  swelling. 

Permanent  InimoMUzation. — The  various  splints  de- 
scribed in  the  preceding  paragraph,  except  the  moulded 
splints,  are  too  clumsy  and  do  not  produce  sufficient  im 
mobilization  to  be  useful  after  the  first  (Edematous  reac- 
tion has  subsided.  As  for  the  moulded  splints,  the  more 
one  uses  them  the  more  satisfactory  they  seem,  especially 
for  fractures  about  the  upper  arm  and  leg ;  but  when  the 
primary  reaction  subsides  the  primary  splint  no  longer 
fits  and  must  be  exchanged  for  a  tighter  one. 

For  strictly  permanent  dressings,  to  be  changed  not 
oftener  than  every  week  or  two,  a  complete  encasement 
of  the  limb  in  plaster  of  Paris  forms  a  very  efficient  splint 
(Fiff  221 3).  The  limb  is  first  encased  in  a  thin  layer  of 
cotton  or  muslin  bandage  (or  it  may  be  simply  greased 
thickly  with  vaselin)  and  held  in  proper  position  while 


the  wetted  (»  s.)  plaster  bandage  is  applied  from  below 
upward.  In  applying  a  plaster  encasement  the  bandage 
is  run  as  for  a  reverse,  but  the  "  reverse  "  is  not  made,  the 
bandage  being  simply  turned  sharply  downward.  Two 
or  three  thicknesses  of  bandage  and  a  liberal  polish  of 
plaster  are  ample  allowance.  The 
toes  and  fingers  .should  always  be  left 
exposed.  If  plaster  bandages  cannot 
be  obtained  the  freshly  prepared 
plaster  is  applied  between  layers  of 
gauze  bandage,  in  a  manner  similar 
to  that  described  above. 


Fig.  2212.— Volkmann's  T  Splint. 

Silicate  of  soda  ("  liquid  glass  ")  may  be  employed  in  a 
similar  manner.  This  substance  makes  a  far  more  elegant 
and  somewhat  lighter  splint  than  the  plaster  of  Paris, 
but  it  sets  slowly  and  is  neither  so  strong  nor  so  enduring 
as  the  other 

Various  forms  of  mechanical  splints  are  employed  in 
certain  cases  Except  where  traction  is  necessary  in 
order  to  maintain  reduction,  mechanical  devices  are  rarely 
necessary.  A  past  and  fanciful  age  was  rich  in  sucli  ap- 
pliances which  were  more  notable  for  their  Ingenuity  of 
construction  and  general  clumsiness  than  for  any  aptness 
to  tlieir  special  purposes.  These  have  been  swept  away 
by  the  neatness  and  cleanliness  of  modern  surgery ;  but 
the  ever-increasing  ingenuity  of  the  orthopedist  to  re- 
lieve the  pain  and  deformity  of  disease  promises  a  re- 
vival of  mechanical  apparatus  for  the  treatment  of  frac- 
tiire  (for  those  who  can  afford 
the  luxurjr).  As  yet  the  only 
notable  examples  of  mechanical 
splints  are  employed  for  frac- 
tures of  the  thigh  and  spine  and 
will  be  considered  under  those 
headings. 

Accessoi'y  Measures :  The  Man- 
agement of  Joints. — Since  stiff- 
ness of  the  joints  adjacent  to  a 
fractured  bone  is  of  such  frequent 
occurrence  as  to  be  the  univer- 
sal complication  of  fracture, 
and  since  this  more  tlian  anj' 
other  thing  is  likely  to  retard 
convalescence,  it  is  not  far  to 
conclude  that  the  joints  should 
be  exercised  at  the  earliest  pos- 
sible moment,  and  in  the  man- 
ner best  calculated  to  procure 
satisfactory  results. 

Stimson  lays  down  two  rules 
on  this  point : 

1.  "So  long  as  the  Joint  is 
swollen  and  hot,  so  long  as  its 
use  is  followed  hy  an  increase 
of  swelling  and  heat  and  by  per- 
sistent pain,  so  long  must  it  be 
kept  at  rest;  and  so  long  must 
active  treatment  be  limited  to 
massage  or  elastic  compression; 
and,  as  a  rule,  this  attitude  of 
non-interference  may  be  main- 
tained until  after  union  of  the  fracture  has  become  com 
plete.  Then  .  .  .passive  motion  or  .  .  .  gradually  in- 
creasing use  of  the  limb  will  rapidly  restore  the  func- 
tion of  the  joint. 
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Fig.  2213.  — Plaster-ol-Paris 
Encasement  lor  Fracture 
ol  the  Leg. 
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3  "  Forcible  passive  motion,  witli  or  without  anaesthe- 
sia is  always  harmful  before  the  second  month,  and  even 
after  that  time  it  is  far  more  likely  to  do  harm  than  good. 
The  proceeding  should,  1  think,  be  almost  wholly 
abandoned,  and  in  its  place  we  should  resort  to  mas- 
sage, constant  use  within  existing  limits,  and  possibly 
to  the  recently  introduced  method  of  prolonged  ex- 
posure to  high,  dry  temperatures;  and  these  failing, 
I  should  prefer  to  expose  the  joint  by  incision  in  or- 
der to  remove  such  intra-articular  obstacles  as  might 
exist  and  be  removable  rather  than  blindly  to  seek  to 
break  and  tear  them  without  knowing  Avhat  and  where 
they  are." 

Since  the  lingers  are  peculiarly  liable  to  stifEening, 
especially  if  kept  extended,  they  should  always  be  im- 
mobilized in  the  position  of  flexion,  and  passive  or  active 
motion  should  be  begun  on  them  within  the  first  two 
weeks. 

Massage. —Mussage  at  the  hands  of  any  one  but  an  ex- 
pert should  never  be  employed  until  after  union  has 
taken  place.  Lucas  Championnifere  is  the  ardent  advocate 
of  massage  and  passive  motion  in  the  early  days.  When 
employed  with  the  utmost  gentleness  and  skill  these 
measures  eliminate  joint  stiffness  and  hasten  the  resorp- 
tion of  the  primary  exudate  and  perhaps  the  union  of  the 
bone.  But  the  treatment  is  expensive  and  therefore  be- 
yond the  reach  of  most  patients.  Moreover,  the  benefit 
derived  from  it  is  in  many  cases  a  negligible  quantity, 
while  any  mishap  or  excess  of  zeal  on  the  part  of  the 
operator  is  not  unlikely  to  delay  union  rather  than  to 
hasten  it.  Hence  this  treatment  should  be  reserved  for 
those  cases  in  which  the  primary  reaction  is  unduly  pro- 
longed or  the  joints  are  threatened. 

When  employed,  massage  should  be  given  daily  an<l 
very  gently.  Elastic  pressure  by  a  light  rubber  bandage 
is  often  equally  useful.  It  is  usually  better  to  apply  the 
bandage  only  by  day. 

Eot  Air. — Treatment  of  recent  fractures  by  dry  air  at 
a  temperature  between  300°  and  400°  F.  has' been  advo- 
cated. The  indications  for  its  use  are  the  same  as  those 
for  massage.  I  have  tried  it  only  twice  and  in  both  cases 
it  failed,  though  massage  subsequently  succeeded. 

Ainbulatory  Treatment.— The  vogue  of  the  so-called 
"  ambulatory  treatment "  is  already  waning.  The  idea  is 
an  extension  of  Lucas  Championniere's  theory  that  ex- 
ercise is  good  for  fractures  and  rest  bad.  Hence,  it  was 
urged,  all  persons  suffering  from  fracture  should  be  up 
and  about  at  the  earliest  possible  moment,  and  this  may 
be  accomplished  for  persons  with  broken  legs  by  so 
strengthening  the  splint  that  the  limb  may  be  used  in 
walking,  the  weight  of  the  body  being  transmitted  by  the 
splint  instead  of  by  the  broken  bones. 

It  is  a  matter  of  common  experience  that  a  Pott's  frac- 
ture is  sometimes  no  more  disabling  than  a  sprained 
ankle,  and  that  after  the  permanent  splint  has  been  ap- 
plied, it  may  be  possible  to  force  the  patient  to  walk 
with  the  aid  of  crutches,  so  little  inconvenience  does  the 
injured  ankle  cause  him,  In  such  cases  ambulatorv 
treatment  is  quite  appropriate,  but  the  application  of 
this  theory  to  fractures  of  the  femur  or  the  tibia  and  fibula 
IS  entirely  unwarranted  and  extremely  dangerous  If 
there  is  danger  of  faulty  or  delayed  union  from  gentle 
massage_  at  the  hands  of  a  competent  operator,  this 
danger  is  multiplied  a  hundredfold  for  a  patient  thus 
turned  out  to  take  care  of  himself.  Moreover,  the  alleffcd 
advantages  of  rapid  union  and  abilitv  to  work  are  not 
proven.  The  safest  form  of  ambulatory  splint  is  a  hip 
splint  such  as  is  employed  for  tuberculous  disea.sc  with 
a  plaster  encasement  for  the  fracture.  For  fracture  of 
the  eg  a  very  heavy  plaster  encasement  is  sometimes 
employed  in  which  two  stout  lateral  rods  of  iron  or  wood 
are  incorporated,  bearing  above  upon  a  band  of  plaster 
under  the  tuberosities  of  the  tibia  and  terminating  below 
ma  cross-piece  two  inches  below  the  sole  of  the  foot 
This  sphnt  transmits  the  body  weight  from  tlie  tu  er 
psities  through  the  splint  to  theground.  T^ug  clun  sv 
iureofth°leg.'^°"''  ^^^'^"^"^  ^"^  dangerous  f1)r  a  S 
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Ambulatory  splints  should  never  be  applied  until  after 
the  subsidence  of  the  primary  swelling. 

Direct  Fixation. — Like  the  other  accessory  measures, 
direct  fixation  has  been  paraded  as  the  only  treatment  for 
fractures.  Yet  though  incision  and  manual  reposition  of 
tlie  displaced  bones  would  give  theoretically  perfect  re- 
sults, and  lessen  the  primary  oedema  by  allowing  evacua- 
tion of  the  clots,  the  eminently  satisfactory  results  ob- 
tained by  the  ordinary  treatment  as  well  as  the  danger 
of  infection  leave  but  few  supporters  to  this  theory. 

The  accepted  indications  for  direct  fixation  are : 

1.  When  incision  is  necessary  for  reduction,  to  remove 
comminuted  fragments,  or  in  certain  special  fractures 
(patella)  to  maintain  apposition. 

2.  For  most  compound  fractures. 

3.  For  delayed  union  after  milder  means  have  failed. 
The  methods  of  applying  direct  fixation  are  two: 

1.  Periosteal  suture. 

2.  Fixation  of  the  bones  themselves. 

Suture  of  the  periosteum  and  adjacent  soft  tissues  gives 
but  an  indirect  support  to  the  bone.  It  can  prevent  only 
separation  of  the  ends.  Angular  deviation  and  oveiTid- 
ing  must  be  prevented  by  splints. 

Mxation  of  the  bone  is  commonly  accomplished  by  silver 
wire,  nails,  bone  pegs,  or  special  clamps  riveted  about  the 
bone.  These  methods  effect  admirable  apposition,  but 
they  have  a  common  defect,  viz.,  the  liability  of  these 
wires,  pegs,  or  clamps  to  act  as  initating  foreign  bodies, 
causing  bone  softening  either  immediately  about  them  or 
extending  through  the  whole  width  of  the  bone  ends  and 
resulting  in  a  fibrous  union.  This  unfortunate  result  at- 
tends a  large  proportion  of  cases  treated  in  this  manner. 

If,  therefore,  direct  fixation  is  employed,  periosteal 
suture  is  to  be  preferred,  and  if  this  does  not  effect  suffi- 
ciently firm  apposition,  the  bones  should  be  united  by  a 
removable  suture  of  silver  or  silk  or  some  such  apparatus 
as  the  Parkhill  clamp  *  to  be  detached  at  the  end  of  ten 
days  or  as  soon  as  the  provisional  callus  has  been  thrown 
out. 

III.  Compound  and  Ounshot  Fractures. — The  treatment 
of  compound  fractures  may  be  broadly  classified  thus: 

1.  Treatment  of  "primary"  or  "direct"  compound 
fractures  in  which  the  wound  is  gaping,  contused,  and 
infected. 

2.  Treatment  of  "  secondary  "  or  "  indirect  "  compound 
fractures  in  which  the  wound  is  small,  clean,  and 
negligible. 

The  basis  for  this  distinction  has  been  noted  above. 

1.  The  treatment  of  direct  compound  fractures  com- 
prises extensive  incision,  copious  irrigation  with  mild 
solutions,  the  trimming  away  and  removal  of  all  contused 
and  befouled  tissue,  and  all  loose  chips  that  are  not  firmly 
attached  to  the  periosteum. 

The  periosteum  and  fascia  are  loosely  sutured  and 
gauze  or  gutta-percha  tissue  drains  are  inserted  down  to 
the  bone,  and  antiseptic  dressings  applied. 

The  splint  should  be  applied  to  the  limb  before  the 
patient  leaves  the  operating  table.  If  the  wound  is  ex- 
pected to  run  a  clean  course  a  fenestrated  plaster  encase- 
ment is  the  best,  reinforced  if  necessary  by  iron  bands. 
If,  however,  suppuration  is  feared  and  daily  dressings  are 


Fio.  22U.— Esmarch's  Double-Inclined  Plane. 

expected,  such  a  splint  soon  becomes  soiled  and  soaked 
with  the  discharge  from  the  wound  in  spite  of  every  pre- 
caution. Removable  splints,  such  as  moulded  splints, 
Volkmann's  splint,  the  double  inclined  plane  (Fig.  2214), 


•  Annals  ol  Surgery,  1898,  xxvli.,  553. 
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Fig.  3315.— Nathan  R.  Smith's  Anterior  Splint. 


Hodgen  s  (Pig.  2231)  or  Smith's  splints  (Fig.  2215)  are 
then  to  be  pi-eferred.  The  latter  splints  afford  elevation 
as  well  as  immobilization. 

The  treatment  of  the  wound  is  of  the  greatest  impor- 
tance. While  the  primary  irrigation  and  antisepsis  are 
chiefly  to  be  depended  upon  to 
prevent  infection,  the  irritation  as 
well  as  the  danger  of  infection 
from  frequent  change  of  dress- 
ings is  a  common 
cause  of  late  sup- 
puration. If  the 
wound  is  but 
loosely  sutured 
and  lightly 
packed  in  the 
first  place,  it 
may  some- 
times be  left 

undisturbed  \intil  the  fourth  day.  If  at  the  first  dress- 
ing the  wound  is  clean  it  should  "be  disturbed  as  little  as 
possible.  Some  of  the  drainage  may  be  removed.  The 
wound  should  not  be  irrigated.  After  this  the  drainage 
is  renewed  at  intervals  of  from  forty-eight  to  seventy-two 
hours  until  the  wound  is  healed.  If  active  suppuration 
occurs  it  must  be  combated  by  the  usual  antiseptic 
methods. 

Amputation  is  rarely  indicated  at  the  time  of  accident. 
However  crushed  the'  limb  may  be,  every  attempt  should 
be  made  to  save  it.  If,  however,  the  lower  segment  of 
the  limb  remains  pulseless  and  incision  into  it  produces 
only  a  stagnant  venous  ooze,  it  may  be  wiser  to  ampu- 
tate rather  than  to  subject  the  patient  to  a  second  opera- 
tion. The  rule  in  amputating  is  to  save  as  much  tissue 
as  possible,  and  to  this  end  it  may  even  be  wise,  in  case 
the  surgeon  feels  confident  of  his  asepsis,  to  allow  the 
line  of  amputation  to  coincide  in  great  part  with  that  of 
the  laceration. 

2.  When  the  wound  is  small  and  clean  it  may  be  treated 
by  a  superficial  cleansing  and  precautionary  drainage,  or 
it  may  require  operation  as  described  above,  at  the  sur- 
geon's discretion. 

Ghmsh/)t  Fraeticres. — Fractures  caused  by  bullets  may 
be  widely  compounded  or  practically  simple  fractures. 
The  special  indications  for  treatment  are  dealt  with  else- 
where (see  Oiinshot  wounds). 

TV.  Articular  Fractures. — Most  of  the  classical  fract- 
ures involving  joints,  such  as  fractures  of  the  anatomical 
neck  of  the  humerus,  fractures  of  the  patella,  Pott's 
fracture,  etc.,  are  to  be  treated  by  certain  well-defined, 
special  methods.  But  there  are  many  unusual  fractures 
involving  joints,  often  caused  by  a  direct  crushing  in- 
jury. They  have  few  common  features,  and  each  must 
be  dealt  with  individually.  For  the  treatment  of  such 
fractures  a  few  general  rules  may  be  laid  down. 

1.  If  the  fracture  is  compounded,  the  joint  should  be 
fully  cleansed  of  all  foreign  matter,  fragments  of  bone, 
blood  clots,  etc.,  and  copiously  irrigated.  Then,  if  there 
is  a  chance  of  avoiding  infection,  the  joint  should  be 
sealed  by  suturing  the  soft  tissues  closely  about  it.  If 
suppuration  is  anticipated  continuous  irrigation  should 
be  established  and  maintained  for  forty-eight  hours.  If 
suppuration  appears  in  a  case  in  which  it  had  not  been 
looked  for,  the  joint  must  be  opened  and  irrigated  con- 
tinuously until  the  infection  is  conquered. 

3.  Simple  articular  fractures  usually  require  no  special 
treatment  except  early  passive  motion  to  prevent  anky- 
losis. Exceptionally  operation  may  be  undertaken  to 
reconstruct  a  thoroughly  disorganized  joint,  or  to  extract 
a  fragment  that  defies  reduction  and  threatens  the  future 
efficiency  of  the  joint. 

V.  Treatment  of  Complications. — Tlie  early  complica- 
tions that  require  special  treatment  are  (1)  gangrene, 
(3)  injury  to  a  nerve,  and  (3)  suppuration  and  sepsis. 
Among  the  later  ones  (1)  persistent  pain  or  paralysis,  (2) 
joint  stiffness,  (3)  delayed  union,  and  (4)  mal-union  de- 
serve mention. 

Gangrene  :  Gangrene  of  the  limb  may  often  be  averted 
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by  multiple  longitudinal  incisions  through  the  skin  and 
fascia  (made  under  primary  anaesthesia)  followed  by  eleva- 
tion and  hot  wet  dressing's.  If  these  means  fail  (as  they 
may  do  unexpectedly,  since  under  an  unbroken  skin  the 
deeper  tissues  may  be  reduced  to  a  pulp  by  a  crushing 
force)  amputation  should  be  resorted  to  at  once.  The 
line  of  amputation  may  be  estimated  by  producing  arti- 
ficial _ischa;mia  with  the  Esmarch  bandage  (to  be  used 
only  if  there  is  no  infection).  Whatever  tissue  reassumes 
a  pink  hue  after  the  pressure  is  removed  may  be  saved. 
If,  however,  the  gangrene  is  progressive  and  septic,  rapid 
amputation  well  above  the  gangrenous  region  should  be 
performed  immediately. 

Injury  to  a  Merre :  It  should  never  be  too  hastily  as- 
sumed that  a  nerve  has  been  ruptured.  The  injury  is  a 
rare  one,  while  traumatic  paralysis,  hysterical  in  nature 
or  because  the  nerve  has  been  bruised,  is  common  and 
transitory.  Moreover,  no  harm  can  come  from  waiting. 
Operation  should  therefore  be  delayed  a-t  least  a  week  or 
two,  at  the  end  of  which  time,  if  there  is  no  diminution 
of  paralysis  or  anaesthesia,  the  rupture  of  a  nerve  may  be 
considered  probable  and  the  nerve  cut  down  upon  and 
sutured.  (See  under  Fractures  of  the  Lower  Extremity 
of  the  Humerus.) 

Severe  and  persistent  neuralgia  may  indicate  pressure 
by  a  fragment  or  by  the  callus.  To  relieve  it  an  incision 
is  necessary,  and  if  no  such  physical  cause  for  the  neu- 
ralgia is  found,  stretching  the  nerve  may  relieve  the  pain. 

Suppuration  and  Sepnis :  These  complications  are  con- 
fined to  compound  fractures.  To  treat  them  judiciously 
may  tax  the  keenest  surgical  instinct,  for  in  many  cases 
the  suppuration  is  at  first  slight  and  the  constitutional 
disturbance  insignificant.  To  leave  the  wound  unirri- 
gated  is  to  invite  extension  of  the  infection  throughout 
the  lacerated  tissues,  while  to  irrigate  freely  is  to  break 
down  fibrinous  adhesions,  to  bruise  granulations,  and  to 
irritate  the  whole  area  to  such  an  extent  as  enormously 
to  encourage  infection.  To  steer  between  the  two  is  less 
a  matter  of  intelligence  than  of  instifict  derived  from 
experience.  If  the  infection  promises  to  be  slight,  and 
occurs  later  than  the  fourth  or  fifth  day  when  healing 
has  already  progressed  so  far  as  to  afford  a  barrier  to  the 
spread  of  suppuration,  the  pus  may  simply  be  mopped 
away  and  the  cavity  swabbed  out  with  peroxide  of 
hydrogen  and  packed  with  bichloride  gauze  (1  to  2,000) 
or  one  of  the  newer  organic  silver  salts.  If,  however, 
the  infection  occurs  early  or  presents  other  grave  features, 
there  is  nothing  for  it  but  to  irrigate  the  wound  copiously 
(one  to  two  quarts  of  bichloride  solution  1  to  10,000)  once 
and  thereafter  to  change  the  dressings  frequently  in  the 
hope  that  the  infection  may  thus  be  repressed  or  at  least 
confined  to  one  spot. 

The  milder  infections  may  be  conquered  by  these  local 
measures.  The  more  virulent  processes  require  wet 
dressings,  antiseptic  baths,  multiple  incisions,  continu- 
ous irrigation  or  even  amputations.  As  already  stated, 
the  union  of  the  bone  is  delayed  by  the  infection  as  well 
as  by  the  manipulations,  but  I  have  known  union  to  take 
place  in  the  femur  in  two  cases  after  a  year  of  hospital 
treatment.  Such  a  result  could  not  be  expected  in  an 
old  man.  He  would  not  survive  the  prolonged  suppura- 
tion. 

Persistent  Pain  or  Paralysis  :  There  is  always  a  good 
deal  of  stiffness  and  weakness  for  the  first  weeks  after 
the  patient  gets  about,  but  as  long  as  his  symptoms  are 
lessening  they  require  no  treatment.  Progress  may  be 
encouraged  by  any  form  of  muscular  or  circulatory 
stimulation  such  as  massage,  exercise,  passive  motion, 
hot  air,  electricity,  strychnine  and  other  tonics.  The 
salicylic-acid  derivatives  and  colchicine  may  help.  _ 

Pains  amounting  in  severity  to  an  actual  neuralgia  and 
persistent  paralysis  are  often  best  treated  by  operative 
investigation  of  the  nerves. 

Joint  Stiffness :  If  this  does  not  react  to  the  treatment 
mentioned  above,  operation  is  the  only  resource. 

Fingers  that  have  remained  immobile  in  the  extended 
position  for  more  than  two  months  are  practically  beyond 
hope. 
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Delai/ed  Union:  This  condition  may  be  treated  system- 
ically  by  tonics,  locally  by  irritants,  or  by  operation.  It 
the  delayed  union  is  due  to  systemic  disease,  such  as 
syphilis,  malaria,  etc.,  this  etiological  condition  must  be 
combated.  Over  and  above  this  it  is  customary  to  ad- 
minister phosphorus  or  phosphate  of  lime.  Thyroid  ex- 
tract has  been  recently  employed.  It  has  proved  useful 
at  the  hands  of  some  and  has  failed  with  others. 

The  local  irritative  measures  may  be  employed  in  con- 
nection witli  the  drugs  or  after  they  have  failed.  Paint- 
ing with  iodine  or  guaiacol  and  cauterization  are  of  little 
benefit.  Exercise  is  especially  useful  to  encourage  union 
of  the  tibia,  when  there  is  not  too  much  separation.  The 
leg  is  encased  in  plaster  and  the  patient  is  instructed  to 
walk  upon  it  daily.  Massage  may  help.  If  these  meas- 
ures fail  congestion  may  be  produced  by  bandaging  the 
limb  tightly  above  the  fracture.  The  bandage  is  applied 
for  two  or  three  hours  at  a  time,  on  alternate  days,  for  a 
week.  A  more  'efficient  and  more  painful  treatment  is 
the  injection  of  a  few  drops  of  chloride  of  zinc  (ten  per 
cent.)i  tincture  of  iodine  or  alcohol  into  the  band  of  union. 
Tliis  sets  up  an  acute  reaction  which  may  be  followed  by 
ossification.  Electrolysis  is  said  to  have  the  same  effect. 
Still  greater  irritation  may  be  produced  by  violently 
wrenching  the  limb  about  while  the  patient  is  anaesthe- 
tized. 

Schaffer  has  obtained  union  in  old  fractures  of  the 
neck  of  the  femur  by  special  braces  exerting  direct 
pressure  over  the  trochanter. 

Operation  is  necessary  when  the  above  means  fail,  or 
when  union  is  mechanically  impossible  on  account  of 
separation  of  the  bone  ends  by  the  interposition  of  other 
tissues,  or  when  they  (tibia,  ulna)  are  held  apart  by  a 
parallel  bone. 

There  are  various  methods  of  operating.  The  bone 
may  be  cut  down  upon,  the  band  of  union  cut  away,  and 
the  bone  ends  approximated  by  periosteal  suture  or  bone 
pegs  or  wire.  Parkhill's  clamp  seems  especiall}'  fitted 
for  this  sort  of  work,  and  it  has  given  good  results  after 
other  methods  have  failed.  Permanent  wiring,  pegging, 
or  clamping  is  dangerous,  for  the  reasons  already  stated 
(p.  356). 

The  presence  of  an  actual  new  joint  makes  no  material 
difference  in  the  operative  technique". 

The  prospect  of  success  from  any  of  these  methods  is 
none  too  glowing.  The  causes  of  failure  of  union  may 
continue  in  force,  and  the  difficulty  in  obtaining  and 
maintaining  the  necessary  approximation  of  the  two 
fragments  is  great.  All  else  failing  amputation  may  be 
resorted  to. 

VII.  Mai- Union. — When  once  a  bone  has  united  with 
deformity,  the  disfigurement  can  be  remedied  only  by 
osteoclasis  or  osteotomy.  Before  suggesting  such  treat- 
ment, however,  the  surgeon  will  do  well  to  consider 
whether  with  the  material  at  hand,  viz.,  the  existing 
bony  tissue,  he  can  obtain  a  material  improvement  from 
any  operation. 

Fractures  of  the  lower  extremity  of  the  humerus  and 
Pott's  fracture  often  call  for  relief,  in  the  one  case  to 
overcome  the  restricted  mobility  of  the  elbow  joint  in 
the  other  to  remedy  the  deformity.  In  either  case  the 
best  plan  of  treatment  is  to  chisel  through  the  bones  along 
the  old  lines  of  fracture,  to  remove  superfluous  callus  and 
then  to  reduce  and  sphnt  the  fracture  as  though  it  were 
a  fresh  one.  This  is  done  in  the  foot  through  curved 
internal  and  external  incisions.  In  the  elbow  it  may  be 
impossible  to  ascertain  the  nature  of  the  fracture  or  to  be 
sure  of  what  is  callus  and  what  is  fragment.  If  such  be 
the  case  the  surgeon  should  rest  satisfied  with  the  removal 
•  ot  such  bony  protuberances  as  interfere  with  motion  and 
the  breaking  up  of  adhesions.  Passive  motion  should  be 
begun  at  the  end  ot  a  week  and  practised  daily  in  order 
to  prevent  recurrence  of  the  ankylosis. 

SPECIAL   FRACTURES. 
Fractures  of  the  Sknll—See  Head,  Injuries  of. 
Iractures  of  the  Sinne—See  Spine.  Surgery  of  the. 
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Frnctnres  of  the  Bones  of  the  Face — See  Jaws,  Injuries 
of;  and  Nose,  Injuries  of. 

Fractures  of  the  Laryngeal  Cartilages — See  Larynx, 
Fractures  and  Dislocations  of. 

Fractures  op  the  Clavicle. — Excepting  the  bones 
of  the  forearm  and  leg,  the  clavicle  is  broken  more  often 
than  any  bone  in  the  body. 

For  clinical  purposes  the  bone  is  divided  arbitrarily 
into  three  equal  portions.  To  the  inner  third  are  attached 
the  strong  ligaments  binding  the  clavicle  to  the  sternum 
and  the  first  rib;  the  outer  third  is  protected  by  the 
trapezius  and  the  deltoid  muscles  and  the  coraco-clavicu- 
lar  ligament ;  the  middle  third  is  unprotected  and  it  suf- 
fers by  far  the  greatest  number  of  fractures. 

Varieties. — -But  five  compound  fractures  of  the  clavicle 
are  recorded.  Multiple  and  comminuted  fractures  are 
rare.  I  have  obtained  an  excellent  result  by  removing  a 
small  fragment. 

Incomplete  fractures  are  insisted  upon  by  Hamilton 
and  Piatt.  Tlie  former  reports  34  incomplete  fractures 
in  a  series  of  157  cases;  the  latter  35  in  115.  The  injury 
is  unimportant.  It  is  caused  by  a  fall  upon  the  shoulder 
in  a  young  person.  Within  a  few  days  after  the  fall  a 
swelling  appears  about  the  middle  third  of  the  bone. 
False  motion  and  crepitus  may  sometimes  be  elicited. 
No  treatment  is  necessary,  except  perhaps  a  broad  sling 
to  elevate  the  elbow. 

Simple  fracture  of  the  middle  third  may  be  transverse 
(children)  or  oblique  (adults) ;  the  shoulder,  losing  its 
support,  sinks  downward  and  inward.  The  inner  frag- 
ment lies  above  or  in  front  of  the  outer.  When  the  line 
of  fracture  is  transverse  there  may  be  angular  displace- 
ment or  none  at  all. 

Fracture  of  the  outer  third  is  rare.  It  is  usually  caused 
by  direct  violence.  There  may  be  no  displacement  and 
the  fracture  may  pass  unrecognized  (Lane).  Displace- 
ment when  present  is  usually  angular.  If  the  fracture 
is  within  the  outer  inch  of  the  bone  the  apex  of  the  angle 
is  upward,  otherwise  it  is  usually  backward.  Fracture 
of  the  inner  third  is  very  rare.  Displacement  is  slight 
or  absent. 

Fracture  of  both  clavicles  is  unusual.  It  has  been 
known  to  cause  considerable  dyspnoea  on  account  of  the 
weight  of  the  upper  extremities  upon  the  chest. 

Etiology. — While  fracture  of  the  clavicle  is  usually 
caused  by  a  fall  upon  the  shoulder  or  the  outstretched 
arm,  it  may  be  due  to  direct  violence  or  even  to  such 
muscular  efforts  as  striking  a  blow  or  lifting  a  heavy 
weight. 

Symptoms  and  Course. — In  fracture  of  the  middle  third 
crepitus  cannot  always  be  obtained,  but  the  drooping 
shoulder  and  the  shortening  and  deformity  of  the  bone  as 
compared  with  its  fellow  are  characteristic.  Flexion  and 
extension  of  the  arm  may  be  but  little  impaired,  yet  ab- 
duction is  quite  impossible. 

Fractures  of  the  inner  and  outer  thirds  and  all  incom- 
plete fractures  can  be  diagnosed  only  by  palpation  along 
the  bone. 

The  course  of  the  injury  is  usually  simple,  though 
such  complications  as  puncture  of  the  subclavian  vein, 
aneurism  from  injury  to  the  artery,  rupture  of  the  bra- 
chial plexus,  and  emphysema  from  puncture  of  the  lUng, 
have  been  reported.  Union  may  be  expected  at  the  end 
of  the  fourth  week.  As  a  rule,  some  displacement  and 
shortening  persist. 

Trentnient. — The  method  of  reduction  and  immobiliza- 
tion is  the  same  for  all  the  varieties,  except  certain  frac- 
tures of  the  outer  third  which  require  direct  pressure  by 
means  of  a  strip  of  adhesive  plaster  passed  over  the  point 
of  fracture  and  the  point  of  the  elbow  and  back  over  the 
fracture  (Stimson's  dressing  for  dislocation  of  the  outer 
end  of  the  clavicle),  and  a  simple  sling.  In  all  other 
cases  tlie  object  aimed  at  is  to  remove  the  weight  of  the 
upper  e.Ntremity,  which  drags  the  outer  fragment  down- 
ward, forward,  and  inward.  To  effect  reduction,  the 
simplest  method  is  to  lay  the  patient  upon  his  back, 
manipulating  the  shoulder  until  the  bone  resumes  its 
normal  direction.     This  is  simple :  but  to  retain  the  bone 
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in  place  is  a  far  more  difflcult  matter;  witness  the  infinite 
number  of  methods  employed. 
_  The  treatment  employed  depends  upon  the  result  de- 
sired, whether  a  useful  "limb  merely  or  a  beautiful  neck. 
To  attain  the  former  result  a  simple  sling  often  suffices, 
while  the  latter  may  perhaps  not  be  reached  by  the  sur- 
geon's most  ingenious  devices.  In  general,  if  a  perfect 
result  is  desired,  the  patient  must  be  kept  on  her  back 
for  three  weeks  in  the  most  suitable  of  the  dressings  to 
be  described  below. 

The  dressings  usually  employed  are  Mayor's  scarf, 
Velpeau's  bandage,  Sayre's  dressing,  and  Moore's  band- 
age. In  applying  these  several  thicknesses  of  towel  or 
non-absorbent  cotton  (carded  lamb's  wool  is  better) 
should  be  padded  into  the  axilla  and  between  the  limb 
and  the  side. 

Mayor's  scarf  is  made  of  a  square  of  stuff,  the  diagonal 
of  which  is  long  enough  to  reach  around  the  body.  It  is 
applied  like  an  ordinary  sling,  but  the  lower  ends  are 
passed  around  the  body  and  knotted  in  the  back.     This 

is  a  very  satisfac- 
tory appliance  for 
dispensary  prac- 
tice. 

Velpeau's  band- 
age (Pig.  2316)  is 
applied  with  the 
hand  of  the  in- 
jured side  placed 
on  the  opposite 
shoulder,  "and 
the  limb  is  drawn 
snugly  up  toward 
the  neck  by  suc- 
cessive turns  of 
the  roller,  which, 
beginning  at  the 
opposite  axilla, 
pass  obliquely 
across  the  back, 
over  the  shoulder, 
in  front  of  the 
arm,  under  the 
elbow,  and  back 
to  the  axilla;  af- 
ter three  or  four 
such  turns  have 
been  placed  the  bandage  is  carried  circularly  around  the 
body,  covering  in  the  arm  from  below  upward.  The 
turns  should  be  secured  by  stitching  or  by  soaking  in 
plaster." 

Sayre's  Dressing  (Figs.  2217  and  2318)  consists  of  "  two 
strips  of  adhesive  plaster,  each  about  three  inches  wide, 
and  long  enough  to  go  once  and  a  half  around  the  body ; 
one  end  of  the  first  strap  is  stitched  loosely  about  the 
arm  just  below  the  axilla,  and  the  other  end  carried 
around  the  back  and  the  opposite  side  to  the  chest  in 
front.  The  second  strap  is  then  carried  from  the  top  of 
the  shoulder  on  the  uninjured  side  across  the  back,  under 
the  elbow,  and  along  the  forearm  to  the  shoulder  again. 
The  elbow  should  be  drawn  back  while  the  first  strap  is 
applied,  and  well  forward  while  the  second  is." 

Of  the  latter  two  dressings  Sayre's  is  the  more  eflicient 
and  lasting  but  the  less  comfortable.  In  each  the  hand 
should  be  left  exposed. 

Moore's  bandage  is  made  of  a  wide  muslin  bandage  or 
scarf  about  two  yards  long.  "  Its  centre  is  placed  under 
the  olecranon,  the  forearm  being  flexed  at  a  right  angle, 
the  end  that  is  next  the  body  Is  carried  up  between  the 
arm  and  the  side,  in  front  of  and  over  the  shoulder  across 
■the  back  and  under  the  opposite  axilla,  the  other  end  is 
carried  around  the  outer  side  and  front  of  the  elbow,  then 
between  it  and  the  side  to  the  back  and  across  the  back 
to  the  opposite  shoulder,  where  it  is  made  fast  to  the  first 
end  The  elbow  is  drawn  backward  and  pressed  up- 
ward "     The  wrist  is  supported  by  a  sling. 

Various  other  splints  are  employed,  too  numerous  to 
mention. 


Fig.  2216.— Velpeau's  Bandage. 


Pig.  2217.— Sayre's  Dressing  for  Frac- 
tured Clavicle.    First  strap. 


Fractures  op  the  Scapula. — Fractures  of  the  scap- 
ula are  classified  as:  (1)  fractures  of  the  body ;  (2)  of  the 
inferior  angle;  (3)  of  the  upper  angle  and  supraspinous 
fossa;  (4)  of  the  spine;  (5)  of  the  acromion;  (6)  of  the 

coracoid  process ;  (7) 
through  the  surgical 
neck ;  (8)  of  the  glenoid 
cavity. 

Fractures  of  the  Body, 
Lower  Angle  and  Up- 
per A  ngle.  — These  frac- 
tures are  caused  by 
direct  violence  or  mus- 
cular action.  The  low- 
er angle  may  be  dis- 
placed forward  and 
upward.  Otherwise 
the  displacement  is  in- 
significant. There  are 
localized  tenderness 
and  swelling,  and  false 
motion  and  crepitus 
may  perhaps  be  ob 
tained.  Fracture  of 
either  angle  is  ex- 
tremely rare. 

The  arm  may  be  put 
in  a  sling  and  the  scap- 
ula immobilized  by 
broad  bands  of  adhes- 
ive plaster  encircling 
the  chest. 

The  Spine  of  the  Scapula  is  fractured  by  direct  violence. 
False  motion  and  crepitus  may  be  elicited.  The  arm 
should  be  kept  in  a  sling. 

JiYacture  of  the  Acromion  is  usually  caused  by  a  fall  on 
the  shoulder.  Either  the  whole  process  or  merely  its  tip 
is  broken  off.  Epiphyseal  separation  is  not  uncommon. 
The  contusion  often  obscures  the  signs  of  fracture  during 
the  first  days,  but  later  the  displacement  outward  and 
downward  may  be  felt.  If  the  whole  process  is  broken 
off  the  shoulder  droops.  Crepitus  may  sometimes  be  ob- 
tained by  elevation  or  abduction  of  the  arm.  Sponta- 
neous motions  of  the  arm,  especially  abduction,  are  re- 
stricted. Bony  union  is 
not  to  be  expected. 

The  treatment  is  that 
of  fracture  of  the  outer 
third  of  the  clavicle. 

Fracture  of  the  Coracoid 
Process  is  a  pathological 
curiosity.  It  usually  oc- 
oui's  in  connection  with 
dislocation  of  the  shoulder 
or  other  fractures.  The 
symptoms  are  obscure, 
the  diagnosis  is  diiHcult, 
reduction  impossible,  and 
the  prognosis  good. 

Fractures  of  the  Neek  of 
tlie  Scapula  (including  all 
those  that  separate  the 
glenoid  cavity  from  the 
body  of  the  bone)  are 
caused  in  the  same  way 
as  dislocation  of  the  shoul- 
der, which  they  resemble 
closely.  The  glenoid  proc- 
ess slips  downward  with 
the  humerus  and  the  long 
head  of  the  triceps  at- 
tached. The  displacement 
is  limited  by  the  spino-glenoid  and  coraco-clavicular  liga- 
ments and  the  tension  of  the  soft  parts  over  the  shoulder. 
The  symptoms  are  those  of  dislocation  of  the  shoulder, 
from  which  the  fracture  is  differentiated  by  the  fact  that 
elevation  of  the  arm  produces  crepitus  and  obliterates 
the  deformity,  which  recurs  as  soon  as  the  pressure  is  re- 

25» 


Fig.  2218.— Sayre's  Dressing, 
and  second  straps. 


First 
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moved.  The  treatment  is  by  Stimson  s  dressmg  for  dis- 
location of  the  outer  end  of  the  clavicle  (?.  (■_).  iiony 
union  with  some  displacement  may  be  expected. 

The  Rim  of  the  Glenoid  Carity  is  sometimes  broken  by 
dislocation  of  the  shoulder. 

Fractures  op  the  Humerus.— Fractures  of  the  hu- 
merus are  classified  as  fractures  of  the  upper  extremity, 
fractures  of  the  shaft,  and  fractures  ot  the  lower  ex- 

^''"l^Mturesof  the  Upper  jErtr«»M7//.-This  title  includes 
fissures  of  the  head  of  the  bone,  a  condition  with  no 
clinical  significance,  and  avulsion  of  the  greater  or  lesser 
tuberosity,  usually  a  complication  of  dislocation,  recog- 
nized by  localized  tenderness  and  crepitus,  and  treated 
by  immobilization  (after  reducing  the  dislocation)  in  out- 
ward or  inward  rotation,  according  to  the  tuberosity  in- 
volved More  important  fractures  are  (1)  fracture  of  the 
anatomical  neck,  (2)  fracture  ot  the  surgical  neck,  (3) 
separation  of  the  epiphysis,  and  (4)  fracture  dislocation. 
True  Fracture  of  the  Anatomical  Neck  is  extremely  un- 
common. The  line  of  fracture  usually  runs  along  the 
anatomical  neck  and  partly  through  one  or  both  tube- 
rosities. Unless  a  tuberosity  is  separated  from  the  shaft, 
or  the  head  dislocated,  the  diagnosis  is  usually  impossi- 
ble, and  when  a  tuberosity  is  separated  the  fracture  is 
often  a  high  one  of  the  surgical  neck.  Strict  accuracy 
of  diagnosis,  however,  may  be  aided  by  the  a;-rays  in  the 
future.  The  subjective  symptoms  vary  from  slight  pain 
to  complete  disability.  The  periosteum  is  usually  in 
greater  part  untorn  and  the  displacement  slight,  though 
it  may  simulate  dislocation.  Crepitus  may  usually  bo 
obtained  and  the  tuberosity  may  not  partake  in  rotation 
imparted  to  the  shaft  of  the  bone.  Exuberant  callus  with 
ossification  of  the  capsule  of  the  joint  may  result,  or  there 
may  be  non-union. 

The  treatment  is  simple  immobilization  with  traction 
if  there  is  a  tendency  to  shortening.  If  suppuration 
should  complicate  failure  of  union,  incision,  removal  of 
the  fragment,  and  free  drainage  would  be  necessary. 

Fracture  of  the  Surgical  Neck  is  the  commonest  fracture 
of  the  upper  end  of  the  humerus.  This  includes  all  fract- 
ures below  the  epiphyseal  line.  The  lesion  is  usually 
caused  by  a  fall  on  the  shoulder  or  elbow  causing  a  com- 
pression or  torsion.  Hence  the  line  of  fracture  is  irregu- 
lar and  comminution  is  not  rare.  There  may  be  impac- 
tion. The  upper  fragment  is  usually  flexed,  abducted, 
and  rotated  outward,  the  lower  one  slightly  displaced 
inward. 

Function  is  completely  lost ;  there  is  much  local  swell- 
ing and  the  elbow  is  usually  abducted  simulating  dis- 
location; but  the  head  is  in  place,  and  there  is  local  ten- 
derness along  the  line  of  fracture  and  tenderness  when 
the  elbow  is  pressed  upward.  Unless  there  is  impaction 
rotation  of  the  arm  is  not  communicated  to  the  trochanter. 
If  displacement  and  shortening  are  present  reduction 
may  be  accomplished  by  traction  in  the  line  of  the  upper 
fragment,  namely,  abduction  and  slight  flexion.  The  best 
retention  dressing  is  a  plaster  band  running  along  the 
inner  side  of  the  arm  from  axilla  to  elbow  and  with  two 
tails  at  each  end  encircling  the  shoulder  and  forearm 
(Hennequin's  splint),  or  an  external  moulded  splint  as  for 
fracture  of  the  shaft  (Fig.  3210).  The  elbow  is  flexed 
and  left  unsupported.  A  narrow  band  slings  the  wrist. 
If  displacement  or  shortening  recurs  it  is  overcome 
by  splinting  the  arm  in  abduction  over  a  triangular  pad 
reaching  from  elbow  to  axilla,  made  by  cracking  a  piece 
of  cardboard,  holding  the  two  sides  at  an  angle  of  some 
30°  to  40°,  filling  in  with  soft  cloths  or  cotton,  and  sew- 
ing a  cover  over  all.  The  pad  is  placed  with  its  sharp 
angle  m  the  axilla,  its  base  at  the  elbow  {conf.  Scudder 
"Fractures").  Counter-traction  is  obtained  by  suspend- 
ing a  five-pound  weight  at  the  elbow.  If  the  patient  is 
■confined  to  his  bed  the  weight  is  attached  as  for  frac- 
tures of  the  thigh  {g.  ?., ).  The  toudenov  to  displacement 
is  overcome  at  the  end  of  two  weeks  and  union  is  firm  at 
the  end  of  five  or  six  weeks. 

Separation  of  the  Epiphysis.—Thiy.  lesion  replaces  high 
fractures  of  the  surgical  neck  in  the  young.     The  epi- 
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physeal  line  runs  through  the  lower  edge  of  the  tuberosi- 
ties and  the  epiphysis  is  hollowed  out  in  its  centre,  cap- 
ping the  shaft,  as  it  were.  The  periosteum  is  usually 
little  torn,  the  shaft  displaced  forward  and  its  posterior 
edge  fitted  into  the  cup  of  the  epiphysis  which  is  tilted 
back.  The  upper  edge  of  the  shaft  can,  therefore,  usu- 
ally be  felt  below  and  in  front  of  the  acromion.  The 
head  is  in  place.  Function  is  lost.  Upward  pressure 
on  the  elbow  is  painful.  There  is  tenderness  at  the  point 
of  fracture. 

Reduction  is  accomplished  by  abduction  and  direct 
pressure  upon  the  ends  of  the  fragments.  The  subsequent 
treatment  is  that  of  fracture  of  the  surgical  neck.  Union 
is  prompt,  yet  premature  ossification  of  the  cartilage  may 
lead  to  shortening  of  the  arm.  Surgery  is  called  for  if 
the  untorn  periosteum  prevents  reduction,  or  later  if 
union  has  taken  place  with  deformity  and  the  range  of 
motion  is  much  impeded. 

Fracture- Dislocation. — Dislocation  of  the  head  of  the 
humerus  is  sometimes  complicated  by  fracture  of  the 
anatomical  or  surgical  neck  of  the  bone  (see  Dislocations). 
The  proper  treatment  is  to  endeavor  to  replace  the  bone 
by  traction  and  manipulations  with  the  patient  anaesthe- 
tized and  prepared  for  operation.  If  this  fails  the  head 
of  the  bone  should  be  cut  down  upon  and  replaced  with 
the  aid  of  McBurney's  hook,  or  removed  if  replacement 
is  impossible.  The  older  methods  of  awaiting  union  be- 
fore reduction  or  trying  to  obtain  a  false  joint  have  proved 
eminently  unsatisfactory. 

Fraetm-es  of  t/ie  Shaft. — Every  variety  of  fracture  of  a 
long  bone  is  met  with  in  the  humerus.  Muscular  effort 
not  infrequently  causes  the  fracture.  The  most  notable 
complications  are  injury  to  the  brachial  vessels  and  the 
musculo-spiral  nerve. 

Reduction  is  effected  by  traction.  Very  high  fractures 
may  have  to  be  treated  as  fractures  of  the  surgical  neck, 
low  fractures  as  supracondylar  fractures,  contused  or 
compound  fractures  by  rest  in  bed  with  the  arm  supported 
on  cushions  until  all  danger  of  inflammatory  complica- 
tions has  passed.  The  dressing  I  prefer  is  a  moulded 
plaster-of -Paris  splint  from  the  side  of  the  neck  over  the 
shoulder,  down  the  outer  and  posterior  aspect  of  the  arm, 
under  the  elbow  and  forearm  to  just  above  the  wrist  or  a 
similar  gutta-percha  splint  (Fig.  3210).  When  this  is 
applied  the  elbow  must  be  padded  an  inch  deep  in  cotton. 
On  the  second  or  third  day  the  splint  is  removed,  the 
greater  part  of  the  cotton  extracted,  and  the  splint  re- 
placed and  held  in  place  by  adhesive  plaster,  over  the 
shoulder,  around  the  arm  just  above  and  below  the  point 
of  fracture  (thus  leaving  it  open  for  inspection),  on  the 
arm  and  forearm  close  to  the  elbow,  and  lower  down  the 
forearm.  The  dressing  is  completed  by  a  shoulder  spica 
and  a  sling  about  the  wrist,  and  an  axillary  triangle  if 
necessary  (see  above).  With  the  limb  in  this  splint  there 
should  be  enough  traction  to  prevent  overlapping  or 
angular  deformity.  This  traction  is  allowed  by  the  re- 
moval of  the  cotton  from  under  the  elbow  and  maintained 
by  the  adhesive  strips  on  the  upper  forearm.  The  pa- 
tient should  be  seen  twice  a  week  for  the  first  three  weeks, 
and  if  at  any  time  deformity  has  recurred  it  must  be 
promptlj'  overcome  by  suspending  a  five-pound  weight 
from  the  elbow,  by  coaptation  splints  of  basswood,  or 
by  renewing  the  splint  with  a  greater  allowance  for  elbow 
traction.  The  sling  at  the  wrist  must  not  support  the 
splint  lest  it  elevate  the  elbow.  Union  is  firm  at  the  end 
of  six  weeks. 

Fractures  of  the  Lower  Furl. — These  may  be  classified 
as  supracondylar  fracture,  fracture  of  the  internal  epl- 
condyle  (there  are  only  two  recorded  cases  of  fracture  of 
the  external  epicondyle),  fracture  of  the  internal  condyle, 
of  the  external  condyle,  intercondylar  fractures,  hypo- 
condylar  fractures,  and  epiphyseal  separation.  This  con- 
fusing array  is  much  simplified  by  a  few  general  con- 
siderations of  diagnosis  and  treatment. 

Diagnosis. — To  differentiate  sprain,  dislocation,  and 
fracture  about  the  elbow  is  a  matter  of  physical  examina- 
tion. Evidence  of  abnormality  in  the  bones  themselves 
indicates  fracture.     Evidence  of  abnormality  in  the  re- 
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lation  of  the  bones  to  one  another  indicates  dislocation. 
Entire  absence  of  these  abnormalities  iiidicutus  simple 
sprain. 

Evidence  of  abnormality  in  the  relation  of  the  bones  to 
one  another  is  obtained  by  locating  the  tips  of  the  two 
epicondyles,  the  olecranon,  and  the  head  of  the  radius. 
When  the  elbow  is  fully  extended  the  three  former 
should  be  in  the  same  horizontal  plane,  and  the  head  of 
tlie  radius  be  recognized  as  a  projection  just  below  the 
external  condyle.  It  is  identified  by  the  motion  imparted 
to  it  by  rotation  of  the  forearm.  If  the  relations  of  olec- 
ranon and  radius  with  the  epicondyles  are  not  the  same 
as  in  the  normal  elbow  of  the  opposite  side  (with  which 
comparison  should  always  be  made)  there  is  dislocation, 
which  may  often  be  verified  by  an  estimation  of  the  ab- 
normal axes  of  the  bones. 

Evidence  of  abnormality  in  the  bone  {i.e.,  the  humerus) 
is  obtained  in  several  ways :  by  eliciting  false  motion  or 
crepitus  between  the  condyles  and  the  shaft  or  small 
fragments;  by  mapping  out  the  general  deformity  of  the 
arm  as  well  as  the  local  deformities  about  the  elbow,  the 
displacement  of  one  or  both  condyles,  and  the  irregulari- 
ties along  the  supracondylar  ridges ;  and  finally  by  elicit- 
ing pain.  If  there  is  transverse  fracture  there  will  be  pain 
on  pressing  the  flexed  elbow  upward.  A  local  point  of 
pain  can  often  be  identified  along  one  or  both  supracondy- 
loid  ridges  where  the  fracture  nears  the  surface,  and  if 
there  is  a  line  of  fracture  between  the  condyles,  pressing 
the  two  condyles  toward  each  other  is  painful. 

Dislocation  and  fracture  often  coexist. 

Thus  the  examination  is  begun  by  inspection  to  note 
any  manifest  deformity.  An  effort  is  then  made  to  locate 
and  determine  the  relations  of  the  Ijony  points  mentioned 
above,  and  the  range  of  motion,  active  and  passive,  tested 
with  an  eye  to  abnormal  mobility,  especially  lateral  mo- 
bility, and  crepitus.  The  supracondylar  ridges  are 
searched  for  points  of  irregularity  and  tenderness,  and 
pressure  is  made  under  the  elbow  and  upon  the  two  con- 
dyles to  elicit  tenderness.  Suspected  parts  of  the  joint 
are  then  reviewed  for  false  motion  or  crepitus. 

The  contusion  is,  however,  often  so  excessive  as  to 
frustrate  the  surgeon's  best  efforts.  Even  an  examina- 
tion under  ether  may  fail  to  elucidate  the  diagnosis.  The 
X  rays  may  then  be  appealed  to.  The  evidence  which 
they  furnish  should  be  definite. 

Treatment. — Once  the  diagnosis  is  established  reduc- 
tion is  not  diflicult.  Rarely  the  fragment  is  so  rotated 
as  to  make  reduction  Impossible.  Such  fragments  must 
be  cut  down  upon  and  replaced  or  excised.  Fragments 
of  the  epicondyles  cannot  often  be  retained  in  place. 
Their  displacement  is  unimportant,  however.  Larger 
fragments  acting  rebelliously  may  be  excised  or  sutured 
in  place  or  nailed  to  the  adjoining  bone  by  a  spike 
driven  through  the  soft  tissues  and  protruding  through 
the  dressings,  to  be  removed  within  ten  days. 

With  these  exceptions  reduction  and  retention  are 
easily  managed.  The  best  position  for  the  forearm  is  in 
all  cases  one  of  semiflexion  with  the  natural  pronation. 
The  apparent  security  of  complete  flexion  or  extension 
does  not  compensate  for  the  displacement  which  so  often 
occurs  with  the  elbow  in  these  positions.  For  compound 
fractures,  however,  vertical  suspension  with  the  elbow 
extended  is  a  convenient  position  during  the  first  days, 
after  which  the  limb  may  be  brought  down  to  the  usual 
semiflexion. 

The  most  convenient  splint  is  a  posterior  moulded 
plaster  band  or  wire  gutter  running  the  whole  length  of 
the  arm  and  forearm  and  bent  to  a  right  angle  at  the 
elbow.  If  adhesive  straps  are  used  to  retain  the  splint 
they  should  not  cover  the  fragment  (the  position  of  which 
must  be  frequently  verified).  A  five-pound  weight  hung 
from  the  elbow  will  overcome  the  tendency  to  displace- 
ment. The  elbow  is  never  to  be  supported.  A  sling 
about  the  wrist  is  sufficient. 

If  perfect  reduction  is  not  maintained,  a  cubitus  varus 
or  valgus  may  result  which  can  be  remedied  only  by 
osteotomy.  . 

When  union  is  firm  and  the  arm  is  freed  from  its  splint 


(at  the  end  of  five  weeks)  the  elbow  will  be  found  sore 
and  stiff.  Motion  and  massage  will  help  loosen  up  the 
joint,  but  an  excessive  zeal  will  only  succeed  in  encourag- 
ing the  growth  of  exuberant  callus  and  so  permanently 
restricting  the  range  of  motion.  Such  exuberant  callus 
may  also  occur  through  no  fault  of  the  surgeon,  but  it 
is  difficult  to  estimate  its  importance  within  six  months. 
At  the  end  of  that  time  the  joint  will  have  gained  its 
maximum  of  freedom,  and  the  remaining  restrictions 
caused  by  displaced  fragments,  ossified  ligaments,  callus 
projecting  into  the  olecranon  or  coronoid  fossaj  or  else- 
where into  the  joint  can  be  removed  only  by  the  chisel. 
Yet  it  is  well  to  be  conservative  in  such  operations.  A 
mobility  of  from  forty  to  fifty  degrees  at  the  elbow  is 
about  all  that  is  needed  as  far  as  utility  is  concerned,  and 
unless  there  is  some  definite  projection  of  bone  or  callus 
the  removal  of  which  will  clearly  liberate  the  joint,  an 
operation  may  well  result  in  nothing  more  than  dis- 
abling the  patient  for  a  few  weeks,  during  which  time 
new  callus  replaces  that  which  was  excised  and  after 
which  the  patient  returns  to  his  duties  no  better  off 
than  before.  No  general  rules  for  operation  can  there- 
fore be  laid  down.  Each  case  must  be  decided  on  its 
own  merits. 

Of  the  numerous  vessels  and  nerves  .in  close  relation  to 
the  joint,  the  ulnar  nerve  is  the  only  one  likely  to  be  in- 
jured. Ulnar  paralysis  and  ansesthesia  have  been  known 
to  disappear  spontaneously  as  late  as  three  months  after 
injury,  but  in  doubtful  cases  an  early  operation  should 
do  no  harm  and  might  do  much  good. 

In  supracondylar  fracture,  the  lower  fragment  consists 
of  both  condyles  and  the  whole  lower  extremity  of  the 
humerus.  The  line  of  fracture  is  oblique  and  the  frag- 
ment slips  upward  and  backward  or  upward  and  forward. 
The  condition  usually  resembles  a  dislocation,  but  the 
relation  of  olecranon  to  condyle  is  unchanged  and  lateral 
mobility  can  be  obtained  with  crepitus.  Moreover  the 
fracture  when  reduced  has  often  a  tendency  to  slip  out 
of  place  again,  with  crepitus. 

Fracttireofctn  epicondyU  is  recognized  by  the  abnormal 
mobility,  displacement,  and  crepitation.  Persistent  dis- 
placement is  unimportant  since  the  line  of  fracture  is  en- 
tirely outside  the  joint. 

In  fracture  of  the  internal  condyle  the  line  of  fracture 
runs  obliquely  downward  and  outward  from  some  point 
in  the  epicondylar  ridge  to  the  region  between  the  trochlea 
and  capitellum.  The  fragment  with  the  ulna  attached  is 
usually  displaced  backward  and  the  radius  may  be  dis- 
located in  the  same  direction.  Abnormal  adduction  and 
antero-posterior  sliding  are  possible.  The  ulnar  nerve 
may  be  injured.  There  is  a  marked  tendency  to  recur- 
rence of  tlie  displacement  with  the  production  of  cubitus 
varus.  This  may  be  overcome  by  immobilization  with 
extension,  with  special  care  to  preserve  the  normal  out- 
ward angle  at  the  elbow,  by  immobilization  in  fiexion 
aided  by  a  weight  supported  from  the  elbow,  or  by 
operative  fixation. 

Fracture  of  the  external  condyle  is  somewhat  more  fre- 
quent than  the  last  mentioned.  Its  features  are  similar 
to  those  of  fracture  of  the  internal  condyle,  mutatis 
mutundU,  but  there  is  less  liabihty  to  displacement.  In- 
deed there  may  be  a  tendency  to  displacement  downward, 
which  would  only  be  encouraged  by  suspending  a  weight 
from  the  elbow. 

Intercondyloid  fractures  are  caused  by  direct  violence. 
The  fracture  is  often  compound  or  comminuted,  its  gen- 
eral lines  being  T-  or  Y-shaped,  with  the  condyles  sepa- 
rated from  the  shaft  and  from  each  other.  The  ulna  may 
be  jammed  between  the  fragments.  Reduction  is  im- 
portant and  may  be  difficult  on  account  of  the  number 
and  displacements  of  fragments.  If  reduction  cannot  be 
performed  thoroughly  under  an  aniesthetic,  the  bones 
had  best  be  cut  down  upon  and  fastened  in  place  or  ex- 
cised according  to  the  judgment  of  the  surgeon. 

Separation  of  the  epiphysis  is  rare.  (Consult  Plate 
XXVIII.,  Fig.  6.)  The  condition  simulates  backward 
dislocation,  but  the  epicondyles  retain  their  relation  to 
the  olecranon  and  the  whole  may  be  reduced  (and  re- 
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curs)  with  cartilaginous  crepitus.     The  usual  treatment 
is  required.  .     , 

Rypocondylar  fmcUirea,  i.e.,  fractures  of  the  articular 
processes,  either  one  or  both  together,  are  extremely  rare. 
They  are  caused  by  a  severe  crushing  force  applied  be- 
neath the  elbow  or  transmitted  up  the  forearm.  When 
not  associated  with  other  injuries  about  the  joint,  tliey 
are  to  be  recognized  only  by  crepitus,  the  rr'-rays,  or  the 
displacement  of  a  fragment  to  a  place  where  it  can  be  left. 
Fkactures  op  tub  Bones  op  the  Fokeabm.— It  is 
convenient  to  group  the  fractures  of  both  bones  of  the 
forearm  under  three  headings :  fracture  of  the  upper  ends, 
fracture  of  the  shafts,  and  fracture  of  the  lower  ends. 

Fractures  of  the  upper  ends  include  fractures  of  the 
olecranon,  of  the  coronoid,  and  of  the  head  of  the  radius. 
Fracture  nf  the  Oleenmon  (see  Plate  XXVIII.,  Fig. 
8),  though  usually  due  to  a  fall  on  the  elbow,  is  ap- 
parently caused  by  the  violent  contraction  of  the  triceps 
(Stimson).  The  position  and  direction  of  the  line  of  frac- 
ture vary  widely.  The  displacement  may  be  so  slight 
that  the  chief  evidences  of  fracture  are  independent  mo- 
bility and  crepitus,  or  so  great  that  the  gap  between  the 
olecranon  and  the  shaft  is  readily  felt  Yet  practically 
the  displacement  is  found  to  be  slight  in  most  cases. 
The  tendency  of  the  triceps  tendon  to  cari-y  the  fragment 
upward  is  counterbalanced  by  the  strain  on  the  lateral 
fibrous  attachments  of  that  tendon. 

Hence  in  a  surprisingly  large  proportion  of  cases  im- 
mobilization of  the  elbow  in  a  position  of  slight  flexion 
is  quite  compatible  with  good  position  of  the  fragments. 
The  best  splint  is  an  anterior  moulded  one  since  it  allows 
inspection  of  the  fragment.  Careful  watching  is  nec- 
essary to  forestall  late  displacement  by  the  continued 
action  of  the  triceps.  To  prevent  displacement  early 
or  late  it  may  be  necessary  to  keep  the  elbow  fully  ex- 
tended, to  draw  down  the  fragment  by  means  of  adhe- 
sive plaster  strips,  by  JIalgaigne's  hooks,  or  by  operation 
as  for  fracture  of  tJie  patella,  the  suture  being  passed 
from  side  to  side  through  the  tendon  and  the  ulna.  If 
ankylosis,  a  rare  complication,  is  feared,  on  account  of 
tlie  intensity  of  the  inflammatory  reaction,  early  passive 
motion  (third  week)  may  be  employed.  This  treatment 
should,  however,  be  conducted  with  extreme  gentleness 
since  it  has  been  known  to  cause  refracture. 

Union  is  usually  fibrous,  sometimes  bony,  and  may 
fail  entirely.  Unless  motion  is  interfered  with  by  adhe- 
sions within  the  joint,  a  satisfactory  power  of  extension 
may  be  anticipated  even  though  the  separation  of  the 
fragments  amounts  to  half  an  inch. 

For  non-union  or  undue  separation  of  the  fragments 
the  bone  may  be  cut  down  upon,  the  fibrous  tissues  ex- 
cised, and  the  fragments  sutured  together. 

Fracture  of  the  Corovoid  Process  is  usually  a  complica- 
tion of  backward  dislocation  of  the  elbow.  It  is  rarely 
recognized  and  is  unimportant.  The  separation  is  slight, 
for  the  fragment  is  held. in  place  by  the  tendon  of  the 
brachialis  antieus  attached  about  and  below  it.  This 
fracture  may  allow  recurrence  of  the  associated  disloca- 
tion. The  elbow  must  be  immobihzed  in  flexion  for 
three  weeks. 

F)-acture  of  the  Head  of  the  Radius  is  recognized  by  the 
localized  tenderness,  the  discovery  of  a  displaced  frag- 
ment, pain  in  abduction  of  the  forearm,  and  pain  and 
crepitus  on  rotation.  The  absence  of  pain  on  adduction 
or  on  pressure  of  the  two  hemes  toward  each  other  ex- 
cludes fracture  of  the  neck  of  the  bone.  The  treatment 
is  immobilization,  removal  of  displaced  fragments  or  if 
these  fail,  resection  of  the  head  of  the  bone. 

Fractures  of  the  Shaft  of  One  or  Both  Bones  — Tliese 
fractures  are  usually  caused  by  direct  violence  Creen- 
stick  fractures  are  commoner  here  than  anywhere  else  in 
the  body.  Piatt  records  199  fractures  of  the  shaft  Of 
these  122  were  complete;  60  affected  both  bones-  43 
the  radius  alone,  and  14  the  ulna  alone  Of  tlie  77 
green-stick  fractures,  in  63  both  bones  were  bi'okeii 
the  radius  alone  in  9,  the  ulna  alone  in  ,5  Instead  of 
both  bones  breaking,  the  ulna  alone  may  giv,.  wuv  while 
the  head  of  the  radius  is  dislocated.     When  both  liones 
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are  fractured  the  radial  fracture  is  commonly  nearer  the 
elbow  than  the  ulnar  one.  The  usual  displacements  de- 
pend on  the  actions  of  the  pronator  and  supinator  mus- 
cles. The  former  tend  to  draw  the  fragments  toward 
each  other,  and  this  is  especially  marked  in  short  lower 
fragments  acted  upon  solely  by  the  pronator  quadratus ; 
the  latter  put  the  upper  fragment  of  the  radius  (espe- 
cially if  the  break  is  above  the  insertion  of  the  pronator 
teres  in  the  middle  third  of  tlie  bone)  in  supination  (Plate 
XXVIII.  Fig.  1) .    Overlapping  also  usually  exists. 

It  is  scarcely  possible  to  mistake  a  fracture  of  both 
bones.  When  the  ulna  is  broken  the  seat  of  fracture  may 
be  located  by  palpation.  This  is  impossible  along  the 
radius,  which  lies  surrounded  by  muscles  for  the  greater 
part  of  its  length ;  but  when  the  radius  is  fractured  forced 
pronation  cannot  be  resisted  and  independent  mobility 
and  crepitus  may  be  obtained  by  grasping  the  head  of 
the  bone  firmly  while  the  hand  is  gently  rotated. 

Reduction  is  of  prime  importance.  It  is  accomplished 
by  local  manipulation  and  traction,  direct  when  both 
bones  are  broken,  toward  the  sound  bone  if  only  one  has 
given  way.  It  is  especially  important  that  the  bones  be 
crowded  apart  lest  they  unite  to  each  other  and  thus 
effectually  prevent  rotation  (Plate  XXVIII.  Fig.  7). 
This  is  accomplished  by  crowding  the  muscles  between 
them  and  by  the  subsequent  splinting.  In  the  immobili- 
zation two  important  facts  are  to  be  borne  in  mind ; 

1.  No  circular  dressing,  bandage,  nor  splint  maybe  ap- 
plied close  about  the  forearm.  Such  a  dressing  will 
force  the  fragments  toward  each  other,  or,  worse  still,  it 
may  cause  gangrene  or  "  ischsemic  contracture  "  of  the 
muscles  of  the  forearm  from  which  the}'  may  never  re- 
cover. 

2.  "Whenever  the  radius  is  broken,  unless  in  its  lower 
third,  it  is  safe  to  immobilize  the  forearm  in  supination. 
The  routing  attitude  of  semipi'onation  usually  leaves 
some  rotary  displacement  between  the  radial  fragments 
(as  explained  above)  which,  while  it  may  not  be  enough 
to  interfere  materially  with  the  function  of  the  limb,  still 
prevents  complete  supination.  Moreover,  the  shafts  of 
the  bones  arc  most  wideh'  separated  in  the  position  of 
supination  and  hence  least  likely  to  unite  to  each  other. 

The  routine  practice,  therefore,  of  employing  heav}' 
wooden  anterior  and  posterior  splints  (Figs.  220b,  2209)  is 
most  commendable.  The  splints  run  from  the  elbow  to 
the  knuckles.  They  are  well  padded  and  bound  to  the  limb 
with  strips  of  adhesive  plaster,  the  boards  being  wide 
enough  to  prevent  constriction.  A  small  roller  bandage 
elevates  the  palm  of  the  hand  from  the  anterior  splint  and 
the  whole  is  encased  in  a  roller  bandage  and  supported  by 
a  sling  with  the  hand  supinated.  A  broad  sling  is  em- 
ployed reaching  from  elbow  to  hand.  If  the  hand  is  not 
supinated  care  must  be  taken  lest  the  sling,  by  support- 
ing one  end  of  the  limb  more  than  the  other,  cause  an 
angular  displacement  or  an  approximation  of  the  bones 
to  each  other. 

If  the  limb  is  extensively  contused  or  becomes  markedly 
oedematous,  it  should  be  treated  for  a  few  days  by  eleva- 
tion, hot  wet  dressings,  and  perhaps  multiple  incisions 
to  prevent  gangrene.  This  precaution  may  not  be  lightly 
disregarded  since  the  muscles  of  the  forearm  may  he  re- 
duced to  a  pulp,  although  the  skin  shows  scarcely  a  sign 
of  injury. 

Fnirtures  of  the  Lower  Ends. — Piatt  tabulates  88  simple 
CoUes'  fractures,  7  with  additional  fracture  of  the  lower 
end  of  the  ulna,  and  but  3  fractures  of  the  ulna  only. 
Besidi'S  these  he  reports  6  cases  of  epiphyseal  separation 
of  both  bones,  86  of  the  radius  only,  and  1  of  the  ulna 
alone.  All  of  these  varieties  are  clinically  reducible  to 
Colics'  fracture.  One  other  variety  there  is  of  fracture 
in  this  region,  the  so-called  Barton  and  reversed  Barton 
fractures.  This  condition  is  a  splintering  of  the  posterior 
or  anterior  edges  of  the  under  suiface  of  the  lower  end 
of  the  radius  by  partial  dislocation  of  the  wrist  backward 
or  forward.  The  fracture  is  an  insignificant  complication 
of  the  dislocation  and  is  rare. 

Ciilles'  F^'acture. — "Every  dislocation  of  the  wrist  is  a 
CoUes'  fracture."     As  a  statement  this  is  false,  but  as 
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Fig,  1.— Fracture  of  the  shaft  of  the  radius  above  the  insertion  of  the  pronator  teres,  showing  out- 
ward rotation  of  the  upper  fragment  by  the  biceps  and  suggesting  the  necessity  of  splinting  the 
forearm  in  full  supination. 

Pig.  2.— Longitudinal  section  of  lower  end  of  radius,  showing  old  unreduced  Colics'  fracture. 

Pig.  3. — Similar  specimen,  showing  less  displacement  but  more  impaction. 

Fig.  4.— Lateral  displacement  in  Colles'  fracture.     Projection  of  the  ulnar  styloid  process. 

Pig.  5. — Diagrammatic  representation  of  the  bone  lesion  in  Pig.  4. 

Pig.  6. — Coronal  section  through  the  elbow  joint,  showing  epiphyseal  development  of  the  capitel- 
lum,  the  internal  epicondyle,  and  the  head  of  the  radius. 

Pig.  7. — Old  fracture  of  both  bones  of  the  forearm.     The  bones  are  united  by  exuberant  callus. 

Pig.  8. — Sagittal  section  of  the  ulna  of  a  child,  .showing  the  epiphyseal  cartilage  in  which  the  bony 
nucleus  of  the  olecranon  appears  during  the  tenth  year. 

Pig.  9. — Coronal  section,  showing  the  epiphyses  at  the  lower  ends  of  the  bones  of  the  forearm. 

Pig.  10. — Oblique  section,  showing  tibial  and  fibular  fractures  and  outwai'd  displacement  in  Pott's 
fracture. 

Fig.  11. — Ankle  joint  laid  open  aftei-  Pott's  fracture,  showing  points  of  fracture  and  tibio-fibular 
diastasis. 
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a  point  of  view  it  will  save  the  surgeon  from  man_v  an 
error.  No  fracture  of  any  sina-le  bone  is  so  freciiient. 
^^^f  cause  of  the  fracture  is  usually  a  fall  upon  the  palm 
01  the  hand.     Tlie  lower  end  of  the  radius  is  broken  more 


terior  surface  as  for  fractures  of  the  shaft  (Fig.  2308). 
This  may  be  reinforced  by  a  cult  made  of  several  turns 
of  adhesive  plaster  about  the  wrist.  The  fingers  are 
liberated  at  the  end  of  a  week,*  and  all  splints  except  the 


Longitudinal  Section  showing  Relations  of  the  Bones  ol  the  Wrist  In  OoUes'  Fracture. 


or  less  directly  across  within  three-fourths  of  an  inch  of 
its  articular  surface.  In  the  young  the  line  of  fracture 
often  runs  through  the  epiphyseal  cartilage  (Fig.  2319). 
The  lower  fragment  may  be  displaced  backward,  but  is 
commonly  only  tilted  ini  that  direction  (Plate  XXVIII. 
Fig.  9).  It  is  comminuted  as  a  rule  and  firmlj'  impacted 
against  the  upper  fragment.  The  styloid  process  or 
lower  end  of  the  ulna  is  lurely  broken  simultaneously.* 
The  lateral  ligaments  of  the  joint  are  sometimes  torn. 
The  periosteum  is  stripped  up  from  the  posterior  surface 
of  the  radius  and  the  excessive  callus  produced  under  it 
in  old  unreduced  cases  produces  the  excessive  protuber- 
ance seen  in  pathological  specimens  (Plate  XXVIII., 
Figs.  3  and  3). 

The  bones  of  the  carpus  are  carried  backward  by  the 
tilting  of  the  lower  fragment,  thus  causing  the  characte- 
ristic "  silver-fork  "  deformity,  a  projection  of  the  back  of 
the  wrist  with  a  corresponding  depression  anteriorlj', 
very  aptly  compared  to  the  curve  of  a  fork  (Fig.  3230). 
The  hand  is  usually  somewhat  abducted  through  the 
shortening  of  its  radial  attachments  (Plate  XXVIII., 
Figs.  4  and  5).  A  more  reliable  sign  of  CoUes'  fracture 
and  one  which  is  never  obscured  (the  above-mentioned 
deformity  is  often  obscured  by  excessive  swelling)  is  the 
elevation  of  the  styloid  process  of  the  radius  as  compared 
with  that  of  the  opposite  side.  The  styloid  process  of 
the  radius,  instead  of  being  a  quarter  of  an  inch  or  so 
below  the  tip  of  the  ulnar  styloid,  has  risen  to  the  same 
level  or  above  it.  The  ulnar  styloid  is  usually  promi- 
nent (Plate  XXVIII.,  Fig.  4).  There  is  a  hne  of  ten- 
derness over  the  back  of  the  radius.  Crepitus  and  ab- 
normal mobility  cannot  commonly  be  elicited  until  after 
the  fracture  has  been  reduced. 

The  treatment  of  CoUes'  fracture  is  simple.  Reduction 
is  all  important.  It  is  accomplished  by  grasping  the 
hand  fimily  as  though  to  "shake  hands."  At  the  same 
time  the  surgeon  grasps  the  patient's  forearm  just  above 
the  wrist,  placing  his  thumb  over  the  displaced  fragment. 
The  patient's  hand  is  then  drawn  gently  backward  until 
he  complains  of  pain.  Immediately  it  is  forced  sharply 
backward  before  he  has  time  to  resist  and  then  drawn 
downward  and  sharply  flexed  while  the  fragment  is 
simultaneously  pushed  downward  by  the  thumb  upon  it. 
These  motions  performed  rapidly  and  forcibly  will  usu- 
ally dislodge  the  fragment,  a  result  announced  by  the 
diminution  of  the  deformity  and  the  appearance  of  ab- 
normal mobility  (and  crepitus)  where  before  the  mobility 
Avas  restricted.  This  method  failing,  the  forearm  may 
1)6  placed  on  a  table,  the  hand  rapidly  forced  to  and  fro 
while  the  wrist  is  held  firmly  at  the  edge  of  the  table  and 
tlie  fragment  is  pressed  upon.  Primary  ansesthesia  may 
be  employed  in  rebellious  cases. 

The  fracture  once  reduced  is  easily  held  in  place.  The 
usual  dressing  is  a  thin  padded  board  along  the  back  of 
the  forearm  to  the  knuckles  and  another  along  the  an- 

«Trinnrnscopy  shows  that  the  ulnar  styloid  is  broken  more  otten 

is  usually  considered  to  be  the  case.    Dr.  E.  A.  Codman  claims 

th^Mhe  ulnar  styloid  is  broken  in  at  least  sixty-two  per  cent,  of  cases. 


adhesive  plaster  cuff  removed  within  three  weeks.  An 
anterior  or  posterior  moulded  plaster  splint  is  a  convenient 
dressing  after  the  first  weelv. 

If  this  method  of  treatment  is  followed  the  bad  results 
will  be  minimized.  Shortening  on  the  radial  side  is 
bound  to  persist  in  some  cases  of  epiphyseolysis  and  in 
others  in  which  the  compression  of  the  bone  has  been 
such  as  materially  to  reduce  the  size  of  the  fragments. 
As  a  result  of  this,  the  ulnar  styloid  remains  unduly 
prominent.  In  the  middle-aged,  rheumatic  complications 
may  be  looked  for.  The  best  way  to  avert  them  is  to 
employ  daily  massage  from  the  start  and  passive  motion 
as  soon  as  possible.  Yet  the  most  intelligent  treatment 
often  fails  in  this  regard;  though  it  is  almost  impossible 
to  persuade  the  patient  that  the  surgeon's  efforts  are  not 
to  blame  for  the  long  months  of  suflering  following  so 
slight  a  fracture. 

Reversed  Colles'  fracture  is  extremely  rare.  The  im- 
paction and  displacement  are  directed  toward  the  palmar 
instead  of  toward  the  dorsal  surface. 

Frnctiires  (if  the  Carpus. — In  compound  fractures  the 
fragments  are  to  be  reduced  or  removed.  Simple  frac- 
tures are  most  unusual  and  a  diagnosis  can  scarcely  be 
made  without  the  help  of  :P-rays. 

Metacarpal  M-actiires.— The  displacement  is  usually 
angular  backward,  and  slight.  The  fracture  is  readily 
recognized.  The  fist  may  be  bound  over  a  roller  band- 
age for  three  weeks  and  after  that  a  simple  dorsal  pad 
and  spica  employed.  Beck's  splint  I  have  found  service- 
able. It  is  made  of  short  pieces  of  rubber  tubing  pressed 
into  the  spaces  between  the  metacarpal  bones  and  held  in 
place  by  two  adhesive  plaster  straps,  one  just  above  the 
knuckles,  the  other  near  the  mist.  The  hand  is  then 
bound  over  a  roller  bandage. 

"Rennet's  fracture"  is  the  splitting  off  of  a  small  frag- 
ment from  the  palmar  surface  of  the  base  of  the  first 
metacarpal  bone.  The  backward  displacement  of  the 
remainder    of    the   bone    simulates    subluxation.      The 


Colles'  Fracture,  Silver-fork  Deformity. 


thumb  cannot  be  apposed  to  the  index  finger.  It  is  to 
he  immobilized  iu  full  abduction.  Similar  fractures 
occur  in  the  other  metacarpal  bones;  they  are  discovered 
by  pressure  upon  the  end  of  the  bone  eliciting  tenderness 
at  the  point  of  fracture. 

*  It  is  essential  to  liberate  the  fingers  at  the  earliest  possible  moment, 
for  they  are  very  quick  to  become  stiHened,  especially  if  immobilized 
in  extension,  and  slow  to  regain  their  full  range  of  motion. 
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Phalangeal  Fractures  are  often  compound  Simple 
fractures  may  be  immobilized  by  basswood  splints  or  a 
plaster  encasement,  preferably  in  a  position  of  flexion. 
After  the  first  two  weeks  several  thicknesses  of  adhesive 
plaster  suffice.  Compound  fractures  are,  however,  spa 
cially  liable  to  suppuration  and  necrosis  andthe  prolonged 
splinting  usually  results  in  one  or  more  stiff  joints.  In 
such  cases,  therefore,  it  is  often  well  to  amputate  m  the 

first  place.  ^    ,     ^  x-         ^  ti     i    „.^ 

Fractures  op  the  Femur.— Indentations  ot  the  lieaa 
of  the  femur  by  impact  with  the  rim  of  the  acetal)ulum 
durinff  dislocations  have  no  clinical  significance. 

Fractures  of  the  Neck  of  the  Fe^nM?-.— These  fractures 
occur  at  all  ages  by  direct  violence  or  by  a  fall  upon  the 
knee  or  foot,  but  they  are  specially  common  m  old  age 
when  they  may  result  from  the  slightest  muscular  action, 
such  as  the  effort  to  avoid  a  fall  or  even  a  mere  sudden 
turn.  In  fact  so  marked  is  this  liability  in  the  aged  that 
every  injury  to  the  hip  of  an  old  person  should  be  con- 
sidered a  fracture  until  this  diagnosis  has  been  disproved. 
This  frequency  of  fracture  in  old  age  is  due  rather  to 
the  senile  rarefaction  of  the  bones  than  to  the  increased 
obliquity  of  the  angle  between  neck  and  shaft. 

Pathology:  These  fractures  are  classified  as  fractures 
through  the  narrow  part  of  the  neck  (fracture  through 
the  neck,  intracapsular  fractures,  fractura  subcapitalis) 
and  fracture  at  the  base  of  the  neck  (extracapsular  frac- 
ture, fractura  intertrochanterica).  In  the  former  class 
the  bone  is  broken  close  to  the  head.  The  vitality  of  the 
fragment  may  be  completely  lost,  but  more  frequently 
it  is  maintained  by  the  vessels  in  some  untorn  fragment 
of  the  periosteum  (the  vascular  importance  of  the  liga- 
mentum  teres  is  doubtful).  In  the  latter  class,  the  chief 
line  of  fracture  follows  the  intertrochanteric  lines.  There 
is  usually  considerable  comminution.  The  great  tro- 
chanter may  be  split  and  the  cancellous  tissue  of  the  neck 
is  more  or  less  crushed.  These  fractures,  though  usually 
spoken  of  as  extracapsular,  are  often  as  much  within 
the  capsule  as  outside  of  it.  They  are  also  said  to  be 
impacted,  but  this  impaction  consists  of  a  crushing  of  the 
neck  of  the  bone  which  is  wedged  among  the  fragments 
about  the  trochanters,  while  true  impaction  in  the  sense 
of  fixation  is  not  common.  The  impaction  occurs  chiefly 
in  the  posterior  part  of  the  neck  (exceptionally  the  reverse 
is  true),  and  consequently  the  head  rotates  downward 
and  backward  as  though  hinged  upon  its  anterior  border. 
Hence  the  shortening  and  eversion  of  the  thigh. 

Symptoms  and  Diagnosis:  The  subjective  symptoms 
are  usually  quite  characteristic.  There  is  almost  entire 
loss  of  function.  The  patient  can  bear  no  weight  on  the 
limb,  and  when  lying  can  move  It  but  slowly  and  can- 
not lift  the  foot  from  the  bed.  The  limb  lies  everted, 
abducted,  and  slightly  flexed.  Sometimes  the  eversion 
is  so  slight  that  it  can  be  determined  only  as  a  resistance 
to  inversion.  This  eversion  is  not  entirely  due  to  the 
fracture,  for  it  is  the  position  commonly  noted  in  simple 
contusions.  About  the  hip  there  is  more  or  less  swell- 
ing, ecchymosis,  and  pain.  There  may  be  an  especially 
tender  spot  in  front  of  the  trochanter  over  the  point  of 
fracture.     As  a  rule,  the  pain  is  elicited  only  by  motion. 

Exceptionally  the  limb  is  inverted  and  very  rarely  the 
patient  can  move  it  with  a  fair  amount  of  freedom  and 
even  walk  upon  it. 

The  chief  objective  sign  of  fracture  is  shortening. 
This  symptom  is  practically  constant,  although  it  may 
not  be  marked  until  some  days  have  elapsed.  The  method 
of  determining  the  shortening  has  already  been  described 
(p.  250),  as  well  as  the  minute  precautious  to  be  observed 
in  measuring  the  limbs  at  the  same  angle  of  flexion  and 
abduction.  The  possibility  of  a  congenital  difference  in 
the  length  of  the  two  limbs  is  the  only  thing  that  rendeis 
this  test  fallacious.  If,  however,  the  limb  can  be  proven 
to  be  distinctly  shorter  on  the  second  or  third  day  than 
it  was  immediately  after  the  receipt  of  injury,  the  evi- 
dence is  conclusive. 

Shortening  is  also  measured  by  Kelaton's  line  or  Bry- 
ant's method  (which  estimate  the  elevation  of  the  tro- 
chanter), or  by  measurement  from  the  anterior  superior 


spine  of  the  ilium  to  the  internal  malleolus.  Nelaton's 
line  is  drawn  from  the  anterior  superior  spine  to  the  tip 
of  the  ischial  tuberosity  on  the  same  side.  It  should  cross 
the  tip  of  the  trochanter  when  the  limb  is  uninjured  and 
slightly  abducted.  Bryant  measures  the  distance  of  the 
tips  of  the  trochanter  from  a  perpendicular  dropped 
from  the  anterior  superior  spine  to  the  plane  on  which 
the  patient  lies.  The  estimation  in  either  case  is  made 
by  comparison  with  the  opposite  limb.  Shortening  may 
be  inferred  when  the  fascia  above  the  trochanter  is  more 
depressible  than  on  the  sound  side. 

A  relative  fulness  and  tenderness  In  Scarpa's  triangle 
is  another  fairly  constant  sign  of  fracture  of  the  neck. 
If  the  trochanter  is  split,  its  increased  antero-posterior 
diameter  may  perhaps  be  made  out.  The  determination 
of  a  shorter  radius  of  rotation  in  the  trochanter  is  in 
the  last  degree  impracticable. 

Crepitus  should  never  be  sought  for,  though  it  may 
be  elicited  incidentally. 

Diagnosis :  The  differentiation  of  fractures  through  the 
small  part  of  the  neck  of  the  femur  from  those  at  the 
base  is  rarely  practicable  and  never  important.  The  chief 
differential  point  is  comminution  of  the  trochanter  which 
so  often  accompanies  fractures  at  the  base  of  the  femoral 
neck. 

When  the  femur  is  broken  below  the  neck  there  is  a 
local  spot  of  pain  and  deformity,  the  depressibility  of 
Scarpa's  triangle  is  unaffected,  the  trochanter  is  not 
elevated  (though  the  limb  is  shortened)  and  does  not 
partake  of  rotation  imparted  to  the  limb.  When  the 
bead  of  the  femur  is  dislocated  it  is  readily  felt  if  the 
dislocation  is  forward ;  and  the  limb  is  inverted,  when  it 
is  dislocated  backward.  Those  rare  instances  of  inward 
rotation  with  fracture  are  usually  mistaken  for  dislocation 
until  the  anaesthetic  is  administered  for  reduction  when 
the  position  of  the  head  is  made  out. 

As  to  the  positive  diagnosis  of  fracture  of  the  neck  of 
the  femur,  it  is  based  upon  the  signs  and  symptoms 
already  enumerated.  Doubtful  cases,  especially  in  the 
aged,  must  always  be  treated  as  fracture  until  the  lapse 
of  time  has  proven  them  mere  contusions.  The  progno- 
sis is  good  as  regards  life,  though  the  shock  of  such  a 
severe  injury  upon  an  aged  person  may  prove  fatal, 
through  pneumonia,  uraemia,  fat  embolism,  or  even  sim- 
ple " shock."  Stimson  says:  " I  have  come  to  regard  the 
third  week  as  the  time  when  the  condition  is  most  likely 
to  change  for  the  worse ;  that  passed,  cases  usually  do 
well." 

On  account  of  the  impaction  union  is  obtained  with 
shortening  and  some  loss  of  abduction  and  rotation. 
When  the  patient  is  aged  the  stiffness,  pain,  and  weak- 
ness may  never  entirel^^  wear  away,  even  though  union 
be  perfect. 

Firm  union  may  be  expected  except  in  the  aged.  Yet 
even  in  the  unsatisfactory  cases,  the  fibrous  union,  the 
interlocking  of  the  fragments,  or  surrounding  tissues  (it 
is  usually  impossible  to  tell  which)  hold  the  bone  well 
enough  in  place  for  the  limb  to  be  used  with  the  aid  of  a 
cane  or  stick.  Such  results  follow  fracture  of  the  nar- 
row part  of  the  neck  far  more  often  than  fracture  at  the 
base.  The  possibilitv  of  obtaining  uflion  several  months 
after  the  injury  by  direct  pressure  over  the  trochanter 
(Schaffer)  should  not  be  lost  sight  of. 

Treatment:  If  the  patient  is  aged  and  infirm  he  must 
be  put  to  bed  and  every  care  taken  for  his  comfort  and 
nutrition  while  but  little  attention  is  paid  to  the  limb, 
which  is  slung  in  a  Hodgen's  splint,  with  as  much  trac- 
tion as  the  patient  will  bear. 

In  younger  subjects  there  is  no  danger  to  life,  and  the 
limb  demands  more  care.  Reduction  must  not  be  at- 
tempted. The  patient  is  kept  in  bed  and  some  form  of 
traction  apparatus  is  applied.  The  choice  lies  between 
Hodgen's  splint  and  Buck's  extension  apparatus.  The 
former  is  the  more  comfortable,  the  latter  capable  of  ex- 
erting a  greater  pull. 

For  a  Hodgen's  splint  (Fig.  2231)  a  piece  of  adhesive 
plaster  three  inches  wide  and  long  enough  to  reach  from 
the  upper  part  of  the  thigh,  loosely  around  the  foot 
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and  back  to  a  corresponding  point  on  the  opposite  side 
of  the  thigh,  is  selected.      The  middle  two-fonrths  of 


Fig.  2221. — Hodgen's  Splint.    (From  Stimson's  work  of  "Fractures,"  Lea  Bros.  &  Co.) 


this  strip  is  folded  twice  upon  itself  (making  a  triple 
thickness),  and  nicked  so  as  to  allow  the  remainder  to 
lie  unfolded.  A  perforation  is  made 
at  the  centre  of  the  strip  and  against 
it  is  fitted  a  stout  perforated  piece  of 
wood  two  inches  wide  by  five  inches 
long  (Fig.  2232).  A  strong  cord  knot- 
ted at  one  end  is  passed  through  the 
two  perforations.  A  flannel  bandage 
is  then  applied  to  the  leg  and  foot, 
and  the  ends  of  the  adhesive  strip  at- 
tached over  one-half  of  the  inner  and 
outer  aspects  of  the  thigh,  the  middle 
folded  portion  lying  below  and  about 
two  Inches  away  from  the  sole  of 
the  foot.  Another  bandage  over  the 
thigh  and  knee  strengthens  the  grip 
of  the  plaster.  The  frame  of  the 
splint,  upholstered  with  compresses 
pinned  tightly  from  side  to  side,  is  then  shd  under  the 
limb,  and  the  metal  half  hoop  (0)  fitted  over  the  ends 
to  prevent  them  from  collapsing.  The  cords  (DMl  and 
D  E')  are  attached  as  shown  in  the  figure  and  caught 
by  a  rope  (0)  which  is  at- 
tached to  a  crane  at  the  foot 
of  the  bed.  The  cord  of  the 
adhesive  plaster  is  then  made 
fast  at  F  bringing  the  piece 
of  wood  close  against  the  bot- 
tom piece  of  the  frame.  The 
compresses  are  tightened  and 
loosened  to  fit  the  inequalities 
„  of  the  limb.  The  end  (C)  is 
13  r        drawn  tight  enough   to  ele- 

vate  the  limb  from  the  bed, 
its  line  of  traction  being  at 
an  angle  of  50°  to  70°  with 
the  horizon. 

For  Buck's  apparatus  (Fig. 
3223)  the  adhesive  plaster 
and  bandages  are  applied  in 
the  same  manner,  the  outer 
bandage  being  made  to  in- 
FiG.  2222.  — Strip  of  Adhesive  elude  the  footpiece  of  a  Volk- 
SSton'17a?^tus':  ""'^ '°  ^"    inann's  sliding  foot  rest  (Fig. 


3334),  which  rests  upon  a  frame  in  the  bed,  thus  giving 
more  play  to  the  foot,  and  holding  it  upright.  The  cord 
from  the  adhesive  plaster  is  then  let  over  a  pulley  at  the 
foot  of  the  bed  and  a  five-  or  ten-pound  weight  suspended 
from  it.  The  patient  must  not  be  allowed  to  slide  down 
in  bed.  ('ounter  traction  is  made  by  elevating  the  foot 
of  the  bed  on  blocks  or  by  tying  the  patient  to  the  head 
of  the  bed. 

The  object  of  these  traction  splints  is  to  overcome  the 
action  of  the  strong  muscles  which  are  constantly  pull- 
ing the  limb  upward  and  tending  to  increase  the  short- 
ening. A  shortening  of  one-quarter  of  an  inch  may 
be  disregarded,  but  if  the  shortening  amounts  to  half 
an  inch  or  more  an  effort  should  be  made  to  overcome 
it  by  extra  traction.  This  is  done  in  the  Hodgen's 
splint  by  lowering  the  line  of  traction,  in  Buck's  ap- 
paratus i)y  adding  more  weights. 

Old  and  feeble  patients  should  be 
gotten  up  in  a  chair  within  three 
weeks.  Others  may  be  in  bed  for 
the  full  six  weeks,  or  may  get  up 
at  the  end  of  four  weeks  and 
walk  about  in  a  traction  hip  splint 
of  the  kind  used  for  hip  disease. 
Pressure  made  by  a  band  over  the 
trochanter  may  be  beneficial  at 
this  stage. 

Operative  fixation  and  plaster  en- 
casement have  been  tried  and  re- 
jected. The  so-called  ambulatory 
treatment  has  but  a  fictitious  value. 
Those  who  can  use  it  (the  vigorous) 
do  not  need  it.  Those  who  would 
benefit  by  it  (the  aged)  are  too  feeble  and  tottering  to  use  it. 
Ffoctures  through  the  trochanter  are  treated  like  the 


Fig.  2223.— Buck's  Extension  Apparatus. 


above.  Fractures  of  the  greater  and  lesser  trochanters  are 
extremely  rare. 

Fractures  of  the  Shaft.— These  are  usually  caused  by 
direct  violence.  The  line  of  fracture  may  be  extremely 
oblique  and  comminution  is  common.  There  may  be 
considerable  displacement.  The  lower  fragment  rides 
up  behind  or  to  the  inner  side  of  the  upper  one,  produc- 
ing both  shortening  and  deformity.  Subsequently  out- 
ward rotation  of  either  fragment  will  occur  if  the  tro- 
chanter or  the  foot  is  not  properly  supported.  Injury 
to  vessels  and  nerves  is  rare.  An  annoying  complication 
is  the  projection  of  the  pointed  end  of  the  upper  frag- 
ment, when  the  fracture  occurs  in  the  lower  third  of  the 
shaft,  into  or  even  through  the  quadriceps  extensor  mus- 
cles. An  acute  serous  synovitis  of  the  knee  is  not  un- 
common. 

The  shortening  is  determined  by  measurement  from  the 
anterior  superior  spine  of  the  ilium  to  the  internal  mal- 
leolus. The  differential  diagnosis  between  fracture  of 
the  shaft  and  fracture  of  the  neck  of  the  femur  has  been 
noted  above.  Abnormal  motility  and  crepitus  may  be 
elicited  by  gentle  manipulation.  The  less  the  limb  is 
disturbed  the  better. 

The  prognosis  is  grave.  According  to  Martin's  recent 
statistics  of  one  hundred  cases,  as  a  rule  children  do  well. 
They  are  usually  completely  sound  five  months  after  in- 
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iury  and  the  shortening  should  he  less  than  a  half  inch 
With  adults,  however  it  is  different.  The  disahihty 
usually  lasts  eight  months,  and  an  ultimate  shortening  ot 
an  inch  and  a  half  may  result  even  if  the  most  skilful 
treatment  is  employed.  This  is  in  part 
due  to  an  increased  shortening  after  the 


Fig. 2224.— Volkmann's  Slld- 
ing-rest. 


patient  leaves  the  hospital.  Fi- 
nally, Martin  claims  that  ''not 
more  than  one  man  in  five  who 
has  sustained  a  simple  fracture 
of  the  thigli  will  ever  again  he 
able-bodied." 

The  treatment  most  in  vogue 
is  by  Buck's  extension  with  four 
to  six  short  basswood  "coapta- 
tion" splints  (Fig  2235)  bound 
to  the  hmb  with  adhesive  plaster. 
Outward  rotation  of  the  upper  fragment  is  prevented 
by  a  small  hard  pillow  under  the  trochanter,  while  the 
lower  one  is  held  up  by  the  Volkmann  slidincj  foot  rest. 
A  weight  is  used  sufficient  to  prevent  shortening. 

Hodgen's  splint  seems  preferable  for  very  high  or  low 
fractures,  in  the  former  case  for  the  purpose  of  allowing 
slight  flexion  of  the  hip,  and  slight  outward  rotation  of 
the  foot  to  neutralize  the  unavoidable  outward  rotation 
of  the  .short  upper  fragment ;  in  the  latter  case  to  allow 
sUght  flexion  ot  the  knee  without  which  good  apposition 
cannot  be  maintained. 

Compound  fractures  may  be  treated  by  the  double  in- 
clined plane  or  an  anterior  suspended  splint,  or  Hodgen's 
splint. 

For  infanis  the  best  treatment  is  vertical  suspension 
of  both  limbs  by  adhesive  plaster,  etc.,  as  for  Buck's  ap- 
paratus, in  such  a  manner  that  the  hips  rest  but  lightly 
on  the  bed.  The  position  is  not  uncomfortable,  the  child 
can  be  kept  clean,  and  satisfactory  immobilization  can  be 
maintained.  Children  do  well  under  Buck's  extension 
with  a  long  side  splint  added  (Fig.  2336)  running  from 
the  chest  to  the  ankle  of  the  broken  limb.  A  common 
oversight  is  the  omission  of  a  thick  pad  between  the 
femur  and  the  splint.  When  the  broken  limb  is  band- 
aged to  the  splint  without  such  a  pad  it  is  bowed  out- 
ward to  such  an  extent  as  to  produce  from  half  an  inch 
to  an  inch  of  sliortening. 

Plaster-of- Paris  encasement  is  not  reliable  in  the  first 
weeks.  Some  of  the  above-mentioned  traction  splints 
must  be  kept  on  for  five  or  six  weeks,  after  which  the 
patient  may  go  about  on  crutches  for  three  weeks  longer 

with  the  limb  in  a  plaster 


jacket  or  an  orthopasdic 
splint.  A  perfect  limb 
without  shortening  is  very 
rai-ely  obtained. 

Difficulty  of  reduction 

when  a  muscle  is  pierced 

by  one  of  the  fragments 

is  met  by  traction   with 

Fig.  2225.-Coaptation  Splints  used    '™'^<'  *"<!  '"P  Afxed,  or,  if 

in  the  Treatment  ot  Fracture  of    this  fail,  by  the  knife. 

the  Thigh  by  Buck's  Extension.  Fractures  <f  the   Lower 

.      ,     ,  End.—T\\<i  fractures  that 

occur  m  the  lower  end  of  the  femur  are  separation  of  the 

epiphysis,  intercondylar  fracture,  and  separation  of  a 

single  condyle.     The  last  is  very  uncommon. 

These  fractures  are  caused  by  severe  local  violence  or 
torsion  or  hyperextension  of  the  knee.  The  c'ommon 
complications  that  render  the  injury  serious  are  hfEinar- 
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throsis,  going  on  to  suppuration,  compound  fracture 
with  the  likelihood  of  a  similar  result,  and  laceration  of 
the  popliteal  vessels  and  nerves. 

The  fracture  may  be  obscured  by  effusion  into  the 
knee  joint,  but  the  diagnosis  is  readily  reached  by  in- 
spection and  palpation. 

If  only  one  condyle  is  fractured  the  knee  must  be  im- 
mobilized in  extension,  preferably  on  a  posterior  moulded 
splint.  When  there  is  intercondylar  fracture  or  epiphy- 
seolysis,  the  knee  must  be  immobilized  in  partial  flexion 
over  a  Hodgen's  splint  or  a  double  inclined  plane.  The 
former  apparatus  is  the  more  comfortable.  Very  little 
traction  is  needed. 

The  complications  must  be  treated  vigorously.  When 
the  knee  joint  is  laid  open  by  a  compound  fracture  it 
should  be  treated  by  continuous  irrigation  with  decinormal 
salt  solution  for  at  least  twenty-four  hours.  The  popliteal 
vessels  may  be  so  lacerated  as  to  require  amputation  lest 
gangrene  set  in.  A  haematoma  of  the  knee  joint  is  best 
treated  by  elastic  pressure,  and  if  this  prove  useless,  by 
evacuation  of  the  blood  clots  through  a  small  incision. 
This  should  never  be  undertaken  without  the  most  mi- 
nute antiseptic  precautions,  for  infection  of  the  joint 
from  this  or  any  other  cause  threatens  at  least  a  stiff  joint, 
at  most  amputation  or  death. 

Fracture  op  the  Patella.— Fracture  of  the  patella 
occurs  commonly  in  young  adult  males.  It  is  caused  by 
the  muscular  action  of  the  quadriceps  extensor,  in  stum- 
bling, jumping,  etc.  The  line  of  fracture  is  generally 
transverse  and  near  the  middle  of  the  bone,  though  it 
may  be  but  an  avulsion  of  either  tip.  Less  frequently 
the  bone  is  broken  by  direct  violence. 

A  sharp  pain  in  the  knee  and  an  immediate  complete 
loss  of  function  call  attention  to  the  injury.  If  the  joint 
is  examined  immediately  the  upper  fragment  is  found 
drawn  upward  a  half  inch  or  so  by  the  quadriceps,  leav- 


FiG.  3238.— Long  Side  Splint,  with  Traction. 

ing  a  manifest  gap  between  the  fragments.  The  joint 
rapidly  fills  with  blood  and  this  adds  to  the  displacement, 
which  is,  however,  limited  bj'  the  lateral  attachments  of 
the  quadriceps  tendon.  If  the  displacement  is  not  rem- 
edied, the  slow  contraction  of  the  muscle,  and  in  a  less 
degree  that  of  the  ligamentum  patelUe,  draw  the  frag- 
ments farther  and  farther  apart  until  they  are  separated 
by  several  inches.  There  may  be  fibrous  union  even  in 
such  a  case,  yet  in  spite  of  this  the  power  of  extension 
is  very  greatly  impaired  or  lost  entirely.  Lateral  and 
rotary  displacement  are  unusual,  but  may  occur  as  late 
results  of  contraction  in  the  tissues. 

The  only  accessory  lesions  ai-e  the  transverse  tears  in 
each  side  of  the  capsule.  The  periosteum  in  front  of 
the  bone  is  torn  irregulai'ly  so  that  its  fringes  drop  be- 
tween the  fragments.     Compound  fracture  is  very  rare. 

The  symptoms  are  pnin  and  loss  of  extension.  The 
diagnosis  is  made  by  palpating  the  broken  bone  and  ap- 
preciating the  gap  between  the  fragments. 

The  treatment  of  this  fracture  by  the  usual  mechanical 
methods  has  necessitated  so  prolonged  a  convalescence 
and  exposed  the  patient  to  sucli  unfortunate  results  (re- 
fracture,  permanent  stiifening,  and  loss  of  the  power  of 
extension)  that  operative  measures  have  been  welcomed 
by  many  surgeons  of  large  experience.  It  does  not  ap- 
pear, however,  that  operative  success  lessens  the  liability 
to  refracture,  and  although  it  shortens  convalescence 
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materially,  insures  a  full  power  of  extension,  and  mini- 
mizes the  prospect  of  stiffening,  yet  operative  failure, 
which  is  infection,  exposes  the  patient  to  the  loss  of  limb 
or  life,  or  at  least  to  an  absolutely  stiff  joint.  For  the 
knee  joint  succumbs  to  infection  more  readily  than,  or  at 
least  as  readily  as,  any  other  region  in  the  body.  It  is 
far  more  susceptible  than  the  peritoneum,  and  the  infec- 
tion once  begun  rapidly  involves  the  whole  joint  and  im- 
perils life. 

While  it  is  impracticable  to  detail  here  the  operative 
successes  and  failures,  or  to  substantiate  an()i)inion  upon 
which  sound  surgical  judgments  are  still  so  much  at  vari- 
ance, a  moderate  series  of  conclusions  may  be  set 
down. 

1.  In  the  absence  of  a  wide  surgical  experience  and  all 
the  aseptic  surroundings,  assistants  and  implements,  the 
general  practitioner  or  the  occasional  surgeon  must  accept 
mechanical  treatment  with  all  its  inconvenience. 

3.  The  surgeon  who  feels  himself  sufficiently  Avell 
equipped  to  venture  operation  should  bear  in  mind  the 
highest  rule  of  asepsis,  "Be  sure  your  hands  are  thor- 
oughly clean,  and  act  as  though  they  were  absolutely 
dirty,"  which  is  to  say,  "Keep  them  from  all  contact 
with  the  wound. "  Rubber  gloves  should  be  permitted 
to  lend  no  false  sense  of  security. 

3.  Such  compromising  measures  as  the  subcutaneous 
suture,  or  the  use  of  Malgaigne's  hooks,  may  well  be 
more  risky  than  a  clean  surgical  wound  made  with  no 
false  sense  of  security,  while  they  do  not  afford  the  three 
chief  advantages  of  an  open  operation,  viz. :  the  removal 
of  all  impediments  to  union,  the  evacuation  of  clots  from 
the  joint,  and  accurate  apposition  of  the  fragments. 

Mechanical  treatment  is  usually  applied  somewhat  as 
follows :  the  limb  is  immobihzed  on  a  posterior  moulded 
splint  passing  from  the  toes  to  the  gluteal  fold  and  main- 
taining the  foot  at  a  right  angle  and  the  knee  extended 
(if  a  board  sphnt  is  used  the  foot  must  not  be  allowed  to 
droop).  Hiding  the  fragments  in  a  plaster  encasement 
is  a  risky  procedure.  The  limb  is  firmly  bound  to  this 
with  a  roller  bandage,  after  which  the  fragments  are 
apiiroximated  as  well  as  may  be  by  direct  pressure  and 
held  in  place  by  several  strips  of  adhesive  plaster,  encir- 
cling the  limb  and  splint  obliquely.  Over  all  a  light 
(Martin)  rubber  bandage  is  applied  to  hasten  the  absorp- 
tion of  the  blood  distending  the  joint.  The  rubber  ban- 
dage does  its  work  within  a  week  (daily  massage  may 
aid),  after  which  it  is  dispensed  with.  As  the  patient 
Ues  in  bed  the  rectus  muscle  is  relaxed  by  keeping  the 
foot  elevated  and  thus  flexing  the  hip.  This  splint  is 
retained  for  five  or  six  weeks,  splint,  plaster,  and  ban- 
dages being  renewed  as  often  as  necessary.  An  interval 
of  more  than  a  quarter  of  an  inch  between  the  fragments 
should  be  considered  unsatisfactory.  For  the  second 
month  a  hip  splint  and  daily  massage  are  employed  (or  a 
plaster  encasement  for  less  opulent  patients),  the  patient 
being  up  and  about.  After  this  the  patient  is  allowed  to 
go  free,  but  is  warned  to  begin  exercising  gradually  and 
to  be  especially  careful  about  stooping,  gomg  up  and 
down  stairs,  and  such  other  motions  as  involve  bending 
the  knee.  This  period  of  convalescence  requires  from 
one  to  four  months  longer.  ,       -,       .         t 

Operatim  Treatment.— ¥oT  the  reasons  already  given  1 
shall  describe  only  one  operation.  A  vertical  or  U- 
shaped  incision  is  used,  according  to  the  fancy  of  the  ope- 
rator The  fracture  is  laid  bare  and  while  the  fragments 
are  retracted  the  joint  is  copiously  flushed  with  warm  salt 
solution  until  all  clots  have  been  washed  away.  Ihe 
ragged  fringe  of  periosteum  is  clipped  from  the  edges  ot 
the  fragments,  after  which  they  are  approximated  and 
held  together  by  a  periosteal  suture  of  catgut  or  kangaroo 
tendon  The  rents  in  the  lateral  expansions  may  be  simi- 
larly caught  up  and  the  whole  reinforced  by  a  circular 
catgut  suture  uniting  the  quadriceps  tendon  tothe  liga- 
mentum  patellae,  the  strands  to  lie  at  each  side  or  in 
front  of  the  patella.  This  last  suture  is  rarely  neces- 
sary During  all  these  manipulations  no  finger  should 
touch  the  tissues.  The  skin  is  sutured  with  silk  and  the 
limb  is  bound  to  a  posterior  splint.     A  week  later  the 


silk  sutures  are  removed  and  a  plaster  encasement  is  ap- 
plied. A  week  after  this  the  patient  goes  about  on 
crutches  and  so  continues  until  the  end  of  the  fifth  week. 
After  this  the  splint,  preferably  a  h'ip  splint,  is  worn  only 
by  day  and  as  soon  as  free  flexion  is  obtainable,  during 
the  third  montli,  the  splint  is  discarded  altogether;  by 
that  time  convalescence  is  complete. 

Bony  union  is  expected  after  operative  treatment, 
fibrous  union  with  an  ultimate  separation  varying  from 
a  quarter  of  an  inch  to  an  inch  after  mechanical  union. 
Yet  even  in  the  former  case  there  is  usually  separation  of 
the  anterior  edges  of  the  fragments,  and  bony  union  may 
fail  after  all.  In  either  case  restricted  motility  is  rarely  due 
to  loss  of  power.  Indeed  the  quadriceps  extensor  adapts 
itself  to  very  wide  separations.  When  some  stiffness 
persists  in  the  joint,  as  is  often  the  case  after  mechanical 
treatment  and  less  frequently  after  the  operative  methods, 
it  is  due  either  to  organized  blood  clot  within  the  joint, 
to  prolonged  immobilization,  or  to  such  a  lengthening  of 
the  patella  as  to  prevent  its  slipping  smoothly  over  the 
condyles.  Chopart,  who  advanced  thi^  last  theory,  excised 
tlie  upper  fragment  in  one  case  with  marked  benefit  to 
the  patient.  The  fi'equent  practical  failure  of  secondary 
operations  which  seek  to  remedy  disability  by  approxi- 
mating the  fragments  makes  a  field  for  this  operation. 
Slight  disability,  however,  had  best  be  borne  as  a  neces- 
sary evil.  Refracture  may  be  treated  by  suture  or  by 
splint.  Fractures  by  direct  violence  are  usually  asso- 
ciated with  little  or  no  laceration  of  the  capsule.  Hence 
there  is  no  displacement  and  no  operation  is  needed. 

Fracttikes  op  TiiE  TiBiA  AND  FiBULA. — Fractwes  of 
the  Upper  Ends. — These  fractures  are  rare.  They  may 
involve  the  joint  causing  ha'marthrosis,  may  rupture  the 
vessels,  and  are  not  infrequently  comminuted.  Avulsion 
of  the  spine  of  the  tibia  is  a  complication  of  dislocation. 
Avulsion  of  the  tubercle  is  an  extremely  rare  result  of  tlie 
muscular  action  of  the  quadriceps  extensor.  Epiphy- 
seal sepai-ation  at  this  site  has  no  peculiar  features. 

Fractures  of  the  Shafts. — These  occur  commonly  at  the 
junction  of  the  lower  and  middle  thirds.  The  fibula  is 
usually  broken  at  a  higher  level  than  the  tibia.  The 
fracture  of  the  tibia  is  often  V-shaped  and  from  the 
point  of  the  V  a  fissure  may  descend  to  the  ankle  joint. 
Moreover,  muscular  contraction  usually  displaces  the 
lower  fragment  backward  and  the  sharp  point  of  the  up- 
per fragment  is  likely  to  pierce  the  skin  either  at  the 
time  of  accident  or  suljsequently. 

The  fracture  of  the  tibia  is  readily  determined  by  pal- 
pation. The  fibular  fracture  may  be  neglected  unless  it 
occurs  alone  (by  direct  violence),  in  which  case  pressure 
along  the  bone  elicits  a  point  of  tenderness,  and  this  same 
tender  spot  is  disturbed  by  pressure  over  the  shaft  of  the 
bone  some  distance  away. 

Tretitment :  Reduction  is  readily  accomplished  with 
the  knee  flexed  to  a  right  angle  to  relax  the  muscles.  If 
the  tendency  to  displacement  is  slight  the  leg  is  placed 
in  a  Volkmann  splint  (Fig.  2312)  or  fracture  box  (Fig. 
2311)  for  a  few  days  until  the  primary  reaction  has  sub- 
sided, and  then  later  is  put  up  in  a  plaster  encasement, 
or  the  advantages  of  the  two  splints  may  be  combined  in 
a  posterior  moulded  splint  running  from  the  kn?e  to  the 
toes  or  terminating  below  in  two  broad  flaps,  which 
overlap  over  the  dorsum  of  the  foot.  The  Cabot  wire 
frame  employed  by  Scudder  also  commends  itself.  Union 
may  be  expected  at  the  end  of  six  weeks  in  simple  eases, 
but  if  there  is  much  comminution  it  may  be  considerably 
delayed.  Such  cases  as  well  as  all  others  in  which  the 
circulation  of  the  limb  is  poor  are  benefited  by  elevation 
and  daily  massage  of  the  injured  member,  though  as 
routine  practice  it  is  best  to  get  the  patient  out  of  bed 
during  the  first  week.  Otherwise  several  extra  weeks 
will  be  required  to  overcome  the  oedema  and  stiffness  felt 
on  first  using  the  limb. 

A  marked  tendency  to  displacement  may  be  overcome 
fairly  well  by  traction  applied  to  the  ankle.  Operative 
fixation  is,  however,  more  generally  employed.  Ambu- 
latory treatment  has  been  considered  elsewhere.  A  com- 
pound comminuted  fracture  often  takes  months  to  heal. 
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Frrictun-s  of  the  Lower  Ends.— Separation  of  the  tiUal 
epiphysis  is  caused  by  eversion  or  inversion  ot  tJie  toot. 
The  line  of  fracture  runs  well  above  the  articular  surface. 
The  foot  is  to  be  immobilized  in  such  a  position  as  to  re- 
tain the  fragment  in  place.  Union  may  be  followed  by 
cessation  of  growth  in  the  tibia  and  inversion  of  the  toot 
from  overgrowth  of  the  fibula. 

SupiumaUeolar  fractures  usually  show  the  same  teat- 
ures  as  epiphyseal  separation,  but  if  there  is  extensive 
comminution  there  is  the  added  danger  of  a  stitt  ankle.  ^ 

The  fibular  epiphysis  is  often  separated  m  Fott  s 
fracture.  ,  ,j.      ^ 

Pott's  Fracture.  —This  is  by  far  the  commonest  fracture 
of  this  region.  It  is  the  injury  of  the  ankle  quite  as  Colles 
fracture  is  the  injury  of  the  wrist,  and  yet  the  rational 
principles  upon  which  the  treatment  of  this  fracture 
must  be  based  are  commonly  misunderstood,  and  Pott's 
fracture  is  casually  spoken  of  as  an  injury  from  which  a 
perfect  recovery  is  not  to  be  expected.  On  the  contrary, 
it  has  been  my  experience  that  a  good  result  may  and 
should  be  expected,  and  will  be  obtained  by  appropriate 
treatment. 

Pott's  fracture  is  caused  by  indirect  violence,  a  twist 
of  the  foot.  The  twist  is  outward,  causing  a  "  fracture 
by  eversion  and  abduction."  Inversion  and  adduction 
cause  a  simple  "  malleolar  fracture  "  (see  below). 

The  lesions  of  Pott's  fracture  (Plate  XXVIII.,  Figs.  10 
and  11)  are:  (1)  fracture  of  the  internal  malleolus  or  rup- 
ture of  the  internal  lateral  ligament ;  (3)  diastasis  of  the 
tibio-fibular  joint  caused  by  the  rupture  of  the  tibio-flbular 
ligament  with  perhaps  avulsion  of  the  adjoining  bone; 
(3)  fracture  or  epiphyseal  separation  of  the  external  mal- 
leolus; and  (4)  an  outward  and  backward  displacement 
of  the  foot.  This  displacement  is  due  to  the  tibio-flbular 
diastasis,  which  allows  the  powerful  tendo  Achillis  to 
draw  the  foot  backward  while  the  lack  of  support  on 
each  side  allows  the  peroneal  muscles  to  hold  the  foot  in 
the  position  of  eversion  and  outward  displacement  into 
which  it  has  been  forced.  Compound  fracture,  which  is 
rare,  is  usually  the  result  of  excessive  or  prolonged  vio- 
lence, which  forces  the  internal  malleolus  through  the 
tense  skin  of  the  inner  side  of  the  ankle  while  the  foot  is 
held  abducted.  The  fragment  of  the  internal  malleolus 
may  be  so  rotated  as  to  require  operative  reposition. 

The  symptoms  of  Pott's  fracture  vary  between  the 
limits  of  acute  continuous  pain  with  entire  disability  and 
a  mere  aching  and  soreness  without  any  great  loss  of 
function  during  the  first  hours  after  injury.  The  phys- 
ical signs  are,  however,  constant  and  definite.  There  is 
more  or  less  contusion  about  the  ankle,  and  in  many  cases 
the  outward  (Plate  XXVIII.,  Fig.  10)  and  backward  dis- 
placement of  the  foot  is  so  marked  that  the  nature  of  the 
injury  is  manifest.  There  are,  moreover,  several  path- 
ognomonic signs.  Three  points  of  tenderness  are  always 
present:  one  over  the  line  of  fracture  of  the  internal  mal- 
leolus, usually  near  the  tip ;  a  second  over  the  fracture  of 
the  fibula,  usually  at  the  junction  of  the  shaft  and  mal- 
leolus; and  a  third  in  front  of  the  ankle  between  the 
bones  of  the  leg  marking  the  site  of  the  ruptured  tibio- 
flbular  ligament.  Another  characteristic  sign  is  lateral 
mobility  in  the  ankle  joint.  This  is  elicited  by  grasping 
the  foot  flrmly  with  one  hand  (the  palm  of  the  hand  be- 
neath the  sole,  the  thumb  under  one  malleolus,  and  the 
flngers  under  the  other)  and  moving  it  bodily  from  side 
to  side,  while  the  leg  is  steadied  by  the  surgeon's  other 
ha,nd.  If  there  is  lateral  mobility  tlie  astragalus  may  be 
felt  to  glide  smoothly  from  side  to  side,  and  may  usually 
be  brought  up  against  one  or  other  malleolus  with  a  dis 
tmct  click.  Abnormal  forward  and  backward  mobility 
mayalso  be  elicited.  It  may  be  impossible  to  produce 
crepitus.  Extension  and  flexion  of  the  ankle  is  painful 
but  upward  pressure  on  the  heel  is  not 

Treatment.— T\xfi  backward  displacement  and  eversion 
are  overcome  by  drawing  the  foot  forward  and  invertin..- 
it  sharply.  Comparison  with  the  sound  limb  will  readily 
determine  whether  the  backward  displacement  has  been 
corrected;  the  eversion  should,  however  be  overcor- 
rected,  for  while  there  is  no  danger  of  the  foot  becoming 


fixed  in  abnormal  inversion,  hyperinversion  pulls  the 
fibular  fragment  downward  and  inward  into  place  and  at 
the  same  time  leaves  no  possibility  of  any  permanent 
eversion.  The  foot  must  be  kept  at  a  right  angle  with 
the  leg. 

In  splinting  care  must  be  taken  to  maintain  the  re- 
duction inward  and  forward  and  at  the  same  time  to 
prevent  a  drooping  of  the  foot  from  traction  by  the 
tendo  Achillis.  Stimson's  posterior  and  lateral  plaster 
splints  are  admirably  suited  to  this  purpose.  The  pos- 
terior splint  runs  from  just  below  and  behind  the  knee 
down  over  calf,  ankle,  heel  and  sole,  to  the  toes.  The 
lateral  "  stirrup  "  splint  begins  just  below  the  head  of  the 
fibula,  and  runs  down  the  outer  side  of  the  leg,  over  the 
sole  of  the  foot  (and  the  posterior  splint)  and  around  to 
the  outer  side  of  the  dorsum  of  the  foot.  The  foot  is 
held  in  proper  position  while  the  splints  are  applied. 
This  apparatus  is  more  secure  than  wooden  splints  and 
allows  inspection  and  correction  of  the  deformity  better 
than  the  familiar  plaster  encasement.  The  patient  should 
be  kept  in  bed  a  few  days  with  the  leg  elevated  on  pillows. 
He  may  be  allowed  about  as  soon  as  the  primary  reaction 
has  subsided  (at  which  time  a  new  splint  is  usually  re- 
quired). If  the  splints  are  not  suflBciently  strong  or  are 
loosely  applied,  the  foot  will  sag.  This  is  not  likely  to 
occur  before  the  second  week,  when  the  splints  have  be- 
gun to  wear  out.  The  tendency  is  overcome  by  apply- 
ing a  new  moulded  splint,  or  an  orthopsedic  splint  made 
with  a  movable  foot-piece  on  two  lateral  braces  of  metal, 
or  even  a  plaster  encasement  or  by  dividing  the  tendo 
Achillis. 

Union  is  firm  at  the  end  of  six  weeks,  but  six  weeks 
more  are  usually  re(^uired  to  limber  up  the  ankle  joint 
and  to  overcome  passive  oedema.  When  reduction  is 
pVoperly  maintained,  a  perfect  ultimate  result  may  be 
predicted,  if  due  allowance  be  made  for  extreme  old 
age,  rheumatism,  gout,  etc. 

Old  unreduced  or  imperfectly  reduced  fractures  are 
very  disabling.  The  eversion  causes  a  constant  drag  on 
the  ligaments  of  the  inner  side  of  the  ankle,  while  the 
backward  displacement  limits  dorsal  flexion  and  makes 
the  gait  stilted.  The  eversion  may  be  corrected  by  su- 
pramalleolar osteotomy,  but  the  backward  displacement 
can  be  corrected  only  by  opening  up  the  old  lines  of 
fracture  in  the  tibia  and  fibula,  chiselling  away  any  exu- 
berant callus,  and  reducing  the  fracture  as  though  it  were 
a  recent  one. 

Malleolar  Fracture. — The  malleoli  may  be  broken  by 
direct  violence ;  but  the  fracture  is  commonly  caused  by 
inversion  of  the  foot.  Only  the  external  malleolus  may 
be  broken,  usually  near  its  tip,  or  the  internal  malleolus 
as  well  may  be  fractured.  There  is  no  tibio-flbular 
diastasis,  nor  any  dislocation  of  the  astragalus,  as  in 
Pott's  fracture. 

The  symptoms  of  disability,  pain,  andecchymosis,  point 
to  some  injury  about  the  ankle  joint.  Examination  re- 
veals one  or  two  points  of  local  tenderness  over  the  ex- 
ternal or  both  malleoli;  but  there  is  no  tender  spot  in 
front  of  the  ankle  and  the  lateral  mobility  characteristic 
of  Pott's  fracture  can  rarely  be  demonstrated.  Inde- 
pendent mobility  of  the  fragments  may  sometimes  be 
elicited.  In  a  few  cases  the  fracture  of  the  tibia  has  been 
so  high  as  to  carry  away  a  large  part  of  the  articular 
surface  with  the  fragment.  In  such  cases  lateral  mobil- 
ity and  backward  displacement  of  the  foot  are  possible; 
but  the  condition  may  still  be  differentiated  from  Pott's 
fracture  by  the  absence  of  the  anterior  tender  point,  and 
by  recognition  of  the  large  tibial  fragment,  which  is  dls- 
place<l  upward  and  inward. 

The  foot  usually  requires  only  fixation  at  a  riglit  angle 
for  five  weeks  while  the  fragments  unite.  When  there 
is  any  tendency  to  displacement  the  foot  must  be  well 
drawn  forward  and  immobilized  in  a  position  of  natural 
right-angled  flexion.  Hyperinversion  would  be  liable  to 
ciiuse  mal-union  of  the  tibial  fragment. 

The  prognosis  is  generally  good,  though  when  the 
tibial  fragment  is  large  the  usefulness  of  the  joint  may 
be  imperilled  by  exuberant  callus. 
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n-actureof  the  Bones  of  the  Foot.— Tarsal  Fractures: 
The  bones  of  the  tarsus  are  rarely  broken.  The  only 
fractures  of  any  clinical  importance  are  those  of  the  as- 
tragalus and  OS  calcis.  A  compound  fracture  of  either 
or  both  is  readily  diagnosed  and  is  treated  according  to 
the  surgical  and  mechanical  requirements  of  the  case  by 
antisepsis  and  excision  or  reposition  of  fragments.  When 
the  fracture  is  a  simple  one,  the  diagnosis  may  be  im- 
possible without  the  aid  of  the  y-rays.  Such  cases  do 
well  under  simple  immobilization  and  massage  until  the 
foot  will  again  bear  the  weight  of  the  body.  If  a  frag- 
ment is  irreducible  it  may  be  excised  or  replaced  by 
operation.  Avulsion  of  the  tendo  Achillis  does  well 
imder  expectant  treatment.  Even  when  there  is  marked 
separation  'satisfactory  union  may  be  anticipated  within 
six  or  eight  weeks. 

Metatarsal  and  Phalangeal  Fractures. — These  present 
the  same  features  as  the  homologous  fractures  of  the 
hand. 

Practuee  op  the  Ribs  and  Sternum. — Fr((ctiire  of 
t7ie  Ribs :  This  is  one  of  the  commonest  of  all  fractures. 
It  is  usually  caused  by  a  crushing  force,  such  as  a  fall 
upon  the  chest  or  a  heavy  blow.  The  ribs  give  and  then 
break.  Fractures  by  direct  violence  are  not  uncommon. 
Multiple  fractures  are  frequent,  although  the  two  upper 
and  lower  ribs  almost  always  escape.  Green-stick  fract- 
ures occur  but  usually  pass  unrecognized.  The  rib  is 
usually  broken  between  the  mammary  and  mid-axillary 
lines.  Displacement  is  unusual  unless  the  whole  side  is 
caved  in.  There  is  localized  pain  at  the  point  of  fract- 
ure, which  may  be  elicited  by  compressing  the  chest 
sharply  from  before  backward.  Crepitus  may  be  elicited 
by  gentle  manipulation  of  the  fragments,  and  by  deep 
inspiration.  It  may  be  inaudible  unless  a  stethoscope  is 
used. 

The  fracture  of  a  rib  is  not  a  matter  of  great  impor- 
tance. There  is  usually  severe  persistent  pain  for  several 
weeks ;  yet  a  contusion  may  cause  as  much,  There  may 
be  puncture  of  the  lung,  mediastinum,  or  heart,  resulting 
.in  any  one  of  the  many  conditions  due  to  wounds  and  con- 
tusions of  these  viscera  (g.  «,) ;  but  these  internal  injuries 
can  and  do  occur  as  a  result  of  simple  contusion  with- 
out any  fracture,  and  hence  when  they  occur  in  con- 
nection with  fracture  it  is  by  no  means  proved  that  they 
are  caused  by  the  broken  bone.  They  are  not  neces- 
sarily complications  of  the  fracture,  and  their  symptoms 
and  treatment  are  not  modified  by  the  presence  of  a 
broken  rib. 

Treatment:  A  strip  of  adhesive  plaster  five  inches 
wide  and  eighteen  inches  long  having  been  prepared,  the 
patient  is  instructed  to  take  a  deep  inspiration  followed 
by  a  deep  expiration.  At  the  depth  of  expiration  the 
adhesive  strap  is  rapidly  applied,  beginning  at  a  point 
close  to  the  spine,  on  the  sound  side,  and  following  the 
curve  of  the  broken  bone  around  nearly  to  the  opposite 
nipple.  This  strap,  applied  as  tightly  as  possible,  splints 
the  side  and  minimizes  the  movements  of  respiration 
which  constitute  one  of  the  chief  causes  of  pain.  Several 
overlapping  straps  increase  the  support.  Rest  in  bed 
adds  to  the  patient's  comfort  but  is  by  no  means  neces- 
sary.    Union  is  firm  in  four  weeks. 

Fracture  of  the  Sternum  :  These  fractures  are  rare  at 
best.  They  are  most  often  breaks  at  or  near  the  jimction 
of  the  manubrium  and  the  body  of  the  bone.  The  lower 
fragment  is  displaced  forward  as  a  rule.  The  fracture 
has  been  caused  by  ihuscular  effort.  The  prognosis  de- 
pends upon  the  shock  and  the  internal  injuries.  Uncom- 
plicated cases  do  well. 

Reduction  is  accomplished  by  direct  pressure  on  the 
displaced  fragment  aided  by  hyperextension  of  the  spine, 
the  patient  lying  over  a  block  or  box,  and  breathing 
deeply.  When  manipulative  efforts  fail,  operative  re- 
duction may  be  attempted  by  such  means  as  drawing  the 
depressed  fragment  forward  with  a  small  corkscrew,  or 
removing  the  overlapping  portion  of  the  anterior  frag- 
ment. Such  operations  only  may  be  undertaken  with 
due  respect  for  the  vital  organs  lying  directly  beneath 
the  bone.  Edward  L.  Keyes,  Jr. 


FRAMBCESIA.     See  Taws. 
FRANGULA.     See  BucUhoi-n. 

FRANKLIN  SPRING.— Franklin  County,  Georgia. 

Post-Ofpicb, — Royston. 

Access, — Via  Elberton  Air-hne  Railroad  to  Royston, 
thence  two  miles  by  hack  lino  to  springs.  This  spring 
has  had  considerable  reputation  as  a  resort  for  invalids 
as  far  back  as  the  oldest  citizen  can  remember.  Qualita- 
tive analysis:  Iron  carbonate,  calcium  sulphate,  magne- 
sium sulphate,  sodium  chloride,  aluminum  sulphate, 
potassium  sulphate,  iron  protosulphate,  sulphuretted 
hydrogen  gas. 

This  water  contains  sufficient  aluminum  to  render  it 
valuable  in  chronic  diarrhoea  and  dysentery  and  useful  as 
a  local  application  in  ulcerative  skin  diseases.  The  de- 
posit of  iron  in  the  spring  was  used  to  some  extent  dur- 
ing the  late  war  to  supply  the  place  of  copperas.  The 
temperature  of  the  water  is  60°  F,  and  the  flow  two  and 
one-half  gallons  per  minute.  The  climate  is  good  and 
near  by  is  some  very  fine  mountain  scenery.  There  are 
facilities  for  bathing  and  the  neighborhood  offers  numer- 
ous features  of  interest,  James  K.  Crook. 

FRANZENSBAD. — An  Austrian  village  on  the  frontier 
of  Bohemia,  1,300  feet  above  sea-level,  renowned  for  its 
mineral  springs  and  baths,  ranking  next  in  popularity  to 
Marienbad,  and  at  present  resorted  to  chiefly  by  women. 
The  climate  is  mild,  but  is  subject  to  sudden  change. 

The  springs  are  eleven  in  number,  namely:  (1)  Wiesen- 
quelle;  (3)  Kalter  Sprudel;  (3)  Franzensquelle ;  (4)  Louis- 
enquelle  ;  (5)  Neuquelle ;  (6)  Loimannsquelle ;  (7)  Stahl- 
quelle;  (8)  Mineral  Sprudel ;  (9)  Salz quelle;  (10)  Oestliche, 
and  (11)  Westliche.  Of  the  numerous  gas  springs  in  the 
vicinity,  several  are  used  for  charging  mineral  water  and 
to  supply  the  gas  baths.  The  chemical  composition  of 
the  principal  springs  varies  so  little  as  to  hardly  justify 
the  usual  division  of  them  into  four  classes. 

The  Wiesenquelle,  Kalter  Sprudel,  and  Franzensquelle 
are  considered  therapeutically  most  important,  resem- 
bling in  composition  the  springs  of  Carlsbad  and  Marien- 
bad. The  Franzquelle,  "  the  mineral  spring  of  Egra,"  is 
enclosed  in  a  temple-like  building.  The  fount  contains 
20,000  cubic  inches  of  clear,  sparkling  water,  of  about 
50"  P.  the  year  .round,  which  is,  with  slight  variation, 
the  temperature  of  the  other  springs.  Exposed  for  sev- 
eral hours  to  the  atmosphere,  the  water  becomes  turbid 
from  precipitation  of  carbonate  of  iron.  Its  taste  is 
agreeable,  though  slightly  ferruginous.  The  other 
springs  are  provided  with  equally  elegant  surroundings. 
The  Kalter  Sprudel  produces  3,648  cubic  inches  of  water 
a  minute,  accompanied  by  an  escape  of  free  carbonic  acid 
so  abundant  as  to  produce  the  sound  of  a  boiling  caldron. 
The  Louisenquelle  is  the  largest  in  water  supply.  Its 
fount  contains  6,861,738  cubic  inches,  flowing  27,000 
cubic  inches  a  minute,  and  the  escape  of  free  carbonic 
acid  is  tumultuous. 

Composition.— Sodium  sulphate  predominates  in  all 
the  springs,  varying  from  10.897  grains  in  a  pint  of  the 
Mineral  Sprudel  to  26.926  grains  in  the  Kalter  Sprudel; 
the  Wiesenquelle  containing  25. 643  grains.  The  other  in- 
gredients are  the  carbonates  of  iron,  manganese,  sodium, 
calcium,  magnesium  and  lithium,  sodium  chloride,  cal- 
cium phosphate,  and  traces  of  silicates. 

Indications. — The  Franzensbad  waters,  especially 
those  of  the  Salzquelle,  Wiesenquelle,  and  Kalter  Spru- 
del, are  recommended  for:  (1)  Chronic  catarrhs,  especially 
chronic  gastritis,  constipation  and  cystitis ;  (3)  hyperaemia 
and  moderate  hypertrophy  of  the  liver  and  spleen ;  (3) 
disorders  of  the  uterine  system ;  (4)  scrofulous  affections 
and  gout ;  and  (5)  as  an  after-treatment  to  Carlsbad  and 
Marienbad. 

The  Franzensbad  and  Stahlquelle  have  been  recom- 
mended chiefly  for :  (1)  anaemia  after  hemorrhage,  notably 
that  following  repeated  miscaniages,  and  exhausting 
diseases  in  scrofulous,  rachitic,  or  scorbutic  constitutions; 
(3)  diseases  of  the  abdominal  or  sexual  organs  with  anse- 
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raia;  (3)  slow  development  of  puberty,  chronic  uterine  or 
vaginal  catarrhs,  abnormal  menstruation,  and  (4)  nervous 
diseases,  especially  the  neuroses.  . 

Peat  Bathi.— These  are  among  the  most  noted  in  Eu- 
rope. The  fresh  peat  has  a  gray  or  yellowish-gray  color, 
acid  reaction,  and  an  odor  of  sulphurous  acid.  It  is  dug 
up  in  the  autumn  and  placed  in  heaps,  where  chemical 
changes  occur,  forming  a  largo  number  of  sulphates,  and 
the  mass  becomes  jet-black,  smooth,  and  homogeneous. 
In  the  bath-house,  it  is  diluted  with  water  ^from  the 
Louisenquelle  and  heated  by  steam  to  70°  or  80°  F.  The 
bath  is  said  to  be  invigorating  to  the  system  as  well  as 
stimulating  to  the  skin. 

The  peat  baths  are  recommended  for:  (1)  ansemia  and 
chlorosis,  chronic  rheumatism,  gout,  scrofula,  and  rickets; 
(2)  various  neuroses,  paralyses  not  of  cerebral  origin,  the 
early  stages  of  progressive  muscular  atrophy,  concussion 
of  the  spine;  (3)  sexual  disturbances,  a  tendency  to  abor- 
tion, prolapsus  uteri,  loss  of  virility ;  (4)  to  aid  the  absorp- 
tion of  exudates  and  the  infiltrations  of  intermuscular 
connective  tissue,  synovial  sacs,  ligamentous  structures 
and  glands. 

Gas  batJis  are  also  administered,  the  entire  body,  except 
the  head,  being  enclosed  in  a  chamber  resembling  the 
ordinary  vapor-bath  cabinet.  James  M.  Frerieh. 

FRAXINELLA.    Hee  Butacem. 

FRAXINUS.     ^ee  Ash  Bark. 

FRENCH  LICK  SPRINGS— Orange  County,  Indiana. 

Pobt-Ofpice. — French  Lick  Springs.  Hotel  at  West 
Baden,  one  mile  distant. 

This  is  one  of  the  old  spring  resorts  of  Indiana.  The 
springs  are  thirteen  in  number,  of  which  several  have  been 
analyzed.  The  flow  of  water  amounts  to  about  eleven 
hundred  gallons  per  minute.  The  following  analyses  are 
supplied  by  the  United  States  Geological  Reports,  and 
were  made  by  J.  6.  Rogers,  analyst: 

One  United  States  Gallon  Contains: 


Solids. 

Proserpine 
Springs. 
Grains. 

Pluto's 

Well. 

Grains. 

10.52 

4.50 

20.29 

2.49 

36.72 
29.33 
Hl.OO 
90.93 

' '  5.61 
8.05 
1.69 

Magnesium  carbonate 

1  59 

Iron  carbonate             *. 

Sodium  sulphate 

22  37 

Calcium  sulphate 

60  59 

Potassium  chloride 

Magnesium  chloride 

Silica 

Alumina 

Trace. 

Undetermined  matter 

Total 

3.50.53 

256.05 

Gases. 

Cu.  in. 

Cu.  in. 

Carbonic  acid 

10.118  1 
17.000  f 

Not    deter- 
mined. 

Sulphuretted  hydrogen 

These  are  very  good  examples  of  sulphuretted  saline 
-waters,  and  are  useful  in  those  diseases  to  which  that 
class  of  water  is  applicable.  They  are  used  commer- 
cially at  the  present  time,  James  K.  Crook. 

FRONTAL    SINUSES,    DISEASES    AND    INJURIES 

OF.— Anatomy.— The  frontal  sinuses  are  two  iiregular- 
shaped  cavities,  which  extend  upward  and  outward  a 
variable  distance  between  the  two  tables  of  the  frontal 
bone,  upon  the  vertical  portion  of  its  internal  surface 
I  hey  are  situated  one  upon  either  side  of  the  base  of  the 
nasal  spine,  between  the  latter  and   the  orbital  plate. 

2^0 


They  are  separated  from  each  other  by  a  thin,  bony  par- 
tition. In  size  they  vary  in  difEerent  individuals,  and 
are,  as  a  rule,  larger  in  the  male  than  in  the  female  sex. 
The  frontal  sinus  of  the  left  side  is  commonly  the  larger 
of  the  two.  They  are  sometimes  subdivided  by  incom- 
plete bony  laminae.  They  open  into  the  middle  meatus 
of  the  nose  through  the  infundibula,  and  occasionally 
communicate  with  each  other  by  apertures  in  the  sep- 
tum. They  are  absent  at  birth,  but  appear  during  the 
first  year  of  childhood,  and  remain  of  small  size  up  to 
puberty,  at  which  time  they  undergo  considerable  en- 
largement from  the  recession  of  the  brain.  In  advanced 
life  they  increase  in  size  by  absorption  of  the  cancellated 
tissue  in  their  vicinity,  in  their  developm,ent  they  are 
practically  formed  from  the  diploi!.  Large  frontal  sinuses 
do  not  necessarily  imply  large  external  prominences  over 


Fig.  2227.— Frontal  Sinus,  the  Anterior  and  Inferior  Walls  of  which 
have  been  Removed,  with  the  Exception  of  an  Osseous  Bridge,  Cor- 
responding to  the  Orbital  Margin.  (Alter  KlUian,  in  Heymann's 
"Handbuch  der  Laryngologie,"  etc.) 

the  glabella  and  superciliarj-  eminences.  They  are  lined 
by  mucous  membrane,  this  being  continuous  with  that 
lining  t)ie  middle  meatus  of  the  nose  through  the  infun- 
dibula. This  mucous  membrane,  like  that  which  lines 
the  antrum  of  Highmore,  is  notably  thin  and  pale.  Its 
blood  supply  is  derived  chiefly  from  the  internal  maxil- 
lary and  ophthalmic  arteries,  and  by  anastomosis  of  these 
with  the  lateralis  nasi  bi'anch  of  the  facial  artery.  Its 
nerve  supply  is  principally  from  the  first  and  second  di- 
visions of  the  fifth  cranial  nerve.  In  the  middle  meatus 
of  the  nose  the  communication  through  the  infundibu- 
lum  of  cither  side  with  the  frontal  sinus  is  partially  hid- 
den, and  sometimes  practically  closed  by  a  projecting 
fold  of  mucous  membrane. 

DisE.^sES  AND  Injuries. — Owing  to  the  continuity  of 
tissue  and  similarity  of  anatomical  structure,  the  affec- 
tions of  this  sinus,  like  those  of  the  other  accessory  cavi- 
ties of  the  nose,  resemble  to  a  greater  or  less  degree  those 
of  the  nasal  fossoe  proper.  They  may  be  conveniently 
grouped,  for  purposes  of  study,  under  the  general  head- 
ings of  inflammations,  acute  and  chronic  (frontal  sinu- 
sitis), and  their  sequelaa;  tumors,  the  only  primary  forms 
described  by  modern  authorities  being  osteoma  and  sar- 
coma ;  trauma  of  the  sinus  wall,  which  comprises  fissure, 
fracture,  impressions,  etc.,  usually  associated  with  haema- 
toma  of  the  sinus ;  and  foreign  bodies,  which  are  nearly 
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always  projectile,  but  whlcli  also  comprise  insects  and 
their  larvae.  Generally  speaking,  the  diseases  of  these 
sinuses  occur  with  great  infrequency,  although  trauma 


Fib.  2228.— Horizontal  Section  through  the  Frontal  Sinus.  (One- 
hall  actual  size.)  1,  Frontal  bone  ;  3,  frontal  sinus  ;  a,  aperture  of 
the  frontal  sinus  ;  4,  septum  between  the  frontal  sinuses ;  5,  frontal 
crest.  (After  von  Mihalkovicz,  in  Heymann's  "Handbuch  der 
Laryngologie,"  etc.) 

is  of  somewhat  common  occurrence,  by  reason  of  the  ex- 
posed situation  of  the  anterior  sinus  wall. 

Sinusitis  Frontalis. — The  acute  form  of  this  disease 
generally  results  from  the  extension,  by  continuity,  of  a 
coryza,  especially  when  the  latter  accompanies  influenza. 
Acute  sinusitis  is  frequently  found  in  autopsies  upon 
those  who  have  died  of  acute  infectious  diseases.  In  this 
affection  the  mucosa  becomes  congested  and  oedematous, 
often  to  the  extent  of  obliteration  of  the  cavity.  The 
exudate  is  usually  purulent,  but  may  be  mucous  or  even 
serous.     A  fibrinous  exudate  is  not  known  to  occur. 

Of  the  symptoms  headache  is  the  most  constant.  Con- 
stitutional reaction  is  indicated  at  times  by  the  presence 
of  fever,  vertigo,  vomiting,  etc.  Ocular  reflexes  are  often 
seen,  consisting  of  lachrymation,  photophobia,  colored 
vision,  spectra,  sense  of  pressure,  etc.  ffidema  of  the 
upper  eyelid  and  exophthalmus  are  now  known  to  occur 
at  times. 

The  secretions,  while  they  may  escape  to  a  greater  or 
less  extent  into  the  nose,  tend  to  accumulate,  by  reason 
of  redematous  obstruction  of  the  sinus  outlet. 

The  disease  supervenes  suddenly  in  the  majority  of 
cases.  Its  course  is  brief  and  usually  terminates  at  the 
end  of  the  first  week  in  the  evacuation  of  the  sinus  and 
the  subsidence  of  the  inflammatory  oedema  which  has 
produced  more  or  less  retention  of  the  effusion  within  the 
cavity.  In  a  certain  proportion  of  cases,  however,  this 
favorable  termination  does  not  transpire  and  the  disease 
then  becomes  chronic. 

Acute  sinusitis  is  often  complicated  by  serious  affec- 
tions due  to  direct  extension  of  the  original  malady. 
Periostitis  is  common,  the  orbital  wall  of  the  sinus  being 
the  principal  sufferer  in  this  respect.  While  this  process 
may  terminate  in  ulceration  or  necrosis  of  the  bone,  with 
resulting  infection  of  the  orbit,  the  fact  is  now  well  at- 
tested tliat  the  latter  cavity  may  become  inflamed  without 
previous  organic  disease  of  the  bony  wall.  This  extension 
through  osseous  tissue  without  the  serious  participation 
of  the  latter  is  also  seen  in  the  endocranial  lesions  which 
occasionally  follow  acute  frontal  sinusitis.  This  mode  of 
termination  of  the  latter  affection  is  attributable  in  most 
cases  to  phlebitis  and  thrombosis  of  the  veins  which 
traverse  the  walls  of  the  sinus.  In  this  manner  the  brain 
may  be  imperilled  long  before  sufficient  time  has  elapsed 
for  organic  perforation  of  the  bone.  Endocranial  infec- 
tion having  once  occurred,  a  variety  of  pathological 
processes  may  be  set  up,  including  extra-  and  intradural 
abscess,  meningitis,  encephalitis  and  cerebral  abscess, 
thrombosis  of  the  superior  longitudinal  sinus,  etc. 

Chronic  frontal  sinusitis,  while  a  sequela,  as  a  rule,  of 
the  acute  affection,  may  be  due  exceptionally  to  one  form 
or  there  may  be  several  causes.  It  may  undoubtedly  re- 
sult from  the  extension  of  an  oz»na;  or  it  may  be  due  to 
a  trauma  affecting  the  sinus  or  its  immediate  vicinity. 
Syphilis  tuberculosis,  and  carcinomata  which  develop 
near  the  sinus  may  readily  implicate  the  latter,  although 
the  present  state  of  our  knowledge  enables  us  to  state  that 


these  serious  affections  seldom  or  never  originate  in  this 
cavity. 

There  is  evidently  some  special  principle  involvcil  in 
virtue  of  which  an  acute  sinusitis  niajf  become  chronic. 
When  the  sinus  first  becomes  inflamed  the  anterior  eth- 
moidal cells  are  usually  implicated.  W'lien  the  sinusitis 
proper  undergoes  resolution,  these  accessory  cavities  may 
remain  inflamed;  and  from  this  focus  the  chronic  cede- 
ma  and  polypoid  hypertrophy  which  characterize  chronic 
sinusitis  may  readily  develop.  The  irregularities  which 
occur  in  the  anatomy  of  these  accessory  cells  should  be 
reckoned  with  as  factors  in  individual  cases.  Finally, 
one  frontal  sinus  may  infect  its  fellow  through  perfora- 
tion of  the  septum,  or  this  may  occur  even  without  any 
previous  solution  of  continuity  in  the  latter. 

The  constant  pathological  features  of  chronic  sinusitis 
consist  of  oedema  with  a  certain  amount  of  polypoid  hy- 
pertrophy. Fibrinous  exudation,  non-existent  in  acute 
sinusitis,  may  develop  in  time  in  the  course  of  the  evolu- 
tion of  the  chronic  type  of  inflammation. 

From  the  clinical  point  of  view,  chronic  frontal  sinusi- 
tis presents  two  phases,  according  as  the  inflammation 
terminates  in  dilatation  or  in  destruction  of  the  bony 
walls  and  abscess.  In  the  earlier  stages  of  the  process 
symptoms  may  fail  entirely  or  they  may  be  of  the  same 
character  as  those  of  the  acute  type  (lieadache  and  nume- 
rous ocular  disturbances  of  a  reflex  character). 

In  regard  to  chronic  sinusitis  with  termination  in  dila- 
tation, Killian  '  has  collected  and  analyzed  the  entire  re- 
corded material  (some  sixty-four  cases),  with  the  follow- 
ing results:- Dilatation  of  the  sinus  may  develop  at  any 
time  from  the  first  to  the  twentieth  year  of  the  disease. 
The  resulting  cavity  usually  attains  the  size  of  a  pigeon's 
egg,  although  it  may  exceptionally  have  the  capacity  of 
half  a  pint  or  more.  The  orbital  wall  is  the  one  most 
disposed  to  yield  to  the  pressure  from  within,  although 
the  entire  bony  capsule  may  suffer.  The  osseous  struct- 
ures may  come  to  assume  the  thinness  of  parchment. 

The  secretions,  the  accumulation  of  which  distends  the 
sinus,  are  usually  mucous  or  muco-purulent,  while  in  rare 
instances  they  are  serous  in  quality.  The  mucous  varie- 
ty is  of  especial  interest,  as  it  represents  the  condition 
often  described  under  the  name  of  mucocele.  The  idea  of 
a  separate  disease  with  the  latter  designation  appears  to 
have  originated  in  the  peculiar  qualities  of  the  fluid, 
which  is  very  tenacious  and  gelatinous  and  of  variable 


FIG.  2229.— Sagittal  Section  through  the  Frontal  Sinus,  Showing 
Probe  Passed  into  the  Sinus  from  the  Middle  Meatus.  (After 
Lichtwitz.) 

color.  Cholesterin  crystals  are  sometimes  obtainable 
from  these  collections.  "  Mucocele  "  has  been  held  to  be 
of  cystic  nature,  and  its  inflammatory  origin  has  been 
unsuspected  by  many  writers.  In  about  three-fourths  of 
the  cases  of  mucocele  examined,  the  outlet  of  the  smus 
was  accurately  closed.     Dilatation  can  occur  in  sinusitis 
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only  in  connection  with  the    molecular   absorption 

^°The  other  mode  of  termination  of  chronic  sinusitis, 
viz.,  in  abscess  and  destruction  of  the  smus  wa  ap- 
pears to  be  nearly  twice  as  common  as  that  -^mch  is 
characterized  by  dilatation.  Our  knowledge  of  this  de- 
structive type  is  largely  derived  from  Killians  analysis 
of  the  one  hundred  or  more  recorded  cases.  This  aspect 
of  sinusitis  is  eminently  chronic,  and  in  not  more  than  a 
sixth  of  the  cases  did  the  destructive  process  manifest 
itself  within  the  first  year  of  the  disease.  ^  We  know  that 
in  these  cases  the  sinus  must  have  become  infected  in  con- 
nection with  an  acute  sinusitis ;  and  thus  the  old  reten- 
tion "  hypothesis  is  rendered  untenable. 

The  first  organic  change  which  takes  place  is  ulceration 
of  the  lining  membrane  of  the  sinus.  The  denuded  bone 
either  becomes  carious  or  secondary  periostitis  leads  to 
necrosis,  with  expulsion  of  sequestra.  In  the  majority 
of  cases  these  organic  changes  affect  the  orbital  wall  ot 
the  sinus.  Killian  gives  the  locahzation  as  follows:  Or- 
bital wall,  66f  per  cent. ;  cranial  wall,  16f  per  cent. ; 
frontal  wall,  16f  per  cent. 

As  in  acute  sinusitis,  a  considerable  percentage  ot  cases 
of  infection  of  the  orbit  and  encephalon  occur  without 
demonstrable  lesion  of  the  bony  wall.  Of  twenty  cases 
of  endocranial  infection,  the  bone  was  perforated  in  sev- 
enteen. The  lesion  most  commonly  produced  in  these 
cases  was  cerebral  abscess. 

The  symptoms  of  the  destructive  and  purulent  form  of 
chronic'sinusitis  vary  greatly.  Pyorrhoea  nasalis  may  be 
abundant  and  fcetid.  Pain  is  often  a  conspicuous  feat- 
ure. Infection  of  the  orbit,  with  or  without  perforation 
of  the  orbital  wall,  tends  to  the  formation  of  an  abscess. 
Swelling  of  the  lids  results,  and  displacement  of  the  bul- 
bus  oculi  produces  diplopia.  Rupture  of  the  abscess  pro- 
duces a  fistulous  opening,  the  pus  tending  to  accumulate 
in  the  conjunctival  sac.  The  fistula  causes  shortening  of 
the  upper  lid.  Optic  neuritis  is  occasionally  seen  as  a 
complication. 

The  symptoms  of  endocranial  infection  closely  resem- 
ble those  which  supervene  in  disease  of  the  middle  ear. 

In  the  diagnosis  of  suspected  dilating  sinusitis— equiva- 
lent to  the  "  latent "  sinusitis  of  some  authors — the  prac- 
titioner should  first  cocainize  the  middle  turbinate.  A 
nasal  speculum  with  blades  adapted  for  inspection  of  the 
middle  meatus  will  render  good  service  in  the  hands  of 
an  expert.  But  the  middle  meatus  may  itself  be  the  seat 
of  inflammation  and  polypoid  hypertrophy ;  and,  further- 
more, anatomical  anomalies  are  very  common,  affecting 
the  turbinates,  septum,  ethmoid  cells,  etc. ;  finally,  the 
operator  may  not  possess  the  requisite  skill  to  obtain  a 
view  of  the  outlet  of  the  sinus,  so  that  as  a  routine  pro- 
cedure it  is  often  advisable  to  resect  a  portion  of  the  mid- 
dle turbinate  and  then  ra&ke  use  of  the  probe  or  cannula. 
In  employing  the  probe  we  must  bear  in  mind  that  there 
are  at  least  two  fatalities  upon  record,  due  to  the  perfora- 
tion of  the  cranial  floor  by  the  instrument  in  question. 
Experienced  operators  advise  practice  upon  the  cadaver 
or  upon  an  anatomical  preparation,  the  instrument,  a 
flexible  silver  probe,  being  bent  at  every  possible  angle  to 
facilitate  its  introduction. 

The  old  test  for  the  presence  of  the  probe  in  the  sinus 
was  one  of  mensuration,  viz.,  as  soon  as  the  bent  end  of 
the  instrument  is  an  inch  above  the  anterior  process  of  the 
middle  turbinate,  it  should  be  within  the  sinus.  Within 
the  past  few  years  the  employment  of  the  Roentgen  rays 
has  assisted  in  the  localization  of  the  probe  under  these 
circumstances. 

_  If  a  gush  of  pus  follows  the  penetration  of  the  probe 
into  the  outlet  of  the  sinus,  this  occurrence  might  be  re- 
garded as  prima  facie  evidence  of  latent  empyema,  were 
it  not  for  the  fact  that  certain  anomalies  of  the  ethmoid 
cells  are  known  to  occur,  in  consequence  of  which  we 
may  have  to  distinguish  between  frontal  sinusitis  and  an- 
tenor  ethmoiditis,  which  affections,  more  frequently  than 
not,  coexist. 

If  an  escape  of  pus  does  not  take  place  from  probing 
the  fluid  may  sometimes  be  flushed  out  by  substituting 
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a  fine  cannula  for  the  probe,   and  forcing  air  into  the 


sinus. 


Second  only  to  the  foregoing  as  a  diagnostic  resource 
is  the  presence  of  induced  tenderness  over  the  sinus. 
Headache,  being  a  symptom  of  such  common  occurrence, 


Fig.  2230.— Mucocele  of  the  RlgM  Frontal  Sinus.  Case  of  a  girl 
seventeen  years  of  age.  (From  Gerber's  "  Atlas  der  Kranklieiten 
der  Nase,"  Berlin,  1901.) 

is  of  little  value  in  diagnosis.  Tenderness  may  be  elicited 
at  the  external  and  orbital  walls  of  the  sinus  by  percus- 
sion and  palpation ;  but  simple  hypersensitiveness  is  not 
pathognomonic,  because  it  has  been  encountered  in  hys- 
teria. When  tenderness  of  the  orbital  wall  is  associated 
with  thickening  due  to  periostitis,  and  when  orbital  cel- 
lulitis has  already  set  in,  the  diagnosis  is  placed  beyond 
doubt. 

Chronic  empyema  of  the  frontal  sinus  may  lurk  be- 
neath the  picture  of  trigeminal  neuralgia.  Hajek  ^  has 
especially  noted  this  source  of  confusion  in  connection 
with  influenza. 

In  dilatation  of  the  sinus  with  resulting  attenuation  of 
its  walls,  a  yielding  and  peculiar  crackling  sound  have 
occasionally  been  elicited  on  pressure;  these  effects  re- 
sembling those  which  result  from  compressing  the  lid  of 
a  tin  box. 

If  the  sinus  cannot  be  probed  through  its  outlet,  the 
question  of  exploratory  puncture  of  the  sinus  wall  must 
be  considered.  Opening  the  floor  of  the  sinus  through 
the  nose  with  an  electric  drill  controlled  by  lateral  illu- 
mination of  the  forehead  with  Roentgen  rays  (as  advo- 
cated by  Spiess)  appears  to  be  too  hazardous  a  procedure. 
It  is  sometimes  possible  to  open  an  infundibular  cell 
which  communicates  with  the  sinus,  and  an  exploratory 
puncture  for  this  purpose  may  be  safely  essayed  just  in 
front  of  the  middle  turbinate.  The  method  of  transillu- 
mination of  the  sinus,  while  not  trustworthy,  has  excep- 
tionally proved  of  great  diagnostic  value.  The  establish- 
ment of  an  opening  from  without,  for  diagnostic  pur- 
poses, is  sometimes  justifiable,  especially  if  there  is  a 
prospect  that  the  radical  operation  will  be  required. 

Killian 's  diagnostic  summary  is  as  follows:  Simple  dil- 
atation is  recognized  by  the  local  deformity  and  displace- 
ment of  the  eye,  the  absence  of  pain,  slow  evolution,  and 
parchment-like  crackling  or  fluctuation.  Exploratory 
puncture  may  be  required  to  differentiate  between  dila- 
tation and  osteoma. 

Ulceration  is  usually  announced  by  circumscribed  peri- 
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ostitis,  abscess,  perforation,  fistula,  or  caries.  Pressure 
over  tlie  sinus  is  often  followed  by  an  escape  of  pus  into 
the  nose.  Liquids  may  be  forced  into  the  sinus  through 
its  intranasal  outlet,  and  they  may  then  escape  by  the 
fistulous  opening. 

Cerebral  implication  should  be  easy  of  recognition; 
but  if  this  secondary  disease  pursues  a  latent  course,  diag- 
nosis is  impossible  without  laying  open  and  inspecting 
the  sinus  cavity.  Since  the  encephalon  may  be  infected 
without  the  existence  of  a  perforation,  it  is  often  neces- 
sary to  expose  the  dura  before  coming  to  a  definite  con- 
clusion. If  the  dura  is  healthly,  it  is  extremely  likely 
that  the  parts  beneath  are  quite  intact.  If  the  dura  is  not 
in  a  healthy  condition  it  must  be  laid  open,  unless  spon- 
taneous improvement  follows  its  exposure.  The  pres- 
ence of  intrameningeal  pus  may  then  be  discovered,  and 
a  fistula  may  show  that  the  pus  proceeds  from  a  cerebral 
abscess.  In  any  case  the  cerebral  cortex  should  be  care- 
fully studied,  and  it  may  be  advisable  to  puncture  the 
brain  for  supposed  abscess. 

n-eatment. — Acute  sinijsitis  requires,  as  a  rule,  only 
expectant  treatment,  consisting  of  rest  in  bed;  diaphore- 
sis; warm  applications  to  the  brow;  inhalation  of  steam; 
and  the  administration  of  such  remedies  as  phenacetin, 
salol,  etc.  To  the  preceding  may  be  added  Politzeri- 
zation and  cocainization  of  the  nose. 

If  these  measures  do  not  give  relief,  the  middle  turbi- 
nate should  be  resected  and  the  sinus  irrigated  with 
warm  saline  solution.  In  those  rare  cases  in  which  the 
acute  formation  of  pus  threatens  the  encephalon,  the  si- 
nus should  be  laid  open  through  its  outer  wall.  It  may 
also  be  necessary  to  enter  the  cranial  cavity  through  the 
posterior  wall  of  the  sinus,  split  the  dura,  and  give  vent 
to  an  abscess  in  the  frontal  lobe  of  the  brain ;  or  even  to 
extirpate  a  portion  of  the  cortex.  After  intervention  of 
this  sort,  thorough  external  drainage  is  all-important. 

In  chronic  frontal  sinusitis  Hajek  is  a  firm  believer  in 
the  routine  resection  of  the  middle  turbinate.  He  recom- 
mends this  resource  in  any  case  of  sinusitis,  without  re- 
gard to  the  degree  or  stage  of  the  inflammation.  Sur- 
geons and  ophthalmologists  (and  even  many  rhinologists) 
do  not  countenance  sucli  a  radical  procedure,  save  in  spe- 
cial cases.  Hajek  be- 
lieves that  timely  in- 
tervention through 
the  nose  would  often 
prevent  the  occur- 
rence of  orbital  and 
endoeranial  compli- 
cations. 

After  suppurative 
complications  have 
occurred,  nothing  of 
course  is  to  be  gained 
by  resecting  the  tur- 
binate. 

In  the  majority  of 
cases  the  operation  of 
turbinectomy  is  tan- 
tamount to  a  radi- 
cally curative  pro- 
cedure. Exceptions 
occur  in  those  cases 
in  which  a  high  de- 
gree of  destruction 
has  transpired  in  the 
mucous  lining  or 
bony  walls  of  the 
sinus. 

The  immediate  re- 
sults  of    extirpation 
of  the  middle  turbin- 
ate is    an    increased 
amount  of  secretion. 
Not  until  one  or  two 
Fig.  3231.— Abscess  of  the  Kight  Frontal    weeks  have    elapsed 
Sinus.    Case  of  a  man,  forty  years  of   ^^  .^g  gjjj  ^  change 
aee.    (From  Gerber's    Atlas derKrank-    .      .,         ,  j.       °f 

ffilten  der  Nase,"  BerUn,  1901.)  m  the    character   of 
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the  discharge,  which  then  tends  to  consist  of  mucus 
alone.  Some  secretion  remains  in  evidence  for  a  longer 
or  shorter  interval,  but  in  many  cases  it  ceases  by  the 
end  of  the  second  month. 

Hajek  has  treated  27  cases  of  chronic  empyema  accord- 
ing to  the  principles  just  enimciated,  and  has  been  able 


Fig.  2232.— Empyema  of  Botb  Frontal  Sinuses,  with  the  Formation 
of  a  Large  Sequestrum  of  the  Outer  Plate  of  the  Frontal  Bone  and 
of  a  Tumor  Containing  Air  Beneath  the  Frontalis  Muscle.  (From 
Gerber's  "  Atlas  der  Krankheiten  der  Nase,"  Berlin,  1901.) 

to  follow  up  his  material  indefinitely.  In  9  cases  the  dis- 
charge ceased  absolutely,  while  in  11  others  it  persisted 
in  a  mild  form.  The  remaining  7  cases  continued  to  dis- 
charge pus,  but  4  of  these  were  materially  benefited. 
Hajek  regards  these  figures  as  equal  to  the  results  of 
complete  surgical  destruction  of  the  sinus.  The  patients 
naturally  prefer  the  conservative  form  of  intervention. 
Hajek  uses  the  cold  snare  for  the  removal  of  the  turbi- 
nate, and  takes  away  about  one-third  of  the  bone. 

But  the  intranasal  method,  which  requires  special  ap- 
paratus and  skill  in  its  use,  has  a  limited  range  of  applica- 
bility ;  and  many  surgeons  are  naturally  disposed  to  re- 
gard it  as  inadequate  to  answer  the  indications.  Certainly 
a  great  variety  of  procedures  have  been  devised  for  enter- 
ing the  sinus  from  without.  Originally  surgeons  had  a 
natural  repugnance  to  opening  this  cavity,  and  the  earli- 
est form  of  intervention  consisted  in  following  up  a  fistu- 
lous tract.  Limited  exposure,  with  application  of  the 
actual  cautery,  was  the  next  step.  To-day,  the  radical 
procedure  of  opening  directly  into  the  sinus  is  generally 
advocated. 

Operative  procedures  have  heretofore  been  divided  into 
simple  trephining  and  the  radical  operation.  Kuhnt 
combines  these  two  resources  into  two  stages  of  one  ope- 
ration. For  simple  trepliining,  otherwise  known  as  the 
preliminary  or  exploratory  opening,  for  the  sake  of  cos- 
metic effect,  the  preliminary  incision  should  run  from  the 
naso-frontal  suture  for  3  or  4  cm.  along  the  supraorbital 
margin,  and  sliould  reach  to  the  bone.  The  periosteum 
should  then  be  pushed  upward  (often  a  very  difficult 
procedure),  and  tlie  sinus  wall  perforated  with  the  aid  of 
an  electric  drill  and  chisel.  If  the  bone  is  healthy  and 
the  mucosa  free  from  polypoid  hypertrophy,  it  is  suffi- 
cient to  irrigate  the  sinus  daily  with  antiseptics  and  dust 
it  with  iodoform  until  the  opening  has  healed. 
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On  account  of  the  occasional  failure  of  this  treatment, 
Kocher  proposed  to  extirpate  the  mucosa  of  the  smus. 
This  radical  intervention  may  be  performed  by  a  number 
of  comparatively  new  procedures,  viz. : 

mbinger-Praun  MetJwd.—The  anterior  wall  is  opened 
by  horizontal  and  vertical  incisions  and  entirely  removed. 
The  mucosa  is  curetted,  and  the  naso-frontal  duct  dilated. 
The  wound  is  drained  through  the  external  opening. 

Jansen  MetJwd.— The  orbital  wall  of  the  sinus  is  re- 
moved and  the  cavity  curetted. 

Killinn's  Method.— This  consists  in  opening  the  smus 
througli  the  frontal  wall  witli  temporary  resection  of  the 
nasal  bone.  The  infundibular  cells  are  broken  up  to  such 
an  extent  that  free  drainage  of  the  sinus  by  way  of  the 
nasal  fossae  is  insured. 

Luc-  Ogston  Method.  —Both  frontal  and  ethmoidal  sinuses 
are  opened,  and  a  wide  communication  is  established  be- 
tween the  former  and  the  nose.  A  drain  is  then  passed 
between  these  two  cavities  and  the  external  wound 
closed. 

Ozerny  Method.  —  Osteoplastic  opening  of  the  sinus. 
Operation  finished  as  in  preceding. 

Kuhnt's  MetJwd.— The  anterior  wall  of  the  sinus  is  re- 
moved, together  with  all  the  diseased  mucous  membrane 
and  the  upper  portion  of  the  frontonasal  canal.  This  op- 
eration is  preferred  by  most  surgeons.  According  to  Ha- 
jek,  tlie  only  objection  to  its  general  employment  is  that 
It  makes  no  "provision  for  attacking  the  infundibular  cells 
of  the  ethmoid,  which  are  almost  invariably  diseased  in 
empyema  of  the  frontal  sinus. 

Killian  sums  up  the  subject  of  surgical  intervention  in 
chronic  empyema  of  the  frontal  sinus  as  follows : 

Tlie  supra-orbital  margin  must  be  preserved,  even  if 
only  a  narrow  bridge  remains ;  otherwise  great  disfigure- 
ment results.  The  general  theory  of  most  of  these  opera- 
tions involves  the  opening  up  of  a  passage  between  the 
sinus  and  nose  for  the  purpose  of  drainage  through  the 
latter.  This  passage  may  be  natural  or  artificial.  But 
these  communications  often  heal  up  prematurely  by 
granulation,  and  a  permanent  passage  is  insured  only 
after  resection  of  the  nasal  bone  or  nasal  process  of  the 
superior  maxillary.  This  form  of  intervention  also  gives 
access  to  the  ethmoid  labyrinth. 

The  technique  of  Winkler  is  representative  of  our 
modern  knowledge  of  the  treatment  of  chronic  frontal- 
sinus  disease.     This  procedure  is  as  follows : 

1 .  Tampon  the  posterior  nares. 

2.  Make  an  incision  through  the  eyebrow  (do  not  shave 
the  latter  beforehand). 

3.  Exploratory  puncture  through  the  incision  with 
probing.  An  alternative  now  presents  itself,  viz. :  (a) 
Resect  the  anterior  and  orbital  walls,  leaving  the  orbital 
margin ;  or  (J)  perform  temporary  osteoplastic  resection. 
If  permanent  resection  is  to  be  performed,  the  technique 
is  as  follows; 

4.  Remove  the  anterior  wall  of  the  sinus  with  bone 
forceps  or  Winkler's  saw,  the  latter  being  preferable  in 
fixing  the  upper  limit  of  the  orbital  bridge. 

5.  The  floor  of  the  sinus  is  removed  with  chisel  and 
forceps,  tlie  orbital  margin  being  left  as  a  bridge. 

6.  Extirpation  of  the  mucous  membrane  of  the  sinus. 

7.  The  original  incision  is  prolonged  beyond  the  bridge 
of  the  nose  and  beyond  the  extremity  of  the  nasal  bone. 

8.  Tlie  nasal  bone  and  a  small  portion  of  the  frontal 
bone  are  divided  with  the  chisel;  the  nasal  process  of 
the  superior  maxillary  is  then  divided  with  the  saw. 

9.  The  skin-bone  flaps  are  now  turned  backward. 

10.  Diseased  ethmoid  cells  are  removed  witli  bono  for- 
ceps and  curette,  and  a  communication  is  established  be- 
tween the  sinus  and  nose. 

11.  The  flaps  are  replaced.  Sutures  may  be  iiiiplicd 
at  once  or  after  two  days.  No  irrigation  is  allowed  until 
two  or  three  weeks  have  elapsed. 

If  an  osteoplastic  procedure  has  been  chosen  the  tech- 
nique is  as  follows;  The  skin  is  pushed  back  beneath  the 
orbital  margin,  and  the  bone  separated  from  the  latter 
with  the  chisel.  At  the  outer  and  middle  limits  of  the 
smus  this  margin  is  chiselled  through.     The  flap  of  bone 
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and  integument  is  turned  upward  and  outward.  All 
cedematous  and  fibrous  proliferation,  carious  bone,  etc., 
are  removed  with  the  curette. 

Injumes. — In  traumatism  of  the  frontal  sinus  the  vio- 
lence is  always  direct.  Sharp  violence  is  usually  due  to 
knife  thru.sts  and  sword  cuts;  while  blunt  traumatism 
proceeds  from  a  great  variety  of  objects,  including  pro- 
jectiles, flying  fragments,  etc.  The  frontal  sinus  is  occa- 
sionally injured  by  horse  kicks,  blows  of  the  fist,  falls 
upon  the  face,  and  the  like.  The  external  wall  is  almost 
invariably  the  part  injured.  Autopsies  occasionally  re- 
veal the  presence  of  injury  of  the  cranial  wall,  such  acci- 
dents being  quite  generally  fatal.  The  character  of  the 
injury  varies  from  simple  fissure  or  indentation  to  com- 
pound fracture  and  comminution.  Heematoma  of  the 
sinus  usually  coexists. 

The  symptoms  of  injury  of  this  sinus  are  either  local 
or  cerebral.  If  the  violence  does  not  lay  open  the  sinus, 
the  blood  escapes  by  the  nose.  Epistaxis  and  pain  are 
practically  the  sole  symptoms  of  this  type  of  fracture. 
While  tliese  traumatisms  tend  to  recover  without  se- 
quelae, the  injury  doubtless  produces  sinusitis  in  certain 
cases.  A  peculiar  type  of  traumatism  sometimes  seen  is 
detachment  of  the  lining  membrane  of  the  sinus. 

If  the  cavity  is  opened  subcutaneously  by  the  violence, 
respiratory  movements  are  seen  in  the  superjacent  skin, 
and  subcutaneous  emphysema  is  readily  produced,  which 
may  extend  indefinitely.  It  tends  to  subside  spontane- 
ously in  a  few  days. 

Trauma  with  complete  exposure  of  the  cavity  is  of  fre- 
quent occurrence.  This  class  of  wounds  is  readily  in- 
fected either  at  the  time  of  the  injury  or  afterward,  so 
that  abscess,  periostitis,  necrosis,  fistula,  and  endocranial 
complications  may  result.  If  infection  does  not  occur, 
these  compound  wounds  heal  readily.  One  sequela  which 
may  occur  independently  of  infection,  however,  is  pneu- 
matocele. 

Diagnosis  is  usually  made  without  any  difficulty.  In 
fracture,  emphysema  readily  occurs.  Rhinoscopy  is  use- 
ful in  detecting  hemorrhage  from  the  sinus. 

After  injury  has  occurred  infection  may  be  prevented 
by  antiseptic  irrigation.  The  possibility  of  latent  injury 
of  the  cranial  wall  must  always  be  borne  in  mind.  As  a 
general  rule  the  treatment  of  all  subcutaneous  injuries  is 
expectant,  save  when  cerebral  complications  are  to  be 
feared  or  when  sinusitis  develops.  On  the  other  hand, 
open  wounds  always  require  active  surgical  intervention. 
The  opening  should  be  enlarged,  the  sinus  cleaned,  spic- 
ula  of  bone  and  foreign  bodies  removed,  the  cranial  wall 
carefully  scrutinized  for  possible  injury,  and  the  cavity 
well  drained.  Antisepsis  will  certainly  prevent  grave 
endocranial  complications.  In  very  extensive  wounds  a 
plastic  operation  is  required. 

Foreign  Bodies. — With  a  very  few  exceptions  all  re- 
corded cases  of  foreign  bodies  in  the  frontal  sinus  have 
consisted  of  projectiles,  chiefly  from  old-fashioned  weap- 
ons. The  velocity  of  modern  projectiles,  aside  from  re- 
volver shots,  is  too  considerable  for  them  to  be  arrested 
within  the  sinus. 

These  projectiles  may  heal  in  the  sinus,  but  as  a  rule  a 
fistula  results.  Sinusitis  is  almost  invariably  set  up. 
These  foreign  bodies  may  remain  in  the  sinus  for  an  in- 
definite period,  even  amounting  to  twenty-five  years. 

Diagnosis  was  formerly  by  no  means  easy,  and  explo- 
ratory incisions  were  occasionally  necessary.  To-day  the 
employment  of  the  Roentgen  rays  insures  rapid  recogni- 
tion of  foreign  bodies  in  this  locality. 

A  special  type  of  foreign  body  in  the  frontal  sinus  is 
the  animate,  consisting  of  mature  insects  or  larvte  which 
reach  this  cavity  by  way  of  the  nasal  chambers.  The 
recorded  material,  however,  is  almost  all  ancient. 

New  Foumationb. — Of  benign  tumors  of  the  sinus, 
osteoma  is  the  only  one  which  receives  consideration  from 
modern  authorities,  for  polypi  and  cysts  are  now  regard- 
ed as  incidental  features  of  chronic  sinusitis.  Even  os- 
teomata  arc  held  by  some  to  be  of  inflammatory  origin. 
They  may  be  attached  to  the  bone  by  a  broad  base  or 
peduncle,  or  they  may  be  simply  embedded  in  the  mucosa. 
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They  may  even  lie  loose  in  the  sinus.  These  formations 
are  practically  confined  to  the  periods  of  childhood  and 
adolescence. 

In  structure  the  nucleus  and  peduncle  are  cancellous 
and  the  rest  of  the  mass  of  ivory-like  hardness.  The 
osteoma  may  attain  the  size  of  an  apple.  Its  gi'owth 
beyond  a  certain  limit  expands  the  walls  of  the  sinus. 
The  cranial  cavity  is  often  encroached  upon,  as  are  also 
the  opposite  sinus  and  orhit;  but  so  gradual  is  the  en- 
largement that  little  functional  disturbance  results.  Ex- 
ceptionally, severe  ocular  disturbances,  cerebral  compres- 
sion, etc.,  are  produced. 

Osteoma  may  be  complicated  with  sinusitis  in  all  its 
phases.  It  also  closely  simulates  dilating  sinusitis,  so 
that  exploratory  puncture  may  be  necessary  for  differen 
tiation. 

The  indication  in  osteoma  is  immediate  extirpation, 
In  former  years  the  mortality  from  this  intervention  was 
very  great.  As  the  operation  itself  is  not  dilflcult,  the 
danger  must  lie  solely  in  the  possibility  of  infection. 

Of  malignant  growths  originating  in  the  frontal  sinus 
such  a  small  number  are  upon  record  that  hardly  any- 
thing need  be  said  on  the  subject.  The  few  cases  in 
literature  were  all  sarcomata,  which  grew  rapidly  and 
broke  into  the  contiguous  cavities.  Carcinoma  has  never 
been  known  to  originate  in  the  sinus,  and  even  the  cases 
of  secondary  invasion  are  of  extremely  rare  occurrence. 

Oearge  Ryerson  Fowler. 

'  KllUan :  Heymann's  Handbuch  der  Laryngologie  und  Rhinologle, 
Bd.  iii.,  1900. 

^  Ha,1ek :  Pathologle  und  Therapie  der  entziindliclien  Erkrankungen 
der  Nebenhohlen  der  Nase,  Leipzig  u.  Wien,  1899. 

FRY'S  MINERAL  SPRING.-Jasper  County,  Iowa. 

Post-Office. — Colfax.    Hotels:  Fry's  and  five  others. 

This  is  one  of  a  group  of  ten  well-known  mineral  springs 
located  at  Colfax,  on  the  line  of  the  Chicago,  Rock  Island 
and  Pacific  Railroad.  Like  all  the  others  of  the  group, 
this  spring  has  an  artesian  flow  and  proceeds  from  a 
depth  of  between  300  and  400  feet.  The  water  of  this 
spring  has  been  analyzed  by  Dr.  Heinrichs,  Professor 
of  Chemistry,  Iowa  State  University,  and  also  by  Pro- 
fessor Haines,  M.D.,  Chair  of  Chemistry  and  Toxicology, 
Rush  Medical  College,  Chicago.  The  results  obtained 
are  as  follows : 

One  United  States  Gallon  Contains  : 


Analysis  by  Dr.  Haines. 

Solids.  Grains. 

Sodium  cbloride 3.842 

Sodium  sulphate 77.344 

Potassium  sulphate 620 

Calcium  sulphate 31.750 

Magnesium  sulphate  . . .  10.230 
Magnesium  bicarbonate.    35.939 

Iron  bicarbonate 258 

Alumina 058 

Silica 710 

Organic  matter Trace. 

Total 150.751 


Analysis  by  Dr.  Heinrichs. 
Solids.  Grains. 

Sodium  chloride 3.85 

Sodium  sulphate 78.86 

Potassium  sulphate 41 

Magnesium  sulphate  —    31.87 

Calcium  sulphate 13.07 

Calcium  carbonate 17.51 

Iron  carbonate 67 

Silica 29 

Lithia Trace. 

Carbon  dioxide 7.18 

Total 153.71 

As  seen  by  the  analyses,  the  water  is  quite  strongly 
impregnated  with  mineral  ingredients,  but  not  sufficiently 
so  to  mar  its  pleasant  taste.  Ample  bathing  facilities 
are  provided.  The  elevation  of  the  location  is  1,100  feet 
above  the  sea-level,  the  surrounding  country  being  of 
a  hilly  character.  The  waters  of  the  spring  have  been 
found  efficacious  in  rheumatism,  dyspepsia,  general  de- 
bility, and  in  diseases  of  the  blood,  liver,  kidneys,  and 
nervous  system.  James  K.  Crook. 

FULTON  WELLS.— Los  Angeles  County,  California. 
Hotel  and  cottages.  This  resort  is  located  about  three 
miles  north  of  Norwalk  station  on  the  Los  Angeles  Rail- 
road, and  thirteen  miles  from  Los  Angeles  City.  The 
wells  were  bored  by  Dr.  Fulton,  and  the  resort  is  con- 
ducted by  that  gentleman.  The  two  principal  wells  are 
350  feet  deep  and  flow  copiously.  Anderson's  analysis 
shows  the  following  results : 


One  United  States  Gallon  Contains: 

SoHds.  Grains. 

Sodium  chloride 9.60 

Sodium  bicarbonate 2.90 

Sodium  sulphate 95 

Magnesium  bicarbonate 17.46 

Ferrous  carbonate 11.75 

Calcium  carbonate 12.63 

Calcium  sulphate ^.41 

Silica 3..56 

Organic  matter Trace. 

Total 81.25 

Free  carbonic  acid  gas Excess. 

Free  sulphureted  hydrogen Excess. 

Temperature  ot  water,  64°  F. 

This  water  may  be  described  as  a  heavy  alkaline-chaly- 
beate. It  enjoys  considerable  reputation  in  the  treat- 
ment of  anaemia,  malarial  troubles,  atonic  dyspepsia, 
congestion  of  the  liver,  etc  A  large  hotel,  comfortable 
cottages,  and  excellent  bathing  facilities  have  been  pro- 
vided for  guests.  James  K.  Crook. 

FUMITORY. — The  plant  Fiimaria  officinalis  (fam. 
Fumariacea>),  an  annual  herb  with  branching  stem,  smooth 
and  glaucous  compound  leaves,  and  small,  rather  irregu- 
lar flowers  in  axillary  racemes;  the  pods  are  one-sided, 
and  the  juice  of  the  stems  and  leaves  is  not  milky;  in 
other  respects  of  structure  it  accords  with  the  poppy 
family.  Fumitorj'  is  indigenous  to  Europe,  and  an  in- 
troduced plant  in  the  United  States. 

The  leaves  or  the  flowering  herb  are  collected  for  use ; 
they  have  a  bitter,  saline  taste  but  no  odor.  They  con- 
tain a  crystalline,  bitter  alkaline  base,  fumarine,  fumaric 
acid,  and  a  large  amount  of  carbonate  of  soda. 

Fumitory  is  an  old  European  house  remedy  for  "  vis- 
ceral, obstructive,  hepatic,  and  scorbutic  troubles."  It 
is  but  little  employed  at  present. 

Allied  Plants. — Corydalia  and  Diclytra  ("Dicentra") 
are  pretty  flowers,  some  species  of  which  are  cultivated 
for  ornament,  and  yield  drugs  which  are  used  to  a  slight 
extent.  There  are  several  other  species  of  Fumaria  which 
have  been  employed  also  in  medicine.        W.  P.  Bolles. 

FUNGI,  EDIBLE  AND  POISONOUS.— The  fungi  in- 
clude a  series  of  i)lauts  of  very  diverse  characters,  vary- 
ing among  themselves  as  widely  in  size,  structure,  and 
other  characters  as  do  the  higher  and  better  known  seed- 
bearing  plants.  All,  however,  possess  the  common 
characteristics  of  absence  of  chlorophyl  and  some  method 
of  reproduction  by  spores.  The  first  character  will  dis- 
tinguish the  fungi  from  other  cellular  plants  like  the 
algaj,  while  the  latter  will  distinguish  them  from  higher 
parasitic  plants  like  the  dodders,  beech-drops,  and  broom- 
rapes.  AH  fungi,  lacking  chlorophyl,  must  live  on  some 
form  of  organized  matter;  this  they  may  derive  directly 
from  living  plant  or  animal  tissues,  in  which  case  they 
are  true  parasites ;  others  and  by  far  the  greater  number 
draw  their  nourish- 
ment from  dead  or  de-  ,«'=^^5^^^^^^^^^=^*V^ 
cayiug  matter  and  are  /\JIJ^SSkk\fP?\ 
known  as  saprophj'tes.            I/Yl^^^^m  \\\ 

In    structure,    some  K     f]^^^^m  A-^=| 

of  the  simplest  consist  |:3A/^^^^^/0^5' 

of     minute,     naked  t^\^=====^^A:^^/ 

masses  of   protoplasm     )OQo0^^3-A^LJ:A^^i^^ 

i\ii!in^a  Tgt^s  ^w^m^m 

table  cell  which   may        "^1  -j^CJp^Y^OC^ 
be  a  pollen   grain,    a  -"^  '~ 

diatom,  the  cell  of  a  .^^^^  2233  —Synchiitrium  mercurialti. 
filamentous  alga,  or  an  producing  a  Gall  on  the  Epidermis  of 
epidermal  cell  of  one  Mercm-ialis  perennis.  The  fungus 
r,f  tlip  liitrlipi-  T)lflnt«  is  parasitic  in  a  single  cell  and  the 
L     „ooo\^  f,     ^,?,  resting  spore   shown  at   a.     (After 

(Fig.  3333) ;  others,  hke      -woronln.) 
yeast,  consist  of  single 

cells  enclosed  in  a  cellulose  covering  which  does  not 
differ  essentially  fiom  that  of  the  higher  plants ;  these 
cells  are  free  floating  and  derive  their  nourishment  either 
from  saccharine  solutions  or  those  containing  amylace- 
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PIG.  B334.— Teast  Cells  of 
Saccharomi/ces  cere- 
viske  Budding  Nor- 
mally. 


oiis  substances  capable  of  being  transformed  into  sugar. 
The  more  higlily  organized  fungi  consist  of  fine  thread- 
lilje  filaments  known  as  hypbaj 
■which  develop  primarily  from  the 
germination  of  spores;  these  hy- 
phiE  may  be  either  septate  or  form 
continuous  capillary  tubes  and 
often  form  a  web-like  tangle 
known  as  mycelium ;  such  a  mass 
entangled  with  compost,  forms 
the  so-called  "  spawn  "  from  which 
the  ordinary  mushrooms  of  cul- 
tivation are  grown,  and  such  are 
the  cob-\vebby  films  of  mould 
seen  on  manure  piles  or  on  the 
surface  of  fruit  exposed  to  a  warm 
moist  air.  At  other  times  numer- 
ous threads  of  the  mycelium  be- 
come joined  to  form  cord-like 
strands  which  sometimes  attain  the  length  of  many  feet. 
Many  of  the  conspicuous  forms  of  fungi  such  as  the  puff- 
balls  and  ordinary  mushrooms  are  compacted  masses  of 
mycelium  variously  hardened  and  sometimes  mingled 
with  more  or  less  vesicular  cells  of  various  sorts ;  some 
very  hard  tissues  like  those  of  the  woody  bracket  fungi 
are  developed  in  the  same  way,  the  hardness  and  tough- 
ness depending  on  the  compactness  of  the  fibres  and  the 
thickening  of  their  cell  walls.  The  ordinary  structures 
we  know  as  mushrooms,  for  example,  consist  merely  of 
the  reproductive  portion  of  the  plant,  and  in  a  general 
way  correspond  more  or  less  closely  to  the  fruit  of  the 
higher  plants;  the  vegetative  portion  frequently  con- 
sists of  extensive  masses  of  mj'celiura  concealed  under- 
neath the  ground,  and  ramifying  in  every  dii'eotion  to 
secure  from  stores  of  decomposing  vegetable  matter  the 
supply  of  nourishment  necessary  for  their  life.  This  not 
only  serves  for  their  food  but  from  it  thej'  manufacture 
the  material  from  which  the  reproductive  parts  above 
ground  are  rapidly  developed  at  an  opportune  time. 

Besides  developing  fungus  cellulose  which  differs  only 
slightly  from  ordinary  cellulose  in  its  reactions,  various 
fungi  develop  various  carbohydrates  like  sugar,  mannite, 
glycogen,  gums,  and  the  like;  organic  acids  especially 
oxalic,  malic,  and  citric;  aromatic  acids,  fats,  ethereal 
oils,  coloring  matters  of  diverse  types,  resins,  albumi- 
nous compounds,  and  al- 
kaloids. The  last-named 
compounds  are  the  sources 
of  poisons  found  in  vari- 
ous mushrooms;  while  to 
various  combinations  of 
some  of  the  former  are  to 
be  attributed  the  nutri- 
tious properties  and  fla- 
vors of  the  various  forms 
of  edible  mushrooms. 

Reproduction  is  accom- 
plished in  various  ways. 
In    unicellular    forms    it 
may  take   place  by  bud- 
<i.mg{gemmiition)  as  in  tlie 
yeast  (Fig.  3334),  by  self- 
division  (fission)  as  in  the 
bacteria,   or   by  free   cell 
formation  (internal  cell  di- 
rision).      In    one    of    the 
great  classes  of  the  fungi, 
the  spores  are  produced  in 
membranous    sacs    called 
fiwi  (Fig.  3341),  and  in  the 
Fig.  2235.— Process  ot  Conjufration    common    mushroom  they 
in  Mucor  stolonifer.  One  ot  the    are  borne  on  spicules  (ste- 
Mucorales.       A,     Two     hypbal    rinniidii)  which  rise  from 
branches   approaching;     B,    the    „„,  \   vnnuii  ii&u   iium 

same  still  lurther  advanced;  C,  eniargeU  cells  known  as 
suspensors  cut  apart  Irom  the  con-  hasidia  (Fig.  3343)  In  the 
jugatlng  cells  Cffometes)  by  septa,  various  e-rnuns  of  fiimr; 
The  union  ot  the  gametes  finally  r»  '  .^  Lf-  '^^i  ,•  ^ 
produces  a  zygospore  as  seen  in  '^pioauciive  Doclies  are 
llg.  2245.    (After  DeBary.)  produced  in  a  variety  of 
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Fig, 


2236.  —  Sexual  Reproduction  of 
Peronospnra ;  A^  Mycelium ;  B,  an- 
therld ;  C,  egg.  These  structures 
form  inside  the  leaf  of  the  host. 


ways  which  has  given  rise  to  an  extensive  diversity  of 
terms  in  common  use  in  various  works  on  fungi;  some 
of  the  more  common  of 
these  forms  are  as  fol- 
lows: 

1.  Sexual  Methods  of 
Reproduction. 

(a)  By  the  union  of 
similar  elements  (con- 
jugation) resulting  in 
the  formation  of  a  so- 
called  zygospore;  the 
sexual  method  of  re- 
production in  the  or- 
dinary black  mould  of 
bread  is  an  example 
(Fig.  3235). 

(b)  By  the  union  of 
dissimilar  elements  re- 
sulting in  the  forma- 
tion of  an  oospore ;  the 
sexual  reproduction  of 
the  downy  mildew 
found  parasitic  within 
the  leaves  of  many  plants  in  a  good  example  (Fig.  3336). 

(c)  By  the  union  of  di.ssimilar  elements,  which,  followed 
by  the  growth  of  an  alternate  stage  (known  as  a  sporo- 
phyte),  results  in  the  formation  of  a  sporocarp  or  so- 
called  spore  fruit  such  as  is  seen  in  the  common  surface 
mildews  of  many  common  plants  (Figs.  2337). 

3.  Asexual  Forms  of  Reproduction. 

(a)  The  formation  of  ciliated  swarm  spores  within  the 
cell  by  the  ordinary  processes  of  internal  cell  division. 

(b)  The  formation  of  solitary  conidia  on  simple  or 
branching  hyphse  as  in  the  mould-like  growth  of  the 
downy  mildew  that  appears  on  the  under  surface  of 
many  leaves  (Fig.  2248). 

(o)  The  formation  of  conidia  in  chains  by  the  successive 
cutting  off  of  the  ends  of  certain  hyphse  as  in  the  common 
green  mould  (Fig.  2252,  G),  the  powdery  mildew  (Fig. 
2353,  A),  and  the  peach  rot  (Fig.  3338). 

(d)  The  formation  of  sporangia  or  membranous  recep- 
tacles containing  large  numbers  of  spores  formed  by  a 
process  of  internal  cell  division.  Such  a  type  is  readily 
seen  in  the  ordinary  method  of  reproduction  of  the  com- 
mon mould  of  manure  (Fig.  3346). 

(e)  The  formation  of  pycnidia  or  special  receptacles  of 
more  or  less  elaborate  structure,  from  the  walls  of  which 
the  conidia  are  produced ;  such  a  structure  is  found  in 
the  ordinary  leaf -spot  disease  of  the  pear  (Fig.  2340)  and 
other  similar  parasitic  and  often  saprophytic  fungi. 

While  many  terms  are  employed  for"  the  various  re- 
productive bodies  of  fungi,  it  is  perhaps  better  to  use 


—3.  .—Stages  in  the  Sexual  Process  of  Sphcerotheca  CastagneL 
one  of  the  common  Powdery  Mildews.  At  .1,  the  two  sexual  cells 
are  distinct;  at  B.  they  are  fusing ;  and  at  C,  the  young  sporocarp 
IS  forming  The  mature  stage  of  the  sporocarp  is  shown  in  Fig. 
■liibi.    (After  Harper.) 

only  _  the  two  terms  conidia  and  spores.  In  the  lower 
fungi  in  which  there  occurs  both  a  sexual  and  an  asexual 
method  of  reproduction  the  term  spore  is  limited  to  the 
sexual  product,  and  the  term  conidium  (plu.  conidia)  to 
the  asexual.  Following  the  same  analogy  the  character- 
istic final  or  mature  reproductive  body  in  the  higher 
fungi  is  also  called  a  spore,  even  though  it  does  not  repre- 
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sent  the  result  of  sexual  reproduction,  while  any  earlier 
or  simpler  methods  of  reproduction  are  regarded  as  conl- 
dial.  Following  the  same  analogy,  the  spore  production 
among  the  hosts  of  Imperfect  fungi  (fungi  imperfecti)  is 
also  regarded  as  conidial. 

By  the  above  discussion  it  will  be  seen  that  the  same 
fungus  possesses  more  than  one  method  of  reproduction, 


Fig.  2238.— Mojiflto  fructigcna,  the   Common  Hot  of   Plums  and 
Peacbes ;  a  fragment  of  a  fiypha  bearing  spores  produced  In  chains. 

and  the  case  is  complicated  when  a  parasitic  form  has 
one  stage  of  its  growth  on  one  plant  and  the  spores  or 
conidia  of  this  stage  are  then  transferred  to  another  host 
plant  and  the  final  growth  and  a  different  method  of  re- 
production take  place  in  its  new  place  of  abode.  Still 
more  complicated  are  the  many  cases  in  which  a  fungus 
is  parasitic  during  its  conidial  stage  and  passes  througli 
its  spore-producing  stage  on  some  organic  substratum  as 
a  saprophyte. 

Fungi  are  of  economic  importance  in  a  great  number 
of  ways:  1.  As  household  pests  they  invade  fruit  either 
fresh  or  preserved,  cereals  or  other  starchy  cooked  foods, 
cheese,  clothing,  and  many  other  things  under  tlie  name 
of  moulds.  3.  As  parasites  on  living  plants  they  prey 
upon  fruits,  grains,  grasses,  the  foliage  of  shade  trees, 
weeds,  and  many  other  plants  in  the  form  of  leaf  blights, 
mildews,  rusts,  smuts,  leaf  spots,  anthracnoses  and  the 
like,  often  causing  immense  losses  to  farmers  and  fruit 
growers.  3.  As  aquatic  parasites  they  attack  fish,  par- 
ticularly the  young  fish  in  the  hatcheries,  and  often 
cause  considerable  destruction. 
4.  As  aerial  parasites  on  liv- 
ing animals  they  attack  flies, 
grasshoppers,  clover  weevils,  the 
pupae  of  moths  and  buttertlies, 
and  many  other  animals,  some- 
times even  producing  skin  dis- 
eases in  man.  5.  In  laboratory 
work  with  bacteria  they  often 
form  a  disturbing  element  and 
a  knowledge  of  their  kind  and 
nature  becomes  a  necessity  to 
those  who  make  extensive  plate 
cultures  and  tube  cultures. 
These  moulds  are  likely  to  be 
either  (a)  True  Mucoracefe,  (h) 
Conidial  stages  of  certain  As- 
pergillacese  like  the  common 
green  mould,  or  (c)  Hyphomy- 
cetes  or  moulds  with  onlj^  a  co- 
nidial reproduction ;  in  some  of 
the  latter  the  spores  are  light- 
colored,  in  others  they  may  be 
dark-colored  or  even  black.*  6. 
As  agents  of  fermentation  they 
form  the  active  element  of  yeast 
and  so  are  directly  concerned  in 
the  production  of  bread  and 
beer,  and  in  all  alcoholic  fermen- 
tation, as  well  as  in  the  later 
stages  of  acetic  fermentation. 
7.  As  an  article  of  food  they  are 
extensively  in  use  among  all  peoples  whether  civilized  or 
not.     8.  As  destructive  agents  of  timber  either  in  living 

*  A  preliminary  paper  on  these  forms  has  been  prepared  by  Dr. 
Jelliffe,  "  Some  Laboratory  Moulds."  Journal  of  Pharmacology,  Nov., 
1897. 


Fig.  2239.— Jkfucor  mMceiJo, 
showins  Eoot-like  Hyphse 
and  Sporangia  fllled  with 
Spores  at  the  Summit  of 
Aerial  Hyphse. 


Fig.  2240.— Section  of  a  Pear  Leaf  taken 
through  one  of  the  Pycnldla  of  a  Leal 
Spot  caused  by  Scptnria  pirlna.  The 
darkened  portions  are  caused  by  tne 
fungus  mycelium  and  the  spores  are 
formed  from  the  inner  wall  of  the  pycni- 
dlum  and  escape  at  its  mouth.  (After 
Duggar.) 


standing  trees  or  in  the  form  of  ties  or  building  material 
they  form  a  prominent  factor  in  engineering.  9.  As  re- 
medial   agents    they 

are   directly   con-  ^ 

cerned  witli  medi- 
cine, and  finally  as 
malignant  poisons 
they  appeal  to  mem- 
bers of  the  medical 
profession  for  the 
treatment  of  the  vic- 
tims of  their  work. 

There  are  three 
principal  groups  of 
fungi  that  may  be 
distinguished  as  fol- 
lows: 

Class  I.  Phtco- 
MYOBTBS  —  the  algal 
fungi,  including 
mould-like  s  a  p  r  o  - 
phytes  as  well  as 
various  parasites  of 
both  animals  and 
plants.  These  in  ad- 
dition to  the  more  or- 
dinary method  of  asexual  reproduction  have  a  sexual 
method  not  unlike  that  which  occurs  among  various 
forms  of  the  simpler  green  algae,  and  many  of  them  in 
fact  appear  to  be  little  short  of  degenerate  algae  that  have 
lost  their  power  of  developing  chlor- 
ophyl  and  with  it  the  power  of  fix- 
ing carbon  from  the  carbonic  oxide  of 
the  air. 

The  other  two  classes  of  fungi  rep- 
resent distinctly  higher  types  of  fungi, 
whose  relations  to  other  members  of 
the  plant  world  are  not  so  clearly 
marked.  These  classes  are  distin- 
guished from  the  above  by  their  more 
complicated  structure  and  by  the  rarity 
of  sexual  processes,  and  are  distin- 
guished from  each  other  by  the  method 
of  spore  production  which  is  very 
characteristic  and  easily  determined  in 
mature  material. 

Class  II.  Ascomtcetbs,  or  spore-sac 
fungi,  are  characterized  by  the  pro- 
duction of  spores  in  membranous  sacs 
known  as  asci  (sing,  ascus)  (Pig.  3241). 
This  character  can  be  readily  seen  in 
any  mature  fungus  by  making  a  sec- 
tion for  the  microscope  and  examining 
it  for  the  sacs  containing  the  spores, 
or,  most  usually  they  can  be  made  out  from  crushed 
fragments  of  the  spore-bearing  surface  of  the  fungus 
without  the  trouble  of  making  sections.  With  the  ex- 
ception of  the  morels  common  in  spring  and  Oyromitra, 
which  is  not  very 
common  with  us, 
none  of  the  larger 
fleshy  fungi  belong 
to  the  Ascomycetes, 
but  rather  to  the 
next  class. 

Class  III.  Basid- 
loiiYCETES.  —  These 
are  characterized  by 
bearing  the  spores 
naked  on  enlarged 
cells  known  as  ba- 
sidia  (Fig.  3343). 
This  class  includes 
besides  the  parasitic 
rusts  and  smuts,  all 
the  ordinary  mush- 
Tnnm«  nnrl  tnnrlutnnls  FIG.  2242.— Two  Basldia.  jl.  With sterig- 
rooms  ana  toaastools  ^^^  ^^.^-ni^g  very  young  spores,  and  B, 
(except     tne     morel      a  later  development  with  spores  mature. 


FIG.  2241.— Ascus 
containing  Spores. 
(See  also  Figs. 
2251,  2252,  2253, 
2256,  and  2257. 
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noted  above),  bracket  fungi  so  commonly  shelving  fi-om 
trees  and  stumps,  puff-balls  and  stink-horns,  thus  in- 
cluding the   largest  number  of  conspicuous  forms   of 

fleshy  fungi  as  well  as 
the  principal  forms 
which  contain  poison- 
ous principles. 

Besides  the  above 
groups  there  are  two 
others  closely  related  in 
habit  and  often  asso- 
ciated with  fungi. 
These  are  the  bacteria 
which  form  the  great 
group  often  known  as 
the  IScliizomycetes  which 
tind  a  closer  alliance 
with  the  blue-green  algse 
(Cyanophycece),  and  the 
slime  moulds  or  Myee- 
tozoa  which  find  their  al- 
liance in  the  active  form 
at  least  with  certain  of 
the  lowest  animals.  In 
their  later  stages  they 
have  some  superficial  re- 
lations with  the  puff- 
balls,  but  really  stand  at 
the  opposite  extreme  of 
the  scale. 
The  general  literature 
on  the  subject  of  the  fungi  is  very  extensive,  but  large 
portions  of  the  earlier  writings  are  now  of  interest  from 
a  historical  standpoint  mainly.  For  advanced  students 
of  the  subject,  De  Bary's  "Comparative  Morphology  and 
Biology  of  the  Fungi,  Mycetozoa  and  Bacteria,"  is  still 
the  standard  treatise,  though  it  should  be  supplemented 
by  Brefeld's  antagonistic  views  in  his  "  Uutersuchungen 
aus  dem  Gesammtgebiete  der  Mykologie,"  published  in 
twelve  quarto  parts  (1873-1895).  A  summary  of  Bre- 
feld's system  may  be  found  in  von  Tafel's  "Verglei- 
chende  Morphologic  der  Pilze  "  (1892).  For  the  physi- 
ology of  the  fungi,  the  best  general  treatment  is  found 
in  Zopf's  "Die  Pilze,"  found  in  Schenck's  "Handbuch 
der  Botanik  "  (1890),  but  this  must  be  supplemented  by 
later  investigations. 

The  literature  relating  to  the  American  fungi  is  copi- 
ous but  very  much  scattered  and  except  for  synopses  of 
certain  small  groups  no  manual  or  descriptive  flora  of 
our  American  species  has  been  attempted.     A  guide  to 


Fig.  2343.  —  Septocarpus  coryne- 
phnriis^  One  of  the  Chytridiales, 
Parasitic  on  a  Diatom.    (AfterZopI.) 


FiQ.  ZZU.—Piptocephcais  freneniana,  a  Mould  Parasitic  on  Mucnr 
A,  Portion  ol  Inyphse  showing  the  haustorla,  h,  h,  h,  by  which  it  is 
attached  to  the  hypha  of  Mucor ;  B,  conidla.    (Alter  Brefeld.) 

the  systematic  study  of  tlie  American  species  with  full 
generic  synop.ses  and  extended  references  to  our  scattered 
literature  is  found  in  Underwood's  "Moulds,  Mildews 
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and  Mushrooms  "  (1899),  and  this  will  serve  as  a  general 
introduction  to  the  study  of  our  fungi.     The  literature 


•  v.l. 


*me 


Fig.  2245.— Various  Forms  of  Conjugation  in  the  Mucorales,  showing 
the  Zygospore  Formation.  A,  Mumr  muce^o  \  B,  Piptocephalis 
freseniana ;  C,  Pilobnlus  crystalUnus.    (After  Brefeld.) 

bearing  on  particular  groups  and  that  relating  to  the 
edible  species  will  be  referred  to  under  special  heads. 

CLASS  I.— PHYCOMYCETES  (Algal  Fungi). 

The  Phycomycetes  contain  flve  orders  of  plants: 
1.  Chytbidiales,  which  are  mostly  unicellular  endo- 
parasites  on  algse,  diatoms,  infusoria,  or  rarely  on  the 
higher  plants;    their  organization  is  extremely  simple 
(Fig.  3243)  and  their  method  of  re- 
production  is  for    the    most    part 
asexual.     Except  for  the  parasitic 
species  of  Synchytrium  (Fig.  2383) 
the  forms  have  not  been  studied  in 
this  country. 

3.  Mucorales,  containing  the 
common  black-moulds  of  the  house- 
hold, reproducing  asexually  by 
conidia  produced  either  in  spor- 
angia as  in  the  common  Mvcor 
■iimcedo  and  Mvcor  stolonifer  (Fig. 
3239)  or  more  rarely  in  clusters  at 
the  ends  of  branches  as  in  Piptoceph- 
alis (Fig.  3244,  B).  A  second  but 
less  usual  method  of  reproduction 
is  sexual  by  conjugation  as  is  seen 
in  Mucor  (Fig.  3245,  A),  PiptocepM- 
lis  (Fig.  3345,  B),  or  Piloholus  (Fig. 
3245,  C).  The  last-named  fungus 
is  a  beautiful  but  ephememl  plant 
which  appears  in  crystalline  clus- 
ters on  the 
surface  of 
horse  m  a- 
nure  either 
in  stables  or 
often  in  the 
open  woods.  Its  sporangial  form 
is  most  commonly  seen  as  in  Fiff 
3246.  ^ 

3.  Entomophthorales,  with 
similar  methods  of  reproduction 
as  those  noted  on  the  last  order, 
but  differing  widely  in  habit,  liv- 
ing parasitically  on  insects  which 
they  destroy  after  feeding  on  their  p,a.  224r.-A  Larva  of  the 
suDstance.  A  most  familiar  ex-  Clover  Weevil  Affected 
ample  is  seen  in  the  fly  fungus  in  ^'"^  EmpiLsa,  one  of 
whi^ch  the  infested  insect  attaches  riea^rorfhTt^rori 
itseil  to  a  window  pane  or  the  blade  of  grass,  which  Is 
wall  and  becomes  surrounded  bv  ""^  usual  position  as- 
a  halo  of  white  formed   by   the      ^?^e* '"( AfUtrffi) 


Fig.  2246.— Sporangium 
of  Piloholus  Kleinii, 
one  of  the  Crystalline 
Moulds  Growing  on 
Horse  Manure.  (Af- 
ter Brefeld.) 
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conidia.  Another  species  attacks  the  clover  weevil  In  its 
larval  stage,  when  the  worm  crawls  to  the  top  of  a  blade 
of  grass,  colls  itself  around  in 
a  regular  way  and  dies  (Fig. 
2247).  Another  form  attacks 
the  ordinary  grasshopper,  and 
he  crawls  up  to  a  convenient 
thistle  or  mullein  stalk  and 
dies  clasping  his  perch  in  a 
death  grip. 

4.  Sapkolegkiales  are 
water  moulds    which    grow 
either     saprophytically     on 
dead  flies  or  dead  fish  in  the 
water  which  is  their   usual 
habit,  or  occasionally  become 
destructive   parasites  of 
young  fish  in  hatcheries  or 
more  rarely  in  open  streams. 
Their  methods  of   reproduc- 
tion are  quite  similar  to  those 
described  in  the  next  order, 
FIG.  2248.-Conidiophores   of   except    that    they    are     pri- 
Peronospora  emer^ng  Irom   manly  adapted  to  the  aquatic 
a  Stoma  on  the  Under  Side  of   habit  of  the  plant  producing 
a  Leaf,  and  Bearing  Conidia    thpm  if  o 

of  Various  Degrees  of  Devel-    ''"^"»- 

opment.    (After  Kny.)  5.    rERONOSPOKALBS,  m- 

cluding  the  downy  mildews 
and  the  white  rusts  parasitic  on  many  cultivated  plants 
and  occasionally  occurring  on  weeds  and  wild  plants. 
The  potato  rot  and  the  downy  mildew  of  the  grape  leaf 
which  also  produces  brown  rot*  in  the  fruit  represent 
two  widespread  and 
destructive  diseases 
caused  by  members  of 
this  order.  Reproduc- 
tion is  asexual  by 
means  of  conidia  form- 
ing mould-like  patches 
on  the  under  surface  of 
the  leaf  formed  of 
the  minute  tree  -  like 
conidiophores  which 
bear  dust  like  conidia 
(Fig.  2248).  This 
method  of  reproduc- 
tion is  for  the  purpose 

of  rapidly  spreading  the  disease.     A  second  method  of 
reproduction  is  sexual  by  means  of  the  direct  fertiliza- 
tion of  an  egg  cell  by  a  differentiated  male  cell  known 
as  an  antherid  (Fig.  2236);  this  takes  place  within  the 
substance  of  the  leaf,  and  the  resting 
spore  resulting    from    the   process  of 
fertilization  remains  over  winter,  and 
on  germinating  in  the  spring  produces 
a  new  crop  of  the  mildew.     The  my- 
celium of  the  fungus  penetrates  the 
interior  tissues  of  the  plant  and  draws 
the    nourishment    from    the    cells  by 
means  of  haustoria,   as  seen  in  Fig. 
2249.     A  second  member  of  this  order 
forms  the  white  rust  of  common  cru- 
cifers,  being  most  common    on  shep- 
herd's purse  and  radish.     In  this  spe- 
cies (Albugo  Candida)  the  conidiospores 
are  borne  in  chains  (Fig.  2250),  many 
FIG.  225'o.-Conldia   Parallel  rows  fornnng  a  white  blister 
of  Alhugo    can-   underneath  the  epidermis  of  the  plant. 
dida,   tbe  Wliite    Other  species  are  found  on  the  Canada 
Borae'iS'chatai'    t'^stle,  amaranth,  morning  -  glory,  sal- 
(After  De  Bary.) '    sify,  and  ragweed. 

The  best  systematic  treatment  of  the 
groups  of  this  class,  particularly  the  orders  Mucorales 
and  Chytridiales,  may  be  found  in  Rabenhorst's  "Kryp- 
togamen    Flora    Deutschlands,     Oesterreichs    und    der 

*  Not  tlie  black  rot  of  tlie  grape  whicli  is  caused  by  a  very  distinct 
fungus. 


Fig.  2249.— Mycelium  of  Peronospora 
between  the  Cells  of  its  Host  and 
Sending  Haustoria,  h,  Into  the  Cell. 
(After  Kny.) 


Schweiz,"  Pilze,  Abtheilung  IV.  Only  the  parasitic 
species  and  the  water  moulds  have  been  specially 
studied  in  our  flora  by  Farlow,  Thaxter,  Humphrey, 
and  Swingle. 

CLASS  IL— A8C0MYCETES   (Spore-sac  Fungi). 

As  stated  above,  the  Ascomycetes  are  characterized  by 
the  fact  that  they  bear  their  spores  in  asci  or  membranous 
sacs.     Besides  this  method  of  spore  production  some  of 


Fig.  2251.— CeratAjsUrnietla  pUifera,  one  of  the  Saprophytic  Sphae- 
rlales.  A,  Three  perithecia  on  a  fragment  of  decaying  wood  show- 
ing the  long-beaked  perithecia ;  B.  ascus,  containing  the  allantold 
spores.    (After  Llndau.) 

them  have  other  methods  of  reproduction  by  means  of 
conidia  and  other  forms  of  asexually  produced  spores. 
The  reproductive  processes  are  sometimes  complicated  by 
the  fact  that  the  different  stages  of  the  reproduction  are 
borne  on  distinct  plants  and  appear  at  different  times  of 
the  year,  and  moreover  bear  little  resemblance  to  each 
other.  For  example,  the  common  ergot  appears  as  a 
parasitic  mould-like  fungus  in  the  flowers  of  rye  at  one 
season  of  the  year  followed  by  the  formation  of  the  dark 
hard  kernels  that  take  the  place  of  the  rye  grains  and 
that  are  known  officinally  as  ergot.  The  ascosporic 
stage  of  the  fungus  does  not  appear  until  the  following 
spring,  when  the  kernels  (sderotia)  of  ergot,  after  lying 
on  the  ground  all  winter  as  they  do  in  nature,  send  up 


Fig.  2253.— Ascl,  A,  and  Conidia,  C,  of  PenicilUum  crustaceum,  the 
Ordinary  Green  Mould.  (After  Breteld.)  The  asci  are  formed  in 
chains. 

short  stems  which  bear  rounded  heads  in  which  the  peri- 
thecia bearing  the  asci  with  their  spores  are  found. 

The  asci  in  the  simpler  forms  are  naked  and  more  or 
less  separate  from  each  other ;  in  successively  higher  forms 
the  asci  are  found  in  rounded  perithecia  (Fig.  2253),  in 
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conical  perforate  perithecia  (Fig.  2355,  B),  or  m  long- 
beaked  perforate  perithecia  (Fig.  3251);  in  some  cases  the 
perithecia  are  free  from  each  other  and  in  others,  as  in  the 


Fig.  3253.— Reproduction  of  UncinvZa  necatm;  the  Powdery  Mildew 
ol  the  Grape.  A,  Conidlal  stage  showing  two  conldla  at  c,  and 
one  just  lormlng  at  c' ;  B,  sporocarp,  the  result  of  the  sexual  proc- 
ess shown  In  Fig.  2253,  showing  the  escaping  ascl  at  a.  (After 
Scrlbner.) 

common  Xylaria  polymorpha  (Pig.  3354),  they  are  em- 
bedded in  a  stroma  composed  of  compacted  hyphse  often 
very  hard.  The  great  majority  of  the  members  of  this 
class  of  fungi  are  small  and  inconspicuous ;  only  a  few 
are  fleshy  and  at  the  same  time  of  suflicient  size  to  war- 
rant their  use  as  food. 

Besides  less  conspicuous  orders  the  more  common  forms 
of  Ascomycetes  are  included  in  the  following  orders : 

1.  Saccharomyobtales. — These  include  the  yeast 
plants  which  are  of  economic  importance  in  all  matters 
connected  with  fermentation.  In  these  the  ordinary 
method  of  reproduction  is  by  bud- 
ding (Fig,  3334),  but  under  cer- 
tain conditions  of  nutrition  they 
form  what  have  been  regarded  as 
free  ascospores  four  in  a  cell. 

3.    ASPEEGILIiALES. — In     this 

group  are  found  two  types  of 
fungi,  both,  however,  agreeing  in 
bearing  the  asci  in  skeins  or 
chains.  One  of  these  types  is  the 
common  green  mould  which  is 
well  known  in  its  conidlal  form 
(Fig.  2353,  C),  but  less  so  in  its 
ascosporic  form  (Fig.  3353,  A). 
The  other  tj^pe  of  the  order  Is  an 
underground  form  resembling  a 
trufile  but  reputed  poisonous.  It 
is,  however,  too  small  and  too  un- 
common to  be  considered  worthy 
of  much  attention  here. 

3.  Pemspohtalbs. — This  group 
includes,  besides  a  few  less  con- 
spicuous plants,  the  important 
group  of  the  Erysipliaceas  or  pow- 
dery mildews,  which  are  com- 
monly found  as  parasites  on  a 
wide  range  of  hosts  among  which 
may  be  mentioned  the  hop,  grape, 
gooseberry,  lilac,  and  many  others. 
The  perithecia  are  attached  to  the 
surface  of  the  leaf  of  the  host  ris- 
ing from  a  cobwebby  mycelium 
which    draws     its     nourishment 


PIG.  3254.— Xj/Zortopolw- 
morpha,  showing  the 
Plant  Natural  Size,  and 
a  Section  at  A  of  the 
Stroma  showing  the 
Perithecia  around  the 
Margin. 


from  the  epidermal  cells ;  the  perithecium  is  developed 
from  a  rather  obscure  but  no  less  certain  sexual  repro- 
duction, shown  in  Fig.  3237,  and  develops  a  series  of 
curious  appendages  around  its  periphery  which  are 
often  of  complicated  and  beautiful  structure.  The  peri- 
thecia are  spherical  and  imperforate,  but  they  can  be 
easily  ruptured  under  a  cover  glass  when  the  asci  and 


Fig.  2255.— Carj/osporaputomiimm,  one  of  the  SphaBriales.  .4.,  Inside 
of  a  peach  pit  showing  the  scattered  perithecia,  natural  size ;  B,  a 
single  perithecium  viewed  from  the  .side ;  and  C,  a  single  spore 
which  is  apparently  two-celled  but  has  two  additional  minute  cells 
at  the  apices. 

spores  may  be  studied  (Fig.  3353,  B).  A  little  earlier  in 
the  season  the  conidia  are  developed  (Fig.  3353,  A)  and 
by  their  means  the  mildew  is  rapidly  spread  over  other 
plants.  The  group  has  been  carefully  studied  by  Sal- 
mon* and  furnishes  a  delightful  introduction  to  the 
study  of  the  parasitic  fungi. 

4.  Sph^kiales. — This  is  the  largest  order  of  the  As- 
comycetes, and  eighteen  families  represented  by  over  six- 
teen hundred  species  have  been  described  from  the  United 
States.  Many  of  them  are  small  or  even  microscopic  in 
size,  and  only  a  few  are  in  any  way  conspicuous;  of  the 
latter,  one  stromatic  form  is  quite  common  growing  in 
clusters  about  old  stumps  and  known  as  Xylaria  poly - 
vvyrplia,  from  its  woody  character  (Fig.  3254).  Another 
form  is  common  on  old  peach  pits  that  have  remained  out 
of  doors  over  winter ;  this  has  discrete  perithecia  as  shown 
in  Fig.  3258,  A.  Still  another  type  has  long-beaked 
perithecia  (Fig.  2251).  The  plants  of  this  and  three 
other  small  orders  have  formerly  been  known  under  the 


Fig.  22.-)6.— Lasiobolits  ettuinus.  One  of  the  Cup  Fungi  (Pezizales). 
Section  through  the  entire  plant,  showing  the  asci  in  position  mixed 
with  the  sterile  paraphyses.    (After  Durand.) 

name  of  Pyrenomycetes  and  our  species  have  been  treated 
by  Ellis  and  Evurhart.f    The  species  of  the  Sordariaceae 


♦Salmon:  "A  Monograph  of  the  Eryslphaceaj."    Illustrated  with 
nine  plates.    Memoirs  Torrey  Club,  vol.  Ix. 
t  Ellis  and  Everhart;  "The  North  American  Pyrenomycetes,"  1892. 
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have  been  made  the  subject  of  a  recent  study  by  Griffiths,* 
and  this  group  furnishes  a  most  valuable  introduction  to 
the  study  of  the  Ascomycetes  in  general  and  especially 
to  the  methods  of  cultivation  In  moist  chambers. 

5.  TuBERALEs.— The  members  of  tliis  order  are  all 
subterranean  in  their  habits  and  include  tlie  edible  truffle 
looked  upon  as  one  of  the  dainties  of  the  epicure.  The 
true  truffle  is  found  in  Southern  Europe,  where  either 
dogs  or  pigs  are  trained  to  dig  them.  They  vary  in  size 
from  an  acorn  to  that  of  one's  fist  and  have  a  warty  ap- 
pearance on  the  exterior.  They  are  best  when  fresh,  but 
are  most  commonly  sold  in  a  canned  form.  Two  moder- 
ate-sized truffles  sell  in  the  market  for  about  three  francs 
(sixty  cents).  Various  reports  are  current  regarding  their 
occurrence  in  this  country,  but  so  far  the  true  edible  truffle 
has  not  been  reported.  A  large  number  of  subterranean 
fungi  have  been  found  in  California  where  they  have  been 
studied  by  the  late  Dr.  Harkness,  and  if  truffles  are  ever 
found  in  America  they  are  more  likely  to  occur  either  in 
California  or  in  the  Southwest  where  the  climatic  condi- 
tions more  closely  resemble  those  of  Southern  Europe. 

6.  Pbzizales. — The  cup-fungi  form  an  extensive  group 
which  has  been  comparatively  little  studied  in  this  coun- 


Fis.  ^57.—Peziza  macropus.  One  ol  the  Cup  Fungi  (Pezlzales), 
showing  an  Ascus  with  Spores  and  One  of  the  Paraphyses  at  A. 
(After  Lindau.) 

try.  They  vary  all  the  way  from  the  size  of  a  pinhead 
or  even  smaller  to  several  inches  across,  some  of  the  larger 
fleshy  ones  being  used  for  food.  They  all  bear  the  asci 
in  a  more  or  less  concave  layer  in  the  bottom  of  the  cup 
(Fig.  3256)  and  are  normally  closed  above  when  young, 
but  become  concave,  plane,  or  even  convex  as  they  ma- 
ture. Some  are  stalked  as  shown  in  Fig.  3257,  but  the 
greater  part  are  either  very  short-stalked  or  sessile. 

7.  Helvellales. — This,  the  highest  order  of  the  As- 
comycetes, contains  the  largest  species  of  any  order  and 
consequently  those  that  are  most  likely  to  be  concerned 
with  the  rnycophagist.  Two  prominent  types  are 
represented  by  two  families,  which  differ  technically  in 
the  method  of  discharging  tlieir  spores;  the  first  include 
club-like  or  capitate  forms,  few  of  which  are  of  sufficient 
size  to  furnish  much  of  a  meal  though  the  gelatinous 
Leotia  is  sometimes  eaten.  Mitrula  phalloides  (Fig.  2258) 
is  a  fairly  typical  form  of  this  family ;  in  this  species  the 
ascospores  are  confined  to  the  enlarged  portion  of  the 
club.  The  other  family,  known  as  the  Helvellacece, 
contains  the  morels,  the  gyromitras,  and  the  helvellas, 
of  which  the  first  is  by  far  the  best-known  group  in  this 
country,  being  quite  widely  known  as  the  spring  mush- 
room or  in  some  places  as  the  mushroom,  it  being  the  one 
most  commonly  used  for  food  in  certain  regions.     There 

*  Griffiths :  "  The  Sordanacese  of  North  America."  Illustrated  with 
nineteen  plates.    Memoirs  Torrey  Club,  vol.  xl.,  part  i.,  1901. 


are  several  species  of  which  the  most  common  as  well  as 
the  best  known  is  Morchella  eseulenta  (Fig.  3359).  All 
the  morels  are  edible  and  de- 
licious articles  of  food;  in 
Europe  they  are  very  com- 
monly dried  for  winter  use 
and  sparingly  used  as  a  deli- 
cate flavor  for  soups.  The 
only  plant  that  by  any  pos- 
sible chance  would  be  mis- 
taken for  them  is  the  Phal- 
lus or  stink-horn  fungus,  but 
no  one  possessed  of  the  sense 
of  smell  would  possibly  mis- 
take that  for  an  edible  spe- 
cies. The  morel  has  a  hoUow 
stem,  hence  the  plants  should 
be  caref  idly  split  and  cleansed 
iuside  before  eating  as  they 
are  likely  to  contain  snails 
and  other  animals  which  also 
regard  them  a's  a  delicacy. 
In  cooking,  the  flavor  is  im- 
proved by  parboiling  them 
and  rejecting  the  original 
water  in  M'hieh  they  are 
boiled. 

Oyromitra  is  a  much  larger  fungus ;  O.  brunnea  has  a 
chocolate-brown  convoluted  pileus  and  a  white  stem  an 
inch  or  two  thick;  the  whole  plant  is  often  five  to  seven 
inches  high,  and  single  specimens  have  been  found  that 
weigh  as  much  as  fourteen  ounces ;  it  has  been  found  only 


Fig.  ZZSS.—Mitrida  phalloides, 
one  of  the  Helvellales,  Nat- 
ural size. 


Fig.   2269.— Morchella  eseulenta,  the  Morel  or  Spring  Mushroom. 
(Helvellales.)     (Natural  size.) 

in  the  Ohio  valley  region,  A  second  species  is  Oyromitra 
eseulenta  and  is  a  much  smaller  plant  with  a  wider  dis- 
tribution, though  it  is  by  no  means  as  common  in  America 
as  in  Europe;  it  is  two  to  three  inches  high  with  a 
strongly  convoluted  brown  pileus,  which  ranges  from 
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chestnut  brown  to  blackish  according  to  the  age  or  state 
of  maturity.  In  Europe  it  is  regarded  as  a  great  delicacy 
and  is  often  preserved  in  cans  for  winter  use.  It  con- 
tains a  greater  or  less  amount  of  helvellic  acid,  particu- 
larly when  old,  and  this  is  a  highly  poisonous  substance ; 
it  is  soluble  in  hot  water  and  can  be  removed  by  boiling 
and  rejecting  the  water,  but  the  plant  should  never  be 
eaten  when  past  its  prime — -a  remark  that  may  well  ap- 
ply to  all  mushrooms.  The  symptoms  of  poisoning  are 
similar  to  those  described  for  phallin  below  and  there  is 
no  linown  antidote  for  the  poison. 

Besides  the  true  Ascomycetes  there  are  a  series  of  forms 
that  are  analogous  to  conidial  stages  of  some  of  the  forms 
of  the  Ascomycetes.  Some  of  these  are  undoubtedly 
conidial  stages  of  some  known  or  unknown  species  of 
ascus-bearing  fungi  for  which  the  true  relations  have  not 
yet  been  ascertained;  some  may  represent  forms  that 
have  lost  all  except  their  conidial  stage  of  reproduction  ; 
while  on  the  other  hand  there  are  doubtless  a  number 
of  forms  provisional!}'  placed  liere  from  some  superficial 
resemblance  that  really  are  perfect  forms  in  themselves. 
They  are  known  as  fungi  imperfecti,  and  form  plant 
diseases  known  as  leaf  spots,  anthracnose,  blights,  and 
leaf  wilts. 

The  literature  bearing  on  the  subject  of  the  parasitic 
diseases  of  plants  is  very  extensive,  but  very  widely  scat- 
tered in  the  reports  and  bulletins  of  the  various  state  and 
national  agricultural  experiment  stations.  Dr.  Sturgis, 
of  New  Haven,  has  made  an  elaborate  index  of  this 
literature  arranged  by  host  plants.* 

CLASS  III.— BASIDIOMYCETES   (TUe  BaMdialspore  Fungi). 

This  group  is  a  somewhat  heterogeneous  one,  but  con- 
tains species  of  fungi  that  produce  tlieir  spores  on  basidia 
(Fig.  2242).  The  group  includes  four  types  of  fungi  as 
follows:  (1)  The  lower  Basidiomycetes  consisting  of 
parasitic  rusts  and  smuts;  (2)  The  tremellines  or  jelly 
fungi.  These  are  represented  by  three  orders  of  wliieh 
the  Jew's  ear,  a  dark-colored  fungus  used  as  food  by  the 
Chinese,  is  all  that  need  be  mentioned ;  (3)  The  Hymeno- 
mycetes,  which  contain  the  ordinary  mushrooms  and 
toadstools;  and  (4)  The  Gastromycetes,  containing  the 
puff-ball  and  their  allies  representing  five  distinct  orders. 

The  Smuts  and  Rusts. 

The  smuts  (order  Ustilaginales)  are  more  or  less 
familiar  from  their  attacks  on  corn  and  the  ordinary 
cereals,  all  of  which  are  affected  by  one  or  more  species. 
The  chlamydospores  of  the  fungus,  which  form  the  greasy 
black  powder  seen  in  the  corn  smut  or  in  the  smutted 
heads  of  grain,  germinate  with  the  grain  and  produce 
basidiospoies,  which  germinate  directly  and  produce  a 
widespreading  mycelium  which  grows  parallel  with  the 
growth  of  the  host  plant  and  ultimately  matures  its  spores. 

The  rust  fungi  (Ukedinalbs)  are  likewise  pai-asites 
affecting  the  higher  plants  and  many  of  them  form  de- 
structive diseases.  They  are  pecuUar  in  their  methods 
of  reproduction  in  that  some  species  have  three  dis- 
tinct methods,  developing  three  sorts  of  spores;  others 
have  two  methods  in  which  two  different  series  may  be 
represented ;  others  may  have  only  one  method,  and  it 
may  be  any  one  of  the  three  sorts  of  reproduction  known 
among  these  plants.  Where  two  or  three  methods  of 
reproduction  are  known,  the  case  is  often  complicated  by 
one  of  them  occurring  on  a  different  host  plant  from  the 
others.  The  ordinary  wheat  rust  is  the  common  type 
which  presents  as  complicated  an  example  as  possible. 

The  Htmenomycetes. 

After  passing  over  the  three  orders  of  the  tremellines 
or  gelatinous  fungi  we  come  to  the  ordinary  toadstools 
and  mushrooms  which,  in  accord  with  modern  terminol- 
ogy, form  the  order  Agaetcales.  Of  these  there  are 
three  families  that  contain  fleshy  species,  and  these  can 
be  easily  distinguished  by  the  nature  of  the  spore-bearing 


*  Report  Connecticut  Experiment  Station,  1897, 183-322. 


surface  which  appears  underneath  the  pileus ;  those  bear- 
ing lamellae  belong  to  the  agaric  family  (Agaricaceie) ; 
those  with  pores  or  tubes  to  the  Polyporaceffi ;  and  those 
with  spines  or  teeth  to  the  Hydnaceae ;  a  fourth  family 
also  containing  fleshy  species  is  devoid  of  a  pileus,  but 
consists  of  club-like  or  coral-like  fungi  often  greatly 
branched  and  dividing ;  these  are  the  Clavariaceaj ;  there 
is  still  another  family  but  it  is  not  of  importance  in  the 
present  consideration. 

1.  Agamcaob^. — In  the  ordinary  pileate  mushrooms 
the  spore-bearing  surface  is  spread  over  a  seiies  of  radiat- 
ing lamellae  underneath  the  cap  or  pileus ;  on  tnis  surface 
the  spores  are  borne  on  basidia  and  at  maturity  drop  and 
are  scattered  by  the  wind ;  these  spores  are  of  different 
colors  in  various  species,  and  this  fact  has  been  made  use 
of  in  distinguishing  the  various  genera.  The  young 
plant  has  the  pileus  commonly  closed  something  after  the 
manner  of  an  umbrella,  and  the  stem  is  then  short  so  that 
the  whole  mushroom  at  an  early  stage  is  massed  into  the 
form  of  a  ball.  In  certain  species  the  whole  plant  is  en- 
veloped in  a  more  or  less  membranous  covering  known 
as  the  wlva  (Fig.  2261,  C);  as  the  mushroom  expands 
this  volva  is  ruptured  and  it  is  either  carried  up  on  the 
top  of  the  pileus  in  the  form  of  separable  scales  or  it  re- 
mains at  the  base  in  the  form  of  a  cup ;  this  is  by  far  the 
most  important  portion  of  the  mushroom  as  it  is  the  one 
by  which  the  most  dangerous  fungi  are  detected.  It  is 
absolutely  necessary  to  have  the  complete  base  of  the 
stem  certainly  to  distinguish  between  edible  and  poison- 
ous forms.  An  additional  structure  to  be  noted  is  the 
mil,  which  in  the  young  form  extends  from  the  margin 
of  the  pileus  to  the  stem  as  a  complete  covering,  but 
which  normally  breaks  away  from  the  margin  of  the 
pileus  and  forms  a  more  or  less  definite  ring  (annulus), 
which  may  be  narrow  and  ring-like  or  hang  down  in  the 
form  of  a  skirt.  In  one  genus  the  veil  separates  from  the 
stem  and  hangs  in  a  fringe  around  the  margin  of  the 
young  pileus;  in  at  least  two  genera  the  veil  is  very 
slight  though  clearly  marked  in  young  forms  but  entirely 
disappears  in  the  older  plant  so  as  to  appear  to  be  entirely 
wanting.  While  it  is  comparatively  easy  for  one  familiar 
with  mushrooms  clearly  to  distinguish  the  ordinary 
genera  at  sight  as  easily  as  the  maples,  oaks,  or  pines  are 
distinguished  among  trees,  it  is  more  difficult  for  a  novice 
to  distinguish  them  even  with  keys  at  hand  for  separat- 
ing them.  The  following  synopsis  of  the  genera  contain- 
ing edible  or  poisonous  species  may  be  helpful  in  attain- 
ing this  end. 

SYNOPSIS  OF  THE  GENERA  OP  AGARICS  CONTAINING  EDIBLE 

AND  POISONOUS  SPECIES 
Stem  central. 

Juice  milky,  white  or  colored LACTARins 

Juice  not  milky. 
Spores  white. 

With  a  volva  and  annulus  hoth Amanita. 

With  a  volva  but  no  annulus Amanitopsis 

Volva  wanting  but  annulus  present. 
Lamellas  tree  from  the  stem ;  pileus  normally 

,  scaly Lepiota. 

Lamellae  united  with  the  stem Akmillaria. 

Both  volva  and  annulus  wanting. 
Lainellse  thin  with  acute  edges. 
Lamellae  free ;  plant  reviving  after  drying.  Marasmios. 

Lamellae  decurrent ;  stem  fleshy Clitocybe 

Lamellse  adnate ;  plant  brittle;  stem  fleshy; 

pileus  usually  bright  colored Russcla 

Lamellae  sinuate ;  stem  fleshy Tricholoma. 

Lamella?  In  the  form  of  shallow  folds  with  ob- 
tuse edges ;  plant  yellow Cantharellhs. 

Spores   pmk   or  salmon-colored;   with  neither 
volva  nor  annulus. 

Lamellae  free  from  the  stem PLi'TEns 

LamellsB  decurrent  on  the  fleshy  stem '.'.  Clitopil'us 

Spores  rusty  brown ;   annulus  arachnoid  disap- 

peanng  when  mature ;  lamelto  adnate Cortin  ARms 

Spores  dark  brown  or  black. 
Pileus  melting  to  a  black  inky  fluid  when  mature  Coprinus. 
Pileus  not  melting;  spores  dark  brown. 
Veil  remaining  as  iin  annulus;  lamella;  free.  Agaricus. 
Veil  remaining  as  a  fringe  on  the  margin  of 

the  pilBus ;  evanescent  when  old Hypholoma 

Stem  lateral  or  wanting;  spores  white  or  lilac-tinted.  Pleurotus. 

j1?'^i'^„*^''.^^°^''  *<'™^  "^i'l  require  some' illustration 
and  the  following  figures  will  be  useful;  the  lamellae  may 
he  free  (Fig.  2360,  P),  or  variously  attached  to  the  stem, 
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in  wliich  case  they  may  be  adnate  (Fig.  2360,  A),  sinuate, 
or  notclied  near  tlie  stem  (Fig.  3360,  8)  or  deciirrent  as  in 
Fig.  2360,  D  and  in  Figs.  3363,  3363. 

{White-spored  Series.) 

Amanita. — The  white-spored  agarics  with  both  veil 
and  volva  contain  all  the  most  deadly  fungi  and  their 


Fig.  3260.— Methods  ol  Attachment  of  the  Lamellae  ol  Agarics  to  the  Pileus  and 
Stem,  shown  in  Sections.  ^,  Adnate  lamellae ;  D,  decurrent  lamellae ;  F,  free 
lamellae ;  and  S,  sinuate  lamellae.    In  F  and  S  the  stems  are  hollow. 


characters  should  be  carefully  noted.  Fig.  2361  gives  a 
characteristic  illustration  of  Amanita  pjialloides  vphich  is 
the  more  dangerous  because  it  superficially  resembles 
some  of  the  edible  species.  Its  volva  and  veil  have  al- 
ready been  noted ;  it  should  be  observed,  however,  that 
in  some  species  of  Amanita  the  volva  in  mature  forms 
may  not  form  a  distinct  cup  at  the  base  at  shown  in  the 
figure,  but  may  exist  in  the  form  of  a  straggling  fringe  of 
teeth  at  that  point,  the  greater  part  having  been  carried 
up  in  the  form  of  floccose  scales  at  the  top  of  the  pileus. 
We  have  quite  a  number  of  species  besides  the  four 
enumerated  below,  and  though  some  of  them  are  edible 
the  best  advice  that  can  be  given  the  amateur  is  to  learn 
to  distingiiish  the  genus  Amanita  and  then  let  it  entirely 
alone. 

The  two  most  poisonous  species  are  the  fly-agaric 
{Amanita  muscaria)  and  the  poison  cup  (Amanita  phal- 
loides).  Amanita  muscaria  has  a  yellowish  pileus  vary- 
ing from  yellowish-white  to  yellow  orange  *  and  has  a 
white  stem,  white  lamellae,  and  white  veil.  The  volva 
appears  at  the  base  of  the  bulbous  stem  only  in  the  form 
of  scales,  the  greater  part  of  it  being  carried  up  in  the 
form  of  loose  floccose  scales  at  the  top  of  the  pileus.  The 
poison  it  contains  is  known  as  muscarin,  which  has  a 
very  unpleasant  taste;  symptoms  of  poisoning  from  it 
occur  in  from  a  half  an  hour  to  two  hours  after  eating. 
(For  an  account  of  the  actions,  symptoms,  and  treatment, 
see  Poisoning). \ 

Amanita  phalloides  is  still  more  dangerous  because  it 
contains  phallin  for  which  there  is  no  known  antidote. 
The  species  varies  in  color,  being  pure  white,  yellowish, 
greenish-olive,  or  umber  in  its  diSerent  forms;  the  pileus 
is  usually  viscid  or  slimy  when  moist  and  in  age  is  often 
free  from  any  of  the  remnants  of  the  volva ;  the  lamellae, 
stem,  and  veil  are  all  white;  the  volva  is  subject  to  the 
greatest  amount  of  variation  of  any  portion,  sometimes 
being  largely  earned  up  to  the  top  of  the  pileus  and 
sometimes  remaining  more  prominently  as  a  cup  at  the 
It  has  been  something  of  a  question  as  to  whether 


•  In  European  works  this  species  Is  figured  a  hrlght  red,  but  I  have 
never  seen  it  this  color  in  America. 

+  Illustrations  of  the  flv-agaric  may  be  consulted  as  follows: 
Michael:  "Filhrer  fur  Pilzfreunde,'- No.  55;  Marshall:  Mushroom 
Book,"  pi.  1:  Gibson:  "Edible  Toadstools  and  Mushrooms,"  pi.  4 ; 
Atkinson:  " Studies,"  Figs.  53-54:  Mcllvalne,  "1,000  Amer.  Fungi," 
pi.  9:  Cooke:  "niust.  British  Fungi,"  pi.  117:  Fries:  "Sveng.  atl. 
Svampar,"  pi.  1;  GlUet:  "Champ,  de  France,"  pi.  8. 


these  variations  do  not  indicate  more  than  one  species, 
but  the  fact  remains  that  all  of  them  are  deadly  poison- 
ous. The  phallin  that  they  contain  is  regarded  as  an 
albuminous  poison  and  acts  directly  on  the  blood  corpus- 
cles. Thei-e  is  no  unpleasant  taste  in  the  fungus  to  warn 
the  patient,  and  preliminary  symptoms  do  not  commence 
until  from  nine  to  fourteen  hours  after  the  poisonous 
mushrooms  are  eaten.*  Besides  these  two  poisonous 
species  there  is  one  edible  species  that  should 
be  mentioned,  since  its  use  as  an  article  of  food 
is  historic  as  well  as  extensive.  In  Italy  where 
it  has  been  very  extensively  used  since  the  time 
of  the  Romans,  hundreds  of  bushels  are  brought 
into  the  markets  of  the  cities  during  its  season, 
and  it  is  equally  common  in  our  Southern  States, 
being  found  rarely  as  far  north  as  Massachusetts. 
This  is  known  as  Caesar's  mushroom  (Amanita 
casarea.)  and  is  most  nearly  related  in  appearance 
to  the  fly  agaric.  It  can,  however,  be  readily  dis- 
tinguished by  the  following  marks :  the  pileus  is 
usually  a  deep  orange  yellow,  rarely  appearing 
lighter  colored;  the  stem,  veil,  and  gills  are  all 
a  clear  yellow  color;  the  volva  appears  in  the 
form  of  a  firm  cup  at  the  base  of  the  stem  and 
is  white,  fragments  being  rarely  carried  up  on 
the  pileus  as  is  so  common  in  the  fly  agaric.  It 
is  often  very  large,  sometimes  expanding  to  ten 
inches  or  more  across  the  pileus,  though  it  oc- 
curs in  much  smaller  forms. 

Amanitopsis. — This  genus  differs  from  Aman- 
ita in  having  no  veil  or  annulus,  and  agrees 
with  it  in  the  possession  of  a  volva.    A.  vaginata 
is  very  common  in  some  portions  of  the  country  and  is 
regarded  as  a  delicacy;  it  has  a  thin  usually  grayish 


Fig.  2Z&1.— Amanita  phcCOmdes,  the  most  Poisonous  Mushroom. 
One-half  natural  size.  A,  Annulus :  B,  volya ;  C,  young  plant  en- 
veloped in  volya. 

pileus,  which  is  distinctly  striate  on  the  margin;    the 
stem  and  lamellae  are  white. 
Lepiota. — The  species  of  Lepiota  are  known  as  parasols 

♦Illustrations  of  the  poison-cup  may  he  consulted  as  follows: 
Michael:  "Fiihrer  fur  Pilzfreunde,"  No.  58;  Gibson:  "Edible  Toad- 
stools and  Mushrooms,"  pi.  13 ;  Atkinson :  "  Studies,"  figs.  55-57 ; 
Mcllvalne:  "  1,000  Amer.  Fungi,"  pi. 6,  flgs.  2  and 3 ;  Cooke:  "lUust. 
British  Fungi,"  pi.  2 ;  Bulliard:  "  Flore  de  la  France,"  pi.  2 ;  GiUet: 
"  Champ,  de  France,"  pi.  3. 
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and  for  the  most  part  are  edible  species.  Tlie  only  ex- 
ception known  Is  seen  in  the  anomalous  L.  Morgani  which 
differs  from  all  other  agarics  in  the  possession  of  green 
spores ;  it  is  very  common  in  various  parts  of  the  Ohio 
valley  and  southward  and  has  occasioned  severe  illness 
from  being  used  as  food ;  others  have  partaken  of  it  with 
no  ill  effects,  but  it  should  be  classed  as  doubtful.  Le- 
piota  procera  is  common  in  the  Northern  States  and  can 
be  distinguished  by  its  brownish  or  reddish-brown  pileus, 
three  to  live  inches  across,  and  its  very  long  hollow  stem 
frequently  reaching  ten  inches  in  length  and  bulbous  at 
the  base.  L.  naut!,in.mcles  is  a  white  species  with  a  slightly 
bulbous  base;  it  is  likely  to  be  confused  with  species  of 
Amanita  which  it  resembles  closely  except  that  it  has  no 
volva ;  as  Amanita  phalloides  sometimes  grows  in  culti- 
vated fields  where  Lepiota  naucinoides  occurs,  the  danger 
becomes  all  the  greater  of  confusing  the  two  species. 
There  are  numerous  other  species  of  Lepiota,  but  none  of 
them  need  consideration  here. 

Armillaria. — Only  one  species  of  this  group  needs  at- 
tention here.  It  is  a  gregarious  species  growing  about 
old  stumps,  the  pileus  ranging  from  whitish  to  reddish- 
brown,  though  brownish-3'ellow  is  the  more  common  tint. 
The  lamellse  are  white  at  first  but  become  reddish  with 
age.  It  is  sometimes  eaten  though  is  not  considered  very 
palatable.  It  is  of  most  importance  as  a  destructive 
agent  of  growing  timber,  as  its  widely  spreading  myce- 
lium penetrates  the  heart  wood  of  trees  at  some  distance 
from  where  the  mushroom  appears  above  ground  and 
produces  decay  to  the  height  of  several  feet. 

Marasmius. — To  this  genus  belongs  the  fairy  ring 
champignon  often  seen  in  lawns  and  pastures,  forming 
circles  or  part  circles  often  many  feet  in  diameter.  The 
genus  differs  from  the  ordinary  fleshy  agarics  in  having 
a  persistent  pileus  which  revives  after  desiccation  and 
produces  a  new  crop  of  spores.  The  pileus  is  an  inch  to 
an  inch  and  a  half  in  diameter. 

Clitocyhe. — To  this  genus  belong  several  diverse  species, 
all  agreeing,  however,  in  having  a  fleshy  stem  and  decur- 
rent  lamellae.     Olitocybe  illudens  is  a  large  golden-yellow 

species,  often 
produced  in 
clusters  of  fif- 
tj- or  a  hundred 
at  the  base  of 
old  stumps.  It 
is  a  gorgeous 
species,  but 
has  a  bad  repu- 
tation as  an 
article  of  diet, 
though  it  is 
not  known  to 
be  poisonous. 
A  smaller  spe- 
cies ( Olitocybe 
laceata)  is 
sometimes  eat- 
en. The  gen- 
eral characters 
of  the  genus 
can  be  seen  in 
the  two  illus- 
trations (Figs. 
2261  and  2262). 
Bus  aula.  — 
The  species  of 
iJMSsi/^n  are  not 
well  known 
but  are  com- 
paratively nu- 
merous and 
common  and 
conspicuous 
features  of  ev- 
ery forest  and  shaded  path  from  their  bright  colored  red 
or  green  pilei.  Several  of  the  species,  among  them  the 
poisonous  Russula  emetica,  have  a  strong  acrid  taste  when 
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Fig.  ZZ62.— Clitocyhe  cyathiformis,  One  of  the 
Agarics,  showing  Infundlbulllorm  Pileus  and 
Decurrent  Heterophyllous  Lamella?.  (AJter 
Cooke.) 


Fig.  3263.  —  Clitocybe  fr<mrarm. 
One  of  the  Agarics,  showing  Um- 
hillcate  Pileus  and  Decurrent 
LamellEe.    (After  Cooke.) 


raw,  and  the  members  of  the  genus  unsuitable  for  food 
may  be  distinguished  by  tasting  them  in  a  raw  condition. 
The  acrid  ones  have  a  peppery  taste.  R.  enietiea,  as  its 
name  indicates,  produces  nausea  and  from  its  peppery 
taste  is  not  likely  to  be  confused  with  edible  species; 
liussula  mrescens  with  pale  apple-green  pileus  is  often 
eaten.  While  bright  colors 
like  red  and  green  pre- 
dominate in  the  genus, 
some  are  white  and  others 
clay-colored  and  brown. 

Lactarius. — The  milky 
fungi  are  closely  allied  to 
Russula  structurally,  but 
differ  in  yielding  a  milky 
fluid  when  bruised  or  cut. 
They  are  often  peppery 
to  the  taste,  and  the  com- 
monest white  species  is 
called  Lactarius  piperattu 
from  this  circumstance. 
By  this  means  the  objec- 
tionable species  can  be  de- 
tected, though  even  L. 
piperatus  is  sometimes  eat- 
en as  its  peppery  taste  is 
said  to  be  removed  in 
cooking.  L.  volemus  is  a 
species  with  white  milk 
and  a  reddish-brown  pile- 
us and  stem ;  L.  deliciosut 
differs  from  all  others  in 
having  orange-red  milk ; 
as  its  specific  name  would 
indicate,  it  is  a  delicate 
article  of  diet.  We  have  some  forty  species  in  this  genus. 
Tricholoma. — Only  one  of  the  many  species  of  this 
genus  need  be  considered  here;  this  is  T.  persoriatuni, 
whose  spores  are  often  dirty  white  instead  of  pure  white 
as  in  most  of  the  genus ;  the  whole  plant  is  a  pale  violet 
lilac  color,  and  this  color  is  usually  constant  in  the  younger 
conditions  of  the  plant ;  it  is  very  common  late  in  the 
season  in  waste  grounds  and  dumping  places.  Tricholoma 
sulfureum  with  a  dry  yellow  pileus  is  about  the  only 
suspicious  member  of  the  genus,  though  even  that  is  not 
known  to  be  poisonous. 

Pleurotvx. — The  so-called  oyster  mushrooms  are  readily 
distinguished  by  their  lateral  habit,  either  having  no 
stem  at  all  or  being  attached  by  a  very  short  lateral  stem ; 
none  of  the  species  are  injurious  and  many  of  them  have 
a  delicate  flavor ;  P.  sapidus  with  violet-tinted  spores  ia 
the  most  abundant,  and  there  are  several  other  quite 
closely  allied  species. 

Cantharellus. — This  genus  contains  the  chantarelle  or 
Eierpilz  of  the  Germans,  much  used  for  food  in  Europe 
where  it  is  more  common  than  with  us.  C.  cibarius  is 
the  common  species  of  an  egg -yellow  color.  C.  floccosus 
is  a  larger  species  of  a  lighter  yellow  color  and  forms 
funnels  four  to  six  inches  high. 

(Pink-spored  Series.) 

Pleuteus  cervimts  is  one  of  the  most  abundant  species 
of  its  group,  growing  always  on  decaying  logs  and  char- 
acterized by  its  mouse-colored  pileus,  its  lamellse  separate 
from  the  stem  and  its  pink  spores.     It  is  reputed  edible. 

(Jlitopilus  differs  from  this  genus  in  its  decurrent 
lamellse;  the  sweetbread  fungus  (0.  orcella)  and  the  allied 
G.  prunulus  are  the  only  species  that  are  likely  to  be  met 
and  neither  is  very  common. 

(Rusty -spored  Series.) 

Cortinariiis  is  a  very  extensive  genus,  its  species  usually 
appearing  in  woods  from  late  in  the  summer  to  Novem- 
ber. They  are  all  terrestrial,  by  which  character  the 
genus  is  distinguished  from  its  rusty-spored  neighbors ; 
when  young  the  species  have  a  cobwebby  veil  which 
disappears  with  age.     One  of  the  commonest  Is  the  violet 
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Ccn'tinarius,  which  has  a  deep  violet  color  throughout, 
except  the  mature  lamellae  which  become  rusty  brown 
from  the  ripening  spores.  Our  numerous  species  are  not 
so  well  known  as  those  of  many  other  genera ;  none  of 
the  species,  however,  are  reputed  poisonous. 

(Brown-  or  Black-sjwred  Series.) 

Agaricus  contains  the  common  field  mushroom  (A. 
campestris)  and  quite  a  number  of  allied  species.  While 
this  species  is  generally  well  known  it  may  be  well  to 
add  its  diagnostic  marks:  1.  It  has  no  volva  whatever  at 
the  base  of  the  stem.  3.  The  lamellre  are  pink  when 
young  but  gradually  change  to  brown  or  blackish-brown 
as  the  spores  mature.  3.  The  lamellse  are  free  from  the 
fleshy  stem,  and  when  young  are  covered  with  a  veil 
which  later  forms  a  distinct  ring  around  the  stem,  4. 
The  stem  is  stuffed,  or  filled  with  a  somewhat  softer  sub- 
stance. This  is  the  mushroom  commonly  cultivated  from 
spawn,  and  immense  quantities  of  mushrooms  inferior  to 
those  that  can  be  grown  in  this  country  are  canned  in 
France  and  imported  to  this  country.  It  is  said  that 
mushrooms  may  be  grown  at  a  profit  to  retail  at  twenty 
five  cents  a  pound,  but  the  price  in  New  York  is  some- 
times six  or  eiglit  times  tliat  amount.* 

Hypholoma.— One  of  our  commonest  late  fall  mush- 
rooms is  the  brick-top  often  growing  in  large  masses  at 
the  base  of  stumps.  Professor  Peck  distinguished  several 
species,  using  taste  as  a  guide  in  separating  species.  H. 
gublateritium  is  commonly  reputed  poisonous  in  Europe, 
but  many  of  the  closely  allied  species  have  a  delicate 
flavor.  Specimens  used  for  food  should  be  individually 
tasted  before  cooking  and  those  with  a  bitter  taste  should 
be  rejected. 

Coprinus. — The  species  of  tills  genus  are  among  the 
most  abundant  of  the  wild  mushrooms  and  three  species 
are  common  in  lawns  and  waste  places.  The  genus  can 
be  very  readily  recognized  by  the  fact  that  the  pileus 
melts  speedily  to  an  inky  fluid  when  mature,  and  it  has 
taken  the  popular  name  of  ink-cap  from  this  circumstance. 
C.  micacevs  is  a  small  species  that  grows  in  prodigious 
quantities  about  old  stumps,  often  appearing  very  early 
in  the  spring ;  it  has  a  thin  pileus  of  a  pale  buff  or  yel- 
lowish color  and  narrow  lamellae.  C.  atramentarius 
grows  in  clusters  often  of  many  individuals;  it  has  a 
grayish-brown  moist  pileus  and  very  wide  crowded 
lamellae ;  O.  comattis,  popularly  called  the  shaggy  mane, 
is  cylindrical  in  shape  and  has  a  shaggy  pileus  formed  of 
yellowish-brown  scales  on  a  white  foundation.  It  is 
more  common  in  the  autumn,  usually  growing  in  waste 
grounds. 

In  recent  years  the  subject  of  edible  mushrooms  has 
become  considerable  of  a  fad  in  this  country  and 
several  works  of  greater  or  less  value  have  appeared 
treating  the  subject  in  a  more  or  less  popular  manner. 
Among  the  best  of  these  are  Miss  Marshall's  "Mushroom 
Book,"  Gibson's  "Edible  Toadstools  and  Mushrooms," 
and  Atkinson's  "Studies  of  American  Fungi,"  while 
Mcllvalne  has  published  a  more  aspiring  work  under  the 
title  "  One  Thousand  American  Fungi. "  All  are  exten- 
sively illustrated,  the  first  and  third  named  with  many 
reproductions  of  photographs.  The  best  general  work 
on  the  subject  of  edible  species,  however,  is  Michael, 
"Fiihrer  flir  Pilzfreunde."  The  text  is  in  German,  but 
the  principal  edible  and  poisonous  species,  most  of  which 
are  common  to  Europe  and  America,  are  illustrated  with 
excellent  colored  plates. 

The  nutritious  character  of  mushrooms  has  been  greatly 
overstated  in  many  works  of  a  popular  nature.  The 
nitrogen  supposed  to  be  the  nutrient  element  in  mush- 
rooms is  found  to  belong  in  part  to  proteid  substances 
of  low  food  value,  and  a  portion  is  found  in  sub- 
stances that  are  indigestible  and  hence  not  available  for 


*  There  are  numerous  works  bearing  on  mushroom  culture,  but  the 
following  are  as  good  as  any :  Falconer:  "'Mushrooms;  how  to  Grow 
Them  "  1896;  and  Robinson :  "  Mushroom  Culture ;  Its  Extension 
and  Improvement,"  1870.  The  Department  of  Agriculture  at  Wash- 
ington has  also  issued  a  free  bulletin  on  the  subject. 


food.  The  mushrooms  are  to  bo  regarded  as  a  delicacy 
rather  than  as  a  staple  article  of  food,  and  their  nutrient 
value.  Instead  of  being  comparable  to  meats  as  was  for- 
merly supposed,  is  rather  to  be  compared  with  succulent 
vegetables.  Their  cultivation  and  study,  however,  are 
worthy  of  much  gieater  attention  than  they  have  been 
given  heretofore  in  this  country.* 

2.  PoLYPOKACByK. — Certain  of  the  fleshy  species  of 
bracket  fungi,  such  as  are  seen  growing  on  old  tree  trunks, 
are  edible.  Among  these  P.  ««{/Wvv"«.s  with  bright-yellow 
pores  and  dainty  pinkish-yellow  pileus  is  best  known ;  it 
is  a  large  species  often  growing  in  large  overlapping 
masses  which  are  conspicuous  from  their  brilliant  color. 

P.  frondosiis,  a  brownish  species  with  extensive  com- 
pound branches,  is  also  said  to  be  edible.  Most  of  the 
bracket  fungi,  however,  are  curious  and  ornamental 
mei'ely  as  they  are  of  a  woody  consistence ;  the  two 
mentioned  above  indeed  are  useful  for  food  only  when 
very  young.  It  is  said  that  the  substance  of  Polyporus 
officiniilis  has  been  used  as  a  substitute  for  quinine,  but 
its  properties  have  never  been  thoroughly  investigated. 
The  beefsteak  fungus  (FistuUini  hepatica)  grows  as  a 
fleshy  tongue-like  mass  from  chestnut  trees  and  can  be 
easily  recognized  by  its  fibrous  beef -like  consistency  and 
its  tubes  whose  mouths  are  entirely  separate  from  each 
other.  It  has  much  the  same  appearance  as  real  beef- 
steak and  is  cooked  in  the  same  way. 

Most  of  the  fleshy  spore-bearing  fungi,  however,  belong 
to  the  genus  Boletus,  of  which  we  have  many  common 
species.  Some  of  them  have  a  bitter  taste  like  the  com- 
mon B.  felleiis  and  should  be  rejected ;  one  entire  section 
of  the  genus  has  tubes  whose  mouths  are  a  lurid  red,  a 
totallj'  different  color  from  the  rest  of  the  tube ;  these 
are  regarded  as  poisonous  and  are  to  be  carefully  avoided ; 
other  members  of  the  genus  change  the  color  of  the  flesh 
to  a  bright  blue  when  wounded  and  exposed  to  the  air. 
This  is  particularly  true  of  a  species  which  in  one  of  our 
popular  works  on  mushrooms  has  been  figured  under  an 
incorrect  and  misleading  name  f ;  it  has  a  reddish  pileus 


Fig.  2Z(H.—Myriostoma  coliforme,  a  Rare  Member  of  the  Puff  Ball 
Family  (Lycoperdales). 

and  the  flesh  Instantly  changes  on  exposure  to  injury. 
It  is  a  dangerous  species,  the  more  so  because  it  has  been 
figured  as  an  edible  one. 

Many  of  the  Boleti  are  edible,  but  the  species  are  diffi- 
cult to  distinguish  by  a  description ;  like  most  fungi  they 
have  distinctive  characters  by  which  they  may  certainly 
be  known  when  seen  and  the  safest  guide  is  some  one 
already  familiar  with  the  species.  Once  learned  in  this 
way  the  species  of  mushrooms  are  as  easily  distinguished 
as  the  ordinary  fruits  or  vegetables. 

3.  Hydnace^. — Two  types  of  edible  toothed  fungi 
are  found.     One  consists  of  white  coral-like  masses  in 

*  Concerning  the  nutrient  value  one  can  prolltably  consult  Dr. 
Mendel's  results  of  chemical  analysis  in  American  Journal  of  Physi- 
ology, 1 :  225-238,  1898. 

+  Palmer's :  "  Mushrooms  "  as  Boletus  suhtomentoms ;  its  true 
name  is  B.  miniato-olivaseus. 
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which  the  teeth  all  point  dowmoard  when  growing;  all  the 
species  are  found  on  tree  trunks.     They  are  easily  recog- 


FiG.  2265.— Catastomo  circumsclssum.  One  of  the  Lycoperdales. 
Natural  size,  a,  Shows  the  outer  perldlum  rupturing  at  the  equator ; 
h,  shows  the  upper  part  removed  and  overturned  with  the  Inner 
perldlum  rupturing  with  a  single  crater  at  a  point  originally  at  Its 
base ;  and  c,  shows  the  lower  halt  of  the  outer  perldlum  left  as  a 
cup  In  tlie  earth  after  the  removal  of  b.    (After  Morgan.) 

nized  by  their  teeth,  and  the  three  common  species, 
Hydnum  coralloides,  II.  erinaceus,  and  H.  caput-urd  are 
all  equally  edible. 

Two  pileate  species  are  also  edible ;  H.  repandum  with 
yellowish  or  whitish-yellow  pileusand  teeth  very  brittle, 
and  H.  imbricatum,  brown  with  overlapping  scales  on 
the  pileus  and  grayish  teeth. 

4.  Clavariacb^. — The  club-fungi  growing  in  the 
form  of  coral-like  masses  with  the  branches  pointing  up- 
ward in  growth  contain  several  edible  species.  None  of 
them  are  dangerous,  and  they  form  a  good  subject  for  ex- 
perimentation as  they  are  often  abundant  in  moist  woods. 
It  will  be  readily  seen  from  the  above  sketch  that  no 
hard  and  sharp  rules  can  be  given  that  will  distinguish 
edible  species  of  mushrooms 
from  poisonous.  Like  the 
higher  plants  there  are  good, 
bad,  and  indifferent  species, 
and  the  separate  species  can 
best  be  learned  as  good  or 
bad  by  intimate  acquaintance 
with  them,  the  same  as  we 
have  become  able  to  distin- 
guish apples  from  pears  and 
carrots  from  radishes  by 
learning  each  one  separately. 

The  Gasteromycetes. 

The  last  group  of  fungi  are 
represented  by  the  pufE  balls 
and  their  allies  that  in  some 
respects  represent  some  of  the 
highest  developments  among 
the  fungi.  It  is  scarcely  nec- 
essary to  call  attention  to  the 
peculiarities  o*  the  various 
orders  and  families,  but  at- 
tention can  be  called  to  a  few 
typical  forms,  since  some  of 
them  are  abundant  and  ex- 
cellent articles  of  food. 
Among  these  is  the  giant 
puff  ball  {Cahniia  Bomsta), 
which  sometimes  reaches  a 
prodigious  size  and  often  is 
large  enough  to  furnish  a 
meal  for  several  people. 
Smaller  species  ranging  from 
three  to  six  inches  in  diam- 
eter are  Galvatia  cyaihiformis 
and  Cnleaiiacriiniiformis.  In 
the  former  the  mature  spores 
like  base,  then  In  the  form  of  are  purplish,  in  the  latter  they 
an  egg.    (After  Gerard.)  are  olive  brown.     It  is  only 

when  the  flesh  of  the  puff- 
ball  is  pure  white  and  much  the  consistence  of  cottage 
cheese  that  it  is  suitable  for  food,  and  any  indication  of 
darkening,  caused  by  the  ripening  of  the  spores,  should 
cause  the  plant  to  be  rejected. 
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Fig.  W^ft.—Simmum  ruhes- 
cens.  One  of  the  Phallolds. 
In  life  the  stem  Is  reddish; 
ta  the  early  stage  the  entire 
plant  Is  enclosed  In  the  cup- 


A  smaller  fungus  is  commonly  seen  in  Bmista  plumbea, 
which  is  only  an  inch  or  so  in  diameter,  but  is  considered 
a  delicacy  in  some  places.  The  numerous  smaller  species 
of  Lycoperdon&te  likewise  edible,  but  are  usually  too  small 
to  be  considered  available  for  food.  Allied  to  the  puff 
balls  are  the  curious  earth-stars  of  which  no  less  than 
three  genera  are  represented  in  America.  Fig.  3264 
represents  the  least  common  form.  Oeaster,  moi'e  com- 
mon, differs  mainly  in  being  attached  to  the  outer 
peridium  at  one  point  and  opening  by  a  single  crater. 

Another  puff  ball  with  the  curious  habit  of  overturn- 
ing and  opening  at  the  bottom  of  the  inner  peridium  is 
seen  in  Catastoma,  whose  life  history  was  first  studied  by 
Morgan  (Fig.  3265). 

The  stink-horns  belong  to  an  order  (Phallales)  distinct 
from  the  puff  balls  (Lycoperdales).  These  well-known 
members  of  the  group  are  reputed  poisonous  and  all 
doubtless  contain  phallin  as  one  of  their  constituents. 
They  form  underground  in  the  shape  of  an  egg,  and  this 
bursting  allows  the  rapid  distention  of  the  stem  by  means 
of  which  the  spore  mass  is  carried  up  where  files  may  be 
attracted  to  it  and  aid  in  their  dispersion.  Three  of  the 
larger  species  are  more  or  less  common  throughout  the 
country,  and  there  are  several  curious  forms  less  widely 
known,  one  of  which  is  represented  in  Fig.  2266.* 

Lucien  M.  Underwood. 

FURUNCLE.     See  Boil. 

GAINESVILLE     (GA.)     MINERAL     SPRINGS.  —  The 

town  of  Gainesville  is  located  in  Hall  County  on  a  small 
tableland  1,300  feet  above  the  sea-level,  and  lies  between 
the  headwaters  of  the  Oconee  River,  which  flows  into 
the  Atlantic,  and  those  of  the  Chattahoochee,  which  finds 
its  way  to  the  Gulf.  The  Alleghanies,  stretching  around 
the  place  to  the  north  and  west,  form  a  natural  bulwark 
which  breaks  the  force  of  the  northern  winds  of  winter. 
The  town  thus  enjoys  a  dry,  bracing  climate,  without 
extremes  of  either  heat  or  cold.  Daily  observations 
made  for  the  United  States  Signal  Service  during  the 
period  of  ten  years  showed  a  mean  winter  temperature 
of  44°  F.  and  a  mean  summer  temperature  of  71°  P. 
The  health  tables  of  the  United  States  census  show  a 
lower  death  rate  in  this  portion  of  Georgia  than  in  any 
other  section  of  the  country.  White,  in  his  "  Statistics 
of  Georgia,"  makes  the  statement  that  no  case  of  con- 
sumption was  ever  known  to  originate  in  Hall  County. 
In  close  proximity  to  the  thriving  and  rapidly  growing 
little  city  are  numerous  mineral  springs,  some  of  which 
have  come  into  use  as  health  resorts.  We  have  thought 
it  advisable  to  consider  these  springs  in  the  following 
group : 

Gower  Springs  form  one  of  the  chief  attractions  of  the 
city.  They  are  located  just  beyond  the  corporate  limits, 
and  are  connected  with  the  city  by  a  street-car  line. 
These  springs  are  chalybeate  in  character,  the  iron  being 
held  in  solution  by  carbonic  acid,  which  makes  it  readily 
assimilable.  The  following  qualitative  analysis  was 
made  some  years  ago  by  Prof.  W.  .1.  Land,  of  Atlanta: 


Free  carbonic  acid. 
Hydrosulphuric  acid. 
Iron  carbonate. 
Manganese  carbonate. 
Iron  apocrenate. 
Potassium  sulphate. 
Sodium  sulphate. 


Iron  crenate. 
Lithium  phosphate. 
Calcium  sulphate. 
Magnesium  sulphate. 
Pota.s«ium  bromide. 
Oxygen  gas. 
Nitrogen  gas. 


An  excellent  hotel  is  maintained  at  the  Springs,  and 
we  are  informed  that  an  increased  number  of  visitors 
come  to  the  resort  every  year.  The  waters  are  recom- 
mended m  general  debility,  digestive  disorders,  and  kid- 
ni-y  affections. 

The  Deal  Spring,  located  two  miles  from  the  city 
wells  up  in  a  basin  of  solid  rock,  and  is  said  to  possess 
c.xcellent  properties  in  the  treatment  of  indigestion  and 
dyspepsia  and  in  the  dentition  period  of  children 


» The  present  Illustrations  are  reproduced  from  a  series  used  tn 
1  lustrate  an  introductory  work  on  fungi,  by  the  aiithor  of  this  article 
Moulds,  Mildews,  and  Mushrooms,"  New  YorkrHemr  Hoir&  Co? 
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The  New  Holland  Springs  are  also  within  two  miles  of 
Gainesville,  on  the  Southern  Railroad,  which  has  a  station 
at  the  Springs.  The  improvements  consist  of  a  hotel 
and  cottages  for  two  hundred  guests.  The  situation  is 
in  a  beautiful  and  extensive  grove  of  native  oaks,  and  the 
Springs  furnish  about  two  hundred  gallons  of  water 
per  minute.  The  water  is  recommended  for  indigestion 
and  general  debility,  but  we  are  unable  to  present  a 
complete  analysis  in  verilication  of  its  claims.  An  old 
qualitative  examination  showed  the  presence  of  the  fol- 
lowing ingredients: 


Calcium  carbonate. 
Magnesium  carbonate. 
Potassium  carbonate. 


Iron,  probably  combined 

wltb  carbonic  acid. 
Sodium  cblorlde. 
Carbonic  acid  gas. 

James  K.  Crook. 


GALACTAGOGUES.— (Gr.  ydXa,  milk,  and  dyuv,  to 
lead.)  The  secretion  of  milk  is  normally  associated  with 
pregnancy,  but  may  occur  in  pseudocyesis,  and  in  ova- 
rian and  uterine  tumors.  It  is  often  seen  during  the  first 
week  of  life,  in  both  male  and  female  children.  The  se- 
cretion of  milk  may  be  established  and  maintained  by  the 
application  of  a  nursing  child  to  the  breast  of  a  woman 
who  is  not  at  the  time  and  never  has  been  pregnant.  In 
one  ca«e  a  child  eight  years  old  nursed  her  mother's  in- 
fant for  some  months,  and  in  another  a  woman,  fifty-nine 
years  old,  ten  years  after  the  cessation  of  menstruation, 
nursed  a  child  for  some  time. 

The  length  of  time  during  which  the  milk  may  con- 
tinue to  be  secreted  varies  from  nine  to  sixteen  months, 
but  in  rare  cases  this  period  may  be  prolonged  for  as 
long  a  time  as  five  years,  if  the  child  be  allowed  to 
nurse. 

The  causes  of  defective  lactation  are  various  in  char- 
acter. Thus,  for  example,  there  may  be  some  mechanical 
interference  with  the  escape  of  the  milk,  as  when  the 
lactiferous  tubes  and  acini  are  not  developed,  or  the 
epithelial  cells  are  imperfect,  or  a  previous  injury  or 
disease  has  caused  total  destruction  of  the  glandular 
tissue.  These  conditions  are  not  amenable  to  treatment. 
On  the  other  hand,  when  there  is  simply  a  lack  of  devel- 
opment, or  the  gland  and  nipple  have  received  some  tri- 
fling injury,  the  condition  should  be  investigated  and 
treated  before  the  end  of  gestation.  The  breast  of  every 
pregnant  woman  should  be  examined  by  her  physician 
three  or  four  months  before  the  expected  confinement, 
and  if  the  breasts  are  found  to  be  small  and  poorly  de- 
veloped and  the  nipples  fissured  or  depressed,  appropri- 
ate treatment  should  be  instituted.  If  the  nipples  are 
hard,  the  application  of  some  bland  aseptic  oil  or  oint- 
ment— e.g.,  lanolin  and  boric  acid — will  be  found  useful 
as  a  means  of  softening  them.  The  breast  should  be 
massaged,  and  at  the  same  time  the  nipples  should  be 
drawn  out  by  grasping  them  between  the  thumb  and 
finger,  while  with  the  other  hand  the  breast  is  stroked 
toward  the  nipple.  This  should  be  done  daily  for  five 
or  ten  minutes  at  a  time.  The  adoption  of  these  measures 
will  enable  the  child,  when  placed  at  the  breast— which 
should  be  done  as  soon  after  labor  as  the  mother's 
strength  will  permit— to  grasp  the  nipple  efl'ectively. 
After  this  first  attempt  at  nursing,  the  child  should  be 
placed  at  each  breast,  alternately,  every  four  hours. 
Should  the  child  be  unable  to  grasp  the  nipple,  the  latter 
should  be  drawn  out  with  the  breast  pump  or  a  clay 
pipe,  and,  if  this  does  not  prove  sufficient,  a  glass  nipple 
shield,  with  rubber  nipple,  should  be  employed.  The 
sucking  of  the  child  is  the  best  stimulus  to  the  flow  of 
milk,  and  should  always  be  obtained  if  possible ;  but,  if 
the  child  cannot  be  made  to  nurse,  then  suction  will 
have  to  be  made  with  the  breast  pump  for  five  or  ten 
minutes  every  four  hours.  The  breast  at  the  birth  of  the 
child  contains  colostrum,  and  at  the  end  of  from  thirty - 
six  to  sixty  hours  ripe  milk.  During  the  first  period  the 
child  should  be  nursed  every  four  hours,  but  afterward, 
on  the  appearance  of  ripe  milk,  it  should  be  nursed  every 
two  hours. 

Another  cause  of  defective  lactation  is  a  plethoric  state 


of  the  body,  a  condition  which  readily  responds  to  treat- 
ment. The  diet  should  be  carefully  regulated,  milfe 
being  made  one  of  its  chief  constituents,  and  all  stimu- 
lants should  be  avoided.  The  extract  of  thyroid  gland 
should  also  be  prescribed  in  five-grain  doses.  Under  this 
plan  of  treatment,  combined  with  the  occasional  admin- 
istration of  a  dose  of  castor  oil,  the  obstruction  to  the 
flow  of  milk  should  soon  disappear.  In  these  cases  the 
use  of  the  thyroid  gland  extract  not  only  increases  the 
flow  of  milk,  but  at  the  same  time  improves  its  nutritive 
quality. 

Torpor  of  the  mammae  is  another  cause  of  inactivity  of 
their  secretory  apparatus,  and  when  this  is  the  case  great 
benefit  may  be  derived  from  the  application  of  electric- 
ity. Both  poles  having  been  moistened,  the  positive  one 
is  placed  deep  in  the  axilla  or  on  the  back,  while  the 
negative  one  is  applied  gently  over  the  nipple.  The 
current  employed  should  be  no  stronger  than  is  agree- 
able to  the  patient,  and  this  mode  of  applying  it  should 
be  continued  for  about  two  minutes.  Afterward,  the 
negative  pole  should  be  glided  along  the  sides  of  the 
breast,  in  a  stroking  fashion,  for  another  two  minutes. 
Then,  finally,  the  poles  should  be  applied  to  the  sides  of 
the  breast  for  the  same  length  of  time.  Electricity  may 
be  applied  in  this  manner  once  a  day  for  a  period  of  four 
or  five  days;  and  usually  it  will  be  found  that  a  single 
such  seance  will  fill  the  breasts  after  the  milk  has  disap- 
peared for  some  days. 

Among  the  other  local  therapeutic  methods  which  have 
been  used  with  varying  success  may  be  mentioned  the 
application  of  warm  poultices  made  of  a  weak  mixture 
of  mustard  (not  strong  enough  to  burn)  or  of  calabar 
bean,  or  of  the  leaves  of  the  castor-oil  plant.  Gentle 
massage  alone  will  often  suffice  to  start  the  fiow,  or  we 
may  combine  with  it  inunction  of  olive  oil  or  of  castor 
oil.  Repeated  applications  of  the  breast  pump  and  en- 
veloping the  breast  with  warm  cloths  are  also  very  effi- 
cient methods. 

The  internal  administration  of  drugs,  for  their  galac- 
tagogue  action,  has  not  proved  very  satisfactory.  Jabo- 
randi  will,  it  is  true,  increase  the  flow  of  milk,  but  its 
action  is  only  temporary  and  cannot  be  depended  upon 
when  a  prolonged  effect  is  needed.  It  is  best  given  in 
the  form  of  the  fluid  extract  of  pilocarpus,  in  half -drachm 
doses;  this  preparation  being  less  nauseating  than  the 
jaborandi  itself.  Or  the  effects  of  the  drug  may  be  ob- 
tained from  hypodermatic  injections  of  pilocarpine  hy- 
drochlorate,  in  gr.  ^  doses. 

Physostigmine  increases  temporarily  the  flow  of  milk. 
So  also  do  the  preparations  of  ammonia — the  carbonate 
and  the  acetate — ^when  given  in  moderately  large  and 
continued  doses.  The  alcoholic  stimulants,  such  as  ale, 
porter,  and  beer,  and  the  malt  preparations  possess  the 
power  of  increasing  the  quantity  of  milk  secreted,  but 
the  quality  is  thereby  deteriorated.  To  such  a  degree  is 
this  true  that  they  should  rarely  be  used  except  in  small 
quantities.  The  volatile  oils,  especially  the  oil  of  anise, 
impart  a  pleasant  flavor  to  the  milk,  and  in  consequence 
the  child  will  be  likely  to  draw  much  better.  In  this 
indirect  manner  they  may  serve  to  increase  the  flow  of 
milk. 

The  most  usual  cause  of  defective  lactation  is  anaemia. 
It  is  a  well-known  fact  that  the  functional  activity  of  an 
organ  is  directly  proportional  to  the  supply  of  blood 
furnished  to  that  organ,  and  this  is  a  very  important  law 
to  remember  when  we  are  dealing  with  such  a  gland  as 
the  mammary.  We  may  therefore  expect  to  secure  the 
greatest  improvement  in  the  secretion  of  milk  from  the 
taking  of  those  substances  and  the  adoption  of  those 
hygienic  measures  which  tend  to  increase  the  supply  of 
blood  and  to  improve  its  nutritious  qualities.  The 
mother  should  be  in  the  best  possible  condition  before 
and  after  the  arrival  of  the  child,  and  this  result  should 
be  secured  by  the  administration  of  tonics,  such  as  iron, 
arsenic,  nux  vomica,  and  quinine,  and  by  the  patient's 
taking  proper  food  and  exercise.  The  diet  suitable  for 
a  nursing  mother  should  be  nutritious  and  easily  di- 
gested.    For  the  first  few  days  of  the  puerperal  period 
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the  mother  should  have  milk,  animal  teas  and  broths, 
eggs,  gruel,  soups  of  beans  and  peas,  and  small  amounts 
of  tea,  cocoa,  or  coffee,  with  toast  and  crackers.  It  is  well 
to  avoid  the  limited  diet  of  tea  and  toast  whicli  so  many 
women  take  at  this  time.  Later  on  in  this  period  and 
during  that  of  lactation,  the  mother  should  have  an  abun- 
dant supply  of  water,  soups,  meats,  milk,  eggs,  and  veg- 
etables. Of  the  latter  turnips,  carrots,  beets,  potatoes, 
spinach,  asparagus,  and  lettuce  will  aid  in  the  forma- 
tion of  milk.  The  mothers  of  the  working  class  will  be 
found  to  give  milk  in  larger  quantity  and  of  a  better  qual- 
ity than  do  those  who  live  under  higher  social  conditions. 
This  is  due  to  their  simple  mode  of  living  and  to  their 
outdoor  life. 

Systematic  exercise  in  the  open  air  should  be  taken  as 
soon  after  confinement  as  the  mother's  condition  will 
permit,  for  by  this  means  the  proteids  will  be  diminished 
in  amount  and  the  fat  increased,  thus  creating  a  milk 
which  is  easily  digested  by  the  child. 

The  mother  should  at  the  same  time  avoid  those  drugs 
which  decrease  the  milk  supply,  namely,  belladonna, 
when  taken  in  large  amounts  or  used  locally,  and  saline 
and  hydragogue  purgatives;  for  the  removal  of  large 
amounts  of  fluid  from  the  body  will  greatly  diminish  the 
supply  of  milk.  It  is  also  desirable  to  prevent,  as  far  as 
possible,  any  nervous  shock  or  worriment,  for  the  effect 
upon  the  mother  is  likely  to  be  such  that  her  milk  will 
be  rendered  unfit  for  the  child. 

The  proper  care  of  the  breast  during  lactation  is  im- 
portant. The  nipple  and  breast  should  be  washed  with 
a  saturated  solution  of  boric  acid  both  before  and  after 
nursing,  and  these  parts  should  be  kept  covered  with 
soft  sterile  lint  or  gauze  held  in  place  by  a  breast  binder 
which  gives  support  and  ease  to  the  breast.  If  this 
course  is  adopted  there  will  be  fewer  cracked  nipples 
and  abscesses  of  the  breast.  In  cases  in  which  fever 
occurs  during  lactation  it  is  often  possible  to  retain  the 
secretion  of  milk  for  three  or  four  weeks,  if  the  breasts 
are  gently  massaged  and  emptied  three  or  four  times  a 
day  with  the  breast  pump.  Then,  when  the  tempera- 
ture returns  to  normal,  the  child  may  again  be  put  to  the 
breast.  In  those  cases  in  which  there  has  been  an  abscess 
of  the  breast  in  early  infancy,  or  during  a  former  lacta- 
tion, the  danger  of  the  formation  of  a  fresh  abscess  is 
only  slightly  greater  than  it  is  in  a  perfectly  normal 
breast.  If  care  is  taken  to  keep  the  parts  thoroughly 
clean,  and  if  they  are  not  allowed  to  become  engorged, 
we  may  rightly  expect  that  such  a  breast  will  furnish  a 
sufiicient  supply  of  good  milk.  Strieker  Coles. 

GALANGA:  GALANGAL.  — Lesser  Galangal.  The 
rhizome  of  Alpinia  officinarum  Hanee  (fam.  Zivgilera- 
cece),  a  perennial  herb  of  flag-like  habit  and  the  floral 
peculiarities  of  ginger  and  cardamom  plants.  It  is  an 
inhabitant  of  Hainan  and  other  parts  of  Southern  China, 
where  it  is  also  cultivated  as  an  article  of  commerce. 
Galanga  has  been  long  known  in  Europe,  as  well  as  in 
Asia,  and  was  formerly  esteemed  as  a  domestic  spice  or 
flavor. 

The  dried  rhizome  is  cylindrical,  often  branched,  about 
as  large  as  the  little  finger,  and  in  pieces  two  or  three 
inches  in  length.  The  nodes  are  close  together  and  very 
prominent,  as  slender  annulations.  Texture  hard,  tough ; 
color  deep  brown;  odor  aromatic,  curcuma-like;  taste 
pungent.  It  contains  an  essential  oil  to  which  its  odor  is 
due,  and  probably  some  pungent  resin.  The  oil  is  red- 
dish-yellow, with  the  odor  of  cajeput  and  the  taste  of 
camphor.  It  has  a  specific  gravity  of  0.921,  and  contains 
cineol.  Its  qualities  as  a  medicine  are  essentially  those 
of  ginger.  As  a  medicine  galanga  is  obsolete  in  Europe, 
and  nearly  so  as  a  spice,  although  it  is  said  to  be  used 
with  other  things  in  flavoring  cordials,  in  veterinary 
mixtures,  etc.  Henry  II.  Busby. 

GALBANUM. — "A  gum-resin  obtained  from  Ferula 
galbaniflua  Boiss.  et  Buhse  (fam.  Un/helliferm),  and  prob- 
ably from  other  species  "  of  Ferula  (B.  P. ;  no  longer  offi- 
cial in  the  United  States).     It  is  not  certain  whether  the 


product  of  the  "  other  species  "  always  comes  separately, 
as  it  certainly  sometimes  does,  or  whether  the  drug  is 
sometimes  a  mixed  product.  The  plants  are  huge  per- 
ennial herbs  of  Persia  and  the  adjacent  region. 

The  galbanum  exists,  like  other  gum  resins,  in  the 
plant  as  a  fragrant  creamy  latex,  and  exudes  spontane- 
ously from  the  crown  and  stem,  or  flows  upon  puncture, 
in  white  drops  that  soon  become  thick  and  sticky,  and 
finally  hard  and  brittle,  by  the  action  of  the  air.  As 
they  dry,  they  also  turn  to  a  light  yellow-brown  or  buff 
color.  These  drops  or  tears,  collected  when  nearly  dry 
and  not  sticking  together,  compose  the  "Galbanum  in 
tears";  when  collected  in  a  softer  state,  and  running 
more  or  less  completely  into  a  granular  or  even  homo- 
geneous mass,  they  are  the  more  common  "  galbanum  in 
mass."  The  pharmacopceial  description  was  as  follows : 
"In  tears  from  the  .size  of  a  pin's  head  to  that  of  a  pea, 
and  larger;  mostly  agglutinated,  forming  a  more  or  less 
hard  mass;  externally  yellowish,  or  pale  brown;  inter- 
nally milk-white,  bluish-white,  or  yellowish,  with  a  waxy 
lustre;  odor  peculiar,  balsamic;  taste  bitter  and  acrid. 
When  moistened  with  alcohol,  galbanum  acquires  a  pur- 
ple color  on  the  addition  of  a  little  hydrochloric  acid. " 

Like  other  substances  of  its  class,  galbanum  makes 
a  yellowish  emulsion  with  water,  and  contains  a  varying 
amount  of  essential  oil  (six  percent.,  more  or  less)  accord- 
ing to  its  freshness  and  softness.  It  consists,  besides,  of 
about  three-fourths  resin  and  one-fourth  gum,  excluding 
a  vaiiable  amount  of  coarse  impurities.  The  oil  is  a  col- 
orless, pleasant-smelling  hydrocarbon  of  the  turpentine 
type.  It  is  an  article  of  commerce,  and  described  by 
Schimmel  as  having  a  normal  specific  gravity  of  0.930, 
boiling  between  165°  and  300°  C,  and  containing  cadi- 
nene.  The  resin  is  a  yellowish-white  amorphous  sub- 
stance, soluble  in  alcohol,  and  remarkable  for  yielding  by 
dry  distillation  a  brilliant  blue,  rather  thick  essential  oil 
(see  German  Chamomile  for  similar  substance),  and  the 
crystalline  substance  called  Umbelliferon,  which,  in  its 
turn,  melted  with  potash,  yields  the  derivative  resorcin. 

Galbanum  was  used  by  the  ancient  Hebrews  as  an  in- 
gredient of  some  incenses.  Along  with  other  gum  resins 
it  has  had,  in  its  day,  some  reputation  as  an  emmenagogue 
and  antispasmodic,  and  it  is  still  occasionally  given  with 
these  qualities  in  view.  Somewhat  more  often  it  is  ad- 
ministered in  chronic  bronchitis  or  laryngitis  as  an  ex- 
pectorant. Rarely  it  is  given  in  rheumatism,  with  prob- 
ably no  benefit.  The  principal  present  employment  of 
this  antiquated  medicine  is  as  an  ingredient  of  stimulat- 
ing plasters. 

It  should  be  heated  and  strained,  to  separate  dirt  and 
refuse,  before  employment  in  pharmacy.  1  gm.  (gr. 
x.-xx.)  may  be  considered  a  full  dose,  and  can  be  admin- 
istered in  pill  form  or  as  an  emulsion. 

Henry  H.  Rusby. 

GALBRAITH  SPRINGS.— Hawkins  County,  Tennes- 
see. 

Post-Ofpicb.— Galbraith  Springs.  Hotel  and  cot- 
tages. 

Access.— Via  Southern  Railroad  (formerly  East  Ten- 
nessee, Virginia,  and  Georgia)  to  Russellville,  Hamblen 
County,  thence  9  miles  north  by  private  conveyance  to 
Springs. 

For  the  last  half-century  these  Springs  have  been 
known  and  resorted  to  by  the  inhabitants  of  the  sur- 
rounding districts.  In  ante-bellum  days  they  were  fre- 
quented by  hundreds,  wlio  made  their  temporary  abodes 
in  pole  cabins  around  the  Springs.  The  location  is  in  a 
broken,  mountainous  country,  1,400  feet  above  the  sea- 
level.  The  immediate  surroundings  of  the  Springs  are 
uniquely  charming  in  their  wealth  of  vale  and  wood, 
brooks,  rivulets,  and  waterfalls,  and  other  features  to 
please  the  fancy.  The  situation  of  the  Springs  is  one  mile 
distant  from  the  Holston  River,  in  a  romantic  glen,  330 
feet  above  the  base  of  Short  Mountain.  A  path  leads  to 
the  United  States  Signal  Station  on  the  top  of  Short 
Mountain,  which  is  1,330  feet  above  the  Springs  and 
3,703  feet  above  the  sea-level.     From  this  point  one  of 
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the  most  extended  and  charming  views  to  be  found 
among  the  mountains  of  East  Tennessee  is  revealed  to 
the  eye.  The  hotel  is  a  very  comfortable  establishment, 
where  the  visitor  will  soon  learn  that  all  the  needful  ar- 
rangements for  his  comfort  and  diversion  are  at  hand. 
Among  the  amusements  at  Galbraith  Springs  may  be 
mentioned  bowling,  dancing,  and  music.  Hunting  and 
fishing  may  also  be  indulged  in.  The  springs  are  four 
In  number.  An  analysis  was  made  in  1884  by  Prof.  W. 
A.  Noyes,  of  the  University  of  Tennessee,  with  the  fol 
lowing  results: 

Light  Cai-cic-chalybbatb. 
One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Calcium  carbonate 3.84 

Calcium  sulphate 93 

Calcium  nitrate Trace. 

Calcium  phosphate Trace. 

Magnesium  carbonate .47 

Lithium  carbonate Trace. 

Sodium  sulphate 26 

Sodium  chloride 07 

Potassium  sulphate 16 

Iron  carbonate -41 

Alumina 03 

Silica 68 

Total 6-84 

Temperature  of  water,  55°  F, 

This  analysis  shows  a  very  light  mineralization,  yet 
the  water  seems  to  possess  considerable  merit  as  a  ferru- 
ginous tonic,  and  can  be  taken  in  large  quantities.  It  is 
also  an  excellent  table  water.  James  K.  ■  Crook. 

GALLACETOPHENONE.  —  C,H,,CH3CO,(OH)3  A 
derivative  of  pyrogallol,  C6H3(OH)3,  one  atom  of  H  being 
replaced  by  an  acetyl  group.  It  is  a  pale-yellow,  crys- 
talline powder,  almost  insoluble  in  cold  water,  very  sol- 
uble in  hot  water,  alcohol,  ether,  and  glycerin. 

It  was  introduced  as  a  substitute  for  pyrogallol  (Re- 
kowski:  Therap.  Monat.,  September,  1891),  the  advan- 
tage claimed  for  it  being  its  freedom  from  toxic  and 
irritating  action.  Pyrogallic  acid  and  its  derivatives  owe 
their  therapeutic  properties  to  their  reducing  action 
which  is  usually  too  rapid  and  causes  an  excessive  irri- 
tation. Gallacetophenone  possesses  this  reducing  action 
in  a  lesser  degree  than  the  others,  although  sufficiently 
strong  to  prove  an  efficient  antiseptic.  A  further  advan- 
tage is  that  it  does  not  discolor  the  skin,  the  hair,  or  the 
linen  with  which  it  comes  in  contact.  It  also  is  devoid 
of  any  irritating  or  toxic  action. 

It  was  recommended  for  the  treatment  of  skin  diseases, 
particularly  for  psoriasis.  In  this  condition  its  benefi- 
cent effects  were  said  to  be  manifested  in  twelve  hours, 
the  patches  becoming  paler  and  thinner,  and  disappear- 
ing after  ten  or  twelve  days. 

This  drug  has  not  been  much  employed.  Dr.  Herman 
Soldenburg  (New  York  Medical  Journal,  February  6th, 
1893)  reports  his  success  with  it  in  several  cases  of  long 
duration.  It  is  employed  in  the  form  of  a  solution  or  in 
that  of  an  ointment,  the  strength  in  either  case  being  ten 
per  cent.  Beaumont  Small. 

GALLANOL— gallic  acid  anilid,  gallanilid  [CeHs.NH.- 
CO  C6H2(OH)3]— is  obtained  by  boiling  together  tannic 
acid  and  anilin.  It  occurs  in  colorless  crystals  or  gray 
micaceous  scales,  slightly  soluble  in  cold  water,  soluble 
in  boiling  water,  alcohol,  and  ether,  and  insoluble  in 
benzol.  It  is  bitter  and  astringent.  Having  found  this 
tannin  compound  free  from  the  undesirable  properties 
of  pyrogallol  and  chrysophanic  acid,  yet  as  effective  in 
treatment,  Cazeneuve  and  RoUet  introduced  it  in  1893  as 
a  remedy  in  psoriasis,  chronic  eczema,  and  other  skin  dis- 
eases. For  eczema  it  is  employed  in  ointment  of  three 
to  twenty  per  cent,  strength,  or  with  talcum  as  a  dusting 
powder.  For  favus,  ringworm,  psoriasis,  or  prurigo  it 
is  used  in  twenty -per-cent. -solution  in  alcohol  with  a 
Vol.  IV.— 19 


little  ammonia.     Before  this  remedy  is  applied,  the  skin 
should  always  be  cleansed  with  an  alkaline  soap  solution. 

W.  A.  Bastedo. 

GALL    BLADDER    AND    GALL    DUCTS,    DISEASES 

OF. — (Krankheiten  der   Oallenwege;   Malmlies  den  voies 
biliaires. ) 

I.  Catarrhal  Inflammation  op  the  Gall  Blad- 
der AND  Gall  Ducts. — (Catarrhal  jaundice;  Icier  us 
simplex;  Icterus  c/ita irhalis ;  Icterus  ffii.itro-dui/de/n/lis ; 
Catarrh  der  Oallemeege  ;  InflamuKition  des  iioies  biUnires.) 
Since  the  investigations  of  Wyss,  Charcot,  Legg,  and 
others,  a  broader  significance  has  been  given  to  catarrh 
of  the  bile  ducts  than  formerly;  and  at  the  present  time 
pathologists  are  wont  to  include  in  the  term  all  forms  of 
jaundice  save  that  due  to  stenosis  and  non -inflammatory 
occlusion  of  the  ducts  (by  foreign  bodies,  growths,  ex- 
ternal pressure,  etc.),  or  to  a  narrowing  occurring  as  a 
sequence  of  a  previous  inflammation — catarrhal,  sup- 
purative, or  exudative  (see  the  section  on  Stenosis,  etc., 
farther  on).  For  a  full  discussion  of  these  questions,  see 
Icterus;  suffice  it  to  say  that  to  a  catarrh  of  the  finer 
bile  ducts  has  been  attriljuted  the  jaundice  of  acute  yel- 
low atrophy  of  the  liver,  of  phosphorus  and  other  forms 
of  poisoning,  and  of  the  various  fevers,  thus  narrowing 
the  limits  of  hsematogenous  jaundice.  This  section  will 
be  devoted  only  to  an  account  of  catarrhal  inflammation 
of  the  bile  ducts  in  the  common  acceptation  of  the  term. 
Etiology. — A  predisposition  to  catarrh  of  the  bile 
ducts  is  said  to  exist  in  persons  of  a  bilious  temperament. 
Persons  liable  to  catarrh  of  other  mucous  membranes  are 
prone  to  this  affection.  It  arises  very  frequently  from 
an  extension  of  catarrhal  inflammation  from  the  stomach 
and  duodenum,  and  the  causes  which  excite  the  latter 
condition  are  prominent  in  tlie  etiology  of  the  former. 
Hence  an  attack  may  occur  as  the  result  of  exposure  to 
cold  and  dampness,  of  checking  of  the  perspiration,  of 
errors  in  diet,  of  over-eating,  and  of  the  ingestion  of  rich 
or  fatty  food,  and  of  acrid  substances,  as  well  as  of  cer- 
tain drugs  and  stimulants.  A  debauch  is  often  followed 
by  an  attack,  and  the  inhalation  of  noxious  vapors  and 
foul  gases  has  been  known  to  excite  the  disease.  The 
so-called  "  epidemic  "  jaundice  is  thought  to  be  due  to  a 
poison  introduced  from  without  through  the  food,  drink, 
or  air.  Some  epidemics,  however,  have  the  charac- 
teristics of  an  acute  infectious  disease  and  are  attended 
with  considerable  mortality.  Mennert's  report  of  the 
Saxony  epidemic  of  1889  includes  518  cases,  of  which 
73  per  cent,  were  in  children.  There  were  30  deaths. 
"Weil's  disease  (infective  jaundice)  has  been  considered  by 
some  to  be  a  modified  typhoid  infection.  Several  cases 
of  typhoid  fever  with  marked  jaundice  at  the  onset  have 
been  reported  by  Ogilvie  (British  Medical  Journid,  Janu- 
ary 12th,  1901),  and  their  resemblance  to  this  disease 
noted.  The  Widal  reaction  should  be  of  great  value  in 
this  regard.  Dalgleish '  speaks  of  an  extensive  epidemic 
of  catarrhal  jaundice,  at  Bloomfontein,  v/hich  bore  a 
strange  relation  to  the  prevalent  typhoid  and  dj'sentery. 
Whole  families  might  be  attacked,  but  more  frequently 
it  was  seen  that  one  or  two  of  a  household  might  have 
jaundice  while  the  others  would  be  affected  with  typhoid 
or  dysentery.  The  disease  in  most  instances  ran  an 
afebrile  course,  was  attended  with  marked  gastric  sym.p- 
toms,  and  was  not  of  as  long  duration  as  simple  catar- 
rhal jaundice.  The  possibility  of  this  epidemic  being  a 
modified  typhoid  infection  has  not  escaped  notice. 

An  extensive  epidemic  occurred  in  Michigan  during  the 
summer  and  fall  of  1897.  Six  hundred  and  seventy-five 
cases  were  observed,  mostly  in  children.  The  affection 
was  commonly  more  severe  in  adults.  Whole  families 
were  attacked.  Usually  after  a  few  days  of  indisposition, 
slight  fever,  gastro-intestinal  disturbances,  and  jaundice, 
more  or  less  marked,  would  appear,  the  symptoms  then 
abating.  Jaundice  in  this  epidemic  was  always  of  short 
duration.     The  liver  was  rarely  enlarged, ' 

In  addition  to  the  causes  which  set  up  the  catarrh  of 
the  bile  ducts,  either  coincidently  with,  or  secondarily 
to,   the  gastro-duodenal  catarrh,   there  are  other  local 
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causal  conditions  existing  in  disturbances  of  the  portal 
circulation.  Obstructive  cardiac  disease  and  impeded 
pulmonary  circulation  from  lung  disease  or  feeble  heart 
lead  to  portal  congestion,  and  hence  to  a  venous  stasis 
and  consequent  catarrh  of  the  mucous  membranes. 
Tumors  in  the  abdominal  cavity,  enlarged  glands,  or  the 
enlargement  of  any  of  the  organs,  by  interfering  with 
the  portal  circulation,  may  set  up  a  catarrh.  Dutton 
Steele  reports  a  case  of  jaundice  apparently  due  to  kink- 
ing and  obstruction  of  the  bile  duct  from  extreme  gastro- 
and  entero-ptosis. 

Catarrhal  inflammation  of  the  bile  ducts,  with  or  with- 
out gastro-duodenal  catan-h,  is  frequently  caused  by 
malaria,  by  syphiUs  (in  the  secondary  stage),  and  by 
gout  (Murchison).  Acute  phosphorus-poisoning  and 
lead-poisoning  are  often  attended  with  gastro-hepatic 
catarrh.  The  jaundice  that  accompanies  cholera,  typhus, 
typhoid,  pneumonia,  pyaemia,  septicaemia,  and  other 
fevers,  is  due  to  a  catarrh  of  the  bile  ducts. 

Direct  irritation  of  the  mucous  membrane  of  the  ducts 
by  mechanical  causes,  as  by  the  passage  of  gall  stones  or 
by  the  presence  of  parasites,  frequently  causes  a  catarrh 
which  may  be  local  or  difEused.  Finally,  it  is  said  that 
pathological  states  of  the  bile  itself  irritate  and  excite  in- 
flammation of  the  duets.  In  persons  who  are  starving, 
from  choice  or  necessity,  it  is  said  that  the  bile,  which  is 
retained  in  the  gall  bladder,  becomes  acrid  and  sets  up 
an  active  inflammation.  The  jaundice  that  in  rare  cases 
accompanies  cirrhosis,  amyloid  and  fatty  liver,  is  due  to 
a  catarrh  of  the  ducts. 

The  season  of  the  year  is  believed  to  have  some  influ- 
ence on  the  production  of  biliary  catarrh, — spring  and 
autumn  being  the  favorable  periods;  hence  the  terms 
icterus  vernalis,  autumnalis,  etc.  Sex  exercises  no  in- 
fluence on  the  frequency  (Bwald,  von  Schilppel);  yet, 
in  our  cases,  excluding  "  epidemic  "  jaundice,  the  males 
were  largely  in  preponderance.  The  disease  is  most  fre- 
quently seen  in  the  early  period  of  life,  and  after  forty  a 
jaundice  is  not  likely  to  be  due  to  primary  catarrh,  al- 
though a  case  of  one  of  the  writers  was  seventy  years  of 
age.  Firemen,  puddlers,  stokers,  and  laborers  who  are  ex- 
posed to  extremes  of  temperature  are  liable  to  the  affection. 

Morbid  Anatomy. — In  the  milder  forms  post-mortem 
inspection  reveals  nothing,  for,  as  we  often  find  in  a 
laryngitis  so  severe  as  to  cause  stenosis,  the  congestion 
and  (Edema  subside  after  death.  In  the  more  severe 
varieties,  redness,  swelling,  succulence,  and  often  ec- 
chymosis  of  the  mucous  membrane,  are  observed.  The 
lumen  of  the  ducts,  if  not  occluded  by  the  flaccid  lining 
membrane,  is  filled  with  proliferated  epithelium  and 
mucus.  The  latter  may  be  bile-stained,  especially  at 
first,  or  may  be  clear  and  viscid.  A  plug  of  firm  mucus 
often  stops  the  orifice.  The  papilla  stands  out  promi- 
nently on  the  duodenal  mucous  membrane  and  is  red  and 
softened,  but  a  probe  readily  penetrates  the  duct,  and 
bile  may  be  forced  out  by  pressure  of  the  hand  on  the 
gall  bladder,  although  the  feeble  "  vis  a  tei'go  "  of  the 
biliary  secretion  during  life  is  not  sufficient  to  overcome 
the  obstruction.  The  duct,  beyond  the  seat  of  the 
catarrh,  is  stained  with  bile.  In  the  more  advanced  or 
prolonged  cases  the  ducts  are  completely  blocked  by  a 
somewhat  firm,  gray  mucus,  intermingled  with  prolifer- 
ated epithelium  and  leucocytes.  The  congestion  is  more 
intense,  ecchymoses  are  more  common,  and  a  more 
marked  thickening  of  the  mucous  membrane  is  observed, 
due  to  cellular  infiltration.  Now  it  is  that  denudation 
of  the  epithelial  surface  takes  place,  ulcerations  develop, 
and  the  terminal  ducts  undergo  inflammation  and  dilata- 
tion from  retention  of,  and  irritation  caused  by,  the  im- 
prisoned bile.  Anjitomically,  catarrhal  inflammation  of 
the  ducts  may  be  divided  into  an  acute  form  of  ten  days' 
duration  (no  lesions  after  death,  or  only  congestion  and 
oedema),  a  subacute  form,  lasting  from  two  to  six  weeks 
(with  tlie  above  lesions,  cell  prohferation  and  mucus  for- 
mation in  abundance),  and  a  chronic  form,  continuing 
from  two  to  six  or  eight  months  (excessive  catarrh,  abra- 
sion, ulceration,  dilatation,  stricture,  and  retention  ab- 
scesses or  cysts).     Catarrhal  inflammation  results  either 
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in  the  return  of  the  parts  to  a  normal  condition,  or  in  a 
stricture  of  the  ducts  (see  the  section  on  Stenosis  of  the 
Ducts,  farther  on)  and  its  sequences,  or  in  a  "  biliary  "  or 
"hypertrophic"  cirrhosis  of  the  liver. ^  Dropsy  of  the 
gall  bladder  occurs  also  as  a  sequence  of  catarrh  of  the 
cystic  or  common  duct,  with  occlusion. 

The  seat  of  the  catarrhal  inflammation  may  be  limited 
to  the  finer  ducts,  to  the  common  duct,  or  to  the  cystic 
duct  and  gall  bladder.  Thudichum  (1863)  describes  a 
catarrhal  inflammation  of  the  finer  ducts  in  which  per- 
fect biliary  casts  are  formed.  Meckel  regards  such 
casts  as  frequently  forming  the  nuclei  of  gall  stones  and 
has  given  the  name  of  "  lithiatic  catarrh  "  to  the  condition. 
Robson  suggests  the  term  "  desquamating  angio-cholitis. " 
The  pars  intestinalis  was  formerly  considered  to  be  the 
only  portion  of  the  common  duct  involved  in  catarrhal 
icterus.  If  the  finer  ducts  are  the  seat  of  catarrh,  as  in 
phosphorus-poisoning,  the  larger  ducts  are  pale  and 
covered  with  a  film  of  mucus  or  a  small  amount  of  thin 
bile.  If  the  gall  bladder  be  the  exclusive  seat,  its  mucous 
membrane  undergoes  changes  similar  to  that  of  the  duct; 
its  contents  are  a  dark-colored  inspissated  bile,  and  mucus 
in  aliundance,  or  a  thin,  watery  mucus  or  muco-pus  fills 
the  bladder.  According  to  Mayo  Robson,  catarrhal 
cholecystitis,  or  chronic  catarrh  of  the  gall  bladder, 
without  jaundice,  forms  a  distinct  and  definite  disease 
frequently  mistaken  for  cholelithiasis  and  only  recogniz- 
able at  operation,  when  nothing  but  thick,  ropy  mucus 
is  found  in  the  bladder  or  ducts.  This  mucus,  often  in 
the  form  of  sago-like  plugs,  gives  rise,  in  its  passage,  to 
the  gall-stone-like  attacks.  In  these,  as  a  rule,  medical 
treatment  is  sufficient,  but  in  persistent  attacks,  in  which 
no  gall  stones  are  passed  in  the  faeces,  no  jaundice  de- 
velops and  no  tenderness  is  present  in  the  gall-bladder 
region,  the  operation  of  opening  and  draining  the  gall 
bladder  is  urged.  Robson  reports  the  cure  of  several 
cases  by  this  procedure. 

The  histological  changes  in  the  parenchyma  of  the 
liver  vary.  Either  the  appearances  of  a  liver  long  stained 
with  bile  are  found,  or  the  atrophic  and  degenerative 
alterations  seen  in  stenosis  of  the  ducts  are  observed,  or 
a  "biliary  "  cirrhosis  develops  (consult  these  sections). 

Symptoms,  Course,  and  Duration. — These  depend  upon 
the  cause ;  if  this  be  one  that  is  readily  removed  or  that 
passes  off  quickly,  the  symptoms  are  mild  and  the  dura- 
tion is  brief,  as  in  the  catarrh  that  succeeds  the  passage 
of  a  gall  stone.  If  the  affection  arise  from  obstructive 
heart  or  lung  diseases,  the  symptoms  are  mild,  but  the 
duration  is  long.  The  catarrh  that  accompanies  malarial 
disease  or  a  gastro-duodenitis  is  the  most  severe  and  pro- 
tracted. The  mode  of  onset  also  varies  with  the  cause. 
The  gastro-duodeno-hepatic  form  is  usually  preceded  by 
gastric  symptoms  for  three  or  four  days;  while  that  due 
to  other  causes  follows  the  usual  manifestations  of  that 
cause. 

The  description  which  follows  is  that  of  a  catarrhal 
inflammation  of  the  ducts  supervening  upon  duodenal 
catarrh,  which  may  be  regarded  as  a  type  of  the  disease 
under  consideration. 

The  affection  may  begin  in  any  of  several  different 
ways: 

The  gastro-duodenal  symptoms  may  precede  the  hepatic 
by  three  or  four  days;  or  the  first  observed  symptom  may 
be  jaundice ;  or  the  attack  may  be  ushered  in  by  a  chill, 
followed  by  fever  with  gastric  symptoms  and,  in  a  few 
days,  by  jaundice.  Loss  of  appetite,  a  tongue  covered 
with  a  heavy  yellow  fur,  pasty  and  bitter  buccal  secre- 
tions, and  an  offensive  breath,  are  prominent.  Nausea 
in  the  mornings,  or  at  the  sight  of  food,  and  vomiting  of 
a  glairy  mucus,  or,  eariy  in  the  attack,  of  a  bitter,  bile- 
stained,  acrid  fluid,  may  occur.  At  the  same  time  there 
are  epigastric  distress,  weight  and  fulness,  some  tender- 
ness on  pressure,  soreness,  or  even  marked  pain.  Later, 
theie  are  pain  and  tenderness  in  the  right  hypochondrium 
and  over  the  liver.  It  is  denied  by  some  authorities  that 
the  liver  and  gall  bladder  are  enlarged,  but  I  have  ob- 
served enlargement  of  the  former  constantly  in  chronic 
cases.     The  abdomen  is  usually  distended  with  gas,  and 
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eructations  of  gas  and  the  imperfect  products  of  digestion 
occur.  The  bowels  are  constipated,  or  a  diarrlioea  from 
indigestion  may  occur  in  tlie  earl}'  stage.  In  a  few  days 
jaundice  appears;  first  the  conjunctiva,  then  the  face, 
and  in  a  short  time  the  entire  body  is  discolored.  The 
icterus  varies  in  extent  and  degree.  The  conjunctiva 
alone  may  be  affected,  and  it  may  be  merely  of  a  faint 
yellow  tinge,  or,  in  chronic  cases,  of  a  deep  bronze.  The 
fever,  -which  is  from  100°  to  103°  F.,  generally  subsides 
with  the  advent  of  the  jaundice,  but  it  may  continue  for 
ten  days  or  two  weeks  as  a  simple  continued  fever,  the 
so-called  "  gastric  "  or  catarrhal  fever.  The  well-known 
symptoms  and  effects  of  obstructive  jaundice  are  present 
(see  article  on  Icterus). 

It  is  important,  however,  to  remark  the  uniform  per- 
sistence of  the  jaundice.  Probably  the  most  characteris- 
tic symptom  is  the  slow  pulse,  which  often  distinguishes 
this  form  from  other  varieties  of  jaundice.  Fagge  calls 
particular  attention  to  this  symptom.  Headache  is  pres- 
ent often  in  the  beginning,  with  or  without  vertigo. 
After  the  jaundice  becomes  developed,  the  usual  nervous 
symptoms  of  the  disease  are  manifested. 

If  the  case  be  a  mild  one,  the  gastric  symptoms  first 
subside,  and  then  the  jaundice  gradually  disappears, 
without  any  serious  disturbances  of  nutrition.  In  the 
more  protracted  cases,  however,  anaemia,  emaciation, 
and  prostration  are  marked,  the  degree  depending  on  the 
duration  of  the  disease. 

The  mild  idiopathic  cases  continue  for  from  ten  days 
to  three  weeks,  the  more  severe  ones  for  from  six  to  ten 
weeks,  and  the  more  obstinate  cases  as  long  as  five  or  six 
montlis. 

Should  stricture  of  tlie  duet  take  place  as  a  sequence 
of  the  catarrh,  and  should  suppuration  of  the  ducts  oc- 
cur, and  abscesses  form,  fever  of  an  irregular  type,  often 
with  chills,  and  with  exhaustive  sweats,  will  usuall}'  be 
present.  A  similar  fever,  or  one  of  an  intermitting  char- 
acter, also  accompanies  the  development  of  secondary 
cirrhosis.  In  these  instances  the  liver  and  gall  bladder 
are  enlarged. 

Inflammation  of  the  gall  bladder  alone  is  characterized 
by  pain  and  tenderness  in  the  right  hypochondrium,  by 
enlargement  of  the  gall  bladder,  and  by  slight  fever, 
with,  at  times,  nausea.  Jaundice  may  not  be  present, 
but  in  many  cases  a  gall  stone  in  the  gall  bladder  or  cystic 
duct  may  give  rise  to  jaundice  from  an  inflammatory  oc- 
clusion of  the  common  bile  ducts  by  extension.  Riedel 
is  quoted  by  Gumprechf  as  stating  that  two-fifths  of 
the  cases  of  jaundice  in  cholelithiasis  arise  in  this  way 
(Mayo  Robson). 

Diagnosis. — The  presence  of  one  of  the  causes  or  ante- 
cedent pathological  conditions  j  ust  noted,  the  early  age 
and  previous  good  health  of  the  patient,  the  sudden  and 
uniform  development  and  persistence  of  the  jaundice, 
and  the  absence  of  the  physical  signs  of  organic  disease 
of  the  liver,  clearly  indicate  simple  catarrhal  icterus. 
Care  must  be  taken  not  to  confound  it  with  the  jaundice 
of  acute  yellow  atrophy,  and  it  must  not  be  forgotten 
that,  in  apparently  the  most  simple  jaundice,  grave  cere- 
bral and  other  symptoms  due  to  acute  atrophy  may  arise. 
Acute  yellow  atrophy  may  occur  at  an  early  age  in  the 
pregnant  female ;  the  more  marked  epigastric  pain,  the 
jaundice  of  the  upper  portion  of  the  body,  the  vomiting 
of  blood,  the  cerebral  symptoms,  and  the  alterations  in 
the  size  of  the  liver  and  spleen  serve  to  distinguish  it. 

The  jaundice  due  to  obstruction  by  gall  stones  develops 
quickly,  is  quite  marked,  and  varies  in  its  intensity  from 
time  to  time;  paroxysmal  and  persistent  pain  is  more 
pronounced  than  in  the  simple  form ;  the  patient  is  usu- 
ally a  female,  and  the  attacks  occur  late  in  life.  The 
diagnosis  must  be  made  between  jaundice  from  simple 
obstruction  and  that  caused  by  pressure  on  the  ducts. 
The  physical  signs  and  clinical  history  of  the  many  forms 
of  external  pressure  must  be  considered  (see  section  on 
Stenosis,  etc.).  Pain,  fever,  sweats,  increase  in  size  and 
tenderness  of  the  liver  and  gall  bladder,  with  prostration 
and  emaciation,  occurring  late  in  the  disease,  indicate 
stricture  and  the  formation  of  abscesses,  or  purulent  in- 


flammation of  the  ducts.  If  the  jaundice  continues 
longer  than  two  months,  if  the  pulse  is  frequent  from 
the  first,  if  sweats  are  marked,  if  emaciation  rapidly  en- 
sues, and  if  the  patient  is  over  thirty  years  of  age,  it  is 
more  than  possible  that  some  afl'ection  other  than  simple 
catarrh,  and  not  revealed  by  physical  signs,  is  present. 
An  important  observation  in  this  connection  is,  that  fre- 
quently in  malignant  disease  of  the  liver  or  bile  dncts, 
jaundice  due  merely  to  an  associated  catarrh  may  disap- 
pear under  treatment,  the  disease  meanwhile  persisting 
and  progressing.  The  jaundice  due  to  pressure  or  ob- 
struction will  be  little,  if  at  all,  influenced  by  any  means 
(Mayo  Robson).  It  has  occurred  to  the  writei's  that  the 
existence  of  a  diarrhrea  in  the  course  of  catarrh  of  the 
bile  ducts  would  indicate  closure  at  the  orifice;  for  then 
the  pancreatic  duct  would  likewise  be  occluded,  and 
diarrhoea,  a  well-known  symptom  of  pancreatic  disease, 
would  ensue.  The  presence  of  fat  and  blood  in  the  stools 
would  also  point  to  this  conclusion. 

Prognosis. — This  is  usually  favorable,  but  depends 
more  or  less  on  the  cause.  Gastro-hepatic  catarrh  ter- 
minates favorably.  The  presence  of  symptoms  indicating: 
purulent  inflammation  of  the  duct  renders  the  prognosis, 
grave.  Prolonged  jaimdice,  with  the  advent  of  marked 
cerebral  symptoms,  is  very  serious.  The  possibility  of 
the  development  of  icterus  gravis  should  not  be  forgotten. 
We  are  inclined  to  think  tliat  the  prognosis  is  seriously 
modified  by  inactivity  of  the  kidneys,  and  that  cerebral 
symptoms  are  not  so  liable  to  occur  if  the  renal  secretion 
is  abundant.  Hemorrhage,  in  any  of  its  forms,  is  of 
bad  omen. 

Treiitment. — The  line  of  treatment  to  be  adopted  de- 
pends entirely  on  the  cause  of  the  catarrhal  inflammation. 
If  it  arise  from  cold  and  exposure  and  is  seen  early,  a 
warm  bath  or  a  vapor  bath,  and  the  use  of  saline  cathar- 
tics, or  of  small  doses  of  tartar  emetic,  are  of  service. 
Full  doses  of  quinine  and  Dover's  powder  at  bed-time, 
with  a  light  purge  in  the  morning,  will  often  relieve  the 
general  S3'mptoms  of  "cold,"  and  exert  a  favorable  influ- 
ence upon  the  local  catarrh.  If  the  cause  of  the  disease 
is  a  coexisting  gastro-duodenal  catarrh,  a  mechanical 
emetic,  repeated  twice  on  each  of  the  first  two  days,  is 
often  of  service.  Large  draughts  of  hot  water,  either  at 
bed-time  or  repeated  throughout  the  day,  are  grateful 
and  beneficial.  They  are  made  more  palatable  by  the 
addition  of  some  one  of  the  alkaline  citrates.  At  the 
same  time  an  alkaline  purgative,  largely  diluted,  should 
be  employed,  and  then  gastric  sedatives  or  the  mineral 
acids.  Patients  with  catarrhal  jaundice  rarely  apply  for 
treatment  until  some  time  after  the  jaundice  has  appeared^ 
and  as  this  is  generally  due  to  a  gastro-iutestinal  catarrh,, 
a  system  of  treatment  that  has  usually  been  successful 
in  these  cases  may  here  be  presented.  First,  in  the  acute 
form:  a  mercurial  purgative  is  first  administered.  We- 
usually  prescribe  from  one-twelfth  to  one- third  of  a  grain 
of  calomel,  in  combination  with  from  three  to  ten  grains  of 
bicarbonate  of  soda  every  two  hours,  until  eight  or  twelve 
powders  are  taken.  If  the  bowels  are  not  acted  on  freely 
by  this  combination,  it  should  be  followed  by  a  saline 
laxative.  At  the  same  time  light  sinapisms  are  applied 
to  the  epigastrium.  After  the  bowels  are  freely  opened, 
it  will  often  be  found  that  the  tongue  has  already  become 
somewhat  cleaner,  and  the  bad  taste,  the  nausea,  and  the 
vomiting  have  been  relieved.  If  this  happy  effect  has 
been  produced,  a  weak  acid  or  an  alkali  and  bitter 
may  be  used.  On  the  other  hand,  if  the  symptoms 
are  not  relieved,  and  the  tongue  is  clean,  denuded  of 
epithelium  or  pointed,  and  red  at  the  tip,  a  sedative 
is  indicated.  In  the  more  chronic  cases  in  which  the 
gastro-duodenal  catarrh  has  subsided,  we  have  other 
conditions  to  deal  with,  and  the  indications  are  to  re- 
move the  obstructing  mucus  and  reduce  the  inflamma- 
tion and  thickening  of  the  ducts.  These  indications 
may  be  met  by  remedies  that  in  a  measure  increase  the 
secretion  of  bile  and  thereby  drive  away  the  obstruc- 
tion, or  by  drugs  that  render  the  mucus  less  viscid  and 
that  relieve  the  congestion.  Among  the  remedies  of  this 
latter  class  the  alkalies  are  of  great  service,  and  may" 
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be  given  in  the  form  of  tlie  iilkaline  effervescing  waters, 
as  the  Carlsbad,  Vichj'-,  or  Hathorn  waters,  or  the  salts 
of  ammonium,  sodium,  or  potassium  may  be  used.  Bar- 
tholow  advocates  the  phosphate  of  sodium  in  drachm 
doses ;  Guiteras,  iodide  of  potassium  in  small  doses  f  I'cely 
diluted,  and  taken  fasting.  The  muiiate  of  ammonium 
is  one  of  the  most  reliable  alkalies;  it  may  be  given  in 
ten-  or  twenty-grain  doses,  three  or  four  times  daily, 
combined  with  an  equal  quantity  of  powdered  licorice, 
and  dissolved  in  water.  Ipecacuanha  has  been  advocated 
in  small  doses,  as  one-halt  of  a  grain  or  one  grain,  fre- 
quently repeated,  for  tlie  same  purpose. 

To  increase  the  secretion,  nitro-liydrochloric  acid,  tlie 
vegetable  hepatic  stimulants,  lienzoate  and  salicylate 
of  soda,  and  alkaline  waters  arc  of  service.  The  alkalies 
should  be  taken  in  a  large  amount  of  water,  preferably 
hot,  on  an  eraptj'  stomach,  and  by  slowly  sipping  the 
fluid.  Emetics  are  also  used  for  their  mechanical  effect, 
but  care  must  be  obser\'ed  lest  their  too  free  use  incite  a 
fresh  catarrh  or  aggravate  the  one  already  existing. 

Moslei'  and  afterward  Krull  have  successfLiUy  treated 
catarrhal  jaundice  with  enemata  of  cold  water.  They  in- 
ject, once  in  twenty-four  hours,  from  one  to  four  pints 
of  cold  water  (59°  F.)slowly  into  the  rectum,  and  require 
the  patient  to  retain  it  as  long  as  possible.  With  each 
injection  the  temperature  of  the  water  is  gradually 
raised,  otherwise  it  will  not  be  retained. 

By  pressure  on  the  fundus  of  the  gall  bladder,  if  it  be 
readily  grasped,  directing  the  force  toward  the  vertebral 
column,  Gerhardt  has  succeeded  in  overcoming  the  ob- 
struction and  relieving  the  jaundice.  The  same  author 
recommends  the  application  of  electricity.  A  strong  in- 
duced current  with  slow  interruptions  is  used;  one  elec- 
trode is  placed  over  the  gall  bladder,  the  other  on  the 
back  at  a  point  directly  opposite,  and  close  to  the  spinal 
column.  No  doubt  Kussmaul's  treatment  of  intestinal 
obstruction,  by  washing  out  the  stomach,  would  be  of 
service  in  this  affection. 

The  diet  should  be  bland  and  non-irritating.  Fats, 
.sugars,  and,  as  a  rule,  starches,  should  be  excluded,  as 
well  as  spirituous  or  malt  liquors.  Light  broths,  beef- 
tea,  milk,  and  later,  meats,  fish,  eggs,  and  oysters  should 
be  the  chief  articles  of  diet.  Afterward  tomatoes,  lettuce, 
spinach,  celery,  and  the  like  may  be  used. 

The  troublesome,  and  at  times  serious,  effects  of  the 
jaundice  will  be  treated  of  under  that  heading.  (See 
Icteriis.) 

II.  Purulent,  Ulcbeative,  and  Croupous  Inflam- 
mation OF  THE  Gall  Bladder  and  Gall  Ducts 
{Oholeaystitia  et  Cholangitis  Suppurativa,  diphtherica,  e.r- 
ulcerans,  anderouposa  (Schlippel) ;  Exsudative Entziindung 
der  Gallenwege  (Preriehs) ;  C'Jwlecystite  et  AngeioclioUite). 

Etiology. — According  to  Bloch,  in  disease  of  the  gall 
bladder  and  bile  ducts  the  bile  soon  becomes  infected 
with  various  micro-organisms,  principally  B.  coli  com- 
munis, staphylococci,  and  streptococci.  Any  condition 
obstructing  the  flow  of  bile  invites  bacterial  infection 
(Charcot  et  Gombault,  Archives  de  Phys.  et  Path.,  1876; 
Netter,  Prog.  Med.,  1886;  Terrier,  Remie  de  Chirurg., 
1895).  Hence  foreign  bodies,  sucli  as  gall  stones  or  para- 
sites, in  the  biliary  passages,  stenosis  and  occlusion  of  the 
duets  in  any  part  of  their  course,  readily  pave  the  way 
for  any  infecting  agent, 

Filtterer  has  shown  that  in  a  very  few  minutes  after 
the  injection  of  organisms  into  the  circulation  they  ap- 
pear in  the  bile.  Flexner  and  Chiari  have  demonstrated 
the  constant  presence  of  typhoid  bacilli  in  the  bile  in  pa- 
tients dying  of  typhoid  fever,  the  latter  observer  desci'ib- 
ing  acute  inflammatory  lesions  in  thirteen  of  nineteen 
such  cases  wiihoutany  gross  obstruction  in  the  biliary 
passages.  Camac  records  an  instance  of  acute  cholecysti- 
tis with  operation  in  tlie  first  few  days  of  an  attack  of 
typhoid  fever.  Cases  of  acute  cholecystitis  due  to  the 
Bacillus  typhosus  without  previoiis  history  of  typhoid 
fever  are  reported  by  Gushing  and  Mitchell.  Hunner 
describes  another  occurring  eighteen  years  after  an  at- 
tack of  typhoid,  with  operation  and  isolation  of  the 
typhoid  bacillus.     It  can  safely  be  assumed  that  bacterial 
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infection  exists  in  all  cases,  and  that  acute  inflammatory 
infection  of  the  biliary  passag'es  may  occur  without  ob- 
struction in  many  of  the  acute  infectious  diseases.  Cases 
of  acute  phlegmonous  cholecystitis  and  gangrenous 
cholecystitis  are  probably  only  instances  of  very  severe 
infection,  which  may  spread  so  rapidly  that  general  peri- 
tonitis may  occur  in  a  few  days.  Pratt,*  in  his  recent 
article,  shows  the  frequency  of  cholecystitis  due  to  the 
Bacillus  typhosus.  It  therefore  seems  probable  that 
cholecystitis  may  begin  as  a  primary  local  typhoid  infec- 
tion. Pearce"  has  described  an  instance  of  the  presence 
of  a  leptothrix  in  an  acute  cholecystitis,  the  organism 
being  also  found  in  gall  stones  present  in  the  gall  bladder. 

Ulceraticms  of  the  biliary  passage  are  most  frequently 
due  to  gall  stones.  Carcinoma  is  a  common  cause,  and 
ulcerations  have  been  met  with  in  typhoid  fever  and  in 
cholera.  The  sequelae  of  ulcerations,  stricture,  perfora- 
tion, fistula,  etc.,  make  the  condition  more  serious  than 
it  might  otherwise  be. 

Croupous  fir  membranous  inflammation  of  the  gall 
bladder  and  ducts  may  occur  as  the  result  of  irritation 
from  the  passage  of  a  gall  stone,  or  it  may  be  a  further 
stage  of  catarrhal  inflammation.  Powell  (Med.  Trans. 
Coll.  Phys.,  1829)  noted  that  membranous  enteritis  was 
frequently  accompanied  by  gall-stone-like  attacks,  and  it 
has  been  suggested  that  gall-stone  colic  may  be  the  excit- 
ing cause  of  membranous  enteritis.  Robson  tliinks  a 
membranous  or  croupous  formation  in  the  gall  bladder 
or  ducts,  with  passing  of  the  membrane  or  pieces  thereof, 
accounts  for  the  painful,  gall-stone-like  attacks.  Fenwick 
(Br.  3fed.  Jour.,  April  23d,  1891)  discovered  a  true  cast  of 
the  gall  bladder  in  tlie  f  seces  twenty -four  hours  after  a  very 
severe  attack  of  hepatic  colic.  A  similar  cast  had  been 
found  two  weeks  previously  under  similar  conditions. 
In  all  suspected  gall-stone  attacks,  in  which  no  stones 
are  found  in  the  faeces,  search  should  also  be  made  for 
fleshy,  tube-like  structures  or  fragments  thereof,  as  they 
alone  may  be  responsible.  Robson  is  of  the  opinion  that 
the  gall-stone-like  attacks  seem  not  infrequently,  in  sub- 
jects of  membranous  enteritis,  to  indicate  involvement  of 
the  biliary  passages  in  a  similar  condition.  Extension  of 
purulent  inflammation  from  adjoining  veins  or  from 
hepatic  abscesses  appears  to  have  been  the  cause  in  some 
instances.  It  is  certainly  true  that  a  multiform  inflam- 
mation of  the  ducts  may  occur  by  extension  of  inflam- 
mation from  some  one  localized  focus,  as  an  ulceration 
due  to  gall  stone.  This  form  of  biliary  inflammation  is 
usually  met  with  in  advanced  life.  Croupous  inflamma- 
tion of  the  biliary  passages  is  also  caused  by  gall  stones. 

Morbid  Anatomy.— The  cases  that  have  been  observed 
by  the  writers  presented  nearly  all  the  anatomical  ap- 
pearances that  occur  in  cholangitis  and  cholecystitis. 

There  are  observed  a  swollen,  thickened  mucous  mem- 
brane, of  a  pale  ashen  or  slate-gray  color;  uniform  or 
saccular  dilatation  of  the  ducts;  and  abscesses  in  the  pe- 
riphery of  the  duct  or  along  its  course.  Often  a  gangre- 
nous appearance  of  the  duct  wall  is  seen.  The  dilated 
canals  and  the  abscesses  contain  yellowish-green  bile  and 
pus,  sometimes  thick  and  ropy,  and  often  ichorous.  I'he 
dilatation  is  most  frequently  confined  to,  or  most  marked 
in,  the  left  lobe  of  the  liver,  and  Legg  says  that  the  dilated 
pouches  and  ducts  are  lined  with  columnar  epitlielium. 
Ulcers  are  often  found,  superficial  in  character,  large 
and  irregular,  or  quite  deep  and  small.  From  the  heal- 
ing of  the  ulcers  and  the  contraction  of  the  cicatrix,  the 
ducts  beyond  the  obstruction  are  obliterated.  This  may 
also  occur  after  exudative  inflammation ;  and  in  the  liver 
fibrous  bands,  the  remains  of  the  biliary  channels  are 
often  seen.  The  tissue  of  the  liver  beyond  becomes 
sclerosed,  and  the  cells  proper  undergo  atrophy  and  de- 
generation. The  abscesses  of  the  liver  may  extend  into 
a  contiguous  vein,  or  may  ulcerate  toward  the  surface- 
hence  a  penhepatitis  is  often  seen.  Sometimes  one 
large  abscess  alone  is  found;  rarely  do  abscesses  become 
encapsulated.  The  ulcers  that  have  formed  are  often 
covered  with  a  gray,  gangrenous  detritus,  which  is  re- 
moved with  difficulty.  This  characterizes  the  diphthe- 
ritic form.     In  the  croupous  inflammation  of  the  ducts 
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fibrin  cylinders,  well  moulded  and  easily  removed,  are 
found.  The  hepatic  structure  undergoes  some  changes: 
in  tlie  mild  forms  either  a  connective-tissue  overgrowth 
lights  up,  or  a  diffuse  liepatitis  arises ;  in  the  chronic 
forms  with  jaundice  the  liver  cells  are  icteric,  compressed 
into  various  shapes,  and  present  the  appearances  of  hav- 
ing undergone  fatty  or  granular  degeneration. 

As  a  sequence  of  purulent  or  exudative  inflammation 
of  the  gall  bladder,  marked  phenomena  are  observed. 
The  mucous  membrane  undergoes  the  usual  changes,  the 
walls  become  thickened,  and  the  cavity  is  filled  with  pus, 
muco-pus,  or  pus  and  bile.  Ulcerations,  simple  or  diph- 
theritic in  nature,  are  formed,  and  may  penetrate  to  the 
peritoneal  cavity. 

Adhesions  take  place  between  tlie  gall  bladder  and 
neighboring  structures,  fistuhc  develop,  and  often  the 
adjacent  tissues  are  filled  with  pus.  The  ulcers  are 
single  or  multiform.  In  mild  cases  a  fibrous  thickening 
of  the  walls  of  the  gall  bladder  and  its  surroundings 
takes  place,  followed  by  contraction  and  obliteration  of 
the  organ.  Twice  the  writers  have  found  the  gall  bladder 
firmly  contracted  around  imprisoned  gall  stones,  and  in 
one  case  numerous  sacculi  had  been  formed,  each  sac 
containing  a  gall  stone  surrounded  by  bands  of  fibrous 
tissue.  On  the  other  hand,  the  gall  bladder  may  undergo 
extreme  dilatation  and  enlargement,  producing  an  em- 
pyema. If  the  phlegmonous  inflammation  be  confined 
to  the  walls,  this  structure  may  undergo  calcareous  de- 
generation (so-called  "  ossification  "). 

Symptoms,  Course,  Duration. — The  symptoms  are  those 
of  the  causal  condition, — as  one  of  the  infective  fevers, 
gall  stones,  etc.,— combined  with  the  local  inflammatory 
manifestations.  Often  the  condition  is  not  recognized 
during  life,  or  there  may  be  present  only  an  irregular 
fever,  with  rigors.  If,  after  an  attack  of  hepatic  colic, 
fever  of  an  irregular  type,  chilly  sensations,  or  sharp 
rigors,  occur,  and  prostration  ensues,  iudependentlj'' 
of  any  paludal  affection,  we  may  suspect  ulcerative  in- 
flammation of  the  bile  ducts.  In  these  cases,  the 
jaundice,  which  is  usually  present,  deepens,  pains  in  the 
hepatic  region  are  marked,  and  a  fixed  local  pain  in  the 
right  hypochondrium  is  complained  of.  If  the  gall 
bladder  is  involved,  the  physical  signs  of  enlargement 
of  that  organ  are  observed  (see  the  section  on  Enlarge- 
ment of  the  Gall  Bladder).  As  the  inflammation  pro- 
ceeds, the  symptoms  of  perihepatitis,  local  or  general 
peritonitis,  occur.  In  addition  to  pain  iu  the  region  of 
the  gall  bladder,  we  have  pain  and  tenderness  frequently 
in  the  epigastrium.  With  or  without  this  local  inflam- 
mation, vomiting  is  frequent,  hemorrhages  occur  from 
the  stomach  and  bowel,  and  often  a  diarrhoea  is  started. 
Budd  believed  that  many  cases  recovered.  If  so,  the 
burrowing  of  the  pus  must  have  been  iu  the  direction  of 
the  stomach  or  duodenum.  An  increase  of  local  tender- 
ness, and  the  presence  of  tumefaction  and  redness,  show 
that  the  direction  which  the  pus  is  taking  is  toward  the 
surface.  Discharge  of  the  abscess  in  this  position  leads 
to  the  formation  of  a  cutaneous  biliary  fistula.  If  this 
fortunate  termination  does  not  occur,  and  in  a  cholan- 
gitis it  is  not  to  be  expected,  the  fever  continues,  the 
gastro-intestinal  digestion  gives  way  completely,  a  ty- 
phoid state  of  the  system  arises,  cholremia  frequently 
occurs,  and  finally  death.  A  fatal  result  may  occur  from 
exhaustion,  due  to  the  combined  influences  of  the  fever, 
the  suppuration,  the  gastro-intestinal  disturbances,  and 
the  jaundice;  or  a  peritonitis  from  perforation  or  rupture 
of  the  gall  ducts,  or  a  pylephlebitis,  may  hasten  the  fatal 
termination.  Hemorrhages  are  also  liable  to  occur  if  the 
jaundice  is  of  long  duration,  and  they  will  add  to  the  ex- 
treme debility.  Cholecystitis,  due  to  foreign  bodies  or 
to  obstruction  of  the  cystic  duct,  may  run  its  course,  and 
the  contents  of  the  bladder  be  discharged  into  the  neigh- 
boring hollow  viscera,  or  externally,  without  the  super- 
vention of  grave  general  symptoms;  local  phenomena 
and  physical  signs  alone  indicating  its  presence.  The 
lodging  of  a  gall  stone  in  a  common  duct  is  often  and 
usually  associated  with  a  peculiar  fever  and  train  of 
symptoms,  the  so-called  hepatic  intermittent  fever  of 


Charcot.  Osier,  Penger,  and  CourvoLsier  describe  a  ball- 
valve  action  of  gall  stones  lodged  in  the  diverticulum  of 
Valer,  the  bile  readily  flowing  by  the  stone  but  becoming 
easily  obstructed  and  infected  under  certain  circum- 
stances, producing  the  characteristic  ague-like  parox- 
ysms which  may  be  frequently  repeated  (the  recurring 
jaundice  deepening  with  each  attack),  or  may  occur  at 
intervals  of  months  or  years.  Each  attack  probably 
represents  an  infective  cholangitis  which  may  quickly 
subside  or  may  run  into  tlie  more  serious  conditions 
already  mentioned  as  occurring  in  infection  of  the  biliary 
passages.  Lcueocytosis,  more  or  less  marked,  absence  of 
the  malarial  parasite  in  the  blood,  resistance  to  quinine, 
the  irregularitj'  of  the  paroxysms,  and  the  deepening 
jaundice  should  distinguish  the  conditions  from  malaria. 
There  is  usually  a  history  of  previous  gall-stone  colic. 
Robson  states  that  in  his  experience  several  impacted 
stones  were  as  frequently  found  as  a  single  stone,  freely 
movable,  and  acting  like  a  ball- valve. 

Biagnosis  and  Prognosis.  — The  diagnosis  is  uncertain, 
and  wiien  the  symptoms  are  latent  it  is  manifestly  im- 
possible to  make  a  diagnosis.  Pain  and  swelling  of  tlie 
liver,  with  tenderness  on  pressure,  irregular  chills  and 
fever  in  a  person  who  is  jaundiced,  or  who  has  had  an 
attack  of  gall  stones,  are  strong  evidences  of  exudative 
inflammation.  Cholecystitis  may  be  recognized  by  local 
symptoms  (see  section  on  Enlargement  of  the  Gall  Blad- 
der). The  prognosis  is  very  unfavorable  on  account  of 
the  many  accidents  that  may  arise. 

Treatment. — Stimulants,  tonics,  quinine,  medicines  to 
allay  gastro-intestinal  irritation  and  dyspepsia,  and  mor- 
phine or  other  preparations  of  opium  to  relieve  pain,  are 
the  only  means  at  our  command  for  combating  the  dis- 
ease. Unless  the  disease  shows  signs  of  resolution  it  is 
now  generally  advised  to  open  and  drain  the  gall  bladder 
in  cases  of  cholecystitis.  In  infective  and  suppurative 
cholangitis,  opening  of  the  gall  bladder  offers  the  only 
chance  and  is  followed  in  many  cases  by  cure.  Terrier 
(Esrae  ck  Cliiriirgie,  1895)  and  Robson  insist  upon  the 
value  of  this  proceeding.  Removal  of  stones  from  the 
common  duct  is  now  performed  and  is  indicated  in  per- 
sisting evidence  of  obstruction  and  infection  (Halsted). 

III.  Stenosis  and  Occlusion  of  the  Gall  Docts. 
— The  canal  is  occluded  when  it  is  completely  closed; 
partial  closure,  sufficient  to  cause  obstruction,  is  denomi- 
nated stenosis.  These  conditions  may  be  congenital  or 
acquired;  the  acquired  forms  alone  are  treated  of  in  this 
connection.  The  causes  of  each  are  the  same,  and  the 
results  are  similai'. 

The  obstruction  may  be  due  to  foreign  bodies  within 
the  duct,  to  diseases  of  the  duct  \\alls,  or  to  external 
pressure. 

1.  The  foreign  bodies  which  may  find  lodgment  within 
the  ducts  are  gall  stones,  parasites,  or,  in  rare  cases — if 
the  orifice  of  the  duct  is  very  patulous,  as  occurs  after 
the  passage  of  a  gall  stone, — cherry  pits,  plum  stones,  or 
raisin  seeds.  The  gall  stones  are  generally  impacted  in 
the  cystic  duct,  or  at  the  mouth  of  the  common  duct. 
The  common  round  worm  has  been  found  in  the  lumen 
of  the  duct.  The  liver  fluke  also  causes  stenosis;  but 
complete  obtruction  is  not  effected  without  the  interven- 
tion of  local  inflammatory  symptoms.  The  lupture  of 
an  echinococcus  sac  into  the  ducts  and  the  discharge  of 
the  vesicles  cause  temporary  obstruction.  Complete 
closure  is  caused  by  multilocular  echinococcus  tumors, 
which  cause  infiltration,  thickening,  and  ulceration  of 
tlie  wall  of  the  duct.  Tlie  hepatic  and  cystic  ducts  are 
chiefly  involved. 

2.  The  obstruction  may  be  due  to  chronic  catarrhal 
inflammation,  to  purulent  and  ulcerative  inflammation, 
to  carcinoma  or  other  morbid  growths  of  the  ducts,  or 
to  a  perihepatitis  with  thickening  of  the  investing  mem- 
brane, leading  to  hypertrophy  of  the  subserous  connec- 
tive tissue  and  occlusion  of  the  duct.  In  the  inflamma- 
tory forms,  granulations  in  apposition  coalesce,  and  the 
formation  of  a  stricture  ensues.  When  ulceration  has 
previously  occurred,  the  stenosis  is  due  to  the  contrac- 
tion of  the  cicatrix.     The  causes  mentioned  in  the  sec- 
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tions  treating  of  those  affections  are  tlie  primary  causes, 
therefore,  of  the  stenosis.  The  lumen  of  the  duct  be- 
comes absolutely  imperforate  iu  the  inflammatory  vari- 
eties, and  the  occlusion  may  extend  overa  variable  length, 
though  it  most  frequently  exists  in  the  common  duct. 
Tlie  lumen  is  not  completely  occluded  in  cicatricial  stric- 
ture, but  is  impermeable,  and  is  not  unlike  a  urethral 
stricture.  Local  or  extended  thickenings  of  the  duct 
causing  stenosis  are  due  to  a  connective-tissue  hyper- 
plasia, which  originates  in  a  previous  catarrhal  inflam- 
mation. The  cicatrix  of  a  duodenal  ulcer  sometimes  in- 
cludes in  its  grasp  the  duodenal  opening  of  the  common 
bile  duct. 

Carcinoma  of  (he  biliary  passages  will  be  treated  of  in 
a  separate  section.  The  perihepatitis,  which  includes  in 
its  course  the  investment  membrane  of  the  ducts,  is  caused 
by  general  peritonitis,  by  right-sided  pleurisy,  by  affec- 
tions of  the  liver  and  adjacent  organs,  which  set  up  irri- 
tation (as,  for  example,  cancer,  cirrhosis,  ulceration,  etc.). 
As  the  peritoneal  thickening  and  the  new  inflammatory 
tissues  grow  in  age,  they  contract  and  thus  encroach  on 
the  lumen  of  the  ducts.  Syphilis  is  said  to  be  a  cause  of 
this  local  inflammation. 

3.  External  pressure  is  caused  by  disease  or  displace- 
ment of  contiguous  organs.  Named  in  their  order  of 
frequency,  it  is  often  found  that  affections  of  the  pan- 
creas, the  lymphatic  glands  in  the  hepatic  fissure,  the 
duodenum,  the  stomach,  the  omentum,  and  the  kidney 
are  the  sources  of  pressure.  Carcinoma  or  hypertrophy 
of  the  pancreas,  carcinoma,  tuberculosis,  amyloid  disease 
or  lymphosarcoma  of  the  lymphatic  glands,  carcinoma 
of  the  stomach,  duodeniun  and  omentum,  and  tumors  of 
the  kidney  (hydronephrosis  or  carcinoma)  are  the  essential 
pathological  conditions  which  lead  to  the  occlusion. 
Aneurisms  of  the  aorta  (Hatton)  and  of  the  hepatic  artery 
(Gairdner)  cause  obstruction.  Very  rarely  tumors  of 
the  ovary  and  uterus,  and  frecal  tumors,  are  the  cause  of 
occlusion. 

The  anatomical  sequences  of  occlusion  and  stenosis  of 
tlie  biliary  passages  are  dilatation  of  the  ducts  or  gall 
bladder  behind  the  obstruction,  catarrhal  or  suppurative 
inflammation  of  the  ducts,  enlargement  of  the  liver,  at 
first  from  the  excessive  dilatation  of  the  canals,  and  then 
from  a  hypertrophic  or  biliary  cirrhosis,  and  subsequent 
atrophj'  of  the  liver  from  pressure  of  the  ducts  on  the 
secreting  tissue,  or  destruction  of  the  cells  by  the  connec- 
tive-tissue overgrowth. 

The  dilatation  of  the  duct  is  often  extreme.  The  com- 
mon and  hepatic  ducts  may  be  as  large  as  the  intestine, 
and  their  walls  thin,  although  rupture  rarely  takes  place. 
The  ducts  in  the  liver  are  also  dilated  to  the  size  of  the 
finger  throughout  their  extent,  even  to  the  surface,  caus- 
ing it  to  liave  a  vesicular  appearance.  The  walls  are  not 
greatly  thickened,  and  are  lined  with  columnar  epithe- 
lium. The  mucous  membrane  is  pale  and  smooth.  The 
ducts  terminate  in  large  pouches,  and  numerous  recesses 
are  seen  in  the  course  of  the  cylindrical  canal.  Retention 
cysts  are  often  found.  At  first  the  biliary  channels  are 
filled  with  bile  onl}',  but  after  a  time  this  fluid  is  replaced 
by  a  secretion  from  the  glands  of  the  mucous  membrane, 
which,  is  limpid,  viscid,  and  serous  in  character.  The 
chemical  and  microscopical  examination  of  the  fluid  gives 
no  indication  of  bile  con.stituents.  The  reaction  of  the 
fluid  is  neutral;  it  contains  albumin.  When  this  fluid 
is  found  in  the  bile  ducts,  bile  is  not  secreted  in  them, 
and  the  mucous  membrane  of  the  ducts  is  in  truth  a  cyst 
wall.     Whatever  bile  is  secreted  is  at  once  absorbed. 

The  liver  isictericand  anasmic;  flaccid  at  first,  cirrhotic 
afterward.  The  cells  undergo  atrophy,  contain  bile 
pigment  and  minute  oil  globules;  while  cloudy  swelling 
of  the  protoplasm  is  observed.  The  changes  peculiar  to 
"  hypertropliic  "  cirrhosis  are  observed  later. 

A  description  of  the  changes  iu  the  gall  bladder  is  re- 
served for  the  section  on  Enlargement  of  the  Gall  Bladder. 

The  Symptoms  a.re  complex,  and  include  the  symptoms 
of  the  primary  cause  and  those  of  biliary  obstruction. 
Aside  from  the  physical  signs  and  symptoms  of  the 
causal  disease,  jaundice '  is  the  first  symptom.    As  a  rule, 


the  yellowish  tinge  gradually  changes  to  a  deep  olive- 
green  color,  and  with  it  the  changes  in  the  urine  take 
place;  gastrointestinal  dyspepsia  is  developed,  and 
finally  a  veritable  catarrh  supervenes,  with  its  full  train 
of  symptoms.  Early  in  the  disease  weight  and  tension 
in  the  epigastrium  and  hypochondriac  region  are  com- 
plained of,  and  enlargement  of  the  liver  and  gall  bladder 
is  observed.  After  a  time  pruritus  comes  on,  and  in 
from  two  to  four  months  hemorrhages  ensue.  Loss  of 
flesh  and  strength  rapidly  takes  place.  Soon,  if  death 
has  not  in  the  mean  time  resulted  from  the  original  cause 
or  from  some  intercurrent  disease,  the  symptoms  of  chol- 
semic  intoxication  are  likely  to  arise,  and  death  results 
from  this  condition. 

One  cannot,  within  the  limits  of  this  article,  discuss  in 
detail  all  the  forms  of  biliary  stenosis  and  occlusion,  and 
their  differential  diagnosis;  persistent  jaundice,  the 
absence  of  bile  in  the  stools  and  its  presence  in  the  urine, 
clearly  indicate  obstructive  jaundice.  There  are  some 
organic  diseases  of  the  liver,  however,  which  give  rise  to 
jaundice  in  some  other  way  than  by  means  of  occlusion. 
They  should  be  distinguished  from  other  forms  of  ob- 
structive jaundice,  on  account  of  the  opposite  methods 
adopted  for  their  treatment.  Reference  is  made  to  atro- 
phic and  hypertrophic  cirrhosis,  to  carcinoma,  to  simple 
and  multiple  abscesses,  to  simple  and  multiform  hydatid 
disease,  and  to  amyloid  disease.  The  recognition  of  any 
of  these  is  not  diflrcult.  The  atrophic  variety  of  cirrhosis 
is  easily  recognized  by  its  well-known  symptoms,  but 
not  so  the  so-called  hypertrophic  cirrhosis.  The  jaundice 
is  intense,  the  liver  enlarged  and  smooth,  ascites  is  ab- 
sent, paroxysmal  pains  occur,  and  irregular  fever  is  pres- 
ent." In  other  forms  of  obstruction  the  liver  is  not  so 
large,  the  gall  bladder  is  enlarged,  while  a  distinct  cause 
for  the  jaundice — as,  for  example,  a  tumor — may  be  dis- 
covered. 

Having  discussed  the  question  of  occlusion  due  to  any 
one  of  tlie  etiological  factors  previously  noted,  we  may 
now  be  permitted  to  refer  briefly,  for  diagnostic  purposes, 
to  these  causal  conditions. 

1.  Foreign  Bodies. — If  the  obstruction  be  due  to 
worms,  the  latter  may  be  recognized  by  the  age  of  the 
patient,  and  by  the  presence  of  the  parasite  in  the  ejecta. 
Their  presence  is  further  indicated  by  an  attack  of  he- 
patic colic,  but  an  absolute  diagnosis  cannot,  and  practi- 
cally need  not,  be  made.  This,  however,  is  not  so  in  the 
case  of  hydatid  cysts,  which  burst  into  the  bile  ducts, 
with  symptoms  of  hepatic  colic.  The  diagnosis,  under 
these  circumstances,  can  be  more  readily  made :  first,  by 
the  previous  history  and  physical  signs  of  an  hydatid 
tumor;  second,  by  the  disappearance  of  the  tumor  after 
the  colic;  third,  by  the  subsequent  occurrence  of  fever 
and  local  inflammation;  and  lastly,  by  the  appearance 
of  sacs  or  booklets  in  the  vomited  or  aspirated  matter. 

Oall  Stones. — It  is  of  the  utmost  importance  to  deter- 
mine the  presence  of  biliary  calculi.  To  accomplish  this, 
is  sometimes  a  very  difficult  matter;  in  fact,  it  is  often 
a  task  impossible  of  accomplishment.  The  varying  symp- 
toms of  cholelithiasis  are  so  many  that  it  is  not  possible 
to  name  one  of  them,  or  to  present  a  group  of  them,  for 
the  purpose  of  making  a  diagnosis,  without  being  able 
to  give  an  exception  to  each  and  every  one.  The  only 
absolutely  definite  sign  is  to  see  or  feel  the  calculus.  If 
one  has  been  passed  by  the  rectum,  it  probably  was  the 
cause  of  the  obstruction;  if  it  have  facets,  a  fellow- 
calculus  may  be  the  cause. »  If  it  is  not  detected  in  the 
stools,  exploration  of  the  gall  bladder  and  bile  ducts  may 
be  resorted  to  by  opening  the  abdominal  cavitv.  Martin- 
Solon  (Jo!(7'.  des  Conn.  Med.-VMr.,  Paris,  1849,  xxxiii.) 
reports  a  case  in  which  the  stones  could  be  detected  on 
palpation  if  the  patient  took  a  forcible  inspiration,  the 
hand  being  on  the  gall  bladder.  He  considered  it  a  new 
mode  of  diagnosis. 

Aside  from  these  positive  methods,  a  correct  conclusion 
cannot  be  arrived  at  without  a  study  of  the  case  in  its 
entirety ;  the  age  and  sex  of  the  patient,  the  habits,  the 
family  history,  the  temperament,  all  are  important  ele- 
ments to  be  considered.     If  these  circumstances  are  fa- 
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vorable,  and  if,  in  addition,  the  patient  has  liad  previ- 
ous attaclss  of  hepatic  colic,  followed  by  jaundice  and  the 
symptoms  of  duodenal  catarrh ;  if  constipation  and  putty- 
colored  stools  accompany  the  jaundice,  the  diagnosis  is 
very  probable.  Then  if,  after  impaction  has  taken  place, 
the  nutrition  of  the  patient  remains  good  for  a  long  time, 
and  the  liver  enlarges  only  slightly,  while  the  gall  bladder 
increases  appreciably  in  size,  it  is  scarcely  possible  to 
name  any  other  affection  as  the  probable  cause  of  the 
symptoms. 

Campbell  (Brooklyn  Annals)  suggests  that  if,  after 
aspiration  of  the  gall  bladder,  bilious  stools  are  present, 
calculi  may  be  assumed  to  be  the  cause  of  the  obstruc- 
tion. The  relief  of  the  tension  allows  the  stone  to  recede 
and  the  bile  to  escape. 

2.  Diseases  of  the  Ducts. — a  Congenital  closure. 
In  an  infant,  a  jaundice  that  continues  for  over  four 
weeks,  with  supervening  cholsemia,  is  due  most  fre- 
quently to  this  condition,  b.  Closure  of  the  ducts  by 
chronic  catarrh  of  the  duodenum,  by  adhesive  inflamma- 
tion of  the  ducts,  by  the  cicatrization  of  an  ulcer  in  the 
duct  or  at  the  duodenal  orifice,  and  bj'  fibrous  bands. 
The  first  may  be  recognized  partly  by  the  history  of  the 
case  and  partly  by  the  exclusion  of  attaclis  of  catarrhal 
jaundice.  Adhesive  inflammation  of  the  ducts  is  due 
either  to  the  passage  of  biliary  calculi  or  to  a  previous 
catarrh.  The  respective  symptoms  of  the  two  must  be 
considered  in  each  case. 

Ulcers  in  the  bile  ducts  are  due  to  gall  stones,  or  are 
secondary  to  cancer  or  an  infectious  fever,  as  typhoid  or 
cholera.  In  the  former  case,  in  addition  to  the  symptoms 
of  gall  stones,  we  have,  accompanying  the  ulceration, 
irregular  chills  and  fever  and  extreme  exhaustion,  condi- 
tions not  likely  to  be  present  in  the  early  stages,  at  least, 
of  simple  impaction.  if  the  .symptoms  of  occlusion 
become  developed  after  such  phenomena  or  after  an 
infectious  fever,  the  exciting  cause  is  probably  the 
cicatrization  of  an  ulcer  in  the  duct  The  well  known 
symptoms  of  duodenal  ulceration  precede  for  a  long  time 
the  symptoms  of  obstruction  of  the  biliary  passages  from 
this  cause,  and  while  it  may  be  said  that  the  gall  bladder 
is  enlarged  under  such  circumstances,  it  is  not  necessarily 
so  when  the  seat  of  ulceration  is  in  the  duct,  Closure 
of  the  ducts  by  fibrous  bands  may  be  inferred,  if  the 
cause  (as  syphilis)  and  the  symptoms  indicate  a  peri- 
hepatitis, and  if  other  evidence  of  previous  inflammatory 
trouble  be  present,  as  atrophy  of  the  liver,  or  ascites, 
etc.,  due  to  pressure  on  the  portal  veins. 

3.  DisE ASKS  External  TO  THE  Ducts.— ff.  Carcinoma 
and  other  neoplasms  of  the  liver  and  surrounding  organs. 
A  recognition  of  these  affections  can  be  obtained  by  the 
exclusion  of  other  causes  of  obstruction,  by  the  presence 
of  tumors  or  nodules,  and  by  the  physical  signs  discover- 
able on  palpation,  etc. ;  also,  when  these  are  present,  by 
the  alterations  of  the  functions  of  adjacent  organs,  and 
by  the  presence  of  the  symptoms  of  malignant  disease  of 
these  organs ;  and  finally  by  the  duration  of  the  disease, 
the  stenosis  from  carcinomata  being  of  shorter  course  than 
that  due  to  other  causes.  *.  Enlarged  lymphatic  glands. 
Obstruction  from  this  cause  is  probable,  if  there  be  else- 
where present  any  of  the  well-known  causes  of  hyper 
trophy  of  these  glands,  as  carcinoma,  tuberculosis,  amy- 
loid disease,  etc.  Amyloid  disease  but  rarely  causes 
jaundice,  except  in  this  way;  its  symptoms  are  too  well 
known  to  be  detailed  in  this  article,  c.  Aneurism.  This 
rare  form  of  occlusion  may  be  recognized  by  the  pressure 
symptoms  of  a  tumor  located  in  the  region  of  the  duo- 
denum, and  by  the  physical  signs  of  aneurism. 

The  course  of  the  disease,  in  occlusion  of  the  biliary 
duct,  is  a  chronic  and  most  frequently  a  progressive  one. 
It  is  a  gradual  march  to  death,  except  in  cases  in  which 
foreign  bodies  cause  the  occlusion.  Under  these  circum- 
stances their  removal  by  ulceration  or  the  escape  of  bile 
around  them  may  be  followed  by  recovery.  Death  is 
the  result  of  the  original  cause  of  the  disease  in  many 
cases.  Exhaustion  or  cholaemia  often  brings  about  a 
fatal  termination.  The  duration  varies  with  the  cause, 
and  is  modified  by  the  onset  of  accidental  complications. 


Complete  occlusion  may  terminate  in  recovery  even  after 
a  lapse  of  six  years.  The  prognosis  is  unfavorable,  de- 
pending on  the  nature  of  the  causal  lesion.  Hemorrhages 
render  the  prognosis  very  grave.  The  supervention  of 
symptoms  of  cholester;emia  is  serious.  The  return  of 
color  to  the  stools  is  of  mcu'c  favorable  import  than  is  a 
change  in  the  skin  discoloration, 

The  treatment  is  mainly  directed  to  the  relief  of  sj'mp- 
toms.  Medicinal  remedies  are  of  but  little  avail,  and  re- 
sort must  be  had  to  surgical  measures.  The  regulation 
of  the  diet  is  of  the  utmost  importance  to  the  conserva- 
tion of  life  (see  section  on  Catarrhal  Inflammation,  etc.). 
Means  must  be  taken  to  overcome  the  gastro-intestinal 
symptoms  that  result  from  the  absence  of  bile  in  the 
intestines.  The  bowels  must  be  regulated,  the  secretion 
of  tlie  kidneys  kept  active,  and  the  activity  of  the  cuta- 
neous glands  promoted.  CUiolecystotomy,  with  the  es- 
tablishment of  a  permanent  fistula,  may  be  resorted  to, 
and  it  may,  by  relieving  pressure  in  some  cases  of  gall 
stone  or  parasitic  obstruction,  promote  a  cure  Chole 
cystduodenostomy  has  resulted  in  success  in  some  in- 
stances and  the  advisability  of  resorting  to  it  should  be 
considered  in  a  case  of  complete  occlusion. 

IV.  Enlakgement  of  THE  Gall  Bladder. — Under 
this  caption  all  forms  of  enlargement  of  the  gall  bladder 
will  be  described,  as  it  is  by  the  clinical  study  of  this 
manifestation  of  the  disease  tliat  we,  to  a  large  extent, 
determine  the  nature  of  the  ailment  and  the  indications 
for  treatment 

The  gall  bladder  is  enlarged  from  the  accumulation 
within  it  of  bile,  of  pus,  of  mucus,  and  of  gall  stones, 
and  from  disease  of  its  walls — carcinoma.  Increase  in 
size  from  bile,  pus,  or  serum  is  usually  styled  simple 
dilatation  Carcinoma  of  the  biliary  passages  will  be 
treated  of  in  a  separate  section.  Accumulation  of  the 
fluids  just  indicated  is  due  either  to  obstruction  of  the 
duct,  or,  in  rare  cases,  to  a  paralysis  of  tlie  muscular  coat 
of  the  gall  bladder  from  overdistention.  The  dilatation 
from  bile  or  pus  may  be  temporary,  and  in  such  a  case  is 
caused  by  an  obstruction  catarrhal  in  nature,  or  by  the 
presence  of  a  gall  stone,  which  acts  as  a  ball- valve  in  the 
lumen  of  the  ducts.  Enlargement  from  accumulation  of 
bile  is  not  common,  but  may  occur  with  a  concretion 
in  the  common  duct.  It  is  usually  of  short  duration,  the 
bile  being  absorbed  and  replaced  by  mucus. 

The  walls  of  the  gall  bladder  are  uniformly  distended 
and  thinner  than  normal,  the  mucous  membrane  is  smooth, 
and  there  are  no  adhesions  to  the  surrounding  parts. 
Sometimes  the  dilatation  is  extreme.  From  a  patient  of 
Babington's,  three  wash-basinfuls  of  fluid  were  with- 
drawn, and  in  another  case  the  gall  bladder  was  so  dis- 
tended as  to  give  the  patient  the  appearance  of  having 
an  ascites  (Coupland).  Lawson  Tait  and  Kocher  report 
cases  in  which  distended  gal!  bladders  were  mistaken  for 
ovarian  cysts.  Waring  mentions  a  specimen  in  which 
the  lower  end  of  a  distended  gall  bladder  formed  the 
contents  of  a  sac  of  a  femoral  hernia.  The  contents  may 
consist  at  first  of  bile,  but  as  the  obstruction  continues, 
tills  becomes  more  and  more  intermingled  with  mucus. 

If  serum  accumulates,  causing  enlargement  (hydrops 
cystidis  fellea'),  the  obstruction  is  usually  one  that  has 
existed  for  a  long  time.  The  inner  surface  of  the  mucous 
membrane  is  like  a  serous  membrane  in  appearance,  and 
the  accumulated  fluid  is  the  result  of  secretion  from  this 
membrane.  Adhesions  are  also  absent  in  dropsy  of  the 
gall  bladder,  and  the  walls  of  this  oi'gan  are  much  attenu- 
ated. It  is  usually  found  that  in  cases  of  obstruction  by 
gall  stone  in  the  common  duct  the  gall  bladder  is  small 
and  contracted,  due  probably  to  repeated  irritations  from 
stones,  the  subsequent  fibroid  changes  successfully  re- 
sisting distention.  Distention  of  the  gall  bladder  with 
marked  jaundice  is  more  frequently  met  with  in  new 
growths  of  the  bile  ducts  or  of  the  head  of  the  pancreas. 
The  chemical  character  of  the  fluid  has  already  been 
described  in  section  III. 

Empyema  or  abscess  of  the  gall  bladder  results  from 
an  infection  by  micro-organisms,  either  following  upon 
some  obstruction  or  irritation,  or  developing  spontane- 
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ously.  The  condition  is  most  frequently  associated  witli 
gall  stone,  but  tumors  of  the  bile  duct,  typhoid  and  other 
fevers  may  be  predisposing  factors.  Robson  considers 
that  "infection  by  pyogenic  organisms  is  probably  in 
every  case  the  true  exciting  cause. "  The  same  anatomi- 
cal changes  are  presented  as  have  been  described  in  the 
section  on  Purulent,  Ulcerative,  and  Croupous  Inflamma- 
tion of  the  Gall  Bladder,  etc.  The  walls  of  the  organ  are 
friable  and  easily  ruptured.  Adhesions  to  the  surround- 
ing parts  are  usually  formed,  and  a  fistula  is  established. 
Pus,  or  pus  and  bile,  and  almost  always  gall  stones,  make 
up  the  contents.  The  accumulation  of  gall  stones  in  the 
gall  bladder,  causing  enlargement,  is  not  uncommon. 

Symptoms. — The  presence  of  a  tumor  in  the  region  of 
the  gall  bladder  is  common  to  all  forms  of  enlargement. 
The  nature  of  a  tumor  observed  in  this  region  is  deter- 
mined by  its  position,  size,  and  shape,  by  the  characters 
revealed  by  palpation,  and  by  the  nature  of  its  contents. 
The  gall  bladder  may  be  known  to  be  enlarged  when  it 
is  situated  under  the  free  border  of  the  ribs,  at  a  point 
where  it  is  crossed  by  a  line  di'awn  from  the  tip  of  the  right 
shoulder  to  the  symphysis  pubis  (Janeway).  As  enlarge- 
ment progresses,  the  direction  which  it  takes  is  usually 
toward  the  umbilicus,  or  into  the  iliac  fossa.  An  area  of 
resonance  intervenes  between  the  tumor  and  the  liver,  and 
the  intestines  are  never  in  front  of  the  organ.  The  tumor 
may  be  pyriform,  oval,  semiglobular,  reniform,  or  heart- 
shaped.  The  size  of  the  tumor  varies  from  that  of  a 
walnut  to  that  of  a  child's  head;  it  may  even  distend  the 
ribs  on  both  sides  (Coupland).  On  palpation,  the  tumor 
may  be  found  to  be  fixed  or  movable,  tender  on  pressure, 
firm,  elastic,  and  fluctuating.  If  enlarged  by  gall  stones, 
a  grating  sensation  may  be  experienced  on  palpation,  and 
the  mass  will  be  liard  and  firm. 

The  genera]  condition  of  the  patient  and  the  symptoms 
presented  depend  on  the  cause  of  the  obstruction  (see 
the  section  on  Purulent  Inflammation,  etc.). 

Diagnosis. — A  differential  diagnosis  must  be  made  be- 
tween enlargement  of  the  gall  bladder  and  many  forms 
of  abdominal  tumors — hepatic,  gastric,  duodenal,  pan- 
creatic, and  lymphatic  tumors  (see  section  on  Occlusion, 
etc.).  Abscess  of  the  liver  and  hydatid  disease  must  be 
excluded.  In  the  former,  the  cause,  the  general  and  local 
symptoms,  the  absence  of  jaundice,  the  induration,  and 
then  the  softening  and  fluctuation  of  the  swelling,  should 
be  noted.  The  painless,  slow  course  of  hydatid  disease, 
the  broad  base  of  the  cyst,  the  fremitus,  and  the  result 
of  tapping  will  serve,  if  taken  with  the  negative  symp- 
toms of  enlargement  of  the  gall  bladder,  to  render  the 
recognition  of  this  disease  possible.  In  multilocular 
hydatid  disease  the  tumor  resembles  an  enlarged  gall 
bladder  containing  calculi;  like  the  latter,  it  is  nodu- 
lated, hard,  and  tender,  but  it  is  associated  with  early 
jaundice,  ascites,  an  enlarged  spleen,  oedema  of  the  lower 
eyelids,  great  emaciation  and  prostration,  with  rapid  de- 
cline of  the  patient's  general  health — conditions  which, 
excepting  jaundice,  are  not  likely  to  be  present  in  gall 
stones.  Floating  kidney  and  renal  and  ovarian  tumors 
have  been  mistaken  for  enlargement  of  the  gall  bladder. 
Such  an  error  will  not  often  be  made  if  it  be  remembered 
that  the  enlarged  gall  bladder  is  more  movable  at  the 
lower  than  at  the  upper  portion ;  that  one  end  is  larger 
and  more  rounded  than  the  other;  that  fluctuation  may  be 
present,  and  that  biliary  symptoms  generally  exist; 
while  the  absolute  sign  of  floating  kidney,  an  abnormal 
area  of  resonance  in  the  renal  region,  is  absent.  Tapping 
would  also  be  invaluable  as  an  aid.  In  sarcoma  of  the 
kidney,  in  hydronephrosis,  and  in  pyonephrosis,  there  are 
changes  in  the  urine  to  call  attention  to  them.  Those 
renal  tumors  at  first  always  have  the  intestines  in  front  of. 
thenri;  they  are  not  influenced  by  respiratory  movement, 
nor  is  their  area  of  dulness  on  percussion  continuous  with 
that  of  the  liver;  in  hydronephrosis  a  previous  renal  colic 
and  possibly  frequent  discharges  of  urine  followed  by 
diminution  in  .size  of  the  tumor  occur.  These  questions 
of  diagnosis  arose  in  the  study  of  the  ca.se  of  Kocher. 
He  relied  much  on  the  results  of  exploratory  puncture,  as 
previously  discussed.     A  connection  between  the  tumor 
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and  the  uterine  appendages  and  the  seat  of  origin  and 
direction  of  development  of  the  growth  are  the  points  in 
favor  of  ovarian  tumor ;  in  addition  to  which,  if  the  fluid 
be  characteristic,  the  diagnosis  of  such  a  tumor  would  be 
doubtless  correct.  A  recognition  of  the  various  forms  of 
enlargement  of  the  gall  bladder  can  be  made  by.  attention 
to  the  results  of  palpation  and  exploratory  puncture  and 
by  a  consideration  of  the  history  of  the  case.  A  cancer- 
ous tumor  of  the  gall-bladder  is  fixed,  painful,  not  very 
large,  and  is  attended  by  gastric  symptoms  and  cachexia. 

Course,  Duration,  Prognosis. — These  all  depend  upon 
the  cause.  Abscess  of  the  gall  bladder  is  manifested  by 
active  symptoms  and  runs  a  rapid  course.  It  may  ter- 
minate favorably  by  communicating  with  the  exterior,  or 
the  stomach,  or  the  intestines,  although  long -continued 
discharge  from  the  fistula  might  be  serious.  The  prog- 
nosis of  this  condition  depends  on  the  direction  in  which 
the  pus  may  burrow.  Accumulations  of  bile  are  serious, 
on  account  of  the  cause  of  the  collection,  and  the  course 
and  prognosis  depend  upon  the  concomitant  pathological 
phenomena.  Dropsy  of  the  gall  bladder  is  latent  and 
chronic ;  the  prognosis  is  not  unfavorable. 

Treatment. — Tapping  of  the  gall-bladder  is  indicated 
in  cases  of  accumulation  of  bile  or  serum,  although  to-day 
a  surgeon  will  prefer  to  open  directly  into  the  gall-blad- 
der; purulent  collections  are  practically  always  to  be 
treated  in  this  manner.  At  the  same  time  a  supporting 
and  stimulating  line  of  treatment  must  be  carried  out. 
The  same  indications  are  to  be  met  in  accumulations  of 
bile  in  the  gall  bladder  as  in  occlusion  of  the  biliary 


V.  MoKBiD  Growths  op  the  Gall  Bladder  and 
Gall  Duct. — Here  and  there  may  be  found  an  isolated 
report  of  a  case  of  polypus,  fibroma  (submucous),  myx- 
oma, or  tuberculosis  of  the  biliary  channels,  but  they  are 
uncommon.  RoUeston  reports  an  instance  in  which  a 
papilloma  of  the  bile  duct  in  intimate  association  with 
a  stone  was  removed;  some  months  later  the  patient  re- 
turned with  a  growth  in  the  same  region,  probably  malig- 
nant. Bishop  (Lancet,  July  18th,  1901)  described  a  large, 
non-malignant,  cystic  growth  of  the  gall  bladder  and 
cystic  duct.  The  epithelial  lining  of  the  cavities  was 
regularly  formed  and  no  sign  of  cancerous  formation 
could  be  detected.  Kelynack  (^Vcrf.  C/iro?!.,  November, 
1897)  has  collected  instances  of  fibroma,  myxoma, 
adenoma,  and  papilloma,  though  he  considers  most  of  the 
latter  to  have  been  epitheliomata.  Primary  cancer  is 
more  frequent  than  is  generally  supposed,  the  secondary 
form  is  very  common.  One  of  the  writers  (Musser)  has 
tabulated  seventy-eight  cases  of  primary  cancer  of  the 
gall  bladder,  and  ten  cases  of  cancer  of  the  bile  ducts. 
Kelynack  amongst  4,378  cases  of  cancer  finds  8  instances 
of  the  former  and  3  of  the  latter.  Futterer  (1897) 
and  RoUeston  {Clin.  Journ.,  1897)  have  reviewed  this 
question. 

Primary  Cancer  of  the  Gall  Bladdtv.  (Musser :  "  Can- 
cer of  Gall  Bladder  and  Bile  Ducts.")— Etiology.— The 
age  \\as  not  recorded  in  8  cases.  Two  cases  occurred 
under  thirty;  13  between  forty  and  fifty;  19  between 
fifty  and  sixty;  14  between  sixty  and  seventy;  13  be- 
tween seventy  and  eighty,  and  1  in  a  patient  over 
eighty  years  of  age.  The  variety  of  carcinoma  was  not 
recorded  m  28  instances.  In  the  remainder,  at  no  period 
of  life  was  there  any  remarkable  tendency  to  one  variety 
rather  than  to  another.  The  extreme  age  at  which  the 
growths  were  found  is  noteworthy.  The  sex  was  re- 
corded in  75  cases,  of  which  61  were  in  females  and  14 
m  males.  The  varieties  were  equally  distributed  among 
the  men  Among  the  women,  18  had  encephaloid, 
8  scirrhus,  6  epithelioma,  h  colloid,  and  2  villous  carcino- 
mata;  2  others  had  sai'comata.  Occupation,  heredity 
and  habits  played  no  part  in  the  etiology.  Nor  did  pre- 
vious health,  mental  states,  or  accidents  in  any  way  pre- 
dispose to  the  disease.  Four  cases  were  recorded  with 
antecedent  history  of  gall  stones.  In  the  reports  of  the 
autopsies,  however,  it  is  noted  that  in  53  of  the  78  cases 
gall  stones  were  found.  Kelynack's article  (Jlferf.  Chron., 
JNovember,  189/)  includes  the  most  valuable  collections  of 
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cases  up  to  this  time ;  very  complete  statistical  reports  are 
given. 

Symptoms.  (Miisser .  "  Cancer  of  Gall  Bladder  and  Bile 
Ducts.") — Jaundice  was  present  in  51  cases.  It  devel- 
oped rapidly  in  1,  was  slight  in  6,  recurring  in  1,  and 
continued  for  periods  varying  from  one  week  to  three 
months.  The  cancerous  cachexia  was  observed  in  12 
cases.  Pain  was  present  in  39  instances.  It  was  seated 
in  the  right  hypochondrium  in  23  cases.  Nine  suffered 
from  epigastric  pain.  It  was  described  as  colicky  (8 
cases),  as  lancinating,  as  paroxysmal,  as  wandering,  as 
constant,  and  as  severe.  Tenderness  on  pressure  was 
elicited  in  a  few  instances.  Fever  was  present  in  a  large 
number,  viz.,  in  13  cases.  It  was  intermittent  in  2,  con- 
tinued in  the  others. 

The  gastro-intestinal  symptoms  were  marked.  Nausea 
was  noted  in  5  cases,  and  vomiting  in  30.  The  appetite 
was  lost  in  14;  constipation  was  present  in  19  cases, 
diarrhoea  in  11.  Ascites  developed  in  16  cases;  oedema, 
appearing  late  in  the  disease,  in  9.  Exhaustion  ensued 
in  15 ;  emaciation  continued  and  became  excessive  in  36 
instances.  Hemorrhages  occurred,  late  in  the  disease,  in 
5  cases,  and  grave  cerebral  symptoms  in  7.  Physical 
signs:  A  tumor  was  observed  in  34  instances;  hard 
and  firm,  19  times;  irregular  and  nodular,  8'°;  round, 
oval,  pyriform,  cylindrical,  and  smooth,  were  the  terms 
used  to  describe  it.  In  8  it  was  movable,  in  6  fixed. 
It  disappeared  on  pressure  in  1  instance.  It  varied 
in  size  from  a  hazelnut  to  a  child's  head.  Ten  times 
a  record  of  pain  in  the  tumor  was  made;  4  times  the 
tenderness  was  marked.  The  tumor  was  said  to  be 
situated  in  the  region  of  the  gall  bladder  (10),  in  the  um- 
bilical region  (7),  in  the  right  hypochondrium  (10),  or  in 
close  proximity  to  these  situations.  The  liver  was  en- 
larged (21),  atrophied  (1),  hard  (2),  irregular  (2),  nodular 
(3),  or  tender  (2).  The  veins  over  the  surface  were  en- 
larged in  2  instances. 

In  fine,  emaciation,  jaundice,  cachexia,  pain  in  the 
region  of  the  gall  bladder,  with  fever,  nausea,  vomiting, 
and  loss  of  appetite,  with  or  without  diarrhoea,  are  the 
prominent  symptoms  of  cancer  of  the  gall  bladder.  To 
corroborate  the  surmise  of  its  presence,  a  tumor  in  the 
right  hypochondrium,  tender  on  pressure,  and  the  seat  of 
pain,  and  nodular  in  character,  would  usually  be  found. 
Morbid  Anatomy. — The  encephaloid  variety  is  found 
most  frequently,  the  scirrhous  next,  and  then  the  epithe- 
liomatous,  colloid,  and  villous.  Kelynack  gives  epithe- 
liomatous  growths  the  first  place  in  order  of  frequency, 
with  scirrhous  next.  The  growth  begins  at  the  junction 
of  the  cystic  duct  with  the  bladder  and  involves  the  en- 
tire organ,  leaving  scarcely  a  trace  of  it,  or  infiltrates  the 
coats  and  encroaches  on  the  cavity.  Again,  a  few  nodules 
are  seen  underneath  the  mucous  membrane,  or  a  dense 
thickening  of  the  walls,  caused  by  new  formations,  talces 
place,  especially  at  the  cystic  duct,  or  finally  the  gall  blad- 
der is  represented  by  a  nodular  mass.  The  mucous  mem- 
brane is  destroyed  entirely  or  ulcerated  at  various  points 
over  the  cancer,  or  is  the  seat  of  intense  inflammation. 
Fungoid  cauliflower  or  villous  excrescences  grow  into  the 
cavity  of  the  bladder,  or  the  surface  of  the  mass  may  be 
covered  with  papillae  with  bulbous  extremities.  The 
tumor  may  be  dense,  firm,  without  juice,  or  a  soft,  pulpy 
mass.  In  some  instances  the  gall  bladder  is  reduced  in 
size,  very  often  it  is  enlarged,  even  enormously  distended. 
The  peritoneal  investment  is  intimately  adherent  and 
thickened;  subperitoneal  nodules  are  seen,  or  the  ex- 
ternal surface  in  the  colloid  variety  partakes  of  its  peculiar 
characters.  Adhesions  are  formed  between  the  diseased 
gall  bladder  and  the  adjacent  organs;  degenerationof 
the  walls,  and  at  times  rupture,  take  place.  Ulceration 
and  perforation  are  very  common.  Fistulous  communica- 
tion is  thus  established  between  the  gall  bladder  and  the 
duodenum,  the  colon,  or  the  stomach.  In  the  course  of 
the  disease  gall  stones  are  often  discharged  in  this  way. 
The  centre  of  the  carcinomatous  mass  is  made  up  of  soft, 
pulpy  detritus,  or  of  a  thick,  creamy  matter.  In  it  gall 
stones  are  also  found,  sometimes  firmly  encapsulated  by 
the  growth ;  or,  if  the  cavity  of  the  gall  bladder  remains. 


it  is  filled  with  calculi,  with  piis,  bile,  blood,  or  mucus, 
singly  or  combined.  In  53  instances  out  of  78,  gall- 
stones were  present.  The  new  formation  spreads  to 
contiguous  structures; — thus  the  liver,  colon,  stomach, 
etc. ,  may  be  involved.  Changes  are  found  in  the  liver 
and  in  the  duets,  due  to  obstruction  of  the  large  bile 
ducts.  (See  Sections  II.  and  HI.,  for  des(!ription.) 
Peritonitis  (local)  is  usually  present;  an  acute  inflamma- 
tion is  set  up  bj'  rupture.  Secondary  deposits  may  also 
be  found  in  the  abdominal  lymphatic  glands,  the  omen- 
tum, the  suprarenal  bodies,  and  the  pleura. 

Diagnosis.— The  marked  symptoms  detailed  in  the 
clinical  history  are  to  be  borne  in  mind.  The  character 
of  the  tumor,  its  seat,  its  mode  of  growth,  its  immobil- 
ity, pain,  and  tenderness,  are  important.  The  occurrence 
of  jaundice  and  vomiting,  the  pa.ssageof  calculi  (by  a  fis- 
tula leading  to  the  colon)  per  rectum,  without  relief  to 
obstruction,  and  the  occurrence  of  emaciation,  make  a 
diagnosis  almost  positive.  The  age  and  the  sex  are  im- 
portant factors,  and  a  history  of  the  jaundice  is  of  aid  in 
the  diagnosis. 

Relation  of  Gall  Stones  to  Carcinoma. — This  is  believed 
to  be  causal.  The  frequent  occurrence  of  this  disease  in 
the  same  sex  in  which  biliary  calculi  are  most  common, 
is  strong  evidence.  But  a  case  of  Quetsch's  (Berl.  klin. 
WocJienscTirift,  1885,  No.  42,  p.  672)  confirms  this  opinion 
more  decidedly  than  does  any  previous  clinical  evidence. 
The  patient,  a  female,  was  subject  to  biliary  calculi,  and  a 
biliary  cutaneous  fistula  had  been  formed.  Subsequently, 
a  carcinoma  of  the  gall  bladder  developed  in  the  pres- 
ence of  the  calculi  which  did  not  pass,  and,  no  doubt, 
were  the  cause  of  the  local  irritation.  Zenker  found  gall 
stones  in  85  per  cent,  of  cases  of  cancer  of  the  gall  blad- 
der. Similarly  high  percentages  were  found  by  Cour- 
voisier,  Brodowski,  Gayle,  Bertrand,  and  others;  Siegert, 
in  95  per  cent,  of  primary  carcinomas  of  the  gall  bladder, 
found  stones  associated,  but  in  only  15  to  16  per  cent, 
of  secondary  carcinomas  was  this  the  case.  In  4  cases 
of  primary  carcinoma  of  the  liver,  reported  by  Beadles, 
stones  were  also  present,  while  none  were  seen  in  36 
secondary  hepatic  carcinomatous  growths.  Others  be- 
lieve that  the  calculi  develop  secondarily  from  stagnation 
of  the  bile  and  precipitation  of  its  constituents. 

Duration. — This  has  been  placed  at  several  years  by 
Villard ;  in  other  cases  death  occurred  within  three  months 
after  the  first  symptoms  developed. 

The  prophylactic  treatment  consists  in  the  removal  or 
prevention  of  formation  of  the  calculi,  and  the  treatment 
of  the  disease,  after  it  is  once  manifested,  is  purely  symp- 
tomatic. Robson,  however,  has  removed  the  gall  bladder 
and  part  of  the  liver  in  five  cases,  with  more  or  less  en- 
couraging results  in  four  of  them.  As  one  of  the  cases 
was  shown  at  operation  to  be  a  chronic  inflammatory 
condition  of  ducts,  gall  bladder,  and  adjoining  viscera  in- 
stead of  carcinoma,  the  value  of  an  exploratory  operation 
is  certainly  suggested. 

VI.  Primary  Cancer  of  the  Gall  Ducts. — It  may 
develop  within  the  liver  or  in  the  larger  ducts.  The  most 
common  point  of  origin  is  at  the  mouth  of  the  common 
duct  or  at  the  junction  of  the  cystic  and  hepatic  ducts. 
A  firm  mass  of  newly  formed  tissue  surrounds  the  duct 
or  invades  its  walls.  The  lumen  is  almost  or  completely 
obliterated;  its  inner  surface  is  the  seat  of  ulceration,  at 
certain  points,  or  of  papillary  growths.  A  fungous 
growth  projected  from  the  mouth  of  the  common  duct  in 
a  case  reported  by  Stokes.  The  anatomical  changes  of 
occlusion  and  stenosis  are  seen  in  the  liver  and  ducts. 
Secondary  deposits  are  found  generally  in  the  liver  only, 
along  the  ducts.  Kelynack"  discusses  primary  cancer 
of  the  ducts  and  has  collected  26  cases.  A  diffuse  growth 
was  most  frequently  met  with  post  mortem.  Edes  "  and 
Rolleston  '^  are  more  i-ecent  contributors  to  the  subject, 
dealing  particularly  with  cancer  of  the  extreme  end  of 
the  common  bile  duct.  Halsted  "  has  removed  a  colum- 
nar-celled carcinoma  from  the  ampulla  of  Vater. 

The  symptoms  common  to  carcinoma  and  to  biliary 
obstruction  are  present.  Rarely  is  the  growth  large 
enough  to  be  recognized  by  palpation.     Death  is  rapid 
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and  due  to  occlusion  of  the  ducts,  leading  to  bile  intoxi- 
cation or  purulent  inflammation. 

VII.  Congenital  Defects  op  the  Gall  Bladder 
AND  Gall  Ducts.— The  gall  bladder  may  be  absent  en- 
tirely, without  serious  inconvenience;  a  shrivelled  pouch 
or  a  contracted  tube  takes  its  place.  In  atresia  of  the 
ducts,  jaundice,  umbilical  hemorrhage,  and  marasmus 
are  present  during  life.  The  jaundice  is  present  at  birth, 
or  makes  its  appearance  a  few  days  afterward,  persists, 
and  deepens.  The  stools  show  an  absence  of  bile;  the 
urine  is  bile-tinged.  There  is  from  the  first  a  tendency 
to  hemorrhages,  and  this  increases  ecchymosis  under  the 
skin ;  bleedings  from  the  mouth,  nose,  or  bowels  take 
place. 

Umbilical  hemorrhage,  occurring  after  the  separation 
of  the  cord,  is  especially  marked.  As  the  child  grows 
older  it  loses  in  flesh,  becomes  extremely  weakened,  and 
dies  of  choliEmia  or  exhaustion,  in  spite  of  an  ability  to 
take  much  nourishment.  At  first  the  liver  is  normal,  but 
if  the  child  lives  it  becomes  very  large,  and  the  spleen  is 
likewise  increased  in  size.  Ascites  may  develop.  If 
hemorrhages  do  not  occur,  the  child  lives  many  months. 
In  a  case  reported  by  Lotze,  the  child  lived  seven  months. 
R.  Lomer  '^  reports  a  curious  case.  It  was  one  of  con- 
genital obliteration  of  the  right  hepatic  and  the  cystic 
ducts.  The  whole  right  lobe  had  undergone  cystic  de- 
generation and  was  shrunken,  the  gall  bladder  was 
obliterated,  but  the  left  lobe  remained  normal.  He  an- 
alyzes a  series  of  cases,  and,  from  the  fact  that  usually 
the  parents  are  syphilitic  and  several  of  their  children  are 
similarly  diseased,  he  holds  that  an  intra-uterine  hepatitis 
of  syphilitic  origin  is  the  cause  of  the  disease.  This  is 
the  usually  accepted  explanation  of  the  pathology  of 
congenital  disease  of  the  ducts.  The  obstruction,  which 
is  fibrous,  may  be  in  a  main  duct  or  in  one  of  its  branches. 
The  gall  bladder  may  be  normal,  but  contains  a  serous 
fluid.  It  may  be  obliterated  or  remain  as  a  fibrous  cord. 
The  ducts  in  the  liver  may  be  dilated,  or  some  may  ap- 
pear like  fibrous  cords.  Sometimes  the  portal  fissure  is 
the  seat  of  local  perihepatitis,  and  usually  the  sui'face  of 
the  liver  is  involved.  The  liver  is  icteric,  the  seat  of 
connective-tissue  overgrowth,  or  atrophied.  Some  parts 
become  cystic.  RoUeston  and  Hayne"'  describe  a  con- 
genital obliteration  of  the  bile  ducts  giving  rise  to  an  ad- 
vanced hepatic  cirrhosis ;  Thompson  (AUbutt's  "  System 
of  Medicine"  and  Thesis,  Edinburgh,  "Congenital  Ob- 
literation of  Bile  Ducts  ")  has  collected  fifty  such  cases. 
Ford  "  gives  cases  of  congenital  obstruction  producing  the 
so  called  biliary  cirrhosis. 

The  jaundice  due  to  congenital  defects  of  the  ducts  is 
to  be  distinguished  from  that  jaundice-like  discoloration 
of  the  integuments,  conjunctiva,  etc.,  that  is  physio- 
logical. In  this  condition,  wliich  is  common  in  new-born 
infants,  bile  is  present  in  the  stools.  Jaundice  of  the 
simple  catarrhal  variety  also  occurs  in  infants.  It  usually 
responds  promptly  to  treatment,  and  has  not  the  malig- 
nant aspect  of  disease  dependent  upon  deficiency  of  the 
ducts.  Tlien,  again,  a  pylephlebitis  occurs  sometimes  in 
infants.  In  this  case  fever  and  the  usual  evidences  of 
pyaemia  are  present. 

VIII.  Parasites. — They  may  develop  within  the 
biliary  passages  (distoma),  they  may  emigrate  from  the 
intestines  (round  worm),  or  they  may  find  their  way  into 
the  ducts  by  ulcerative  action  (echinococcus).  Rarely, 
the  latter  develop  within  the  ducts. 

1.  Distoma  hepaticum  (large  liver  fluke)  and  Distoma 
lanceolatum  (small  liver  fluke). — Common  in  sheep  and 
cows,  rare  in  man.  The  large  fluke  is  found  in  the  gall 
bladder  or  large  bile  ducts ;  the  small  one  generally  in 
the  finer  ducts.  Both  species  may  occur  in  the  same 
subject.  The  latter  variety  produces  the  most  notable 
changes  in  the  liver. 

The  presence  of  these  parasites  sets  up  a  chronic  catar- 
rhal and  suppurative  inflammation  of  the  ducts.  En- 
largement of  the  gall  bladder  and  ducts  occurs  second- 
arily. A  fibrous  inflammation  of  the  walls  takes  place, 
with  secondary  calcareous  degeneration  of  tl)e  products 
of  inflammation ;  the  ducts  become  much  enlarged  and 


thickened,  and  the  lumen  is  dilated.  Occlusion  of  the 
ducts  results  on  account  of  the  inflammatory  disease  and 
the  presence  of  the  parasites  in  the  canal.  By  necessity, 
therefore,  we  have  the  symptoms,  previously  noted  in 
this  section,  of  the  above  anatomical  changes,  and  of  ob- 
structive jaundice.  In  addition,  nervous  symptoms  of  a 
reflex  nature— as  syncope,  convulsions,  or  aphonia— may 
be  present.  A  positive  diagnosis  can  be  made  only  by 
finding  the  parasites  in  the  vomited  matter,  or  in  the 
fffices.  Death  occurs  sometimes  on  account  of  the  in- 
flammatory complications,  or  from  exhaustion. 

3.  Hound  Worms  (Ascaris  lunibricoides).—Thej  usually 
wander  from  the  intestines,  and  are  found  with  their  head 
toward  the  liver.  Rarely,  after  adhesive  inflammation 
and  fistulous  communication  between  the  gall  bladder  or 
ducts  and  the  intestine,  worms  are  found  in  the  biliary 
passages.  The  number  of  them  varies— from  one  to  three 
or  four,  usually.  They  are  often  found  alive  on  making  an 
autopsy,  or  have  died  before  the  death  of  the  patient,  and 
are  soft  and  macerated.  Their  presence  excites  catarrhal 
inflammation,  causes  occlusion  and,  secondarily,  a  puru- 
lent cholangitis,  a  dilatation  of  the  ducts,  and  subsequent 
atrophy  of  the  liver,  or  the  formation  of  multiple  ab- 
scesses. When  limited  to  the  gall  bladder,  they  cause 
enlargement  and  inflammation  of  that  organ.  The  dila- 
tation of  the  ducts  is  usually  general;  sometimes  local 
sacculated  dilatations  are  observed,  in  which  worms  lie 
rolled  up. 

The  sj'mptoins — if  the  worm  has  recently  migrated  into 
a  duct — are  like  those  of  hepatic  colic.  Later,  the  symp- 
toms and  signs  of  obstructive  jaundice  occur,  and  then 
those  of  pui'ulcut  cholangitis.  A  history  of  an  attack  of 
worms,  the  presence  of  the  parasite  in  the  ejecta,  and  the 
age  of  the  patient  furnish  valuable  corroborative  evi- 
dence. Further,  intestinal  and  nervous  symptoms  due 
to  worms  are  said  to  be  present. 

3.  EcMtiocoecus  (Hydatid  Disease  of  the  Bile  Duets). — 
Either  an  hydatid  cyst  may  press  upon  one  or  more  of 
the  ducts,  causing  occlusion  of  them,  or  complete  oblitera- 
tion of  their  lumen,  or  entire  destruction  of  them  (Leroux) ; 
or  the  sac  may  ulcerate  into  the  ducts  or  bladder,  and  the 
vesicles  pass  by  this  route  into  the  intestines,  with  symp- 
toms of  hepatic  colic;  or,  finally,  it  may  cause  occlusion, 
dilatation,  and  inflammation  of  the  biliary  passages.  This 
process  may  terminate  in  suppuration  and  gangrene  of 
the  cyst,  and  is  usually  fatal.  The  symptoms  of  obstruc- 
tive jaundice  of  a  high  degree,  and  of  the  local  inflam- 
matory changes,  indicate  this  pathological  condition. 
The  presence  of  hydatid  booklets  in  the  ejecta  from  the 
stomach  or  bowels,  a  previous  history  of  a  painless  en- 
largement of  the  liver,  and  the  results  of  tapping  or  ex- 
ploratory pimcture,  Avould  confirm  one's  opinion  of  the 
presence  of  hydatid  disease.  Finally,  the  gall  ducts  are 
seriously  invaded  in  that  rare  manifestation  of  hydatid 
disease  known  as  multilocular  echinococcus.  In  this  in- 
stance the  walls  of  the  ducts  are  thickened,  hard,  and  rigid, 
and  the  lumen  is  effaced,  by  the  presence  of  the  vesicles 
in  the  tissues.  Secondary  inflammation ,  suppuration ,  and 
dilatation,  etc.,  may  arise  in  these  cases.  The  symptoms 
of  this  manifestation  have  been  considered  in  the  section 
on  Occlusion  of  the  Ducts. 

It  is  interesting  to  note  that  the  bile,  some  authorities 
believe,  is  capable  of  killing  these  parasites. 

John  H.  Musser. 
Norman  B.  Qwyn. 
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GALLIC  ACID. — By  exposure,  to  the  atmosphere,  of 
galls  in  the  presence  of  water,  chemical  conversion  of 
the  tannic  acid  of  the  galls  takes  place,  resulting  in  the 
formation  of  gallic  acid,  HCtHsOo.HjO.  This  body  is 
ofHcial  in  the  "United  States  Pharmacopceia  under  the  title 
Acidwn  Oallicum,  Gallic  Acid,  and  presents  itself  as 
"white,  or  pale  fawn-colored,  silkj^  interlaced  needles, 
or  triclinic  prisms;  odorless;  having  an  astringent  or 
slightly  acidulous  taste ;  permanent  in  the  air.  Soluble 
at  15°  C.  (59°  F. ),  in  100  parts  of  water,  and  in  5  parts  of 
alcohol ;  in  3  parts  of  boiling  water,  and  in  1  part  of 
boiling  alcohol.  Also  soluble  in  40  parts  of  ether,  and 
in  13  parts  of  glycerin.  Very  slightly  soluble  in  chloro- 
form, benzol,  or  benzin "  (U.  S.  P.).  On  heating,  the 
acid  first  loses  its  water  of  crystallization,  then  melts, 
and  finall J' is  decomposed,  and  consumed  without  residue. 

Gallic  acid  is  purely  but  feebly  astringent,  and  seems 
practically  devoid  of  anj^  other  physiological  property. 
Taken  internally,  it  does  not  poison,  nor  constipate,  ror 
even  disorder  the  stomach  unless  in  excessive  dosage. 
It  does  not  coagulate  albumin,  and  so,  when  swallowed, 
is  readily  absorbed.  After  absorption  it  appears  speedily 
in  the  urine,  as  is  demonstrable  by  chemical  tests.  Tliera- 
peutically,  the  only  reputation  of  gallic  acid  is  for  inter- 
nal giving  for  the  control  of  hemorrhages  from  inaccessi- 
ble parts — for  which  purpose  the  efficacy  of  the  medicine 
is  esteemed  very  differently  by  different  practitioners. 
Since,  in  the  application  in  question,  the  acid  must  act 
by  local  contact  as  presented  to  the  bleeding  vessel  in 
solution  in  the  blood,  it  is  evidently  necessary  for  success 
that  the  charge  of  acid  to  blood  shall  be  as  great  as  pos- 
sible. Full  and  frequent  doses,  therefore,  are  required 
by  the  indication.  Gallic  acid  has  been  given  without 
untoward  effect  in  dosage  of  0.65  gm.  (gr.  x.)  every  three 
hours,  unremittingly,  for  three  weeks.  It  may  be  pre- 
scribed in  pill,  powder,  or  mixture.        Edward  Curtis. 

GALLICIN  [CBHsCOOCHatOH)^]  is  prepared  by  heat- 
ing a  methyl  alcohol  solution  of  gallic  or  tannic  acid 
with  strong  sulphuric  acid,  or  by  passing  dry  hydrochloric 
acid  gas  through  the  solution.  It  crystaUizes  in  rhombic 
prisms  or  flue  needles,  which  are  freely  soluble  in  water 
and  alcohol.  It  is  used  as  an  antiseptic,  non-toxic  dust- 
ing powder,  and,  in  solution,  in  conjunctivitis. 

W.  A.  Bastedo. 

GALLOBROMOL— dibromogallic  acid  [CsBr^COH^a- 
COOH]— is  a  colorless  or  slightly  grayish-red  powder, 
composed  of  fine  acicular  crystals,  and  obtained  by  the 
action  of  bromine  on  gallic  acid.  It  is  slowly  soluble  up 
to  ten  per  cent,  in  cold  water  (Merck),  and  dissolves 
readily  in  boiling  water,  alcohol,  or  ether.  It  has  been 
used  as  a  bromide  in  neurotic  conditions  and  epilepsy, 
but  has  been  found  by  Lepine  to  cause  in  a  dog  slowing 
of  the  heart,  depression  of  respiration,  fever,  hcemoglo- 
binuria,  convulsions,  and  death.  It  is  of  more  use  locally, 
as  an  antiseptic  and  astringent,  as  in  eczema,  or  in  gon- 
orrhoea, cystitis,  or  epididymitis.  For  cystitis  it  is  used 
as  an  irrigation  in  two  to  four  per  cent,  solution :  for  iire- 
tbritis  as  an  injection ;  and  for  eczema  as  a  lotion,  oint- 
ment, or  dusting  powder  of  one  to  two  pei-  cent,  strength. 

W.  A.  Bastedo. 

GALLOFORMIN  [CaH2(OH)3COOH(CHi,)6N<]  is  a  con- 
densation product  of  gallic  acid  and  hexamethylene  tetra- 
mine.  It  forms  very  hard,  refractive,  acicular  crystals, 
soluble  with  difficulty  in  water,  alcohol,  ether,  and 
glycerin,  and  insoluble  in  benzol  and  fixed  oils.  It  is 
very  unstable,  readily  yielding  formaldehyde  gas,  so  is 


used  as  an  antiseptic  both  internally  and  externally.  It 
is  decomposed  by  heat,  acids,  or  alkalies. 

W.  A.  Bastedo. 

GALL,  OX.— Fbl  Bovis.  —  "The  fresh  bile  of  Bos 
Taurus  L.  (class  Mammalia;  order  Buminantia),"  (U. 
S.  P.) 

A  brownish-green  or  dark  green,  somewhat  viscid 
liquid,  having  a  peculiar,  unpleasant  odor,  and  a  disa- 
greeable, bitter  taste. 

Specific  gi-avity :  1.018  to  1,038  at  15°  C.  (59°  F.). 

It  is  neutral,  or  lias  a  faintly  alkaline  reaction  on 
litmus  paper. 

A  mi.xture  of  3  drops  of  ox  gall  and  10  c.c.  of  water, 
when  treated,  first,  with  a  drop  of  a  freshly  prepared 
solution  of  1  part  of  sugar  in  4  parts  of  water,  and  after- 
ward with  sulphuric  acid,  cautiously  added,  until  the 
precipitate  first  formed  is  redissolved,  gradually  acquires 
a  brownish-red  color,  changing,  successively,  to  carmine, 
purple,  and  violet. 

Purified  Ox  Qall,  Fel  Bovis  Pvrificatum  (U.  S.  P.). 

Fresh  ox  gall,  three  hundred  cuhic  centimetres .  . .  .  800  c.c. 
Alcohol,  one  hundred  cubic  centimetres 100  c.c. 

Evaporate  the  ox  gall,  in  a  tared  porcelain  capsule,  on 
a  water  bath,  to  about  one  hundred  (100)  grams,  then 
add  to  it  the  alcohol,  mix  the  whole  thoroughly,  and  set 
it  aside,  well  covered,  for  three  or  four  days.  Then  de- 
cant the  clear  solution,  filter  the  remainder,  and,  having 
mixed  the  liquids  and  distilled  off  the  alcohol,  evaporate 
the  remainder  to  a  pilular  consistence. 

A  yellowish-green,  soft  solid,  having  a  peculiar  odor, 
and  a  partly  sweet  and  partly  bitter  taste. 

Very  soluble  in  water  and  in  alcohol. 

A  solution  of  1  part  of  purified  ox  gall  in  about  100 
parts  of  water  behaves  toward  sugar  and  sulphuric  acid 
in  the  same  manner  as  the  solution  mentioned  above. 

An  aqueous  solution  of  purified  ox  gall  should  be  clear, 
and  should  remain  transparent  upon  the  addition  of  an 
equal  volume  of  alcohol  (evidence  of  proper  purification). 

This  complex  substance  in  its  crude  condition  consists 
of  about  ten  per  cent,  of  solids  and  ninety  of  water. 

The  most  important  solid  constituents  are  the  sodium 
salts  of  taurocTwlic  and  glycocholie  acids,  and  several  not 
very  well  distinguished  coloring  matters  {bilirubin,  bili- 
mrdin,  etc.).  Besides  these  it  also  contains  a  number  of 
decomposition  products,  cliolesterin,  urea,  etc.,  and  some 
fats  and  mucus. 

Further  than  to  show  its  practical  identity  with  that  of 
the  human  subject,  the  study  of  the  specific  composition 
of  ox  gall  is  unimportant. 

For  the  same  reason  the  study  of  its  action  pertains 
wholly  to  physiology.  We  know  that  bile  has  no  busi- 
ness in  the  stomach,  although  it  appears  that  its  entrance 
there,  in  certain  morbid  conditions,  may  exert  a  stom- 
achic effect,  .without  seriously  inhibiting  digestion,  and 
its  therapeutic  use  may  be  serviceable  in  this  way.  It 
must,  however,  be  remembered  that  the  properties  of  the 
bile  itself  are  subject  to  change  in  the  stomach,  so  that 
suitable  measures  must  be  taken  in  its  administration 
(see  below),  when  the  intestinal  action  is  desired. 

It  is  equally  well  established  that  bile  in  the  circula- 
tion acts  as  a  poison,  although  there  are  some  facts  to 
suggest  that  its  antitoxic  action  there  may  at  times  more 
than  counterbalance  such  objection. 

It  is  then  in  the  intestine  and  in  the  liver  that  we 
must  look  for  the  beneficial  effects  of  the  administration 
of  bile.  In  the  former  it  is  a  valuable  antiseptic,  peri- 
staltic stimulant,  chemical  synergist  of  certain  purgatives, 
and  promoter  of  the  absorption  of  fat.  None  of  these 
processes  requires  discussion.  All  can  be  effected  by  ox 
gall,  properly  administered,  as  by  the  natural  secretion. 
Upon  the  liver,  the  drug  has  the  effect  of  a  direct  chola- 
gogue,  that  is,  an  agent  increasing  the  actual  secretion  of 
bile,  and  about  the  only  one  known.  Since  the  constit- 
uents of  the  bile  decomposed  in  the  intestine  are  returned 
to  the  liver  to  be  again  recombined,  we  should  naturally 
expect  this  increase  to  be  produced.    It  appears,  how- 
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ever,  that  the  Incnease  is  greater  than  the  ratio  thus  ac- 
counted for,  and  it  is  apparent  that  the  bile  salts  exert 
a  stimulating  effect  upon  the  secreting  mechanism.  The 
following  concerning  the  use  and  administration  of  the 
drug  may  well  be  reprinted  from  the  last  edition  of  this 
work. 

The  action  of  ox  gall  in  assisting  the  absorption  of  fats 
and  oils,  and  its  aid  in  maintaining  intestinal  antisepsis, 
has  suggested  its  use  as  a  proper  means  of  treating 
typhoid  fever.  Dr.  Adolph  Zea  reports  the  result  of  ten 
cases  in  his  own  ward,  and  forty-eight  cases  treated  by 
medical  friends,  as  very  gratifying.  His  method  of  con- 
ducting the  case  is  as  follows:  If  the  case  is  seen  early,  a 
dose  of  calomel  is  given  to  relieve  the  digestive  tract  of  its 
contents ;  alcohol  in  the  foi'm  of  whiskey  is  given  at  first 
as  a  stimulant,  and,  if  additional  stimulation  is  required, 
strychnine,  caffeine,  ammonia,  camphor,  or  small  doses 
of  quinine;  dilute  muriatic  acid  In  large  quantities  of 
water  as  a  beverage,  and  fel  bovis  purificatum  siccum,  in 
doses  of  two  to  four  grains,  three  to  six  times  a  day  In 
pill  form  or  capsule.  The  diet  consists  of  fluids — milk, 
gruel,  beef -tea  —  In  small  quantities  frequently  given. 
The  milk  should  always  be  boiled,  but  may  be  given  hot 
or  cold  according  to  the  wish  of  the  patient.  Prepara- 
tions of  beef  extracts  and  juices  may  also  be  given. 

The  benefit  of  this  treatment  is  shown  in  a  reduction 
of  the  temperature  after  the  drug  has  been  given  for  a 
few  days,  and  a  freedom  from  all  distressing  abdominal 
symptoms  and  complications.  Convalescence  is  also 
thought  to  be  more  rapid  than  under  any  other  line  of 
treatment. 

It  has  been  very  properly  pointed  out  that  the  enclos- 
ing of  the  dose  in  keratin  tends  to  prevent  changes  in  it 
by  the  acid  gastric  juice,  in  Its  passage  through  the 
stomach. 

Its  injection  into  the  rectum,  In  twenty-grain  doses 
well  diluted,  tends  to  clear  that  organ  of  fseces. 

Henry  H.  Rushy. 

GAMBOGE. — Cambogia. — "  A  gum  resin  obtained  from 
Oarcinia  Hanburii  Hook.  f.  (fam.  Guttifera)"  (U.  S.  P.). 
(The  family  is  now  called  Clusiacece.)  This  genus  com- 
prises about  forty  species  of  Eastern  tropical  evergreen 
trees  with  yellow  juice.  Other  species  yield  the  Man- 
gosteen  fruit  and  bark,  and  the  Kokum  butter.  The 
gamboge  tree  is  a  native  of  Carabogla,  Siam,  and  Cochin 
China,  whence  the  supply  of  the  gum  resin  for  European 
and  American  consumption  is  obtained;  but  there  are 
besides  several  other  species  of  Oarcinia  in  India,  China, 
and  the  Asiatic  islands,  which  supply  similar  products, 
if  not  exactly  the  same.  Gamboge  is  collected  by 
cutting  or  wounding  the  twigs  or  trunks,  when  the 
bright  yellow  latex  flows  slowly  out,  and  is  collected  In 
vessels,  usually  bamboo  joints,  fastened  at  the  lowest 
part  of  the  incisions.  Here  it  slowly  hardens,  or  is 
perhaps  dried  over  a  fire,  until  a  solid  mass  results,  of 
the  shape,  usually  cylindrical,  of  the  containing  vessel. 
The  bamboo  is  then  split  off,  and  the  gamboge  is  packed 
In  large  boxes  for  transportation. 

That  thus  collected  in  bamboo  joints  is  known  as 
"pipe-gamboge."  Saigon,  or  "purse"  gamboge,  is  col- 
lected in  pockets  of  leaves  or  cloth,  six  or  eight  inches 
long  by  three  or  four  bi'oad.  It  is  usually  a  little  darker 
than  the  former.  When  run  or  massed  into  large  blocks 
or  tubs,  it  is  called  " cake  gamboge, "  or  "gamboge  In 
sorts. " 

The  pipe  gamboge  is  preferred,  not  only  because  it 
represents  the  typical  quality,  but  because  it  is  almost 
invariably  pure  and  clean.  The  large  cakes  are  liable  to 
extensive  adulteration  with  stones  and  pieces  of  iron. 
Being  often  formed  in  tubs  or  boxes,  the  gamboge  is 
very  apt  to  come  into  contact  with  nails  or  other  metal, 
which  turns  it  dark  for  a  considerable  distance  from  the 
offending  body. 

Gamboge  has  been  used  in  China  and  India  as  a  pig- 
ment for  many  centuries,  and  appeared  as  a  purgative 
in  Europe  early  in  the  seventeenth  century.  Its  use  in 
medicine,  however,  has  always  been  insignificant  in  com- 
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parison  with  its  consumption  as  a  yellow  paint,  for  which 
use  it  is  hardly  excelled  by  any  pigment. 

The  best  of  that  which  reaches  us  is  In  cylindrical 
pieces,  usually  hollow  at  the  centre,  3  to  5  cm.  (1  to  3 
in.)  thick,  longitudinally  striate  on  the  surface;  fracture 
flattish-conchoidal,  smooth,  of  a  waxj'  lUuStre,  orange- 
red;  Inodorous;  taste  very  acrid ;  powder  bright  yellow, 
sternutatory,  free  from  stai'ch. 

Gamboge  should  yield  not  less  than  seventy  per  cent, 
of  resin  and  not  over  three  per  cent,  of  ash. 

It  does  not  dissolve  in  water,  but  forms  a  very  fine, 
smooth,  yellow  emulsion  with  it,  and  it  is  wholly  soluble 
in  potassa  solution. 

Gamboge  contains  about  seventy-two  (Chrlstlson)  per 
cent,  of  yellow  resin  called  gamhogic  acid,  an  orange- 
yellow,  tasteless,  and  odorless  mass,  soluble  In  alcohol 
and  ether,  but  not  in  water,  having  the  purgative  prop- 
erties of  gamboge,  but  less  intensely  than  the  crude 
gum  resin  itself.  It  also  contains  fifteen  or  more  per 
cent,  of  gum,  a  little  water,  and  some  impurities.  Its 
activity  is  proportional  to  the  percentage  of  resin  in  it. 

Action  and  Use. — This  is  one  of  the  most  violent  of 
hydragogue  cathartics,  producing  abundant  watery 
stools  and  considerable  griping,  on  which  latter  account 
it  is  not  often  now  given  alone,  or  for  its  full  effect.  It 
is,  however,  frequently  added  in  small  doses  to  the  other 
cathartic  combinations,  and  experience  has  proved  its 
usefulness.  It  is  especially  valuable  in  such  conditions 
as  lead  colic  and  seasickness,  where  the  bowel  requires 
powerful  stimulation. 

The  full  dose  of  gamboge  is  about  0.3  gm.  (=  gr.  v.), 
but  less  is  advisable  in  compositions;  the  maximum 
daily  quantity  is  stated  by  the  German  Pharmacopoeia  to 
be  1  gm.  It  is  an  Ingredient  in  the  compound  cathartic 
pills  {Pilula,  CatharticcB  Compositai,  U.  S.  P.),  each  of 
which  contains  about  a  quarter  of  a  grain. 

W.  P.  Bolles. 

GANGLION.     See  Bursm.     (Surgical.) 

GANGRENE.  (PATHOLOGICAL.)— The  term  gan- 
grene is  loosely  applied  by  the  clinician  to  any  form  of 
local  death  of  tissue  occurring  within  the  living  body,  in 
which  the  necrosed  area  becomes  discolored,  resembling 
more  or  less  tissues  which  have  been  burned.  By  the 
pathologist  it  is  used  to  indicate  a  necrosis  accompanied 
by  putrefactive  processes.  A  number  of  designations 
are  used  partly  as  synonyms  and  partly  to  express  differ- 
ent varieties  of  this  condition :  mortification,  putrescence, 
putrefaction,  sphacelation,  etc. ;  but  the  essential  idea  of 
gangrene  is  that  of  necrosis  accompanied  by  putrefaction. 
The  presence  of  putrefactive  or  saprophytic  bacteria  is, 
therefore,  to  be  regarded  as  the  most  dis'tinctive  feature 
of  gangrene. 

Gangrene  may  be  either  primdi-y  or  secondary.  In 
primary  gangrene  the  condition  is  due  directly 'to  the 
infection  of  the  tissues  by  some  specific  bacterium  and  is 
to  be  regarded  as  a  specific  affection.  In  secondary  gan- 
grene there  is  first  a  necrosis  due  to  some  other  cause 
with  a  subsequent  infection  by  putrefactive  bacteria. 
According  to  its  manner  of  origin  gangrene  may  be  tnm- 
miitic  or  inflammatory,  and  according  to  its  behavior  It 
may  be  cinmnsrribed,  diffuse,  spreading,  pharjedenic,  etc. 
Clinically,  various  forms  occur:  thermal  toxic,  infectious, 
neitropnthic,  diabetic,  senile,  hospital,  idiopathic,  etc. 

Primary  GANfiiiBXE.— A  number  of  specific' infections 
may  be  included  under  this  head:  infection  with  the 
Bacillus  aerogenes  capsulatus,  B.  a?dematis  malign!  B 
diphtheriie,  B.  anthracis,  B.  coll  communis  or  closely 
related  organisms,  and  probably  a  number  of  other  im- 
perfectly known  bacteria.  Any  one  of  these  may  pro- 
duce severe  inflammatory  processes  followed  immediately 
or  very  quickly  by  gangrene,  which  is  apparently  due  to 
the  origmally  infecting  bacterium,  though  in  some  cases 
there  may  be  a  secondary  Infection  by  saprophytes 

Secondaky  Gangrene. -This  is  the  more  common 
torm.  J  he  preceding  necrosis  may  be  caused  by  circu- 
latory  changes,   pathological  conditions  of  the  blood- 


REFERENCE  HANDBOOK   OP  THE   MEDICAL   SCIENCES. 


Gamboge. 
Gangrene. 


vessels,  burns,  freezing,  mechanical  injury,  pressure, 
corrosive  poisons,  intoxications,  infections,  etc. ;  the 
secondary  infection  of  the  dead  tissue  being  caused  by 
various  forms  of  saprophytic  bacteria. 

When  gangrenous  tissues  are  exposed  to  the  air  their 
fluids  may  be  lost  by  evaporation  and  become  hard  and 
dr_y  {mvmmif cation,  dry  gangrene,  gangrcena  sicca).  If 
evaporation  does  not  occur  and  the  dead  parts  remain 
moist,  the  condition  is  known  as  moist  gangrene  (gangrania 
humida,  sphacelus).  Between  the  moist  and  dry  forms 
there  is  no  hard-and-fast  line ;  dry  gangrene  may  develop 
from  a  moist  gangrene  through  subsequent  evaporation , 
or  by  the  absorption  of  fluids  from  the  surrounding  tissues 
a  dry  gangrene  may  be  converted  into  the  moist  form. 
If  the  gangrene  is  very  foul-smelling  it  is  usually  spoken 
of  as  putrid  or  septic  gangrene.  The  formation  of  gas  in 
gangrenous  parts  gives  rise  to  the  condition  known  as 
emphysematoiis  gangrene.  If  the  tissues  affected  contained 
much  blood  before  death,  they  become  black  or  greenish 
in  color  (black  gangrene) ;  if  ansEmic,  they  may  remain  light 
in  color  though  always  discolored  to  some  extent  (white 
gangrene).  Clinically  warm  and  cold  gangrene  correspond 
to  these  forms  respectively,  the  presence  of  heat  depend- 
ing upon  the  flow  of  blood  in  the  neighboring  tissue,  the 
warmth  being  most  marked  when  there  is  a  severe  reac- 
tive inflammation  about  the  gangrenous  area.  Black 
gangrene  may  become  a  cold  form  by  the  complete  shut- 
ting-off  of  the  blood  supply. 

Dry  Gangrene. — The  evaporation  of  fluids  from  the 
surface  of  gangrenous  tissues  exposed  to  the  air  gives  to 
the  dead  part  an  appearance  somewhat  resembling  that 
of  mummy  tissue.  The  drying  of  the  umbilical  cord 
may  be  taken  as  a  physiological  prototype  'of  this  proc- 
ess. Putrefaction  goes  on  very  slowly  in  the  dried  mass 
and  may  cease  entirely.  Only  rarely,  however,  does 
mummllication  of  necrosed  tissues  occur  without  some 
putrefactive  changes.  There  is  almost  alwaj's  an  odor 
about  the  parts  involved  in  dry  gangrene  and  this  is  in 
itself  an  evidence  of  the  occurrence  of  putrefactive  proc- 
esses. The  odor,  however,  is  always  much  less  marked 
than  in  the  case  of  moist  gangrene.  Dry  gangrene  occui  s 
most  frequently  in  the  parts  of  the  body  most  exposed  to 
evaporation;  gangrene  of  the  tips  of  the  ears,  nose, 
fingers,  and  toes  is  almost  always  of  this  variety.  The 
loss  of  the  epidermis  is  a  favoring  factor. 

In  the  great  majority  of  cases  dry  gangrene  is  due  to 
arterial  or  venous  obstruction  through  embolism  or 
thrombosis,  whenever  the  collateral  circulation  is  insuffi- 
cient to  keep  up  the  nutrition  of  the  affected  part.  It 
occurs  frequently  after  freezing,  the  peripheral  vessels 
being  occluded  by  thrombi.  Severe  burns,  as  well  as  the 
effects  of  strong  corrosives,  are  frequently  followed  by 
dry  gangrene.  It  is  as  a  rule  found  in  ergotism  and  the 
symmetrical  gangrene  of  Raynaud's  disease,  and  occurs 
frequently  in  diabetes  and  in  cases  of  senility  with  vas- 
cular changes,  especially  in  individuals  whose  general 
nutrition  is  lowered.  The  foetus  papyraceus  is  considered 
by  some  authors  to  be  an  example  of  dry  gangrene,  the 
mummification  of  the  dead  foetus  being  caused  by  pre- 
mature loss  of  the  amniotic  fluid  and  the  pressure  exerted 
upon  the  former  by  its  living  twin.  In  the  absence  of 
putrefactive  changes  this  condition  can  hardly  be  re- 
garded as  being  of  the  nature  of  gangrene. 

Moist  Gangrene.— This  form  occurs  very  frequently 
after  severe  traumatism  to  the  extremities,  especially 
contusions  and  crushing  with  resulting  great  injury  to 
the  blood-vessels.  It  follows  obstruction  of  the  venous 
circulation  more  quickly  than  that  of  the  arterial.  Dia- 
betic gangrene  is  not  infrequently  of  this  form,  senile 
more  rarely  so.  It  may  occur  in  the  course  of  the  acute 
Infectious  fevers,  either  in  the  skin  or  in  the  mucous  mem- 
branes. It  forms  a  feature  also  of  certain  skin  diseases. 
Decubitus  (bed-sores),  malum  perforans,  hysterical  gan- 
grene, noma  of  the  mouth  and  genitals  are  varieties  of 
moist  gangrene.  The  internal  and  external  female  genitals 
may  suffer  moist  gangrene  from  mechanical  injury  re- 
ceived during  severe  labor  or  as  the  result  of  infection  fol- 
lowing childbirth.     Of  the  internal  organs  the  lungs  are 


most  often  affected.  Pulmonary  moist  gangrene  may 
follow  infarction,  non-resolution  of  croupous  and  pur- 
ulent pneumonias,  inspiration  pneumonia,  pulmonary 
abscess,  atelectasis,  bronchiectasis,  new  growths,  etc. 
Pressure  upon  the  trachea  or  bronchi,  or  upon  the 
branches  of  the  vagus  by  asophageal  diverticula,  tumors 
or  aneurisms  not  infrequently  gives  rise  to  pneumonia 
followed  bj'  moist  gangrene.  Embolism  or  thrombosis  of 
the  mesenteric  arteries  with  infarction  of  the  mesentery 
is  always  followed  by  moist  gangrene.  Intestinal  ob- 
struction, intussusception,  strangulated  hernia,  obstruc- 
tion or  strangulation  of  the  appendix  usually  lead  to 
moist  gangrene  of  the  affected  parts.  Traumatic  injury 
to  the  pancreas  or  inflammation  of  this  organ  from  un- 
known causes  may  give  rise  to  moist  gangrene  (gan- 
grenoTis  pancreatitis).  Torsion  of  the  pedicle  of  new 
growths,  floating  spleen,  kidnej',  etc.,  may  by  shutting 
off  the  blood  supply  cause  a  necrosis  which  through 
secondary  infection  often  becomes  gangrenous.  Infiltra- 
tion of  the  perineal  tissues  with  urine,  excessive  oedema, 
extreme  passive  congestion,  are  also  conditions  leading 
to  moist  gangrene.  Gangrenous  inflammation  of  the  uri- 
nary bladder  may  be  caused  by  long-continued  retention 
of  urine. 

Gross  Appearances. — Dry  gangrene  is  usually  circum- 
scribed. The  affected  part  becomes  discolored,  yellow, 
brown  oi- black,  though  in  rare  cases  the  dead  tissues  may 
appear  bloodless  and  pale.  The  consistence  of  the  part 
may  be  hard  and  tough.  In  advanced  stages  the  necrotic 
area  resembles  leather  or  mummy  skin.  An  odor  of  pu- 
trefaction is  usually  present  in  the  early  stages,  but  is 
never  very  marked.  The  process  of  mimimiflcation  may 
be  preceded  by  the  formation  of  vesicles  or  blebs  which 
rupture  leaving  the  corium  denuded.  Evaporation  is  in 
this  way  greatly  aided.  In  many  cases  the  skin  remains 
intact,  and  in  this  event  the  amount  of  putrefactive 
change  may  be  very  slight. 

Moist  gangrene  is  characterized  particularly  by  a  foul 
odor  and  progressive  softening  of  the  affected  area.  The 
color  is  usually  reddish-purple  in  the  early  stages,  but 
later  becomes  dark  brown  or  black  from  the  changes  oc- 
curring in  the  blood  pigment.  If  hydrogen  sulphide  is 
formed,  the  color  becomes  greenish  from  the  formation 
of  a  hydrogen-sulphide  compound  with  the  iron -contain- 
ing blood  pigment  (pseudomelanosis).  Blebs  are  usu- 
ally formed  in  the  skin  ;  these  contain  dirty-brown  fluid 
which  derives  its  color  from  broken-down  blood  pigment. 
Ultimately  the  entire  part  affected  becomes  very  soft  and 
partially  liquefied.  With  the  growth  of  putrefactive 
bacteria  in  the  dead  tissues  the  various  phenomena  of 
putrefaction  are  presented  exactly  as  in  the  cadaver. 
Hydrogen  sulphide,  ammonia,  indol,  skatol,  fatty  acids, 
amins,  carbonic  acid,  and  other  gases  which  give  rise  to 
the  very  marked  fojtid  odors  characteristic  of  this  process 
are  formed,  and  as  the  result  of  gas  formation  a  local  or 
widespread  emphysema  may  occur.  The  fluids  arising 
from  the  liquefaction  of  the  dead  tissues  or  from  the  in- 
filtration of  lymph  are  also  discolored  by  the  destruction 
of  the  blood  pigment. 

Between  the  living  and  dead  tissues  in  both  dry  and 
moist  gangrene  there  is  usually  a  more  or  less  sharply 
marked  line  of  demarcation  which  represents  the  point  at 
which  necrosis  and  putrefaction  cease.  At  this  boundary 
line  there  is  very  frequently  present  a  zone  of  inflam- 
matory reaction,  particularly  in  dry  gangrene  and  those 
forms  of  moist  gangrene  due  to  vascular  changes.  In 
other  varieties  of  moist  gangrene,  particularly  in  that  oc- 
curi'ing  in  diabetes,  neither  the  inflammatory  zone  nor  a 
sharp  demarcating  line  is- present.  In  advanced  stages  of 
moist  gangrene  sequestration  of  the  dead  tissues  from  the 
living  may  occur,  and  the  former  either  be  cast  off,  ab- 
sorbed, organized,  or  calcified,  etc.  When  internal  the 
gangrenous  area  usually  becomes  encysted.  In  hard 
parts,  cartilage,  bone,  etc.,  the  process  of  sequestration 
is  much  slower  than  in  softer  tissues. 

Microscopical  Appearances. — The  differential  diagnosis 
of  moist  gangrene  from  other  forms  of  necrosis  by  means 
of  the  microscope  depends  entirely  upon  the  presence  of 
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putrefactive  bacteria  and  tlie  chemical  products  of  pu- 
trefaction. Sections  of  tissues  in  a  state  of  dry  gangrene 
show  a  marlced  slirinking  of  the  cells  and  disappearance 
of  the  nuclei,  the  changes  resembling  very  much  those 
occurring  in  the  horny  layer  of  the  epidermis.  If  putre- 
factive changes  have  been  slight,  the  nuclei  may  stain 
faintly,  even  for  some  length  of  time  after  the  advent  of 
necrosis;  and  the  outlines  of  the  cells,  though  greatly 
shrunken,  may  still  show.  In  advanced  stages  of  evap- 
oration the  dry  tissues  become  liyaline  and  horn-like,  re- 
sisting cutting.  In  the  blood-vessels  disintegrated  red 
blood  cells  are  found,  often  forming  brownish  or  yellow 
hyaline  clumps.  If  moist  gangrene  preceded  the  evapo- 
ration, the  chemical  products  of  decomposition  as  well  as 
evidences  of  greater  disorganization  of  the  tissues  will  be 
present. 

In  moist  gangrene  the  tissues  show  either  a  simple, 
cheesy,  coagulation,  or  hquefaction  necrosis;  or,  as  is 
\isually  the  case,  all  of  these  forms  of  necrosis  may  be 
present  in  different  parts  of  the  sections.  Necrosis  of  the 
parenchymatous  cells  first  takes  place,  the  nuclei  disap- 
pear, and  the  cells  become  fluid  or  granular.  Fatty  de- 
generation of  an  extensive  degree  is  often  present.  Mus- 
cle cells  lose  their  striations,  swell,  and  finally  fragment 
or  liquefy.  Zenker's  necrosis  is  usually  present  to  a 
greater  or  less  degree.  Adipose  tissue  and  nerve  sheaths 
break  up  into  free  fat  or  fatty  acids.  Axis  cylinders 
may  either  fragment  or  fibrillate.  Connective  tissue,  yel- 
low elastic  tissue,  fascia,  cartilage  and  bone  are  changed 
more  slowly,  but  all  tissues  may  ultimately  become  lique- 
fied. Hemorrhages  are  present  in  the  early  stages,  usu- 
ally by  diapedesis  from  the  early  degenerative  changes 
in  the  vessel  walls.  Rupture  of  the  damaged  vessels 
may  also  occur.  Disintegration  of  the  extravasated 
blood  takes  place,  and  brown  or  yellowish  granules  of 
hsematoidin  and  hoemosiderin  are  formed  from  the  diffused 
haemoglobin.  If  hydrogen  sulphide  is  present,  black 
granules  of  hydrogen-sulphide-hsemosideriu  are  formed 
(pseudomelanin).  Crystalline  pigments  derived  from 
hfemoglobin  may  also  be  present.  Fatty-acid  crystals, 
tyrosin,  leucin,  cliolesterin,  crystalline  and  amorphous 
phosphates  and  carbonates  may  be  formed  as  interme- 
diate or  end  products  of  the  putrefactive  process.  The 
coffin-lid  crystals  of  calcium  phosphate  are  often  abvm- 
dant.  By  means  of  proper  staining  methods  the  pres- 
ence of  putrefactive  organisms  in  large  numbers  may  be 
demonstrated.  If  the  process  has  advanced  slowly  and 
the  reactive  inflammation  is  marked,  the  dead  tissues 
may  contain  large  numbers  of  leucocytes  which  also  ne- 
crose ultimately,  but  retain  their  staining  power  much 
longer  than  the  tissue  elements.  At  the  line  of  demarca- 
tion there  is  often  an  extensive  formation  of  fibrin  in  the 
lymph  spaces  and  also  coagulation  of  the  blood  in  the 
blood-vessels.  Beyond  this,  toward  the  living  tissue 
there  is  a  more  or  less  well-marked  zone  of  inflammation. 
If  the  gangrenous  process  comes  to  a  standstill,  granula- 
tion tissue  may  be  formed  at  the  line  of  demarcation 
gradually  encapsulating  the  dead  area.  The  latter  may 
shrink  away  from  the  border  and  be  cast  off  as  a  sphac- 
elus or  slough,  or  it  may  be  gradually  disposed  of  in  the 
slow  process  of  healing  by  organization.  If  internal,  the 
encapsulated  mass  of  dead  tissue  may  undergo  calcifica- 
tion or  liquefy,  in  the  latter  case  forming  a  cyst. 

Varieties  of  Gangrene. — In  the  circumscribed  form 
the  line  of  demarcation  shows  a  zone  of  marked  inflam- 
matory reaction,  and  the  necrosed  part  is  either  cast  off 
as  a  slough  or  encysted.  In  the  diffusely  spreading 
forms  there  is  no  limitation,  and  the  process  advances 
until  the  death  of  the  individual  occurs  or  the  necrosed 
portion,  together  with  the  cause  of  the  gangrene,  is  re- 
moved from  the  body  by  surgical  operation.  In  these 
cases  the  tissue  resistance  is  either  greatly  lowered  or  the 
poisons  produced  by  the  infecting  bacteria  infiltrate  the 
surrounding  lymph  spaces  causing  a  spread  of  the  necro- 
tic process,  or  the  bacteria  have  the  power  of  invading 
and  destroying  tissue  not  previously  damaged.  In  the 
circumscribed  form  the  infection  is  less  virulent  or  the 
surrounding  normal  tissues  are  able  to  resist  the  spread 


of  infection.  In  metastatic  gangrene  bacteria  are  carried 
through  the  blood  or  lymph  and  set  up  secondary  foci  of 
inflammation  and  gangrenous  necrosis.  This  can  happen 
only  in  the  case  of  primary  gangrene,  due  to  infection 
with  a  specific  organism. 

Senile  Oangrene.— This  is  usually  of  the  dry,  circum- 
scribed form,  and  is  due  almost  wholly  to  disturbed 
circulation  from  arteriosclerotic  changes,  thrombosis, 
embolism,  etc.  Chronic  wasting  diseases,  poor  nutrition, 
weakened  heart's  action,  exposure  to  cold,  etc.,  are 
favoring  factors.  The  lower  extremities,  more  often  the 
left,  are  chiefly  affected. 

Diabetic  Oangrene. — The  gangrenous  processes  which 
occur  rather  frequently  in  connection  with  diabetes  are 
more  probably  the  result  of  arterial  disease  than  of  some 
more  ob,scure  cause  dependent  upon  or  associated  with 
the  altered  metabolism  existing  in  this  disease.  Wallace 
(St.  James'  Hospital)  examined  twenty-four  cases,  in 
twenty -three  of  which  he  found  decided  atheroma.  The 
views  most  commonly  held  at  present  incline  toward  the 
belief  that  gangrene  never  occurs  in  diabetes  without  the 
presence  of  arterial  changes  sufficient  in  themselves  to 
have  caused  it.  The  extremities  are  chiefly  affected  and 
the  dry  form  is  more  common,  but  moist  gangrene  is  not 
infrequent.  It  has  been  stated  that  diabetic  gangrene 
differed  from  other  forms  in  tliat  no  sharp  line  of  demar- 
cation or  zone  of  inflammatory  reaction  is  present.  Re- 
cent obsei'vations  show  no  essential  diffei-ences  between 
diabetic  gangrene  and  any  other  form  due  to  arterial  ob- 
struction. Cutaneous  gangrene,  moist  gangrene  of  the 
lungs,  etc.,  have  also  been  observed  in  association  with 
diabetes,  but  must  be  regarded  as  coincidences.  Favor- 
ing factors,  such  as  disturbed  nutrition,  central  nervous 
disturbances,  etc.,  no  doubt  exist  in  diabetes,  but  the 
primary  cause  of  the  gangrene  which  occurs  in  this 
disease  is  to  be  sought  in  other  conditions  than  the 
disturbed  metabolism. 

Oangrene  with  Acute  Infections. — Gangrene  may  occur 
as  a  rare  complication  of  any  one  of  the  acute  infections, 
particularly  in  measles,  varicella,  scarlatina,  diphtheria, 
typhus,  typhoid  fever,  and  malaria.  In  varicella  and 
scarlatina  it  usually  occurs  several  weeks  after  the  at- 
tack. The  gangrene  is  usually  multiple  but  not  sym- 
metrical. The  skin  and  adjacent  structures  are  more 
frequently  affected  than  the  extremities,  and  usually 
no  previous  vascular  disturbance  is  noticed.  It  occurs 
more  frequently  in  cachectic  children,  but  also  in  those 
apparently  in  good  nutrition.  The  gangrenous  process 
may  affect  the  eyelids,  conjunctiva,  ears,  mucosa  of 
mouth,  lips,  and  adjacent  structures  (noma,  cancrum 
oris),  external  genitalia,  particularly  those  of  tlie  female. 
The  term  noma  has  come  to  be  applied  to  all  of  these 
forms,  as  well  as  to  spontaneous  gangrene  of  these  re- 
gions occurring  without  any  relation  to  the  acute  infec- 
tious fevers.  It  is  undoubtedly  a  specific  infection  and 
a  number  of  micro-organisms  have  been  described,  but 
the  diphtheria  bacillus  seems  to  be  the  one  most  con- 
stantly present. 

Spontaneous  gangrene  is  reported  also  as  occurring  in 
pertussis,  acute  rheumatism  without  apparent  cardiac 
involvement,  beri-beii,  influenza,  croupous  pneumonia, 
erysipelas,  catarrhal  jaundice,  and  in  association  with  in- 
fantile syphilis.  In  the  majority  of  these  cases  no  bac- 
teriological examination  was  made,  and  the  exact  nature 
of  the  process  remains  unknown.  In  the  case  of  erysip- 
elas, a  number  of  instances  are  reported  in  which  gan- 
grene was  caused  by  long-continued  application  of  cold 
to  the  affected  parts.  Under  these  circumstances  the  re- 
sulting thrombosis  of  the  peripheral  vessels  is  sufficient 
to  account  for  the  gangrene. 

Multiple  Gangrene.— Thero  are  three  classes  of  multiple 
gangrene : 

1.  Raynaud's  Disease.  In  this  condition  there  are  pre- 
viously well-marked  vascular  disturbances  in  the  extrem- 
ities as  shown  by  synco(3e,  asphyxia,  or  hypera;mia  The 
gangrene  is  often  symmetrical,  and  is  usually  slight  in 
extent,  being  confined  to  the  fingei's  or  toes,  more  rarely 
to  the  tips  of  the  ears  or  nose  tip.     The  disease  occurs 
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chiefly  in  neurotic  and  poorly  nourished  individuals  of 
early  adult  life.  It  has  been  regarded  as  a  gangrene  due 
to  trophic  disturbances  of  central  origin,  but  the  necrosis 
is  to  be  looked  upon  as  secondary  to  vascular  phenomena 
of  vaso-motor  origin. 

3.  Multiple  Spontaneous  Gangrene  Occurring  in  Young 
and  Middle-Aged  Individuals  without  Obvious  Cause. 
These  cases  of  so-called  idiopathic  gangrene  have  been 
reported  in  large  numbers.  In  very  few  of  them  was  a 
bacteriological  or  pathological  study  carried  out,  and  it 
is  very  probable  that  the  majority  were  due  to  vascular 
obstruction  or  specific  infection. 

3.  Multiple  Spontaneous  Gangrene  with  Acute  Infec- 
tions. Multiple  patches  of  gangrene,  not  symmetrical, 
occur  as  complications  of  acute  infections,  measles,  ty- 
phoid, typhus,  scarlatina,  diphtheria,  and  malaria.  The 
skin  and  adjacent  tissues  are  more  frequently  affected 
than  the  extremities.  No  previous  vascular  disturbances 
have  been  observed.  In  typhoid  fever  the  complication 
of  gangrene  occurs  most  often  in  the  male,  and  is  found 
in  order  of  its  occurrence  in  the  left  leg,  carotid  region, 
mesentery,  and  cheek.  In  tiie  majority  of  these  cases  an 
endarteritis  is  found  at  autopsy,  while  in  other  cases  the 
gangrene  seems  to  result  from  the  toxic  action  of  the 
products  of  the  typhoid  bacillus.  Weakened  circulation 
and  impaired  nutrition  are  favoring  factors. 

Neuropathic  Oangrene. — In  parts  of  the  body  affected 
by  sensory  or  motor  paralysis  slight  injury,  such  as  long- 
continued  pressure,  very  frequently  produces  gangrene. 
This  occurrence  has  been  explained  as  being  due  to  the 
removal  of  trophic  nerve  influence,  but  it  has  not  yet 
been  conclusively  proved  that  the  complete  cutting-off 
of  the  nervous  supply  of  a  part  is  in  itself  sufficient  to 
cause  gangrene.  The  cause  is  much  rather  to  be  sought 
in  circulatory  disturbances  and  secondary  infections. 
Raynaud's  disease  and  other  forms  of  symmetrical  gan- 
grene have  been  regarded  as  neuropathic  affections,  but 
are  probably  dependent  upon  vascular  disturbances. 

More  properly  to  be  regarded  as  neuropathic  are  those 
cases  of  hysterical  gangrene  in  which  under  mental  ex- 
citement, hysterical  crises,  or  apparently  under  the  con- 
trol of  the  will  gangrenous  areas  are  formed  in  the  skin. 
These  are  usually  sharply  circumscribed,  and  are  pre- 
ceded by  various  vascular  phenomena  which  make  it 
evident  that  vaso-motor  disturbances  play  the  chief  role 
in  their  productif)n.  In  many  of  these  cases  there  have 
been,  however,  undoubted  evidences  of  fraud  on  the  part 
of  the  patient,  and  it  has  been  shown  that  the  gangre- 
nous areas  were  self-inflicted  and  were  produced  by  ap- 
plications of  hydrochloric  acid,  acetic  acid,  Paris  gieen, 
caustic  potash,  green  soap,  concentrated  brine,  or  by 
methods  unknown.  The  gangrenous  areas  in  these  cases 
are  irregular,  of  varying  depth  of  loss  of  tissue,  and  do 
not  correspond  to  the  course  of  either  vessels  or  nerves. 
The  existence  of  true  hysterical  gangrene  cannot  be  re- 
garded as  an  impossibility,  but  it  is  to  be  explained  on 
the  hypothesis  of  vasomotor  disturbances  and  not  as  evi- 
dence of  removal  of  trophic  influence. 

Lepra  mutilans,  noma,  acute  decubitus,  etc.,  have  also 
been  regarded  as  examples  of  neuropathic  gangrene,  but 
the  majority  of  conditions  so  considered  have  been  found 
to  depend  upon  vascular  and  nutritive  changes  or  spe- 
cific infection.  Multiple  gangrene  of  the  skin  is  also  said 
to  occur  in  excessive  iodism,  and  it  is  probable  that  some 
of  the  supposed  hysterical  cases  may  be  explained  by 
this  fact. 

Traumatic  Oangrene. — This  is  frequently  produced  by 
rupture  of  the  inner  arterial  coats.  Simple  contusion 
over  an  artery  without  injury  to  the  skin  may  cause  rup- 
ture of  the  inner  coat  with  resulting  thrombosis  and  gan- 
grene. Circumscribed  rupture  of  the  inner  coat  occurs 
especially  in  the  case  of  fractures.  The  intima  may  be 
rolled  up  within  the  vessel  blocking  the  lumen,  Dislo- 
cations, especially  those  of  the  shoulder  joint,  through 
injury  or  compression  of  the  vessels  may  cause  gangrene 
secondary  to  thrombosis.  In  severe  trauma  with  result- 
ing disorganization  of  the  tissue  gangrene  results  from 
secondary  infection  of  the  dead  part.    In  the  case  of  open 


wounds  without  destruction  of  tissue  primary  gangrene 
may  be  caused  by  direct  infection  with  specific  bacteria. 

Hospital  Oiiiifii-ene. — This  form  of  wound  gangrene,  so 
common  and  so  disastrous  in  its  results  during  the  Civil 
War,  has  practically  disappeared.  It  represented  a  spe- 
cific infection,  the  cause  of  which  is  not  known. 

Emphysematous  Gangrene  (Gangrene  Foudroyante, 
Gaseous  Cellulitis,  Gas  Phlegmon,  Infective  Emphysema, 
etc.).  In  gangrene  with  gas  formation  the  Bacillus 
aerogenes  capsulatus  is  the  most  commonly  occurring 
speeitic  cause.  The  colon  and  proteus  bacilli  are  doubtful 
factors.  Facultative  anaerobic  bacilli  resembling  colon 
bacilli  may  produce  the  condition,  and  other  forms  of 
bacteria  have  been  described  as  causal  agents,  but  their 
exact  relation  to  the  process  is  not  clear.  The  B.  aSrogenes 
capsulatus  is  widely  distributed  in  soils,  dust,  etc.,  and 
is  present  in  the  intestine  and  probably  in  other  parts  of 
the  normal  living  body.  Gaseous  gangrene  may  also  be 
produced  by  infection  with  anthrax  and  malignant 
cedema,  but  it  is  probable  that  some  of  the  cases  regarded 
as  malignant  oedema  in  the  luiman  body  were  in  reality 
cases  of  infection  by  the  B.  aerogenes  capsulatus. 

The  organism  enters  through  open  wounds,  particu- 
larly those  associated  with  contusion ;  but  may  follow 
ligation  of  arteries,  or  the  avenue  of  infection  may  be 
through  the  titerus  after  abortion  or  delivery.  The  in- 
fection is  very  virulent ;  at  the  point  of  entrance  there  is 
a  rapid  necrosis  wi  th  gas  formation.  The  entire  surface  of 
the  body  may  become  emphysematous.  At  autopsy  the 
internal  organs  have  a  characteristic  sponge-like  appear- 
ance from  the  formation  of  numerous  small  gas  bubbles 
throughout  the  tissues.  In  these  numerous  bacilli  may 
be  found.  The  blood  in  the  heart  and  great  vessels  is 
foamy.  It  is  probable  that  some  of  the  cases  of  supposed 
air  embolism  are  due  to  infection  with  this  organism. 
The  presence  of  gas  cysts  or  foamy  blood  in  the  cadaver 
several  hours  after  death  cannot  be  regarded  as  of  great 
pathological  significance,  ina,smuch  as  this  organism, 
which  is  probably  frequently  present  in  the  normal  body, 
may  develop  under  favorable  conditions  with  great 
rapidity  in  the  dead  bodj'. 

Toxic  Oangrene. — The  most  familiar  form  of  gangrene 
due  to  poisons  is  that  produced  by  ergot.  The  ends  of 
the  extremities  are  chiefly  affected,  the  gangrene  is  usu- 
ally of  the  dry  form,  and  is  caused  bj^  the  action  of  the 
ergot  in  producing  contraction  of  the  peripheral  vessels 
with  thrombosis.  Sloughing  gangrene  of  the  endo- 
metrium, bladder,  and  skin  may  also  be  produced  by 
long-continued  medicinal  use  of  ergot. 

lioentgen-Eay  Gangrene. — Gangrenous  dermatitis  has 
followed  prolonged  exposure  to  a-raj'S.  The  condition 
develops  several  weeks  after  exposure  and  is  slow  in 
healing.  The  exact  relation  of  these  cases  to  the  alleged 
cause  is  not  yet  apparent. 

Carbolic-Acid  Gangrene. — Dry  gangrene  has  been  pro- 
duced in  a  number  of  cases  by  prolonged  application  of 
carbolic-acid  dressings,  even  when  weak  solutions  were 
used.  The  fingers  and  toes  were  the  parts  affected  in  the 
majority  of  cases;  in  one  instance  the  eyelids  were  in- 
jured. 

Oangrene  of  Pancrens. — Traumatic  injuries  of  the  pan- 
creas or  inflammatory  conditions  of  this  organ  may  lead 
to  gangrene.  Self-digestion  by  the  pancreatic  juices  is 
probably  the  first  step  in  the  process,  infection  from  the 
intestine  the  second.     Fat  necrosis  is  usually  pi-esent. 

Idiopathic  Gangrene.- — According  to  recent  observers  the 
so-called  idiopathic  gangrene  occurring  in  children  is  al- 
ways secondary  to  arterial  thrombosis.  In  the  new-born 
it  is  frequently  associated  with  congenital  syphilis.  Gan- 
grene of  penis  and  scrotum  in  the  new-born  has  been  ob- 
served a  number  of  times  in  connection  with  thrombosis 
of  the  renal  and  spermatic  veins.  The  cause  is  unknown. 
In  the  adult  gangrene  of  the  same  region  occurs  from 
primary  infection,  or  rarely  as  the  result  of  embolism  o]' 
thrombosis.  The  gangrene  of  the  extremities  observed 
in  cases  of  premattire  labor  is  probably  due  to  thrombosis 
or  possible  primary  infection. 

-Besides  the  end  products  of  decomposition 
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meutioned  above,  ptomains  are  produced  in  the  gangre- 
nous area.  These  are  for  the  greater  part  difiusible  and 
readily  absorbed  into  the  circulation,  producing  the  sys- 
temic effects  of  gangrene.  The  intensity  of  the  general 
symptoms  in  any  case  will  depend  upon  the  amount  and 
character  of  the  poisons  produced  in  the  gangrenous  tis- 
sues, the  amount  and  rapidity  of  the  absorption,  and  the 
resistance  of  the  patient.  The  intoxication  may  be  so 
severe  as  to  cause  death,  or  the  gangrene  may  progress 
until  death  is  brought  about  by  the  involvement  of  vital 
parts,  or  the  gangrenous  area  may  become  circumscribed, 
be  cast  off  as  a  slough,  or  organized,  calcified,  or  encysted. 
Portions  of  dead  extremities  may  drop  off  spontaneously, 
or  through  operative  procedures  the  gangrenous  portion 
may  be  removed.  Aldred  Scott  Warthin. 

GANGRENE.  (SURGICAL.)— The  term  gangrene,  and 
its  synonyms,  mortification  and  sphacelus,  are  employed 
by  the  surgeon  to  denote  the  death  and,  in  most  cases, 
the  subsequent  decomposition  of  a  circumscribed  portion 
of  tissue  on  some  exposed  part  of  tlie  body.  Necrosis  is 
a  term  extensively  used  by  surgeons  to  denote  the  death 
of  a  circumscribed  portion  of  bone,  whilst  pathologists 
employ  it  to  express  the  death  of  a  portion  of  tissue,  be- 
longing to  some  internal  organ,  that  has  been  cut  off  from 
its  necessary  blood  supply.  Such  necrosis  is  unaccom- 
panied by  bacterial  decomposition;  it  is  absorbed  and 
replaced  by  the  formation  of  blood-vessels  and  new 
tissue. 

Etiology  and  Pathology. — A  general  division  of  the 
causes  of  gangrene  into  traumatic,  physical,  and  infec- 
tious may  be  made,  but  it  is  evident  that,  whether  the 
local  death  of  a  part  is  produced  by  mechanical  violence 
or  by  other  causes,  the  result  must  be  the  same — namely, 
an  interference  or  arrest  of  the  nutrition  of  the  part  due 
to  obstruction  of  the  circulation.  Nutrition  is  interfered 
with,  or  arrested,  by  obstruction  in  the  arteries,  such  as 
occurs  in  cases  of  gunshot  wounds ;  by  ruptures  due  to 
mechanical  violence ;  by  compression  or  ligature ;  by  dis- 
ease of  the  arterial  coats ;  by  pressure  of  a  tumor  in  the 
adjacent  tissues,  or  by'a  thrombus ;  by  obstruction  in  the 
capillaries,  which  may  produce  complete  anaemia  of  the 
part,  and  which  is  due  to  pressure  upon  the  capillary 
walls  by  tumors,  by  extravasated  blood  or  fibrin,  or  by 
superficial  pressure  from  bandaging.  The  observation 
that  tight  bandaging  would  occasionally  produce  gan- 
grene is  as  old  as  Hippocrates,  who  distinctly  refers  to 
it.  Anything,  therefore,  which  will  produce  long-con- 
tinued stasis  in  the  capillary  circulation  of  a  part, — 
whether  it  be  mechanical  violence,  inflammatory  change, 
■  the  internal  administration  of  certain  drugs,  the  action  of 
chemicals,  or  some  obstruction  in  the  veins  sufficiently 
pronounced  to  prevent  completely  the  return  circulation, 
— must  necessarily  result  in  gangrene  of  that  part. 

Let  us  now  examine  these  causative  states  somewhat 
in  detail.  Obstruction  to  the  arterial  circulation  occurs 
in  consequence  of  gunshot,  lacerated,  and  incised  wounds, 
whenever  the  artery  is  torn  or  cut,  and  this  obstruction 
results  in  gangrene  whenever  the  collateral  circulation 
fails  to  become  established.  The  plates  accompanying 
this  article,  fi-om  the  "  Medical  and  Surgical  History  of 
the  War  of  the  Rebellion,"  show  cases  of  this  kind  with 
great  distinctness.  Pressure  upon  arteries  during  the 
treatment  for  aneurism  has  also  produced  gangrene. 
Surgeon  Fessenden,  of  the  Marine  Hospital  Service,  has 
reported  a  case*  in  which  compression  was  applied  to  the 
popliteal  artery,  just  above  an  aneurism  of  that  vessel, 
for  one  hour,  when  pulsation  ceased  in  the  tumor ;  tliree 
days  later,  it  was  noticed  that  sensibility  Avas  lost  in  the 
foot  and  leg,  which  became  very  much  discolored,  and 
there  occurred  blebs  on  the  foot;  a  day  later  the  entire 
foot  and  leg  were  gangrenous,  and  amp\itation  was  per 
formed, 

Coagula  {thrombi)  may  form  in  the  arteries  as  a  result 
of  chronic  endocarditis  or  endarteritis.  Obstruction  to 
the  capillaries  is  a  prolific  source  of  gangrene.     It  is 
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in  them  that  the  effect  of  diminished  cardiac  power  is 
most  manifest,  especially  in  the  parts  remote  from  the 
heart.  Chronic  exhaustive  diseases,  senile  and  general 
debility,  therefore,  are  important  factors  in  the  produc- 
tion of  gangrene.  Gangrene  from  the  administration  of 
ergot  is  produced  by  the  effect  of  the  drug  on  the  ar- 
terioles through  the  vaso-motor  nerves,  whereby  these 
vessels  are  permanently  diminished  in  calibre.  The  ex- 
periments of  Holmes  (1870)  showed  the  effect  of  ergot 
upon  animals  to  be  manifested  in  the  capillaries,  as  wit- 
nessed in  frogs,  and  Peton  (1878)  observed  the  con- 
traction of  the  retinal  vessels  in  man.  Peton  believes 
that  this  effect  is  produced,  independently  of  any  in- 
fluence upon  the  vaso-motor  system,  by  the  dii'cct  action 
of  the  drug  upon  the  muscular  fibres.  Nikit,  however, 
in  1878,  denied  this,  and  his  investigations  have  led  him 
to  confirm  the  usually  accepted  theory.  In  recent  years 
w,e  have  learned  to  distinguish  some  infectious  causes  of 
gangrene,  and  also  to  recognize  the  fact  that  carbolic-acid 
solutions  are,  in  certain  cases,  competent  to  induce  this 
condition.  Farther  on,  we  will  consider  these  matters 
more  in  detail. 

Ergotism,  as  a  cause  of  certain  epidemics  of  gangrene 
in  man,  was  first  described  by  Dodard  in  1676,  then  by 
Saviard  in  1694,  and  by  Noel  in  1710.  The  disease  ap- 
peared in  Switzerland  in  1676,  according  to  Langius  and 
Quassond.  It  also  appeared  in  Dauphine  in  1709. 
Duhamel,  in  the  "Memoires  de  1' Academic  Royale  de 
Paris  "  tor  1748,  states  that  the  disease  was  accompanied 
by  very  great  mortality,  "  not  more  than  four  or  five  out 
of  one  hundred  and  twenty  who  had  been  attacked 
escaped  with  life."  Pereira  (1840)  thinks  that  this  af- 
fection was  known  at  a  still  earlier  period,  and  he  quotes 
a  passage  from  Sigebert  to  support  his  views  (South): 
"  1089,  a  pestilential  year,  especially  in  the  western  parts 
of  Loraine,  where  many  persons  became  putrid  in  con- 
sequence of  their  inward  parts  being  consumed  by  St. 
Anthony's  fire.  Their  limbs  were  rotten  and  became 
coal-black,  they  either  perished  miserably  or,  deprived 
of  their  hands  and  feet,  were  reserved  for  a  more  miser- 
able life. "  It  is  stated  that  "  the  bread  which  was  eaten 
at  this  period  was  remarkable  for  its  deep  violet  color. " 

Notwithstanding  the  general  concurrence  of  opinion  as 
to  the  effects  of  ergotism  on  man,  it  has  often  been  denied 
that  it  produced  any  such  effect  upon  animals.  Block, 
in  1811,  fed  nine  pounds  of  ergot  daily  to  twenty  sheep 
for  four  weeks  without  any  visible  effect,  and  twenty 
sheep  of  another  lot  ate  thirteen  and  a  half  pounds  daily 
for  two  months  without  injury.  Thirty  cows  took 
twenty-seven  pounds  daily  for  three  months,  and  the  only 
apparent  effect  was  to  injure  the  quality  of  the  cream 
(Pereira).  Tessier,  however,  in  1776,  visited  those  coun- 
tries in  which  the  epidemic  had  prevailed,  or  was  then 
present,  and  found  that,  although  the  quantity  necessarily 
varied,  yet  it  finally  produced  the  gangrenous  affection 
("Memoires  de  la  Societe  Royale  de  Medecine,"  1776, 
1777-78).  Instances  are  not  wanting  of  the  prevalence  of 
gangrene  as  an  epidemic  among  animals  in  the  United 
States.  Dr.  Salmon,  Chief  of  tlie  Bureau  of  Animal  In- 
dustry of  the  Agricultural  Department,  in  a  recent  report 
on  this  subject  (1885),  has  shown  conclusively  that  many 
so-called  epidemics  of  the  "  hoof-and-mouth  disease  "  of 
cattle  are  really  epidemics  of  ergotism.  He  found  much 
ergot  in  the  heads  of  "  red-top  "  grass,  in  timothy,  and  in 
the  chess  or  "  cheat, "  as  well  as  in  rye ;  and  in  the  particu- 
lar epidemic  in  Kansas  which  called  out  the  inquiry,  the 
ergot  was  foimd  in  the  hay  fed  to  the  diseased  animals  in 
the  proportion  of  about  one  to  every  seventy -five  pounds. 
In  these  cases  there  were  sloughing  ulcers  of  the  mouth, 
ulcers  in  the  rectum,  with  diarrhcEa,  a  temperature  of  101° 
to  104°  F. ,  and  a  line  of  demarcation  above  the  hoof  in 
some  cases  as  high  as  the  middle  of  the  leg,  and  not  in- 
frequently the  ends  of  the  tails  became  gangrenous  and 
dropped  off.  In  an  exhaustive  review  of  the  history  of 
epidemics  of  gangrene  from  ergotism,  Dr,  Salmon  cites 
many  mstances  to  show  that  nearly  all  the  domesticated 
animals  have  suffered  from  the  effects  of  this  poison.  As 
bearmg  upon  the  question  of  treatment,  it  is  interesting 
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to  note  that  Dr.  Salmon  considers  that  ergot  in  hay  may 
be  prevented  by  cutting  the  grass  before  the  seeds  have 
formed. 

The  first  efEect  of  extreme  cold  upon  the  tissues  is  the 
contraction  of  the  capillaries  to  the  smallest  practicable 
degree.  A  certain  amount  of  blood  serum  is  actually 
frozen  and  the  capillary  is  ruptured,  the  circulation  is 
not  resumed  when  the  parts  are  thawed,  and  gangrene 
resiilts.  Gangrene  thus  produced  is  usually  of  the  dry 
variety,  although,  when  the  veniolesor  the  larger  venous 
tnmks  are  frozen,  by  reason  of  the  failure  of  the  return 
circulation,  moist  gangrene  is  produced.  Direct  destruc- 
tion of  cells  by  caustic  chemicals  may  produce  gangrene 
of  distal  parts,  through  failure  of  both  supply  and  re- 
turn of  blood.  Gangrene  of  the  perineum  may  occur 
from  extravasated  urine  (Green,  1884),  as  even  normal 
urine  is  highlj'  irritating ;  but  in  such  cases  there  must 
have  been  local  inflammation  and  consequent  death  of 
the  adjacent  cells.  Urine  which  lias  undergone  putrefac- 
tion, being  loaded  with  the  putrefactive  bacteria,  is  often 
very  speedy  in  its  action,  especially  as  tlie  tissues  them- 
selves are  weak  in  their  power  of  resistance ;  while  not 
absolutely  devitalized,  they  are  yet  in  a  state  of  extreme 
inertia.  It  is  well  known  that  the  power  of  resistance  to 
the  entrance  and  subsequent  development  of  the  patho- 
genic bacteria  is  variable,  and  that,  for  Instance,  in  cases  of 
convalescence  from  such  exhaustive  diseases  as  typhoid, 
typluis,  and  the  severer  exanthemata,  fatal  forms  of  so- 
called  blood-poisoning  are  apt  to  make  their  appearance ; 
this  condition,  wliile  perhaps  immediately  dependent 
upon  diminished  cardiac  power,  is  one  of  deticient  inner- 
vation; for  insufficient  nutrition  of  the  nerve  centres  is 
necessarily  manifested  in  weakness  of  muscular  tissues 
throughout  the  body. 

Obstruction  of  the  veins,  it  will  be  seen,  is  very  rarely 
a  direct  cause  of  gangrene ;  pressure  or  occlusion  of  the 
superficial  veins  alone  will  scarcely  produce  it,  unless 
there  is  constitutional  predisposition,  as  above  set  forth, 
for  the  deep  veins  will  still  carry  away  a  large  share  of 
the  return  blood  current.  When  gangrene  does  result 
from  compression  or  ligature  of  superfcial  veins,  it  is  by 
the  production  of  stasis  in  the  capillaries;  to  this  cause 
we  must  refer  the  cases  produced  by  tight  bandaging, 
and,  indeed,  all  of  similar  character,  except  those  of 
venous  thrombi. 

Moist  Gangrene. — This  form  of  gangrene,  also  called 
acute  gangrene,  hot  gangrene,  inflammatory  gangrene, 
is  always  preceded  by  inflammation.  The  part  is  at  first 
swollen  and  painful,  there  is  almost  always  inflammation 
of  the  veins  (phlebitis),  and  the  moist  condition  depends 
upon  the  obstruction  to  the  return  circulation,  by  which 
the  water  is  left  in  the  tissues. 

Symptoms. — There  will  be  a  history  of  an  injury  and 
of  antecedent  inflammation,  and  there  will  be  an  absence 
of  pain  in  the  part  that  is  actually  gangrenous,  although 
the  adjacent  parts,  where  the  inflammatory  blush  is  pres- 
ent, will  be  the  seat  of  acute  pain.  Characteristic  changes 
in  color  will  take  place ;  the  part  will  be  at  first  livid, 
then  bluish,  and  finally  completely  black.  Then,  again, 
there  will  be  swelling  of  a  boggy  character  (oedematous), 
sometimes  accompanied  by  emphysematous  crackling. 
It  is  sometimes  said  that  sensation  is  not  destroyed;  but 
this,  when  seemingly  present,  is  only  the  well-known  phe- 
nomenon of  a  person's  experiencing,  in  a  wounded  or 
severed  nerve,  sensations  which  he  refers  to  the  periphe- 
ral area  of  distribution  of  that  nerve.  In  the  beginning 
the  odor  is  imperceptible,  but  as  tlie  putrefactive  change 
progresses  the  odor  becomes  "  sweetish, "  and  finally  stink- 
ing in  the  highest  degree.  Constitutional  symptoms  of 
toxsemia  are  usually  present,  and  in  advanced  stages  of 
this  condition  great  prostration  is  noted,  even  collapse; 
diarrhoea  may  be  present,  and  in  exact  proportion  to  the 
degree  of  fever  there  will  be  the  profound  rigors  and  pro 
fuse  sweatings  of  pyajmia;  but  if  the  gangrene  is  not 
extensive  and  is  well  localized,  there  may  be  little  gen- 
eral disturbance.  In  cases  in  which  the  disease  is  pro- 
tracted, the  septic  fever  pursues  its  usual  course,  and  the 
well-known  typhoid  condition  of  the  system  will  be  pres- 
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ent,  the  various  symptoms  of  which  need  not  be  here 
described. 

There  is  little  difficulty  in  the  diagnosis  of  this  affec- 
tion, but  in  the  lax  condition  of  the  skin  of  the  aged,  with 
its  enfeebled  circulation  and  diminislied  vitality,  there  is 
sometimes  doubt  whether  the  blackness  of  the  surface  is 
due  simply  to  ecchyniosis  or  to  gangrene.  When  the 
gangrene  ceases  to  advance  there  is  usually  seen,  encir- 
cling the  part,  a  series  of  vesicles,  or  sometimes  a  mere 
line  of  redness.  This  redness  becomes  deeper,  the  epi- 
dermis over  it  falls  off,  the  dead  part  begins  to  shrink 
away,  and  nature  commences,  bj'  the  rapid  consolidation 
of  the  inflammatory  exudate,  to  prevent  further  absorp- 
tion of  any  septic  material  by  the  lymphatics.  This  line 
of  redness  (termed  the  "line  of  demarcation")  is  a  nar- 
row band  of  granulation  tissue,  which,  like  all  granula- 
tion tissue,  is  characterized  by  the  ulisence  of  Ijanphatics, 
and  hence  is  incapable  of  absorbing  septic  mateiial.  The 
line  of  demarcation  gradually  extends  entirely  to  the  bone, 
in  case  an  extremity  is  involved,  and  the  dead  soft  part 
finally  drops  off.  So  long  a  time  is  required  for  the  bones 
to  undergo  this  process  that  they  are  usually  seen  pro- 
truding, and  the  case  is  seldom  left  to  nature  beyond  this 
point. 

Treatment. — When  gangrene  is  threatened  the  treat- 
ment should  be  directed  toward  its  prevention;  i.e.,  the 
inflammation  should  be  combated,  and  the  return  circula- 
tion favored  by  massage  and  external  heat.  There  is  no 
single  remedj'  so  generally  applicable  and  so  prompt  in 
its  effects  as  external  heat.  The  part,  after  gentle  fric- 
tion, may  be  enveloped  in  hot  flannel,  which  should  be 
changed  frequently,  or  bottles  of  hot  water  may  be  ap- 
plied. Another  plan,  which  is  preferred  by  some,  is  to 
irrigate  the  threatened  part  with  hot  water.  But  if  this 
plan  is  adopted,  it  is  necessary,  if  any  good  is  to  be  ac- 
complished, that  the  water  used  shall  be  as  hot  as  can  be 
borne.  Thus  the  feeblest  circulation  may  often  be  en- 
couraged so  that  it  once  more  becomes  strong,  and  the 
efEect  of  these  measures  in  keeping  alive  the  collateral 
circulation  in  cases  in  which  tlie  main  artery  is  occluded 
from  injury,  operation,  or  disease  is  often  beneficial  in 
the  highest  degree.  The  old  axiom  that  "heat  is  life, 
and  cold  is  death  "  is  nowhere  more  applicable  than  in 
these  cases.  When  stasis  is  manifest  by  the  presence  of 
oedema,  and  by  the  boggy  feel  of  the  tissues,  broad  punc- 
tures, made  deeply  through  the  tissues,  are  of  great  ser- 
vice. The  patient  should  be  supported  with  tonic  and 
stimulant  remedies  according  to  individual  judgment. 
When  the  gangrene  has  become  complete,  local  remedies 
are  of  no  avail  except  to  favor  the  production  of  sloughs, 
to  hasten  their  separation,  and  to  render  the  odor  less 
offensive.  Among  these  may  be  mentioned  solutions  of 
bromine,  Labarraque's  solution  of  chlorinated  soda,  and 
solution  of  the  bichloride  of  mercury.  The  mass  can  be 
rendered  quite  innocuous  by  deep  injections  of  the  bro- 
mine solution.  When  the  line  of  demarcation  is  fully 
established,  operative  interference  is  then  demanded. 

Dby  Gangkp:nb. — In  this  form  of  gangrene  there  is 
neither  venous  obstruction  nor  failure  of  the  lymphatics, 
and  the  fluids  of  the  part  are  carried  back  into  the  system 
as  fast  as  formed.  As  the  arterial  supply  is  gradually 
cut  off,  a  drying  or  mummification  of  the  tissues  results. 
This  condition  frequently  occurs  in  those  who  are  suf- 
fering from  starvation  or  who  are  subject  to  gout  (Che- 
lius) ;  it  also  occurs  in  those  who  have  exhausted  them- 
selves by  excessive  debauchery.'  There  is  frequentl}'  an 
absence  of  inflammatory  symptoms,  and  the  gangrene 
may  develop  suddenly  without  premonition.  There  is 
usually  organic  disease  of  the  heart  and  arteries.  This  is 
the  chronic  gangrene  of  Travers  (South). 

Symptoms. — Corrugation  and  shrinking  of  the  soft 
parts,  and  gradually  deepening  color,  until  the  whole 
mass  is  of  a  coal  black ;  pains  of  varying  severity  usually 
precede  the  discoloration,  sometimes  lasting  for  several 
weeks.  Occasionally  pain  is  absent,  and  the  patierit 
simply  experiences  a  sensation  of  coldness  and  numbness 
in  the  part.  As  the  gangrene  progresses,  constitutional 
symptoms  are  manifested,  there  are  great  mental  depres- 
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sion,  unquiet  sleep,  palpitation  of  the  heart,  epigastric 
pain,  and  occasionally  an  intense  internal  cold  (Chelius). 
Sometimes  the  distinctive  characteristics  between  dry 
and  moist  gangrene  are  so  obscure  that  it  is  difficult  to 
place  the  case  in  one  class  or  the  other  (Moore:  "Interna- 
tional Encyclopedia  of  Surgery,"  18S2). 

The  treatment  is  essentially  the  same  as  that  already 
recommended  for  the  moist  form  of  the  disease. 

The  pivgnons  is  unfavorable. 

Senile  Gangrene. — This  gangrene,  which  is  usually 
of  the  dry  variety,  is  almost  wholly  due  to  arterial  ob- 
struction, the  pathology  of  which  has  already  been  dis- 
cussed ;  but  the  obstruction  is  long  in  forming,  and  the 


Fig.  2267.- Dr.  Hamilton's  Case  ol  Senile  Gangrene. 

progress  of  the  disease  is  slow.  The  description  which 
Percival  Pott  gave  of  the  affection,  as  it  occurs  in  the 
foot,  was  so  striking  that  for  a  long  time  it  was  known 
as  Pott's  disease  of  the  toe;  but,  as  the  disease  occasion- 
ally attacks  the  hands,  the  name  was  manifestly  inap- 
propriate. The  condition  of  the  arteries  in  these  cases  is 
one  of  "ossification,"  or,  rather,  of  calcification,  which 
results  in  a  complete  loss  of  elasticity  of  their  walls,  and 
consequent  diminution  of  the  blood  supply.  The  bead- 
like feel  of  the  radial  pulse,  in  the  aged,  gives  the  ob- 
server a  palpable  object-lesson  in  senile  calcification. 
The  statement  has  been  made  that  certain  seasons  spe- 
cially predispose  to  senile  gangrene,  and  the  winter  is  al- 
leged to  be  the  season  most  favorable  to  its  production, 
owing  to  tlie  astringent  effect  of  the  cold ;  but  there  are 
no  statistics  to  bear  out  this  assertion,  and  the  writer  con- 
siders the  case  by  no  means  made  out. 

Symptoms.— After  some  months  or  weeks  of  pain  or 
otherwise  unpleasant  sensations  in  the  part,  a  small  bluish 
spot  appears  on  one  of  the  toes,  frequently  at  the  root  of 
the  nail,  and  the  spot  becomes  black ;  from  this  point  the 
discoloration  slowly  spreads  to  the  adjoining  toes,  and 
finally,  if  the  patient  survive  long  enough,  the  whole 
foot  and  leg  become  involved.  Sometimes  the  line  of 
demarcation  is  formed  near  the  centre  of  the  foot,  but 
more  often  the  patient  succumbs  under  the  combined  in- 
fluence of  the  nervous  exhaustion  produced  by  the  pain 


and  of  the  failure  of  the  digestion.  The  pain  accompany- 
ing the  disease  is  a  prominent  symptom,  and  gives  the 
patient  more  immediate  concern  than  the  fear  of  losing 
the  limb,  or  even  life  itself.  The  accompanying  figure, 
taken  from  a  photograph  of  a  patient  under  the  care  of 
Dr.  John  B.  Hamilton,  at  the  Providence  Hospital,  shows 
the  stage  of  the  disease  at  the  time  of  her  death.     The 

notes  are  as  follows :  Elizabeth  B ,  aged  eighty -five, 

admitted  to  hospital  April  13th,  for  a  contusion  of  the 
knee,  which,  however,  had  left  no  trace ;  the  pain  in  the 
toes  and  foot  had  been  constant  and  harassing.  Three 
weeks  later,  a  blue  spot  was  noticed  on  the  dorsum  of 
the  second  toe.  The  spot  gradually  spread  until  it  in- 
cluded the  great  toe,  as  shown  in  the  photograph,  and 
the  patient  died  July  20th,  1885. 

Treatment. — This  has  been  well  formulated  by  Van 
Buren.  "The  treatment  of  senile  gangrene  is  limited  to 
a  judicious  husbanding  of  the  patient's  vital  resources, 
looking  to  a  possible  self-limitation  of  the  disease,  after 
which  a  cure  may  be  completed  by  amputation."  To 
husband  the  patient's  resources  it  is  necessary,  along  with 
stimulating  and  supporting  measures,  to  control  the  pain; 
here  there  is  nothing  more  philosophical  in  its  action  than 
the  hydrochlorate  of  cocaine  injected  into  the  painful 
tissue.  In  these  cases,  as  in  the  foregoing  varieties  of 
gangrene,  external  heat  will  be  found  advantageous. 

Symmetrical  Gangrene  {Belapsirig  Gangrene).— This 
atfection,  probably  first  accurately  described  by  Raynaud 
("De  I'Asphyxie  locale  et  de  la  Gangrtoe  symmetrique 
des  Extremities, "  1863),  is  exceedingly  rare.  According  to 
Raynaud,  the  disease  occurs  chiefly  in  chlorotic  and  ner- 
vous individuals  of  early  adult  life,  patients  in  convales- 
cence from  typhoid  fever  and  similar  exhausting  disease. 
Moore  ("International  Encyclopedia  of  Surgery")  has 
seen  a  case  presumably  dependent  upon  this  cause,  and 
the  appearance  of  the  parts  affected  is  shown  in  the 
plate  which  accompanies  the  doctor's  article. 

"The  disease  most  frequently  attacks  the  fingers — 
rarely  the  toes,  tip  of  the  nose,  and  external  ear;  often, 
for  months  beforehand,  the  affected  parts  suddenly  be- 
come white,  bloodless,  without  feeling,  dead ;  the  skin  is 
strongly  wrinkled  and  shrunken,  the  ends  of  the  fingers 
appear  thin  and  conical.  The  temperature  of  the  parts 
is  sunken,  and  the  muscular  movement  is  as  though 
paralyzed.  If  this  state  extend  over  a  whole  extremity, 
the  pulse  becomes  imperceptible.  After  a  variable  time 
there  follows  a  painful  reaction;  itching  arises,  and  the 
feeling  of  overfilling  of  blood ;  the  skin  becomes  bluish- 
red.  Severe  pains  precede  the  proper  outbreak  of  gan- 
grene. The  extremities  become  bluish-white,  violet, 
dark,  livid,  marbled ;  they  are  insensible  but  very  pain- 
ful, and  icy  cold ;  then  small  vesicles  appear  which  fill 
with  sero-purulent  liquid,  and  are  usually  destroyed,  so 
that  the  cutis  becomes  laid  bare.  Even  now,  the  part 
may  be  restored ;  but  for  the  most  part,  after  a  time  the 
attack  returns,  and  then  the  fingers  show  numerous  small, 
white,  depressed,  and  hard  cicatrices  on  tlieir  extremities, 
which  are  found  specially  in  front  of  and  beneath  the 
nails,  and  form  conical  callosities.  If  the  ischaemia  is  of 
longer  duration,  there  follows  from  the  consecutive  hy- 
peraimia  a  true  mummification,  which  terminates  with 
the  falling-off  of  the  last  phalanx  "  (Wagner). 

Diabetic  Gangrene. — The  impoverished  condition  of 
the  blood  in  cases  of  diabetes  mellitus  favors  the  produc- 
tion of  gangrene,  and  it  has  been  specifically  named  as 
a  variety,  although  without  any  very  good  reason.  As 
well  might  gangrene  occurring  in  the  progress  of  any 
chronic  disease  be  separulely  named,  and  in  most  articles 
on  the  subject  of  diabetes  the  occurrence  of  gangrene  is 
mentioned  as  among  the  complications  of  that  disease. 

"  Spontaneous  gangrene  of  the  lower  extremities,  with 
obstruction  of  one  or  more  arteries  of  the  limb,  is  not 
infrequent  in  diabetes"  (Marchal  de  Calvi).  "Ulcerated 
surfaces  are  slow  to  heal,  and  gangrene  supervenes  some- 
times spontaneously,  but  more  often  as  the  result  of  some 
trifling  injury  "  (Tyson :  "  Pepper's  System  of  Medicine," 
vol.  ii. ).  The  treatment  of  gangrene,  when  it  occurs  as 
a  complication  of  diabetes,  does  not  differ  in  any  striking 
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respect  from  that  which  is  suitable  for  other  types  of 
gangrene  or  for  diabetes  when  not  accompanied  by  this 
complication. 

Gangrene  Due  to  Infectious  Causes. 

DiPHTHBEiTio  Gangrene. — This  foi-m  is  usually 
named  as  one  of  the  varieties,  but,  like  the  last  mentioned, 
it  has  no  valid  claim  to  be  considered  a  distinct  affec- 
tion. By  some,  indeed,  it  is  regarded  as  gangrenous 
diphtheria,  by  others  as  a  variety  of  hospital  gangrene. 
Diphtheritic  patclies  resulting  in  gangrene  are  sometimes 
seen  in  the  edges  of  the  sore  resulting  from  the  incision 
in  tracheotomy ;  and  when  hospital  gangrene  is  present 
in  a  hosp"ilal  ward,  wounds  are  frequently  seen  with  the 
tough,  fibrinous  diphtheritic  patch  springing  therefrom. 
In  these  cases  the  constitutional  poisoning  seems  more 
severe.  This  form  of  gangrene  is  due  to  infection  by  the 
Klebs-LOffler  bacillus,  which  is  known  to  be  the  specific 
cause  of  diphtheria ;  and  the  constitutional  disturbance 
which  is  referred  to  as  a  characteristic  feature  in  these 
cases  is,  doubtless,  the  result  of  the  profound  toxaemia 
that  always  accompanies  diphtheria. 

The  treatment  of  diphtheritic  gangrene  is  tlie  same  as 
that  of  hospital  gangrene,  which  will  be  mentioned  in 
detail. 

Noma. — This  is  a  gangrene  affecting  the  pudenda  and 
cheeks  of  young  children  from  the  age  of  weaning  to  that 
of  puberty.  Nurslings  seem  to  have  an  immunity  from 
it.  When  confined  to  the  cheeks  and  mouth,  it  is  vari- 
ously termed  gangrenotis  stomatitis,  gangrana  oris,  ciin- 
Crum  oris,  gangrenopsis-stomato-neerosis,  rtecrosis  iiifa)itilis, 
buccal  anthrax,  water  canker,  sloiig/iing  phagedmna  of  the 
mouth,  and  by  the  Germans  Noma,  and  Wasserkrebs ;  by 
the  Fi'ench  gangrene  de  la  bouche.  The  disease  has  been 
known  for  a  long  period,  and  was  first  described  by  Caro- 
lus  Battus,  of  Amstei'dam.  Van  Swieten  (1699)  recognized 
the  disease  as  grangrene.  Wiseman  (1676)  mentions  the 
disease  as  noma,  which  he  describes  as  "a  deep  Ulcer  that 
eats  and  spreads  without  Tumor,  but  hath  a  Rottenness 
and  Putrefaction  joined  with  it." 

The  disease  is  attended  by  great  mortality,  but  as  it 
usually  comes  on  while  tlie  patient  is  suffering  from 
some  other  affection,  it  is  difficult  to  determine  its  relative 
fatalit}'  with  precision.  The  affection,  whether  it  appear 
on  the  cheek  or  on  the  vulva,  is  almost  invariably  uni- 
lateral. It  begins  as  an  inflammation  attended  by  great 
exudation,  ulceration  is  set  up,  the  exudate  dies,  and  the 
general  appearances  of  circumscribed  gangrene  due  to 
obstruction  of  the  arterioles  are  present.  In  the  mouth 
the  disease  usually  begins  at  the  frenum  of  the  lip,  but 
rarely  on  the  outside  of  the  cheek  (Chelius),  and  as  the 
oederaatous  inflammation  extends  the  ulcerative  process 
is  carried  down  to  the  bone  and  alongside  of  the  nose, 
and  frequently  involves  the  whole  Schneiderian  mem- 
brane. Occasionally  the  disease  begins  on  the  gums  at 
the  alveolar  border  (Cohen).  At  the  pudenda  the  disease 
usually  commences  at  the  labial  margin,  and  extends  to 
the  clitoris,  nymphae  and  hymen,  and  sometimes  to  the 
urethi-a,  when  the  pain  on  micturition  is  acute ;  the  in- 
flamn.ation  is  rapid,  and  the  tissues  speedily  fall  out  by 
sloughing,  the  disease  spreads  to  the  perineum,  to  the  anus, 
the  thigh,  and  to  the  mons  veneris,  and,  as  is  the  case  when 
the  disease  affects  the  mouth,  the  sloughing  is  deep  and 
frequently  extends  quite  to  the  bone.  Sometimes  the  af- 
fection beginning  at  the  mouth  is  later  on  developed  at  the 
vulva,  and  frequently  the  noma  is  ushered  in  with  gen- 
eral constitutional  symptoms,  such  as  rigors  with  fever; 
but  more  commonly  its  onset  is  masked  by  the  particu- 
lar affection  from  which  the  child  has  been  suffering ;  but 
always,  in  the  later  stage  of  the  affection,  there  is  great 
prostration,  with  feeble  pulse  and  chlorotic  countenance. 
When  the  affection  is  on  the  pudenda,  there  is  great  pain 
in  all  movements  of  the  lower  extremities,  and  the  child 
usually  assumes  of  its  own  accord  the  dorsal  decubitus, 
and  the  legs  are  widely  separated.  There  are  retention 
of  urine^  owing  to  the  severity  of  the  urethritis,  and  con- 
stipation.    There  is  rapid  emaciation,  and  the  patient 


sinks  under  the  "  typhoid  condition  "  so  constantly  pres- 
ent in  the  later  stages  of  the  other  forms  of  gangrene. 
Cohen  remarks  that  in  noma  of  the  mouth  pulmonary 
gangrene  is  often  observed  as  a  complication,  as  is  also 
enterocohtis.  When  noma  affects  the  nioutli  alone,  tliere 
is  great  variability  in  tlie  degree  of  constitutional  sym- 
pathy, some  patients  being  able  to  sit  up  and  play,  wliile 
others  are  hopelessly  comatose  from  the  outset.  Hemor- 
rhage from  the  facial  or  from  the  pudendal  branches  of 
the  pubic  may  occur;  but  in  this  variety,  as  in  other 
forms  of  gangrene,  the  arteries  are  plugged  by  septic 
thi-ombi  long  in  advance  of  the  loss  of  tissue.  The  dis- 
ease in  most  cases  is  more  than  likely  due  to  a  long  thread- 
like organism  of  the  leptothrix  type  which  has  so  far 
resisted  cultivation  on  ordinary  media. 

The  treatment  of  noma  is  both  local  and  constitutional. 
For  the  local  treatment  such  measures  should  be  adopted 
as  are  likely  to  arrest  the  advance  of  the  disease  into 
sound  tissue,  and  to  this  end  nothing  suffices  but  the  ap- 
plication of  the  most  decisive  escharotics  like  the  Paque- 
lin  cautery  or  fuming  nitric  acid.  Quinine  and  iron, 
stimulants  in  the  form  of  milk  punch  and  liquid  food  are 
always  indicated;  when  the  stomach  becomes  irritable, 
nutritive  enema ta  should  be  employed. 

Hospital  Gangrene. — This  form  of  gangrene,  known 
also  under  the  various  names  of  liospital  phagedcena,  gan- 
grmna  nosocomialis,  and  pourriiure  des  hopitaux,  was  the 
scourge  of  military  hospitals  in  the  pre-antiseptic  era. 
To-day  it  is  absolutely  unknown,  the  vast  majority  of 
living  surgeons  having  had  no  clinical  experience  with  it. 
Whether  its  spread  was  due  to  the  agency  of  a  specific 
micro-organism,  or  to  an  acquired  virulence  of  the  well- 
known  pathogenic  microbes  in  victims  rendered  specially 
susceptible  by  lowered  vital  resistance,  remains  a  matter 
for  speculation.  Because  of  its  great  rarity  we  must  turn 
to  the  writings  of  the  older  authors  for  a  clinical  picture 
of  the  disease.  Mr.  Guthrie  graphically  describes  it  as 
follows :  "  A  wound  attacked  by  hospital  gangrene  in  its 
most  concentrated  and  active  form  presents  a  horrible 
aspect  after  the  first  fortj'-eight  hours.  The  whole  sur- 
face has  become  of  a  dark-red  color,  of  a  ragged  appear- 
ance, with  blood  partly  coagulated,  and  apparentl}^  half 
putrid,  adhering  at  every  point.  ,  The  edges  are  everted, 
the  cuticle  separating  from  half  to  thi-ee-fourths  of  an 
inch  around,  with  a  concentric  circle  of  inflammation  ex- 
tending an  inch  or  two  beyond  it ;  the  limb  is  usually 
swollen  for  some  distance,  of  a  white,  shining  color,  not 
peculiarly  sensible  except  in  spots,  the  whole  of  it  being 
oedematous  and  pasty.  The  pain  is  burning  and  unbear- 
able in  the  part  itself,  while  the  extension  of  the  disease, 
generally  in  a  circular  direction,  may  be  marked  from 
hour  to  hour;  so  that  in  from  another  twenty-four  to 
forty -eight  hours  nearly  the  whole  of  a  calf  of  a  leg,  or 
the  muscle  of  a  buttock,  or  even  the  wall  of  the  abdomen 
may  disappear,  leaving  a  deep  great  hollow  or  hiatus  of 
the  most  destructive  character,  exhaling  a  peculiar  stench 
which  can  never  be  mistaken,  and  spreading  with  a  rap- 
idity quite  awful  to  contemplate.  The  great  nerves  and 
arteries  appear  to  resist  its  influence  longer  than  the  mus- 
cular structures,  but  these  at  last  yield ;  the  largest  nerves 
are  destroyed,  and  the  arteries  give  way,  frequently  clos- 
ing the  scene,  after  repeated  hemorrhages,  by  one  which 
proves  the  last  solace  of  the  unfortunate  sufferer.  .  . 
The  joints  offer  little  resistance ;  the  capsular  and  syno- 
vial membranes  are  soon  invaded,  and  the  ends  of  the 
bones  laid  bare.  The  extension  of  this  disease  is  in  the 
first  instance  through  the  cellular  structures.  The  skin 
is  undermined  and  falls  in,  or  a  painful  red  and  soon  black 
patch  is  perceived  at  some  distance  from  the  original  mis- 
chief, preparatory  to  the  whole  becoming  one  mass  of 
putridity,  while  the  sufferings  of  the  patient  are  ex- 
treme. " 

The  surface  of  the  wound  soon  becomes  a  sticky,  pul- 
py mass  of  a  grayish  color.  This  substance  cannot  he 
wiped  off,  and  it  resists  the  usual  washings.  If,  at  this 
stage,  the  further  progress  of  the  disease  be  not  arrested, 
the  patient  succumbs,  as  from  a  fatal  form  of  septicsemia. 
The  disease  was  very  prevalent  in  the  military  hospitals 
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of  our  Civil  War;  an  extended  account  of  it  may  be 
found  in  tlie  surgical  volumes  of  the  "Medical  and  Sur- 
gical History  of  the  War  of  the  Rebellion,"  by  Otis 
(see  Plate  XXIX.,  Figs.  1  and  3). 

Treatment. — The  treatment  should  be  prophylactic, 
constitutional,  and  local.  The  first  of  these  should  have 
reference  to  the  rules  of  antiseptic  and  aseptic  wound 
treatment  and  to  the  rules  of  hygiene  that  bear  on  the 
subject  of  overcrowding;  and  when  the  disease  first  ap- 
pears in  the  wards  containing  othei-  wounded,  it  is  im- 
portant promptly  to  isolate  those  who  are  affected.  The 
constitutional  treatment  should  bo  directed  to  tlie  free 
use  of  stimulants  and  good  nutritious  food.  The  local 
treatment  directed  to  the  gangrene  when  it  invades  the 
wounds  should  be  of  the  most  radical  kind.  The  slough- 
ing tissues  should  be  removed  by  means  of  the  curette 
and  scissors,  and  the  actual  cautery  should  be  applied 
freely.  Bromine,  fuming  nitric  acid,  and  subiiitrate  of 
mercury  were  extensively  and  successfully  used  by  the 
older  surgeons. 

Maltgn.^nt  QEuema  is  one  of  the  forms  of  gangre- 
nous inflammation  due  to  the  invasion  of  a  wound  by 
the  bacilhis  of  malignant  oedema.  The  organism  mor- 
phologically resembles  the  Bacillus  anthracis,  though  it 
differs  from  it  in  being  motile,  and  in  that  it  is  strictly 
anaerobic.  It  is  mostly  found  in  rich  garden  soil,  from 
which  it  is  isolated  by  inoculation  into  animals.  It  is  apt 
to  invade  all  kinds  of  wounds— incised,  lacerated,  punc- 
tured. Instances  are  given  of  the  disease  following  the 
sting  of  insects  and  penetration  from  a  hypodermic  nee- 
dle. Malignant  oedema  is  I'egarded  as  one  of  tlie  most 
fatal  forms  of  gangrene.  The  changes  in  the  tissues  are 
very  rapid,  a  circumstance  that  led  French  w^riters  to 
adopt  tlie  name  gangrene  foudroyante.  The  changes  in 
the  tissues  are  marked  by  an  abundant  exudate  and  by 
the  formation  of  gas,  both  of  which  exert  pressure  upon 
the  surrounding  blood-vessels,  and  thus  favor  the  devel- 
opment of  gangrene.  The  clinical  picture  is  best  de- 
scribed by  Park  as  follows:  "Malignant  oedema  is  known 
by  the  brownish  discoloration  of  the  overlying  skin, 
which  is  streaked  with  blue  where  the  overfilled  veins 
show  through  it,  while  the  underlying  tissues  are  sod- 
den with  fluid  and  more  or  less  blown  up  by  the  gaseous 
products  of  decomposition,  so  that  tlie  finger  detects  a 
firm  crepitus,  as  is  common  in  subcutaneous  emphysema. 
From  the  wound,  if  one  there  be,  flows  a  thin,  foul- 
smelling  secretion,  which  may  also  be  expressed  from 
the  deeper  layers.  That  the  neighboring  lymph  spaces 
and  nodes  are  actively  involved  is  evident  from  the  enor- 
mous swelling  of  the  latter,  as  well  as  from  tlie  general 
condition  of  the  patient.  The  rapid  elevation  of  tem- 
perature with  but  trifling  remissions  remains  constant 
until  shortly  before  death.  The  tongue  early  becomes 
dry  and  cleaves  to  the  palate,  its  surface  being  covered 
with  a  thick,  foul  fur.  Patients  early  become  apathetic, 
complaining  only  of  pain  and  burning  thirst.  Delirium 
and  coma  usually  pi-ecede  death,  which  may  occur  in 
even  so  short  a  "lime  as  from  fifteen  to  thirty  liours. 
After  death  the  cadaver  bloats  quickly  and  putrefaction 
goes  on  with  amazing  rapidity." 

Treatment. — The  treatment  of  tliis  decisive  form  of  gan- 
grene should  be  of  the  most  radical  character.  "When  tlie 
disease  is  recognized  in  a  wound  on  a  limb,  the  member 
should  be  amputated  at  once  well  above  the  limits  of  the 
disease.  In  situations  where  amputation  cannot  be  prac- 
tised, excision  of  the  affected  tissues  should  be  practised 
at  once  and  the  wound  dressed  with  antiseptics.  T\v 
strength  of  tlie  patient  should  be  maintained  by  stimu- 
lants, nutritious  diet,  and  supporting  treatment.' 

Spreading  Tuaumatic  Gangrkne.— The  lust  of  the 
infectious  forms  of  gangrene  to  be  noted  is  known  under 
the  names  of  spreading  traumatic  gangrene^  fulminating 
gangrene,  or  gangrenous  emphysema.-  It  results  mosi; 
generally  in  cases  of  rupture  of  the  principal  vessels  sup- 
plying a  part  of  a  limb,  with  sudden  arrest  of  the  blood 
supply ;  or  in  those  cases  of  traumatism  in  which  intense, 
rapidly  spreading  inflammation  appears.  In  either  con- 
dition the  rapid  death  of  the  part  and  tlie  spread  of  the 


disease  process  to  contiguous  healthy  structures  are  due 
to  the  sudden  development  of  a  mixed  infection  by  mi- 
crococci and  bacilli.  The  putrefaction  set  up  by  these 
micro-organisms  is  often  accompanied  by  the  libera- 
tion of  gas,  the  presence  of  which  is  noted  by  emphy- 
sematous crackling  in  the  subcutaneous  tissues  as  the 
process  spreads  beyond  the  diseased  area.  As  a  result  of 
the  sudden  development  of  bacterial  decomposition,  poi- 
soning by  ptomal'ns,  with  constitutional  symptoms  of  pro- 
found toxaemia,  is  early  noticed.  The  treatment  in  such 
cases  demands  prompt  amputation  of  the  limb  Implicated, 
at  a  safe  distance  within  the  sound  tissues;  or  rapid  and 
thorough  destruction  of  all  gangrenous  parts  with  the 
curette  and  actual  cauteiy,  in  those  situations  which  do 
not  admit  of  amputation.  (See  Plate  XXIX.,  Fig.  3, 
and  Plate  XXX.) 

AiMiuM. — This  is  a  form  of  gangrene  of  unknown  ori- 
gin, more  frequently  seen  in  men  than  in  women.  It  has 
been  met  with  in  the  East  and  West  Indies,  but  it  is  more 
frequently  observed  among  negroes  on  the  west  coast  of 
Africa.  The  affection  is  usually  limited  to  the  little  toe, 
although  it  has  occasionally  been  observed  in  the  little 
finger.  It  begins  by  the  occurrence,  on  the  plantar  sur- 
face, of  a  fissure  which  encircles  the  toe  near  the  web. 
As  the  fissure  deepens,  gangrene  of  the  soft  parts  occurs, 
with  a  raref3'ing  osteitis  of  the  bones.  The  disease  is 
very  gradual,  the  process  lasting  as  much  as  t,en  years 
in  some  instances.  It  usually  ends  in  spontaneous  am- 
putation. 

CAKBOLic-Acm  Gangrene. — The  watery  solutions  of 
this  antiseptic  drug  used  in  surgical  practice  have  been 
known  to  cause  gangrene  when  persistently  applied,  es- 
pecially to  fingers  and  toes.  The  evaporation  of  the 
water,  in  the  solution,  which  takes  place  during  the  pro- 
longed application  of  compresses  so  saturated,  tends  to 
concentrate  the  agent  in  the  dressings ;  hence  the  well- 
known  effects  of  the  strong  solutions,  such  as  blanching, 
numbing,  etc. ,  which  lead  ultimately  to  gangrene.  So 
many  cases  of  gangrene  from  this  source  have  been  re- 
ported in  recent  medical  literature  that  topical  applica- 
tions of  the  drug  to  the  parts  mentioned  should  be  prac- 
tised with  extreme  caution.  John  B.  Hamilton. 
Revised  by  Louis  A.  La  Qarcle. 

GARLIC— Allium.  "  The  bulb  of  Allium  sativum,  L., 
fam.  Liliacea;"  (U.  S.  P.). 

Garlic  is  a  compound  bulb,  globose-ovoid,  an  inch  or 
two  in  diameter,  of  a  white  or  red-brown  color  and  a 
very  strong  alliaceous  odor  and  taste.  The  drug  proceeds 
wholly  from  cultivated  plants. 

Garlic  contains  as  its  acti\e  principle — either  alreadj^ 
formed  or  produced,  as  in  mustard,  etc. ,  by  the  addition 
of  water — a  very  irritating,  pungent,  and  volatile  oil, 
sulphide  of  allyl,  similar  to  that  of  the  onion  and  others 
of  the  genus  and  belonging  to  the  same  group  with  the 
oils  of  mustard  and  other  Crueifenv. 

It  is  now  and  then  given  with  some  advantage,  as  an 
antispasmodic,  and  sometimes  as  an  expectorant  in 
chronic  bronchitis  and  pharyngeal  or  laryngeal  catarrh. 
Internally  taken,  garlic,  like  the  onion,  "etc.,  is  an  aro- 
matic and  carminative,  and  scents  the  breath  with  sul- 
phur compounds  during  elimination. 

There  is  an  official  svrup,  of  twentv-per-cent.  strength, 
which  is  to  be  made  from  the  fresh"  bulbs.  Of  this  the 
dose  is  a  half-ounce.  Tlie  fresh  juice  is  also  often  given 
in  half-draclim  doses.  Tlie  fresh  bulb  is  sometimes 
crushed  and  applied  to  the  chest  as  a  rubefacient. 

Garlic  is  likely  to  be  dropped  from  the  next  edition  Of 
the  Pharmacopoeia.  Henry  H.  Rnsby. 

GASSERIAN  GANGLION,  OPERATIVE  REMOVAL 
OF  THE. — Tlie  Gasserian  ganglion  is  associated  with 
the  lai-ge  sensory  root  of  the  fifth  cranial  nerve.  It  is 
situated  in  a  depi-ession  near  the  apex  of  the  petrous 
portion  of  the  temporal  bone.  The  sensory  root  of  the 
fifth  nerve  enters  it  from  behind,  while  the  smaller  motor 
root  of  the  nerve  passes  under  it,  without  having  any 
connection  with  it,  to  join  the  inferior  maxillary  nerve. 
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Three  branches  proceed  from  the  anterior  liordcr  of  the 
ganglion:  the  ophthalmic,  the  superior  maxillary,  and 
the  inferior  maxillary.  They  leave  the  skull  through 
the  sphenoidal  fissure,  the  foramen  rotundum,  and  the 
foramen  ovale  respectively.  All  three  branches  are 
nerves  of  sensation;  the  inferior  maxillary  is  in  addition 
a  nerve  of  motion  since  it  receives  the  motor  root  of  the 
fifth  nerve  as  stated  above.  It  supplies  with  mot  or  fibres 
the  masseter,  deep  temporal,  buccal,  and  internal  and 
external  pterygoid  muscles. 

The  distribution  of  the  sensory  branches  of  the  gan- 
glion is  as  follows ;  The  ophthalmic  branch  supplies  the 
eyeball,  the  lachrymal  gland,  the  conjunctival  mucous 
membrane  and  that  of  the  nasal  fossa,  and  the  integument 
and  muscles  of  the  eyebrow,  forehead,  and  nose.  The 
superior  maxillary  supplies  the  integument  of  the  temple 
and  part  of  the  cheek,  and  the  gums  and  teeth  of  the 
upper  jaw.  The  Inferior  maxillary  supplies  the  integu- 
ment of  the  temple,  external  ear,  lower  part  of  the  face, 
and  lower  lip,  the  teeth  and  gums  of  the  lower  jaw,  .ukI 
a  part  of  the  tongue.  It  also  has  a  motor  function  as 
above  mentioned. 

The  Gasserian  ganglion  has  been  of  anatomical  impor- 
tance ever  since  its  nature  was  recognized  by  Hirscli  in 
IT60.  The  very  great  surgical  interest  which  is  now  felt 
in  this  structure,  and  which  is  less  than  ten  years  old,  is 
due  to  three  facts.  The  fifth  or  trigeminal  nerve  is  af- 
fected in  neuralgia  more  often  than  any  other  nerve. 
The  attacks  of  pain  recur  after  operations  upon  the  three 
divisions  of  the  nerve,  whether  the  operation  be  a  simple 
nerve-stretching,  or  a  division  of  the  nerve,  or  a  resection 
of  a  portion  of  the  nerve,  or  a  tearing  out  of  as  much  of 
the  affected  nerve  us  possible,  as  advised  by  Thiersch. 
The  removal  of  the  Gasserian  ganglion,  first  performed 
by  Rose  in  1890,  affords  the  patient  permanent  relief 
from  his  neuralgia.  It  seems  like  a  wanton  act  to  open 
the  skull,  burrow  in  at  the  base  of  the  brain,  and  tear  out 
this  great  ganglion,  but  desperate  conditions  demand 
desperate  remedies.  Rose  removed  the  superior  maxilla 
and  trephined  the  skull,  putting  the  pin  of  the  trephine 
in  the  foramen  ovale.  His  patient  recovered  with  the 
subsequent  loss  of  an  eye,  and  counted  herself  happy  to 
be  free  from  the  neuralgia  even  at  that  price. 

Other  surgeons  soon  improved  the  technique  of  the 
operation.  Hartley  in  America,  and  Krause  in  Germany, 
working  independently,  showed  that  the  skull  can  be 
opened,  and  the  ganglion  removed  by  turning  downward 
a  flap  of  skin  and  bone  from  the  temporal  region.  In-  a 
recent  article  upon  this  subject,  Krause  thus  details  the 
steps  of  the  operation  as  performed  by  himself: 

The  patient  is  in  a  half-reclining  position,  with  the 
head  held  exactly  forward  or  turned  a  little  toward  the 
affected  side,  so  that  the  blood  may  flow  from  the  wound. 
Chloroform  is  used,  if  the  patient's  condition  permits. 
Only  dry  sponges  are  employed.  A  flap  of  skin,  fascia, 
muscle,  periosteum,  and  bone  is  cut  from  the  temporal 
region  and  reflected  downward.  The  base  of  this  flap 
is  about  1.5  inches  wide  and  overlies  the  zygomatic  proc- 
ess Its  height  is  2.5  inches,  and  its  greatest  breadth  is 
3  inches.  The  dura  mater  is  not  opened.  When  all 
bleeding  has  been  stopped  by  compression  and  hgature, 
and  the  flap,  wrapped  with  gauze,  has  been  reflected 
downward  on  the  cheek,  well  out  of  the  way,  the  dura 
is  separated  from  the  skull  down  to  the  bottom  of  the 
middle  fossa,  and  the  middle  meningeal  artery  is  ex- 
posed and  ligated  in  two  places  and  then  divided.  There 
IS  usually  considerable  venous  hemorrhage  due  to  the 
separation  of  the  dura  from  the  base  of  the  skull.  This 
can  be  controlled  by  pressure.  The  next  step  in  the 
operation  is  the  lifting  up  of  the  brain  by  means  of  a  long 
retractor,  and  the  dissection  of  the  second  and  third 
branches  of  the  fifth  nerve  from  their  origin  in  the  Gas- 
serian ganglion  to  their  exit  from  the  skull  through  the 
foramen  rotundum  and  the  foramen  ovale.  Then  the 
ganglion  itself  is  freed,  at  least  above  and  below  and 
backward,  until  the  fifth  nerve  comes  into  view.  The 
first  division  of  the  fifth  nerve,  the  ophthalmic  nerve,  is 
then  cutoff  close  to  the  ganglion,  no  attempt  being  made 


to  dissect  it  free,  on  account  of  the  danger  of  injury  to 
the  third  and  fourth  cranial  nerves,  which  are  intimately 
associated  with  it.  As  these  nerves  supply  the  muscles 
of  the  eye  their  injury  would  be  a  serious  calamity. 
The  fifth  nerve  is  next  seized  with  a  pair  of  clamps  close 
behind  the  Gasserian  ganglion.  The  second  and  third 
divisions  nn'.  cut  off  close  to  their  foramina  of  exit.  The 
ganglion  and  as  much  of  the  root  of  the  fifth  nerve  as 
can  be  twisted  out  with  it,  is  torn  from  the  brain.  The 
stumps  of  the  second  and  third  divisions  are  pushed 
outward  through  the  foramina  so  as  to  prevent  any  union 
of  divided  nerve  fibres.  Inspection  of  the  cavity  occu- 
pied by  the  ganglion  should  prove  to  the  operator  that 
the  removal  has  been  a  complete  one.  All  bleeding  is 
then  to  be  controlled,  and  the  flap  of  bone  and  soft  parts 
replaced.  The  operation  lasts  usually  from  one  and  one- 
half  to  three  hours.  In  a  favorable  case  the  patient  can 
get  up  in  one  or  two  weeks  and  be  discharged  from  the 
hospital  in  three  weeks. 

The  two  chief  dangers  of  the  operation  are  hemorrhage 
and  prolonged  pressure  of  the  brain.  The  mortality  of 
the  operation  is  variously  reckoned  at  from  ten  to  twenty 
per  cent.  The  patient  awakes  from  his  narcosis  abso- 
lutely free  from  neuralgia.  This  is  in  striking  contrast 
to  the  recovery  after  operations  upon  the  peripheral 
nerves,  since  after  these  operations  the  attacks  of  pain 
recur  for  a  few  days  in  gradually  diminishing  intensity. 

So  far  as  is  known  removal  of  the  Gasserian  ganglion 
invariably  gives  permanent  relief  from  the  neuralgic  at- 
tacks, although  as  the  operation  has  been  performed  only 
in  the  last  few  years,  one  must  not  speak  too  positively. 
The  numbness  and  partial  paralysis  of  the  muscles  of 
mastication  of  the  side  operated  upon  are  a  small  price 
to  pay  for  relief  from  the  fearful  attacks  of  pain  which 
these  patients  have  been  compelled  to  endure. 

Edicard  Milton  Foots. 

GASTEIN. — A  picturesque  valley  in  the   Duchy  of 

Salzburg,  Austria,  famous  for  its  mineral  springs.  It 
is  an  arm  of  the  Salzbach  Valley,  and  is  about  twenty- 
five  miles  long  by  a  little  more  than  a  mile  wide.  Its 
sides  are  formed  by  two  ranges  of  mountains  which  ex- 
tend to  the  right  and  left  from  the  two  peaks,  Nassfeld- 
Tauern,  7,820  feet  high,  and  the  Ankogel,  of  10,'700  feet. 
The  situation  is  romantic,  near  the  region  of  the  glaciers, 
and  at  an  elevation  of  about  3,000  feet.  In  the  midst  of 
the  valley  flows  the  dashing  little  river  Ache,  which 
forms  two  beautiful  waterfalls  near  the  village  of  Wild- 
bad-Gastein,  now  the  principal  resort.  The  climate  is 
mild  and  uniform,  the  variations  in  temperature  being 
slight.  It  is  claimed  that  the  thermometer  has  never 
risen  above  86' F.  in  summer  and  seldom  above  70°.  The 
barometric  changes  are  also  slight,  averaging  29.50  inches 
pressure  for  the  year.  Rainy  days  are,  however,  rather 
numerous  in  the  summer. 

The  thermal  springs  are  eighteen  or  twenty  in  number, 
and  are  said  to  have  been  known  as  early  as  the  seventh 
century.  Many  of  them  are  designated  by  such  namea 
as  the  Furstenquelle,  the  Hauptquelle,  the  Doctor's- 
Quelle,  and  the  Spitalquelle.  Seven  of  the  springs  issue 
from  the  solid  granite  rock  or  from  artificial  clefts;  the 
others  flow  from  stratified  beds  of  feldspar,  gneiss,  and 
mica.  Their  deep  origin  is  probably  in  the  heart  of  the 
great  Ankogel.  The  temperature  of  the  springs  ranges 
from  87°  to  160°  F.,  with  but  slight  variation  at  any 
season.  The  waters  are  rich  in  the  variety  of  their  min- 
eral salts,  but  they  are  very  dihite.  Of  sodium  sulphate, 
the  most  abundant  ingredient,  there  is  but  1.51  grains  in 
a  pint,  while  of  calcium  carbonate  and  sodium  chloride, 
the  next  most  abundant  ingredients,  there  is  only  0.36 
grain  each.  Oxygen  is  found  in  30.89  per  cent,  and  ni- 
trogen in  69.11  per  cent. 

The  waters  are  employed  almost  entirely  for  bathing, 
for  which  purpose  many  public  and  private  institutions, 
have  been  erected.  Their  fame  is  said  to  have  originated 
from  the  cure  of  Duke  Frederick,  of  Austria,  in  1436. 
Much  of  the  efficacy  attributed  to  them  belongs  no  doubt, 
to  the  bracing  mountain  atmosphere. 
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The  baths  are  recommeaded  chiefly  for  nervous  dis- 
orders, especially  in  cases  not  amenable  to  more  vigorous 
treatment.  Their  beneficial  effects  in  senile  marasmus 
have  given  them  the  name  of  "baths  of  the  aged."  Hys- 
teria, hypochondriasis,  spinal  irritation,  impotence,  talses 
dorsalis,  paralysis,  neuralgia,  rheumatism,  disorders  of 
nutrition  or  of  the  blood-making  functions,  as  well  as 
pelvic  exudations  and  wasting  diseases,  are  in  the  cate- 
gory of  especial  indications.  Gastein  is  also  recommended 
as  an  after-treatment  to  a  course  at  Carlsbad,  Marienbad, 
and  other  springs.  James  M.  French. 

GASTRECTOMY,  ETC.     See  Stomach,  Surgery  of  the. 

GASTRIC  JUICE. — Nothing  was  known  about  the 
gastric  juice  until  the  middle  of  the  last  century.  By 
some  physiologists  gastric  digestion  was  supposed  to  be 
merely  a  mechanical  process,  the  food  being  triturated  by 
the  contraction  of  the  muscular  walls  of  the  stomach,  as 
had  been  observed  in  the  gizzards  of  fowls.  By  others 
the  food  was  supposed  to  be  reduced  to  a  fluid  state  by 
maceration  under  the  influence  of  tlie  warmth  of  the 
stomach.  By  still  others  the  vague  and  indefinite  term 
fermentation  was  used  to  describe  the  unknown  process 
going  on  within  the  stomach.  Reaumur  (1752)  demon- 
strated satisfactorily  by  his  experiments  on  a  tame  buz- 
zard that  meat  was  dissolved  in  tlie  stomach  under  the 
influence  of  an  acid  fluid  possessing  antiseptic  qualities. 
Stevens  (1777)  came  to  essentially  the  same  conclusions 
by  experimenting  on  a  human  being  wlio  possessed  the 
power  of  regurgitation ;  and  he  was  the  first  to  carry  on 
digestion  outside  the  body  by  means  of  the  gastric  juice 
of  a  dog.  Spallanzani  (1777-83)  deserves  credit  for  hav- 
ing established  beyond  reasonable  doubt  that  digestion 
is  performed  by  a  fluid  in  the  stomach,  and  to  this  fluid, 
whose  acidity  and  antiseptic  properties  he  likewise  recog- 
nized, he  gave  the  name  gastric  juice.  At  the  beginning 
of  the  present  century  this  view  was  accepted  and  taught 
by  nearly  all  physiologists. 

The  next  great  addition  to  our  knowledge  was  made 
by  Beaumont  (1833),  and  his  contribution  may  justly  be 
called  the  most  important  one  ever  made  to  the  science 
of  gastric  digestion.  His  observations  were  made  upon 
a  Canadian,  Alexis  St.  Martin,  in  whom  a  permanent 
gastric  fistula  remained  after  a  gunsliot  wound.  As  a 
result  of  these  observations  he  described  the  gastric  juice 
"  as  a  clear,  transparent  fluid,  inodorous,  a  little  saltish, 
and  very  perceptibly  acid.  Its  taste  when  applied  to 
the  tongue  is  similar  to  thin  mucilaginous  water  slightly 
acidulated  with  muriatic  acid.  "  He  further  described  it 
as  powerfully  antiseptic,  and  an  effectual  solvent  of 
food. 

In  the  winter  of  1882-38  he  submitted  a  sample  of  gas- 
tric juice  contaminated  with  a  little  mucus  to  Professor 
Dunglison  for  examination.  Dr.  Dunglison  reported 
that,  in  collaboration  with  Professor  Emmet  of  the  Vir- 
ginia University,  he  had  found  the  gastric  juice  to  con- 
tain "  free  muriatic  and  acetic  acid,  phosphates  and  muri- 
ates, with  bases  of  potassa,  soda,  magnesia,  and  lime, 
and  an  animal  matter  soluble  in  cold  water,  but  insoluble 
in  hot."  He  expressed  astonishment  at  the  large  amount 
of  free  muriatic  acid  present. 

Prout  in  1834  had  already  declared  that  the  acidity  of 
the  gastric  juice  was  due  to  free  hydrochloric  acid. 

In  1836  Schwann  concluded  that  the  digestive  power 
of  the  gastric  juice  was  due  to  some  unknown  active 
principle  which  he  called  pepsin,  though  he  could  not 
isolate  it  as  a  distinct  chemical  substance.  This  was 
done  by  Wassmann  (1839)  who  prepared  an  impure  pep- 
sin as  a  yellowish  powder  soluble  in  water. 

Lab  ferment  was  discovered  and  isolated  (also  in  an 
impure  state)  by  Hammarsten  in  1872. 

During  the  past  two  dcciides  experiments  on  animals 
and  direct  observations  of  the  gasti-ic  juice  of  man,  by 
means  of  gastric  flstuUv  and  tlie  stomach  tube,  have  en- 
abled us  to  gain  more  accurate  information  concerning 
the  physical  and  chemical  properties  of  gastric  juice. 
It  is  probable  that  the  chemical  composition  of  the  gas- 


tric juice  varies  somewhat  under  different  conditions,  and 
that  the  secretion  adapts  itself  in  a  measure  to  the  phys- 
iological task  to  be  performed.  The  gastric  juice  se- 
creted reflexly  as  a  result  of  the  sight  or  smell  of  savory 
food  seems  to  differ  slightly  from  that  secreted  after  the 
ingestion  of  food;  and  it  is  probable  that  different  foods 
call  forth  variations  in  the  chemical  composition  of  the 
secreted  fluid.  Beaumont  had  noticed  that  the  gastric 
juice  was  by  no  means  always  the  same.  He  noted  that 
exercise  leading  to  perspiration  increased  the  secretion 
from  the  gastric  cavity ;  that  the  fluid  poured  out  under 
these  conditions  was  only  sliglitly  acid,  and  that  it  had 
inferior  solvent  properties.  The  ingestion  of  alcohol  in 
strong  solution  is  known  to  cause  a  transudation  from 
the  gastric  mucosa,  the  resulting  fluid  having  but  little 
resemblance  to  ga.9tric  juice.  Our  knowledge,  however, 
of  these  physiological  and  pathological  variations  from 
the  normal  is  as  yet  very  fragmentary.  The  quantity 
of  gastric  juice  secreted  in  twenty-four  hours  has  never 
been  even  approximately  determined  and  estimates  range 
from  180  gm.  to  6.  .5  kgm.  The  gastric  contents  as 
usually  removed  are  made  up  of  food,  swallowed  saliva, 
mucus,  and  gastric  juice.  As  this  mixture  is  being  pro- 
pelled constantly  in  small  quantities  into  the  duodenum 
throughout  the  whole  process  of  digestion,  any  estimate 
of  the  total  quantity  of  gastric  juice  must  be  subject  to 
very  great  inaccuracies  and  no  reliable  data  are  at  hand. 

Human  gastric  juice  contains  about  five  per  cent,  of 
solids.  Its  specific  gravity  varies  from  1.001  to  1.010; 
the  average  in  the  human  being  is  between  1.002  and 
1.008. 

Tlie  mineral  salts  are  chiefly  the  chlorides  of  sodium, 
potassium,  and  calcium,  and  the  phosphates  of  magne- 
sium, calcium,  and  iron.  Together  they  constitute  only 
two  per  cent,  of  the  gastric  juice. 

The  gastric  juice  is  not  rendered  turbid  by  boiling,  and 
is  Isevo-rotatory.  It  contains  a  trace  of  proteid  (proba- 
bly a  peptone)  and  some  mucin.  Lactic  acid,  which  until 
recently  was  considered  a  component  part  of  normal 
gastric  juice,  is  not  present  in  the  pure  secretion,  but 
occurs  as  a  result  of  the  fermentation  of  ingested  carbo- 
hydrates. The  active  elements  of  the  gastric  juice  are 
hydrochloric  acid,  pepsin,  and  lab  ferment. 

Neither  the  pepsin  nor  the  lab  ferment  has  ever  been 
isolated  in  a  chemically  pure  state. 

Hammarsten  separated  lab  ferment  (rennin)  from  pep- 
sin by  fractional  precipitation  with  lead  acetate.  Gamgee 
has  summarized  the  qualities  of  an  approximately  pure 
solution  of  rennin  as  follows:  It  is  not  coagulated  by 
heat ;  it  is  not  precipitated  by  alcohol,  nitric  acid,  tannin, 
iodine,  nor  by  sugar  of  lead,  but  by  basic  lead  acetate. 

Lab  ferment  is  not  diffusible.  It  is  destroyed  by  0.5  to 
1  per  cent.  Ka^COs. 

Its  chief  characteristic  is  its  power  to  clot  solutions  of 
casein.  This  it  accomplishes  by  splitting  up  the  casein 
into  two  forms  of  proteid,  one  of  which  remains  in  solu- 
tion, while  the  other  coagulates  in  the  presence  of  lime 
salts. 

Pepsin  is  probably  not  a  proteid.  It  is  soluble  in  water 
and  glycerin.  It  is  non-diffusible.  In  the  presence  of 
free  mineral  acid  (especially  hydrochloric)  it  has  the 
property  of  changing  albuniin  into  peptone.  It  is  ren- 
dered inert  by  alkalies. 

The  hydrochloric  acid  in  the  gastric  juice  exists  partly 
in  the  free  state  and  partly  combined  with  some  of  the 
organic  and  inorganic  constituents  of  the  juice.  In  man 
the  free  acid  constitutes  from  1  to  2  pro  mille  of  the 
pure  gastric  juice.  In  dogs  the  acidity  is  higher;  in 
herbivorous  animals  it  is  less.  When  food  is  ingested 
the  gastric  mucous  membrane  secretes  hydrochloric  acid 
until  the  chemical  aflinity  of  the  food  for  hydrochloric  is 
satisfied,  and  then  it  continues  to  secrete  acid  until  the 
amount  of  free;  acid  present  has  reached  a  certain  norm 
for  that  individual,  usually  0.12  to  0.18  per  cent.  After 
the  norm  has  been  reached  the  secretion  of  acid  comes  to 
a  standstill,  and  by  this  reflex  mechanism  the  overpro- 
duction of  hydrochloric  acid  is  prevented  in  the  healthy 
stomach.  Henry  Wald  Bettniann. 
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GASTRULA. — (Dim.  of  L.  gaster  from  the  Greek  yaarrip, 
belly,  stomach.)  The  gastrula  is  a  stage  in  the  embryonic 
development  of  at  least  one  representative  of  nearly  every 
great  group  of  animals  above  the  Protozoa.     Moreover, 


Fig.  2268.— Section  of  a  Gastrula  ot  a  Sea-Urcliln,  Toxoprieiistes 
lividus.  (After  Selenka.)  Highly  magnified,  ec,  Ectoderm;  en, 
endoderm ;  mes,  mesoderm ;  JVf,  blastopore. 

those  forms  vsrhich  do  not  possess  a  typical  gastrula  stage 
are  found  on  careful  examination  to  exhibit,  with  few 
exceptions,  structures  or  modes  of  development  which 
may  be  interpreted  as  vestiges  of  this  stage. 

In  holoblastic  eggs  with  equal  cleavage  (see  article 
Segmentation  of  the  Oimm)  the  cleavage  results  in  the 
formation  of  a  typical  hlastula.  This  is  a  rounded  body 
composed  of  cells,  the  blastmneres,  forming  a  continuous 
membrane,  the  hlastoderm,  which  encloses  a  cavity,  the 
blastoccel. 

The  next  stage  is  the  gastrula,  which  is  formed  from 
the  blastula  usually  by  the  invagination  of  Its  wall  on  one 
side.  By  this  process  the  blastoderm  becomes  differenti- 
ated into  the  two  primary  germ  layers.  The  part  which 
remains  on  the  outside  is  the  ectoderm,  and  the  part 
which  is  invaginated  is  the  endoderm.  (See  Oerm  Layers.) 
In  most  animals  the  cells  of  the  blastula  are  not  all  alike, 
those  on  one  side,  the  animal  pole,  being  smaller  and 
containing  less  deutoplasm  (yolk  granules)  than  those  on 
the  other  side,  the  vegetative  pole,  which  are  in  many 
cases  very  large  and  heavily  laden  with  deutoplasm. 
"When  such  differentiation  obtains  it  is  always  the  cells 
of  the  vegetative  pole  that  are  invaginated  to  form  the 
endoderm. 

The  nearly  typical  gastrula  of  a  sea-urchin  is  repre- 
sented in  longitudinal  section  in  Fig.  2268.  This  embryo 
contains  two  cavities, — one  a  closed  cavity,  the  blastoccel, 
lying  between  the  ectoderm  {ec)  and  the  endoderm  (en), 
and  the  other,  the  primitive  stomach,  or  archenteron,  a 
cavity  entirely  surrounded  by  endoderm,  except  at  one 
side,  where  it  opens  to  the  exterior  by  the  primitive 
mouth,  or  blastopwe  (M).  At  the  lips  of  the  blastopore 
the  ectoderm  and  endoderm  are  continuous.  This  embryo 
is  not  quite  a  typical  gastrula  on  account  of  the  presence 
in  the  blastocoel  of  mesenchyme  cells  (mes),  which  in 
most  animals  appear  at  a  somewhat  later  stage. 

Gastrulas  of  this  same  general  type  are  to  be  met 
with  in  the  sponges,  calenterates,  echinoderms,  nemer- 
tians,  annelids  (Eupomatus),  sipunculids,  chfetognaths, 
Crustacea  (Lucifer),  mollusks,  and  chordata  (tunicates  and 
Amphioxus). 

Of  these  various  forms,  the  one  of  most  interest  to  us 
is  the  gastrula  of  Amphioxus.  If  one  were  to  draw  a 
diagram  to  show  the  essential  structures  of  a  vertebrate 
reduced  to  their  simplest  forms,  the  drawing  with  slight 
alterations  could  be  made  to  represent  an  amphioxus. 
This  is  a  little  flsh-like  animal  an  inch  or  two  in  length, 
that  lives  in  the  sand  in  shallow  arms  of  the  sea  in  vari- 
ous parts  of  the  world.  It  is  found  in  the  Chesapeake 
Bay,  in  the  lagoons  of  the  Bahamas,  and  the  writer  has 


gathered  hundreds  of  specimens  on  the  sand  flats  by  the 
railroad  wharf  at  Port  Tampa,  Florida.  The  Amphioxus, 
having  little  more  than  a  notochord  by  way  of  skeleton, 
has  left  no  fossil  remains,  but  its  habitat  is  exactly  similar 
to  that  in  which  countless  generations  of  Lingula  have 
dwelt  with  practically  no  change  of  structure,  so  far  as 
we  can  see,  since  lower  Silurian  times.  So  it  is  not  im- 
possible that  we  may  be  right  if  we  infer  from  its  struc- 
ture that  Amphioxus  is  also  of  a  very  ancient  type,  and  is 
a  living  representative  of  our  ancestors,  that  lived  before 
the  appearance  of  the  earliest  fishes.  For  this  reason  the 
embryology  of  this  form  is  of  special  interest.  This 
proves  to  be  just  as  diagrammatically  primitive  as  the 
structure  and  confirms  our  inference  from  comparative 
anatomy. 

The  gastrula  of  Amphioxus  (Fig.  2269)  is  a  typical  one 
of  the  embolic  type.  That  is,  the  archenteron  is  formed, 
as  in  the  sea-urchin,  by  the  invagination  of  the  endoderm. 
This  is  contrasted  with  the  epiboUe  type  of  gastrula  in 
which,  owing  to  the  large  size  of  the  slowly  dividing 
endodermal  cells,  heavily  laden  with  yolk,  an  invagina- 
tion is  impossible,  and  the  smaller  and  more  active  ecto- 
dermal cells  form  the  gastrula  by  growing  over  and 
around  the  large  and  less  active  endodermal  cells.  These 
types  of  gastrula  grade  into  one  another,  so  that  in  some 
cases  it  is  difficult  to  tell  to  which  type  the  gastrula 
belongs. 

Fig.  2269  represents  a  vertical  longitudinal  section  of 
a  gastrula  of  Amphioxus.  The  archenteron  is  large  and 
the  endoderm  is  so  closely  pressed  against  the  ectoderm 
that  the  blastoccel  is  obliterated  except  in  a  small  space 
near  each  lip  of  the  blastopore,  which  at  this  stage  is 
widely  open.  The  development  of  the  gastrula  of  this 
species  is  represented  in  Fig.  2270. 

The  eggs  of  Amphioxus  are  laid,  according  to  Wilson, 
as  a  rule,  between  five  and  six  in  the  afternoon.  Cleav- 
age results  in  the  formation  of  a  globular  blastula ;  and 
about  midnight,  according  to  Morgan,  gastrula tion  be- 
gins by  the  flattening  of  one  side  of  the  blastula.  This 
side  may  be  distinguished  from  the  other  by  the  presence 
of  larger  cells  more  completely  filled  with  yolk  granules. 


a 

Fig.  2269.— Sagittal  Section  of  a  Ga.strula  of  Amphioxus  at  4  a.m.  o, 
Anterior  pole ;  d.  dorsal  Up  of  the  hlastopore ;  v,  ventral  lip.  Re- 
duced from  camera  drawing  made  with  Zeiss  4,  oil  immersion  3  mm. 
(After  Morgan  and  Hazen.) 

About  two  hours  later  the  flattened  side  has  pushed  in- 
ward until  the  endoderm  nearly  touches  the  ectoderm 
and  the  embryo  has  become  saucer-shaped  (Fig.  2270,  a). 
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From  this  time  on  there  is  a  gradual  closing  of  the  blasto- 
pore accompaDied  by  the  growth  of  its  lips,  until,  when 
the  blastopore  is  nearly  closed, 
the  embryo  has  the  shape  of  a 
football  (Fig.  2270,  d),  the  small 
opening  being  a  slight  distance 
from  the  ]30sterior  end  of  the  long 
axis  of  the  embryo  and  on  the 
dorsal  side  of  it.  The  end  of  the 
gastrula  stage  is  marked  by  the 
closure  of  the  blastopore  from 
direct  communication  with  the 
exterior.  But  for  a  long  time  the 
inner  part  of  it  forms  a  passage- 
way from  the  archenteron  into 
the  developing  neural  tube,  it  is 
then  called  the  nevrenteric  canal. 

The  simplest  form  of  gastrula 
to  be  found  in  the  true  vertebrates 
is  of  the  type  observed  in  the  cj'- 
clostomes,  ganoids  (Fig,  2271),  and 
amphibians  (Figs.  2273  and  2373). 
In  the  eggs  of  these  forms  the 
cleavage  is  always  unequal  and 
may  be  holoblastic  as  in  the  frog 
or  meroblastic  as  in  the  gar-pike. 
In  either  case  it  results  in  the  for- 
mation of  a  blastula  in  which  the 
blastocoel  is  excentric,  lying  near 
the  upper  pole.  In  either  case  the 
roof  of  the  blastocoel  is  composed 
of  one  or  more  layers  of  small 
cells,  wliile  its  floor  is  composed 
of  large  cells  or  imperfectl}'  di- 
vided yolk.  The  formation  of  the 
gastrula  begins  by  the  develop- 
ment of  a  slight  groove  on  one 
side  near  the  edge  of  the  area  of 
small  cells.  The  uppei-  edge  of 
this  groove  is  the  dorsal  lip  of 
the  blastopore.  The  ends  of  the 
groove  extend  in  a  circle  until  they  meet,  completing 
the  blastopore  at  its  ventral  lip.  Within  the  blastopore 
there  is  a  mass  of  large  endodermal  cells,  the  so-called 
yolk-plng.  The  formation  of  the  blastopore  has  been  ob- 
served in  living  eggs  of  a  number  of  amphibians  by 


FIG.  2,270.— Four  stages  in 
the  Development  of  the 
Gastrula  and  Closure  of 
Blastopore  of  Amphl- 
oxus.  Sagittal  sections. 
a.  Ventral  lip  of  blasto- 
pore: h,  anterior  pole; 
c,  dorsal  Mp.  (After 
Morgan  and  Hazen.) 


C^\ 


FIG.  2271.— Sagittal  Section  of  a  Gastrula  of  Forty  Hours  of  the  Gar- 
pike,  Lepldosteus.  c,  Endoderm ;  s!,  dorsal  lip  of  blastopore ;  s, 
blastocoel;   **,  innermost  limit  of  archenteron.     (After  Dean.) 

several  investigators.  The  observations  of  H.  V.  Wilson 
upon  a  tree  frog  ( C'lwropMlus  feriarum)  are  of  special  in- 
terest because  by  the  skilful  use  of  an  inverted  microscope 
he  was  able  to  watch  the  changes  in  uninjured  eggs  in 


their  normal  position.  He  finds  that  all  parts  of  the  edge 
of  the  blastopore,  as  soon  as  they  are  formed,  begin  to 
grow  over  the  yolk  cells.  During  this  process,  not  only 
the  yolk  cells  disappear  under  the  advancing  edge  of  the 
blastopore,  but  cells  outside  of  the  blastopore  are  seen  to 
move  to  the  edge  and  then  to  roll  over  and  disappear  be- 


arch-v- 


FiG-  2372.-  Sagittal  Section  of  the  Gastrula  of  a  Tree-toad,  Ohoroph- 
ilus.  arcft,  Archenteron ;  o-b,  "tongue"  of  uncleft  yolk  in  front 
of  archenteron ;  d.l.,  dorsal  Up ;  v.\,  ventral  lip,  s.c,  blastocoel ;  x, 
space  produced  artlflcially.  (After  H.  V.  Wilson.)  Camera  draw- 
ing, Zeiss  A,  2. 

neath  it,  so  that  there  is  here  a  combination  of  over- 
growth (epiboly)  and  invagination  {emboly).  The  dorsal 
lip  being  the  first  to  form,  Wilson  finds  that  it  grows 
over  an  angular  distance  of  25°  before  the  ventral  lip 
starts,  at  which  time  the  width  of  the  blastopore  is  95°. 
After  that  the  rate  of  closure  is  equal  on  all  sides. 

When  the  blastopore  has  been  reduced  to  a  very  small 
opening,  the  overgrowth  stops  at  the  dorsal  and  ventral 


FIG.  2273. -Sagittal  Section  of  the  Gastrula  of  a  Tree-toad,  Choroph- 
ilus.  Later  stage  than  that  shown  in  Big.  2272.  Reference  letters 
the  same.    (After  H.  V.  Wilson).    Zeiss  A,  2. 

sides,  but  continues  laterally,  so  that  the  blastopore 
finally  becomes  a  mere  slit  and  at  length  the  lips  fuse  in 
the  middle,  leaving  a  minute  opening  at  each  end.  The 
dorsal  one  is  the  neuropore,  or  neurenteric  canal,  and  the 
ventral  one  may  or  may  not  persist  as  the  permanent 
anus. 

Figs.  2271,  2272,  and  3373  represent  sagittal  sections  of 
gastrulas  of  the  gar-pike  and  the  tree  frog.  Comparing 
these  with  Fig.  3269  we  see  that  they  are  similar  to  the 
gastrula  of  Amphioxus,  except  that  in  these  forms  the 
endoderm  forming  the  ventral  and  anterior  wall  of  the 
archenteron  is  greatly  thickened  so  as  nearly  to  fill  the 
cavity  of  the  archenteron  and  to  protrude  through  the 
blastopore. 

In  the  Sauropsida,  reptiles  and  birds,  we  find  an  enor- 
mous increase   in  the  proportion  of  yolk  in  the  egg. 
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Nevertheless,  there  is  a  stage  in  the  development  of 
these  forms  that  may  be  regarded  as  a  gastrula.  The 
hen's  egg  may  be  taken  as  the  type  of  this  class.  Cleav- 
age begins  and  the  egg  passes  through  the  blastula  stage 
while  in  the  oviduct.  The  germinal  area  iu  the  blastula 
stage  consists  of  two  layers  of  cells.  The  outer  layer 
forms  a  membrane  of  completely  divided  cells  and  is 
separated  by  a  shallow  cavity,  the  blastoca'l,  from  the 
lower  layer  of  cells,  in  which  the  cell  boundaries  are  in- 
complete, so  that  the  cells  are  not  separated  from  the 
white  yolk  below.  At  the  margin  of  the  germinal  area 
the  two  layers  are  united  and  all  the  cell  boundaries  are 
incomplete  below. 

At  about  the  time  that  the  egg  is  laid  the  posterior 
border  of  the  germinal  disc  becomes  sharply  defined  by 
the  appearance  of  a  crescentic  groove,  which  gradually 
extends  around  toward  the  anterior  side.  Inside  of  the 
groove  the  disc  becomes  thicker  and  more  opaque.  The 
gastrula  stage  begins  with  the  formation  of  this  groove 
and  ends  with  the  com- 
pletion of  the  primitive 
streak. 

The  blastoccel  quickly 
disappears    and  the 
groove  opens  into  a  new 
cavity  lying  between  the 
germinal   disc    and    the 
yolk,    the    subgerminal 
cavity    or    archenteron. 
Fig.    2274  represents    a 
sagittal  section  through 
a  late  gastrula  stage  of 
the  hen's  egg  and  may 
be    compared   with    the 
dorsal   half  of   tlie  gas- 
trula of  the   frog.  Pig. 
2273.      At   the   anterior 
end  of    the    section  the 
ectoderm  is  seen   to  be 
growing   over  the  yolk 
while  the  endoderm  be- 
low  is  continuous  with 
the   yolk  {kio).  while  at 
the  posterior  end  the  en- 
doderm and  ectoderm  are  continuous  with  one  another 
and  separated  from  the  yolk  by  a  slit  (bl),  which  con- 
nects with    the    archenteron    and   may  be   regarded  as 
homologous  with  the  blastopore  of  the  frog.     As  in  the 
frog  the  blastopore  begins  as  a  crescentic  groove  and  the 
dorsal  lip  proceeds  to  grow  backward  over  the  yolk. 
But,  unlike  the  frog's  egg,  the  egg  of  the  hen  contains 
so  much  yolk  that  the  ends  of  the  crescent  are  unable  to 
meet  around  the  yolk-plug.     So  the  closure  of  the  blasto- 
pore  is   effected   in   another  way, — by   the  progressive 
separation  of  the  ectoderm  from  the  endoderm,  beginning 
at  the  ends  of  the  crescent,  and  the  growth  of  the  ecto 
derm  as  a  distinct  layer  over  the  3'olk,  as  described  in  the 
article  on  the  Area  embryonalis  (see  Yol.  i.,  pp.  441,  442). 

In  the  mammalia,  although  the  egg  is  minute  and 
vmdergocs  a  holoblastic  cleavage,  the  development  of  the 
embryo  is  a  very  complex  process,  to  be  explained  prob- 
ably by  the  supposition  that  the  ancestors  of  the  mammals 
had  eggs  with  a  largo  amount  of  yolk.  In  this  group  the 
gastrula  stage  has  almost  entirely  disappeared,  the  stage 
figured  by  Haeckel  as  such  not  being  a  gastrula  at  all. 
Hubrecht,  however,  described  structures  in  the  primitive 
streak  of  the  shrew  (Sorex)  that  resemble  what  is  found 
at  the  lip  of  the  blastopore  of  the  frog,  and  he  finds  there 
a  minute  canal  that  he  regards  as  a  vestige  of  the  neu- 
renteric  canal. 

The  gastrula  has  been  a  stage  of  more  than  ordinary 
interest  to  embryologists  because  of  the  importance  at- 
tributed to  it  in  the  OaHtrma  Them-y  of  Haeckel.  This 
theory  is  based  primarily  upon  the  discovery  made  by 
Huxley  in  1849:  "That  a  Medusa  consists  essentially  of 
two  membranes  enclosing  a  variously-shaped  cavity,  in- 
asmuch as  its  various  organs  are  so  composed  " ;  and  that 
"  a  complete  identity  of  structure  connects  the  foundation 


membranes  of  the  Medusa  with  corresponding  organs  in 
the  rest  of  the  series;  and  it  is  curious  to  remark,  tliat 
throughout  the  outer  and  inner  membranes  appear  to  bear 
the  same  physiological  relation  to  one  another  as  do  the 
serous  and  mucous  layers  of  the  germ  ;  the  outer  becom- 
ing developed  into  the  muscular  system  and  giving  rise 
to  the  organs  of  offence  and  defence;  the  inner,  on  the 
other  hand,  appearing  to  be  more  closely  subservient  to 
the  purposes  of  nutrition  and  generation."  To  these  two 
layei-s  AUman  in  1853  gave  the  names  ectoderm  and 
endoderm,  respectively.  Later,  Alexander  Kowalevsky, 
beginning  in  1866,  made  a  brilliant  series  of  observalions 
upon  the  embryonic  development  of  a  large  number  of 
inv(Mlebrates,  corals,  hydromedusfe,  scyphomedusa;, 
ctenopliores,  worms,  Phoronis,  brachiopods,  echinodeinis, 
mollusks,  and  insects,  and  also  upon  various  lower  chor- 
data,  including  tunicates,  Amphioxus,  and  fishes.  He 
concluded  that  in  all  the  invertebrates  that  he  had  studied, 
two  germ  layers  are  formed  at  the  beginning  of  develop- 


FiG.  2374.— Sagittal  Section  through  the  Blastodenn  of  a  Hen's  Egg  Incubated  Six  Hours.  Ach,  Archenteron ; 
W,  dorsal  lip  ol  blastopore;  £c,  ectoderm  :  En,  endoderm;  fcu',  germinal  wall ;  jTies,  marginal  rim;  V% 
Yolk.    (After  Duval,  from  iMlnot.)    D,  X  about  40;  A,B,  0,  details  of  D  more  highly  magnifled. 

ment,  and  that  in  most  cases  there  is  formed  at  first  a 
vesicle  of  cells,  one  side  of  which  becomes  invaginated, 
forming  a  double  cup  with  a  central  cavity  opening  to 
the  exterior.  He  found  a  similar  condition  in  tunicates 
and  Amphioxus  and  by  comparison  of  their  subsequent 
stages  of  development  demonstrated  the  affinity  of  the 
tunicates  with  Amphioxus  and,  through  that  form,  with 
the  true  vertebrates. 

In  1872  Haeckel  published  a  description  of  the  two- 
layered,  cup-shaped  larva  of  the  calcareous  sponges,  and 
asserted  that  this  stage,  to  which  he  gave  the  name 
Oastrtila,  is  a  fundamental  one  for  all  metazoa. 

In  1874  and  1875  he  elaborated  more  fully  the  theory 
that  the  gastrula  represents  the  type  of  the  most  primi- 
tive metazoan,  the  common  ancestor  of  the  whole  great 
group  of  animals  above  the  protozoa.  To  this  hypo- 
thetical ancestor  he  gave  the  name  Oastrcea.  As  already 
indicated,  this  generalization  of  Haeckel  has  been,  in  the 
main,  confirmed  by  subsequent  investigations. 

Robert  Payne  Bigeloio. 
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GAYLORD     AND     GULICK    MINERAL    SPRINGS.— 

(Formerly  Blossburg  Mineral  Springs.)    Tioga  County, 
Pennsylvania. 

Post-Opfice.— Blossburg.     Hotels  in  the  village. 

Access.— Via  Tioga  branch  of  Erie  Railroad  to  Bloss- 
burg; also  via  Northern  Central  Railroad  to  Roaring 
Branch,  and  thence  by  stage  line  over  the  mountains. 

These  springs  are  located  in  a  picturesque  mountain 
region  1,500  feet  above  the  sea-level.  They  are  sur 
rounded  bva  charming  tract  of  woodland  containing  213 
acres,  from  which  a  fine  view  of  the  valley  of  the  Tioga 
may  be  obtained.  The  place  offers  many  attractions  as 
a  summer  resort,  but  is  not  fully  developed  as  yet.  The 
springs  are  two  in  number,  and  flow  about  1,800  gallons 
of  water  per  hour.  The  following  analysis  was  made 
by  Prof.  F.  A.  Genth  in  1879; 

SuLPHATED  Acid  Chalybeate. 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Magnesium  sulphate 13.10 

Calcium  sulphate 23.13 

Lithium  sulphate 12 

Sodium  sulphate 27 

Potassium  sulphate 24 

Sodium  chloride -10 

Manganese  sulphate 1.83 

Cobalt  sulphate w 

Nickel  sulphate 36 

Aluminum  sulphate 8.58 

Iron  sulphate 31.31 

Iron  phosphate 32 

Sulphuric  acid 5.64 

Silicic  acid 2.15 

Total 85.18 

This  analj'sis  shows  a  sulphated  acid  chalybeate  water 
of  great  potency.  It  is  remarkably  rich  in  ferruginous 
ingredients,  and  contains  a  considerable  proportion  of  the 
sulphate  of  magnesia  or  Epsom  salt.  The  analysis  also 
shows  appreciable  quantities  of  the  rare  ingredients 
manganese,  nickel,  and  cobalt.  The  water  possesses  ex- 
cellent properties  as  a  tonic  and  reconstructive,  and  has 
been  found  very  useful  in  conditions  characterized  by 
anaemia  and  general  debility.  It  is  also  used  in  dyspep- 
sia and  intestinal  disorders.  Locally  it  has  decided 
astringent  and  stimulant  effects,  and  as  such  is  recom- 
mended as  a  douche,  spray,  gargle,  or  lotion.  The  water 
is  used  commercially.  A  mineral  water  of  this  stj-ength 
should  always  be  taken  under  the  direction  of  a  physi- 
cian. James  K.  Crook. 

GEISSOSPERMUM.— Paso  Pereira  Bark.  The  bark  of 
one  or  more  species  of  Oeissospernm m  (fam.  Apocynacea), 
O.  Iceve  Miers  being  the  important  one,  used  in  Brazil  as 
a  febrifuge.  Three  alkaloids  have  been  reported,  geis- 
soitpermine,  pereirine  (this  is  not  the  only  alkaloid  of  this 
name),  and  vellosive  (from  Q.  Vellosii  Allem,),  The 
drug  and  its  alkaloids  have  been  used  experimentally, 
especially  in  Europe,  but  have  found  no  accepted  posi- 
tion in  medicine.  Henry  11.  Busby. 

GELATIN. — Gelatinum.  Gelatin  has  been  defined 
by  the  British  Pbarmacopieia  as  "  the  air-dried  product 
of  the  action  of  boiling  water  upon  such  animal  tissues 
as  skin,  tendons,  ligaments,  and  bones."  It  appears  in  a 
variety  of  forms.  That  which  has  not  been  purified, 
made  usually  from  animal  matter  which  has  partly  de- 
composed, is  ffl)ie.  When  purified  by  special  processes 
it  becomes  sparMi/ir/.  It  usually  occurs  in  sheets  which 
have  been  dried  upon  coarse  matting,  but  frequently  in 
narrow  strips  cut  from  such  sheets  (shredded  gelatin). 
Gelatin  should  be  almost  or  quite  colorless  and  trans- 
parent, without  odor,  and  nearly  tasteless.  Dissolved  in 
.50  parts  of  hot  water,  it  should  yield  a  firm  jelly  on  cool- 


ing. The  aqueous  solution  Is  precipitated  by  tannm, 
but  not  by  alum,  subacetate  of  lead,  or  ferric  chloride 
T.  S.  Gelatin  is  soluble  in  acetic  acid,  but  not  in  strong 
alcohol  or  ether.  It  has  no  medicinal  activity,  but  is  a 
nutrient  of  the  albuminoid  class,  used  in  the  diet  of  in- 
valids and  in  the  kitchen  generally.  Its  chief  use  in 
medicine  is,  strictly  speaking,  pharmaceutical,  for  the 
manufacture  of  the  well-known  soft  and  hard  gelatin 
capsules  and  for  the  coating  of  pills. 

Qelatose  is  gelatin  which,  as  a  result  of  certain  changes, 
especially  those  of  bacterial  causation,  can  no  longer  be 
gelatinized.  Henry  H.  Busby. 

GELSEMIUM. — Yellow  Jasmine,  Yellow  Jessa- 
mine. "  The  dried  rhizome  and  roots  of  Gelsemium  sem- 
pervirens  (L.)  Ait.  f.  (fam.  Loganiacem),"  U.  S.  P.     The 

yellow  jessamine  of  the 
Southern  States  is  a 
pretty  climbing  shrub, 
with  a  large  woody 
rhizome,  and  numer- 
ous fine  roots,  and 
slender,  smooth,  twin- 
ing, purplish  stems. 
It  has  dark  green, 
glossy,  lanceolate,  en- 
tire, evergreen 
leaves,  growing  op- 
posite to  each 
other,  and 
bearing  in 
their  axils  solitary 
oi-  clustered  flow- 
ers. The  latter 
are  large,  sweet- 
scented,  ij  right 
yellow,  and 
slightly  irregular. 
Calyx  small,  of 
five  -  pointed  se- 
pals; corolla  fun- 
nel-shaped, with 
a  slightly  oblique, 
five-lobed  border; 
stamens  five,  peri- 
gynous.  Fruit 
an  oblong,  flattened,  drooping  pod;  seeds  margined. 
This  is  one  of  the  most  attractive  flowers  in  the  Southern 
States.  It  grows  abundantly  from  Virginia  southward, 
in  woods,  and  mounts  to  the  tops  of  tall  trees.  The 
flowers,  which  appear  in  the  spring,  load  the  air  with 
their  sweet  odor. 

Of  course,  so  conspicuous  a  plant  was  early  noticed; 
in  fact,  it  was  carried  to  England  as  an  ornament  in  the 
first  half  of  the  seventeenth  century.  Its  poisonous 
properties  were  also  early  known,  but  its  medicinal  em- 
ployment is  of  rather  recent  date. 

Description. — Rhizome  cylindrical,  short-flexuous, 
elongated  or  cut  in  sections  of  variable  length,  mostly 
from  0.5  to  1.5  cm.  (^  to  f  in.)  and  occasionally  3  cm.  (a 
little  more  than  an  inch)  in  diameter,  the  roots  much 
thinner,  a  few  elongated,  unbranched,  coarsely  hair-like 
tough  rootlets  usually  attached;  externally  of  a  light 
yellowish-brown,  commonly  with  some  purple  or  pur- 
plish-brown longitudinal  lines  or  patches,  or  occasionally 
deep  purple-brown  with  yellowish-brown,  fine  ridges; 
heavy,  hard,  and  tough;  internally,  yellowish-white; 
fracture  of  the  rhizome  splintery,  the  roots  breaking  with 
half  the  fracture  transverse,  the  other  oblique  or  short- 
splintery;  bark  thin,  closely  adhering,  that  of  the  rhi- 
zome with  fine,  silky  bast  fibres,  the  wood  porous,  with 
numerous  fine  medullary  rays;  odor  peculiar;  taste 
slightly  aromatic,  bitter. 

Composition. — It  contains  two  alkaloids,  Oelsemine 
(CoHesNsOn),  crystalline,  but  inert  upon  the  human 
subject,  and  Gelseminine  (Ci^HnNOs),  which,  like  its 
salts,  is  amorphous,  occurring  as  a  white  powder,  soluble 
in  alcohol,  not  in  water,  and  which  is  the  active  constit- 


FiG.  2275.— yellow  Jasmine. 
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uent.  Gelseminic  acid  is  a  saponin-lilie  substance. 
A  little  resin  and  volatile  oil,  with  starch,  are  also  pres- 
ent. 

Action  and  Use. — Gelsemium  is  an  active  paralj-zinp; 
poison,  capable  of  killing  both  animals  and  man  in  small 
doses,  expending  its  action  upon  the  nervous  system.  It 
does  not  affect  consciousness  until  near  the  end  of  fatal 
cases;  sometimes,  Init  not  always,  it  produces  convul- 
sions, due  apparently  to  respiratory  interference.  Reflex 
excitability  is  increased  at  first,  afterward  diminished, 
while  its  paralyzing  effect  upon  the  motor  columns  stead- 
ily increases  to  the  end.  Death  takes  place  by  asphyxia, 
proceeding  from  central  paralysis.  It  depresses  or  para- 
lyzes the.nerve  endings  to  a  less  extent,  and  less  promptly 
than  the  centres.  Locally,  and  to  a  less  extent  systemat- 
ically, it  dilates  the  pupil  and  paralyzes  the  power  of 
accommodation  precisely  like  atropine.  The  following 
symptoms  are  observed  in  man  after  moderate  doses; 
languor,  debility,  dizziness,  disturbances  of  vision,  dila- 
tation of  the  pupils,  paresis,  especially  of  the  flexors  of 
the  arm,  and  drowsiness.  The  poison  appears  to  be 
quickly  absorbed  and  promptly  eliminated.  This  root, 
whose  medicinal  value  is  said  to  have  been  discovered  by 
accident,  has  been  considerably  used  in  the  South  and 
West  in  the  treatment  of  malarial  and  other  fevers.  It 
is  occasionally  employed  in  pneumonia  and  pleurisy  as 
a  depressant;  in  asthma,  whooping-cough,  etc.,  it  is  also 
indicated,  but  is  not,  in  the  East  at  least,  very  frequently 
given.  In  neuralgias  it  holds,  perhaps,  its  place  most 
firmly.  It  has  also  been  useful  vfhen  dilatation  of  the 
pupil  is  desirable,  differing  from  atropine  in  the  tran- 
sientness  of  its  effects. 

Administration. — From  25  to  30  cgm.  (0.25  to  0.30 
gm.  =  gr.  iv.  ad  gr.  v.)  of  the  powder,  or  the  same 
measures  of  the  fluid  extract  (Extractmn  Qelsemii 
Fluidum,  U.  S.  P.)  are  suitable  doses.  The  otflcial  15- 
per-cent.  tincture  is  given  in  doses  of  1-4  c.c.  (fl.  3  i-i.). 

It  has  been  observed  quickly  to  counteract  mild  dis- 
turbances due  to  overdoses  of  strychnine,  and  might  be 
found  efBcacious  as  an  antidote  to  that  poison. 

W.  P. 


GELSEMrUM,  POISONING  BY.— In  Gelsemium  sem- 
perviiens  are  found  an  acid  and  two  alkaloids.  The 
alkaloids  are  gelsemine  and  gelseminine.  Gelsemine  has 
a  tetanizing  action,  and  causes  in  the  frog  violent  spinal 
excitement  with  increased  reflexes  followed  by  paralysis 
due  to  the  action  upon  the  nerve  endings.  Gelseminine  is 
the  more  active  of  the  two,  producing  a  paralysis  by  direct 
action  upon  the  spinal  centres,  and  having  a  curare-like 
paralytic  influence  upon  the  nerve  trunks.  The  acid, 
gelseminic  acid,  was  by  Robbins  regarded  as  identical 
with  SBSculin,  the  glucoside  of  the  horse  chestnut ;  Dra- 
gendorf  and  Schwartz  arrived  at  similar  results,  but  Pro- 
fessor Wormley  in  re-investigating  the  subject  proved 
that  gelseminic  acid  is  not  identical  with  aesculin.  Ac- 
cording to  Kunkel,  the  acid  is  of  no  toxicological  impor- 
tance. Nottage  says  that  commercially  the  alkaloids  are 
found  as  a  crystalline  alkaloid  and  an  amorphous  alkaloid 
of  which  the  former  has  about  ten  times  the  potency  of 
the  latter.  From  the  amorphous  alkaloid  the  dosimetric 
granules  are  commonly  made.  The  paralyzing  alkaloid 
is  the  more  potent  and  causes  the  characteristic  symptoms 
in  poisoning  from  preparations  of  the  whole  plant,  such 
as  the  tincture  or  fluid  extract.  The  symptoms  come  on 
usually  within  a  half -hour,  but  in  some  cases  the  action  is 
immediate.  A  full  dose  gives  rise  to  languor,  muscular 
relaxation,  and  weakness,  drooping  of  the  eyeUds,  double 
vision,  and  dilated  pupils.  When  a  poisonous  dose  is 
taken  the  muscular  relaxation  is  more  pronounced,  the 
jaw  usually  drops,  the  skin  becomes  cold  and  cyanotic, 
the  respiration  shallow  and  weak,  the  heart  is  weakened, 
and  at  times  the  patient  has  such  paroxysms  of  dyspnoea 
as  to  clutch  at  the  throat  for  air.  Sensation  is  not  so 
early  impaired  as  motion,  and  intellection  is  preserved  in 
most  instances  until  the  impaired  respiration  poisons  the 
brain. 

The   fatal    dose  is    difficult   to  determine.     Twelve 


minims  of  the  fluid  extract  have  proved  fatal  to  a  boy 
of  three  years;  thirty -five  drops  of  the  tincture  of  the 
bark  have  resulted  fatally  in  an  hour  and  a  half.  In 
one  instance  known  to  the  writer  a  drachm  of  the  tinct- 
ure taken  by  mistake  proved  fatal  to  a  young  lady  in 
one-half  hour.  Dr.  Hartwell  has  known  twelve  grains 
of  the  resenoid  to  result  fatally.  Recoveries  have  oc- 
curred after  the  ingestion  of  considerable-sized  doses. 
Dr.  Main  recovered  in  somewhat  over  an  hour  after  tak- 
ing by  mistake  a  drachm  of  the  fluid  extract.  Blake's  pa- 
tient recovered  after  taking  two  drachms  of  the  tincture, 
although  the  depression  was  most  profound,  and  there 
was  intense  cyanosis  with  fearful  paroxysms  of  dyspnoea. 
In  my  own  case  of  fatal  poisoning  the  patient,  who  had 
taken  small  doses  of  the  tincture  at  intervals  after  a 
debauch  without  any  marked  effect,  took  probably  a  half 
ounce  of  the  fluid  extract,  and  when  found  a  half-hour 
later  was  intensely  cyanosed,  pupils  dilated,  jaw  dropped, 
lids  drooised,  muscles  completely  relaxed,  with  weak 
heart  and  shallow  and  weak  respiration.  The  patient 
was  somnolent,  but  could  be  aroused.  Despite  all  ef- 
forts death  resulted  in  seven  and  one-half  hours.  The 
poison  seems  to  be  a  spinal  depressant,  as  is  shown  by 
its  late  involvement  of  the  higher  intellectual  centres, 
and  the  fact  that  the  poison  acts  upon  the  pithed  frog 
and  when  the  main  artery  of  an  extremity  is  tied.  It 
seems  to  be  particularly  a  respiratory  poison.  After 
death  no  distinctive  pathological  changes  are  found. 
There  are  no  true  chemical  or  physiological  antidotes. 
Morphine,  which  has  been  extolled  as  an  antidote  and 
which  appeared  in  Blake's  and  Courtwright's  cases  to 
have  rendered  excellent  service,  has  been  shown  by  Reh- 
fuss  in  his  experiments  to  be  in  no  sense  an  antidote, 
only  slightly  retarding  the  effects  of  gelsemium  and  not 
acting  in  this  way  as  efficiently  as  atropine. 

The  treatment  of  gelsemium  poisoning  must  be  con- 
ducted upon  general  principles.  The  stomach  should  be 
evacuated,  and  the  respiration  maintained  b}'  strychnine, 
atropine,  artificial  respiration,  and  faradism  of  the 
respiratory  muscles.  The  heart  suffers  secondarilj',  and 
nitroglycerin  and  digitalis  will  be  of  service  in  maintain- 
ing its  action.  Rehfuss,  as  a  result  of  his  experimental 
studies,  recommends  emetics,  ammonium  carbonate, 
brandy,  and  the  early  and  repeated  use  of  small  doses  of 
atropine  to  sustain  respiration;  in  addition  sinapisms, 
faradic  current,  and  artificial  respiration.  Jepson  used 
hypodermics  of  strychnine  successfully  in  one  case.  In 
my  own  fatal  case  there  was  very  marked  improvement 
following  the  administration  of  atropine  and  nitroglyce- 
rin combined  with  artificial  respiration  and  faradism  of 
the  respiratory  muscles.  The  pulse,  which  had  been  very 
feeble,  increased  in  strength,  the  cyanosis  disappeared; 
the  respirations,  which  had  been  shallow,  feeble,  and  ir- 
regular, became  full  and  deep,  so  that  the  lips  previously 
blue  became  rosy.  The  patient  was  lying  upon  a  blan- 
ket before  an  open  fire  in  a  rapidly  chilling  room.  The 
improvement  was  so  marked  that  we  felt  the  worst  had 
been  averted,  and  we  then  attempted  to  move  him  nearer 
the  fi]'e  by  lifting  him  by  the  corners  of  the  blanket.  By 
this  his  diaphragm  was  cramped,  and  he  died  instantly 
— a  warning  regarding  the  care  which  should  be  used  in 
moving  patients  under  these  circumstances.  Were  the 
writer  to  be  again  confronted  with  a  case  of  gelsemium 
poisoning  he  would  rely  upon  repeated  hypodermics  of 
atropine  and  strychnine,  and  would,  if  the  Fells  appara- 
tus, which  has  proved  so  successful  in  opium  poisoning, 
were  at  hand,  maintain  artificial  respiration  by  the  aid 
of  this  instrument.  Faradism  of  the  respiratory  mus- 
cles is  a  powerful  adjuvant,  but  that  its  application  to 
the  hands  should  have  had  the  result  of  banishing  all 
symptoms  "  instantaneously  and  permanently  "  in  Dr. 
Main's  own  case  seems  remarkable. 

William  Wotkyns  Seymour. 
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GENEVA  LITHIA  SPRINGS.— Ontario  County,  New 
York. 

Post-Office.  — Geneva. 

Location.  — Geneva. 

The  well-known  Geneva  lithia  water  is  obtained  from 
an  artesian  well  over  eight  hundi-ed  feet  deep,  which  was 
bored  in  1886.  Issuing  from  a  stratum  of  pervious  rock 
defined  by  a  layer  of  medieval  sandstone  sixty  feet  thick 
and  a  deep  substratum  of  hard  slate,  the  water  is  forced 
up  by  an  internal  pressure  of  one  hundred  and  twentj' 
pounds  to  the  square  inch,  and,  if  tmimpeded  at  the  sur- 
face, would  form  a  fountain  eighty  feet  high.  The 
water  is  bright,  clear,  and  sparkling,  being  agreeable 
to  the  palate  and  excellently  adapted  for  table  use.  The 
following  analysis  was  made  by  Prof.  A.  Auchie  Cun- 
ningham, F.C.S. : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  sulphate 83.13 

Magnesium  carbonate 16.00 

Potassium  chloride 13.40 

Sodium  chloride 24.54 

Sodium  sulphate 17.64 

Aluminum  sulphate 8.75 

Lithium  bicarbonate 10.03 

Lithium  sulphate 4.10 

Iron  carbonate 2.15 

Calcium  sulphate  18.75 

Calcium  carbonate 35.84 

Phosphoric  acid Trace. 

Total 234.33 

There  is  an  entire  absence  of  organic  matter.  The 
analysis  shows  a  valuable  lithia  water,  which  possesses 
many  excellent  qualities.  It  may  be  classed  as  belong- 
ing to  the  lithiated-saline  chalybeate  variety.  Aside 
from  its  strong  impregnation  w'ith  the  bicarbonate  and 
sulphate  of  lithia,  it  possesses  enough  of  the  sulphates 
of  magnesium  and  sodium  to  give  it  laxative  properties, 
and  enough  iron  to  make  it  a  valuable  ferruginous  tonic 
when  taken  continuously.  The  water  is  used  commer- 
cially, and  has  an  extensive  sale.  It  has  tlie  indorsement 
of  many  prominent  physicians  of  tlie  great  Eastern  cities. 
The  water  resembles  that  of  a  spring  at  Rippoldsau,  in  the 
Duchy  of  Baden,  but  is  more  heavily  charged  with  iron 
and  free  phosphoric  acid.  It  is  extensively  employed 
in  anaemic  states  and  general  debility,  and  in  many  of  the 
conditions  resulting  from  the  uric-aeid  diathesis,  viz., 
gout,  dyspepsia,  rheumatism,  renal  and  vesical  calculus' 
Bright's  disease,  etc.  James  K.  Crook. 

GENITAL  ORGANS,  FEMALE.  See  Sexual  Orgam 
Feniiile. 

GENITAL  ORGANS,  MALE.-Embryology  of  the 
Genital  Organs.— In  order  to  have  a  proper  knowledge 
of  the  normal  and  at  times  abnormal  anatomy  of  the  hu- 
man male  genital  organs,  it  is  essential  that  a  brief  i-eview 
of  the  main  facts  of  their  embryology  should  be  presented 

That  the  liigher  types  of  vertebrates,  during  their  de- 
velopment, pass  through  stages  the  essentials  of  which 
are  permanent  in  some  of  the  forms  below  them  is  par 
ticularly  well  exemplified  by  a  study  of  the  embrvotocv 
of  the  genital  organs.  ^■' 

In  the  light  of  the  theory  of  development  many  rases 
of  anomaly  of  the  genital  organs  will  furnish  striking 
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evidence  of  either  atavinin  or  arrested  development.  In  the 
growth  of  the  embryo  there  Is  at  first  a  period  during 
which  there  is  no  indication  of  any  provision  either  for  a 
urinary  or  a  generative  function.  A  little  later  the  rudi- 
ments of  a  urogenital  apparatus  are  developed,  but  as 
yet  there  is  no  evidence  of  sexual  differentiation. 

In  the  course  of  embryological  changes  it  will  be  ob- 
served that  certain  of  the  structures  concerned  appear 
and  assume  their  permanent  characters.  Gradually  and 
without  modification  of  plan  other  structures,  at  first 
employed  for  purposes  unrelated  to  the  urogenital  ap- 
paratus, become  adapted,  secondarily,  for  special  pur- 
poses in  this  system;  others,  though  belonging  to  this 
system  from  the  first  and  attaining  to  a  condition  of 
functional  activity  in  one  direction,  are  later  adapted  to 
altogether  different  activities  in  another  direction ;  lastly, 
other  rudiments,  according  to  the  sex  developed,  either 
become  elaborated  into  efficient  and  important  parts  of 
the  reproductive  organs,  or  dwindle  into  useless  vestiges 
that  never  take  any  part  in  the  normal  work  of  the  body. 
In  order  that  the  reader  may  appreciate,  to  some  ex- 
tent, the  significance  of  references  to  the  lower  animals, 
it  may  be  well  to  state  here  that  Tunicates  are  the  lowest 
vertebrates  known.  Then,  according  to  the  grade  of  or- 
ganization and  from  the  simpler  to  the  higher,  come,  in 
order,  the  Acrania  (Amphioxus),  Cyclostoraes,  Fishes, 
Amphibians,  Reptiles  and  Birds,  and,  highest  of  all,  the 
Mammals.  The  Mammals  are  further  subdivided,  ac- 
cording to  grade  of  organization,  into  the  Monotremes, 
Marsupials,  and  Placentals. 

The  common  embryonic  foundations  of  the  sexual  or- 
gans, male  and  female,  are  as  follows,  viz. :  for  the 
internal  organs  of  generation  they  Arathe  germitial  gland, 
the  Wolffian  duct,  the  mesonephros,  the  Mallerian  duct,  a 
part  of  the  intra -emhryonic  allantois,  a  part  of  the  cloacn. 
and  a  part  of  the  proctodeum  (Fig^.  2277  and  2378). 

For  the  external  organs  of  generation  they  are  the 
genital  eminence,  genital  groove,  genitid  folds,  and  genital 
ridges  (Figs.  2281  and  2282). 

In  intimate  relation  with  the  Wolffian  duct  arise,  in 
orderly  sequence,  three  important  structures— viz.,  the 

pronephros  or  head  kidney,  mesonephros  or  Wolffian  body 
(midkidney),  and  tl^e  metanephros  or  hind  (permanent) 
kidney  (Fig.  2277). 

These  nephric  structures  all  lie  in  the  dorsal  wall  of 
the  embryo's  abdominal  cavity  (coelom)  near  the  point 
where  the  somatic  and  splanchnic  layers  join  (Fig.  2276); 
they  extend,  on  either  side  of  the  notochord  (primitive 
vertebral  column),  from  the  neighborhood  of  the  heart 

to  the  tail  end  of  the  embryo,  one  behind  the  other  in  the 

order  iiidicated  by  their  names. 

The  intestinal,  urinary,  and  reproductive  organs  are 

not  only  intimately  related  in  the  adult,  but  thev  are  still 

more  intimately  related  in  the  embryo  (Fig.  2277),  and 

therefoie   they  must  be 

referred   to,   in  varying 

degrees,    in     describing 

the  development  of  the 

male   sexual  apparatus. 
At   an   early  stage  of 

the  embryo  an  evagina- 

tion    occurs     from     the 

ventral    surface   of   the 

hind  gut  near  its  caudal 

end  to  form  tlie  allantois 

(Fig.  2277,  .1).    The  part 

of  the  hind  gut  caudad 

of   the   allantois  is  the 

cloaca  ( 01).     The  cloaca 

is   present   permanently 

in  all  vertebrates  from 

Fishes  to  Monotremes. 

Berehipnnnt  of  the  In- 
ternal Genitid    Organs.- 

duct  are  evolved   as   follows:'  the   mesothelial  cells   of 

the  somatic  navoilenii  (Fig.  2276,  No.  6)  near  the  mid- 
dle plate  (No.  5)  cvagiuate  on  both  sides,  and   form  a 

cord   of  cells  parallel  with  the  notochord;    at  several 


Fig.  2278.— Transverse  Section  of  a 
Seventeen-Day  Sheep  Embryo.  Dia- 
grammatic. 1,  Coelom  (pleuro- 
peritcneal  cavity) :  2,  entoderm ;  3, 
notochord  ;  4,  splanchnic  mesoderm 
or  mesoblast ;  .5,  middle  plate ;  6,  so- 
matic mesoderm  or  mesoblast;  7, 
ectoderm ;  8,  neural  canal ;  9,  par- 
axial mesoblast. 
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points  along  the  ceplialic  extremity  of  tliis  longitudinal 
cord  of  eells  it  retains  its  connection  witli  the  lining 
cells  of  the  ccelom  (abdominal  cavity)  b.y  short  trans- 
verse cords  of  cells.  Soon  the  cell  cords  are  liollowed 
out,  and  thus  are  formed  the  segmental  or  Wolffian  duct 
(Fig.  3377,  IT),  wliicli  passes  caudad  and  empties  into 
the  clonal  (CI),  and  several  sliort  transverse  puhulex  (Nos. 
1,  1,  1),  opening  at  one  end  into  the  coelom  and  at  the 
other  extremity  into  the  Wolffian  duct.  The  transverse 
tubules  in  the  immediate  neigliborhood  of  tlieir  ccclomic 
extremities  are  evaginated  by  a  tuft  of  capillary  blood- 
vessels from  a  bi-ancli  of  the  adjacent  axial  blood-vessel 
(aorta),  so  tliat  a  series  of  glome riili  are  formed.  Tlirough 
the  physiological  activity  of  the  cells  of  the  glomeruli 
the  urinary  constituents  are  eliminated  in  the  Anamnia 
from  the  blood  and  passed  along  the  transverse  tubules 
into  the  Wolffian  duct  and  cloaca  and  thence  evacuated 
from  the  body.  It  is  thus  seen  that  the  transverse  tubules 
and  their  glomeruli  constitute  a  segmental  primitive  kid- 
ney (pronephros).  This  pronephros  (Fig.  2377,  Nos.  1, 
1,  1),  though  functional  in  Cyclostomes,  Teleosts,  and 
larval  Amphibians,  is  vestigial  in  Selachians,  Reptiles, 
Birds,  and  Mammals,  and  never  functionates  as  a  urinary 
organ;  it  soon  gives  place  to  the  more  important  ineso- 
Tiephros  (Fig.  3377,  Nos.  2,  3,  3,  3). 

Simultaneously  with  the  segmentation  of  the  paraxial 
mesoderm  (Fig.  2376,  No.  9)  into  the  somites,  tlie  middle 
plate  undergoes  segmentation,  and  each  segment  is  called 
a  nephrotome.  In  the  lower  vertebrates  each  nephrotome 
is  hollow  and  is  formed  by  evaginatiou  of  the  ccelomic 
mesothelium;  but  in  Reptiles,  Birds,  and  Mammals  the 
nephrotomes  are  at  fii'st  solid  cords  of  cells  which  subse- 
quently become  hollowed  out  and  converted  into  a  series 
of  transverse,  short  canals  situated  behind,  caudad  of, 
the  pronephros.  They  soon  acquire  connection  witli  the 
previously  formed  Wolffian  duct.  Collectively  tliey  con- 
stitute the  Wolffian  body  or  mewnepliros.  At  tlie  ce- 
phalic end  of  the  Wolffian  duct,  the  now  atrophied  ti'ans- 
verse  tubules  and  glomei-uli  of  the  jjronephros  are  still  in 
connection  with  it.  Embryologists  usually  compare  the 
mesonephros  with  its  Wolffian  duct  to  a  comb,  the  duct 
corresponding  to  the  back  of  the  comb,  and  the  short 
transverse  tubules  representing  the  teeth. 

In  the  further  development  of  the  mesonephros  each 
transverse  tubule  becomes  somewhat  saccular  midway 
between  its  two  extremities,  and  then  the  sacculated  por- 
tion is  invaginated  by  a  tuft  of  capillary  blood-vessels 
derived  from  an  arterial  branch  of  the  aorta.  The  in- 
vaginating  tuft  of  capillaries  is  known  as  a  Malpighian 
tuft,  while  the  invaginated  portion  of  the  transverse 
tubule  is  called  the  Malpighian  capsule ;  the  two  together 
constitute  a  pi'imitive  Malpighian  body,  analogous  with 
the  Malpighian  bodies  of  the  permanent  kidney  or  meta- 
uephros.  Bj^  the  development  of  secondary  tubules  and 
Malpighian  bodies  the  complexity  of  the  mesonephros  is 
greatly  increased. 

In  those  vertebrates  in  which  the  pronephros  attains 
to  a  temporary  functional  activity,  as  in  Cyclostomes, 
Teleosts,  and  Amphibians,  the  mesonephros  appears  rela- 
tively late;  on  the  contrary,  in  those  animals  in  which 
the  pronephros  remains  rudimentary,  as  in  Sharks,  Rep- 
tiles, Birds,  and  Mammals,  the  mesonephros  is  developed 
early. 

In  the  Anamnia  (Fishes  and  Amphibians)  the  mesone- 
phros not  only  acquires  relations  with  the  sexual  appa- 
ratus, but  also  functionates  as  a  urinary  organ.  Hence 
in  these  animals  there  is  no  metanephros.  In  the  Amnia 
(Reptiles,  Birds,  and  Mammals)  the  mesonephros  func- 
tionates as  a  urinary  organ  only  a  short  period  during 
embryonic  life;  it  undergoes  profound  retrograde  and 
adaptive  changes  soon  after  its  formation  and  enters  into 
the  exclusive  service  of  the  sexual  apparatus,  serving 
as  channels  to  conduct  the  sexual  cells  from  the  germinal 
glands  in  the  male,  and  becoming  entirely  vestigial  in  the 
female  (parovarium  and  paroophoron). 

The  transverse  tubules  of  the  mesonephros  are  divis- 
ible, in  man,  into  an  anterior  or  cephalic  series  and  a  pos- 
terior or  caudal  set.     The  former  are  the  sexual  set,  and 


the  latter  become  vestigial  as  the  paradidymis  and  vas 
aberrans  (homologous  with  the  paroophoron  of  woman) 
(Fig.  3379). 

In  Ihe  Amnia  the  permanent  urinary  organ  is  the  meta- 
nephros. While  the  mesonephros  and  its  Wolffian  duct 
are  temporarily  functionating  as  a  kidney,  an  evagina- 
tion  occurs  from  the  caudal  extremity  of  the  duct. 

This  evagination  soon  lengtliensinto  a  tube  (Fig.  2377, 
M<t),  which  extends  ccphalad,  toward  the  caudal  part  of 
the  mesonepliros.     The  ceplialic  end  of  the  rudimentary 


Fig.  2277.— Early  Embryonic  Condition  of  the  Urogenital  System. 
Diagrammatic.  Sex  undifTerentiated.  A,,  Allantois ;  CI.,  cloaca; 
H.  O.,  hind  gut ;  W..  Wolffian  duct ;  M..  Mullerian  duct ;  1, 1, 1, 
pronephros ;  2,  2,  2,  2,  mesonephros  (Wolffian  body) ;  Met.,  meta- 
nephros (rudimentary  permanent  kidney)  ;  G.  G.,  germinal  gland  ; 
D.  Xj.,  diaphragmatic  ligament ;  I.  L.,  inguinal  ligament. 

metanephros  branches  freelj'  to  form  a  number  of  smaller 
tubes.  The  surrounding  undifferentiated  mesodermic 
cells  form  enveloping  connective  and  vascular  tissue.  The 
blind  end  of  each  little  tube  becomes  dilated  and  then 
invaginated  by  a  tuft  of  capillary  blood-vessels  so  that 
JMalpighian  bodies  are  formed  analogous  to  those  in  the 
pro-  and  mesonephros.  Tlie  tubules,  owing  to  excessive 
growth  in  length,  become  tortuous  and  convoluted.  The 
stalk  of  the  diverticulum  becomes  the  ureter,  while  the 
dilated  part  from  which  the  branches  are  given  off  differ- 
entiates into  the  pelvis  of  the  kidney  with  its  infundibula 
and  calyces. 

Shortly  after  the  formation  of  the  mesonephros  another 
tube  (Mullerian.  duct)  appears  (Fig.  3377,  M.).  It  lies  close 
to  the  outer  side  of  the  Wolffian  duct  and  parallel  with 
it.  It  arises  b}'  evagination  of  the  mesothelium  of  the 
coalom  in  the  form  of  a  solid  cord  of  cells  and  later  ac- 
quires a  lumen.  The  cephalic  end  of  the  duct,  near  the 
pronephros,  maintains  a  communication  with  the  coelom 
by  means  of  an  expanded  funnel-shaped  mouth,  while  the 
caudal  part  empties  into  the  cloaca.  Its  lower  segment 
becomes  closely  associated  with  its  fellow  of  the  oppo- 
site side  and  with  the  two  Wolffian  ducts,  thus  forming 
the  genital  cord.  The  cloacal  segments  of  the  Milllerian 
ducts  fuse  early  into  a  common  tube,  except  in  the  Mono- 
tremes,  wliere  they  remain  permanently  separate  and 
empty  into  the  urogenital  sinus  (Fig.  3278,  M.).       In  all 
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other  Mammals  they  fuse  to  a  greater  and  greater  degree 
in  the  ascending  mammalian  scale.     Varying  degrees  ot 
reversion  to  the  more  primitive  types  occur  as  instruc- 
tive anomalies  in  human  anatomy. 
In  the  ascending  vertebrate  scale,  the  Wolffian  duct 


Fig.  2278.— Embryonic  Condition  ot  the  Urogenital  System  Later  than 
that  Represented  in  Fig.  2277.  Diagrammatic.  The  allantois  has 
differentiated  into  the  urachus  (U.),  bladder  iB.\  and  urogenital 
sinus  iU.O.).  The  proctodeum  has  appeared  and,  with  the  cloaca. 
Is  undergoing  subdivision  by  the  lormation  of  the  perineum  (S.). 
XI.  of  CI.,  Urogenital  part  of  the  cloaca;  U.  of  P.,  urogenital  part 
of  the  proctodeum  ;  A.  of  P.,  anal  part  of  the  proctodeum  ;  A.  of 
CI.,  anal  part  of  the  cloaca;  H.  G.,  hind  gut;  G.  E.,  genital  emi- 
nence ;  Met.,  metanephros  (permanent  kidney)  ;  W.,  caudal  part 
of  the  Wolffian  duct ;  M.,  caudal  part  of  the  Miillerian  duct. 

first  appears  in  Cyclostomes,  the  Miillerian  duct  in  Elas- 
mobranchs,  and  the  metanephric  ureter  in  Reptiles. 

This  is  a  convenient  place  to  state  that  the  intra-embry- 
onic  portion  of  the  allantois — in  other  words,  that  portion 
extending  from  the  umbilicus  to.  the  cloaca — becomes  dif- 
ferentiated into  three  segments  as  follows:  The  middle 
part  dilates  to  form  the  bladder  (Fig.  2278,  B.),  the  um- 
hilical  portion  becomes  the  iirac!ms(U.),  and  the  cloacal 
segment  differentiates  into  the  urogenital  sinus  ( U.  tr. ). 

Through  unequal  growth  of  the  parts  the  Wolffian  and 
Miillerian  ducts  shift  their  positions  from  the  cloaca  to  the 
urogenital  sinus  (Figs.  2277  and  2278),  and  also  the  duct 
(ureter)  of  the  metanephros  (permanent  kidney)  shifts  its 
position  from  the  Wolffian  duct,  first,  to  the  urogenital  si- 
nus (Fig.  2278,  Met.),  and,  finally,  to  the  base  of  the 
bladder  (Fig.  2279,  Met.).  Only  in  the  Monotremes, 
among  Mammals,  do  the  ureters  open  permanently  into 
the  urogenital  sinus. 

In  the  twelfth  week  of  the  embryo  the  urogenital  sinus 
acquires  thick  muscular  walls,  and  the  lining  epithelial 
tube  evaginates  into  the  muscular  tissue  in  the  form  of 
little  sacs,  the  lining  cells  of  which  differentiate  into  se- 
creting epithelium.  Thus  is  formed  the  jwontate  gland 
enveloping  the  urogenital  sinus  or,  as  it  is  now  desig- 
nated, the  prostatic  urethra.  The  prostatic  uiethi-a  is 
homologous  with  the  urethra  and  the  proximal  purt  of 
the  internymphal  space  of  the  adult  female  (Fig.  2280). 
The  musculo-glandular  part  of  the  prostate  is  possibly 
homologous  with  the  musculo-glandidar  part  of  the  ute- 
rus. In  this  connection  it  is  interesting  to  note  that 
castration  leads  to  atrophy  of  the  prostate  and  removal 
of  the  ovaries  induces  atrophy  of  the  uterus. 

While  the  Miillerian  duct  is  developing,  a  thickening 
of  the  mesothelial  cells  of  the  coelom  occurs  close  to  the 
ventromesial  portion  of  the  mesonephros,  thus  forming 


an  elongated  swelling  {germinal  ridge)  on  the  wall  of  the 
ccelom.  By  the  proliferation  of  the  mesoblastic  tissue 
beneath  the  mesothelial  cells  the  germinal  ridge  is  still 
further  enlarged,  ultimately  forming  the  germinal  gla?id 
(Fig.  2277,  Q.  O.).  The  gland  becomes  gradually  pinched 
ofE  from  the  mesonephros  as  the  embryo  grows,  though 
still  maintaining  a  connection  with  the  vestige  of  this 
body  by  a  fold  of  peritoneum  (mesorchium  or  mesova- 
rium). 

In  the  differentiation  of  the  male  from  the  above- 
mentioned  indifferent  fundiments  the  following  changes 
take  place,  viz. :  columns  of  mesothelial  cells  of  the  ger- 
minal gland  are  evaginated  into  the  mesoblastic  tissue  as 
sjKrm  tubes,  or  sexual  cords.  By  growths  of  the  meso- 
blastic tissue  the  sexual  cords  are  divided  into  roundish, 
follicle-like  masses,  which  become  hollowed  out  to  con- 
stitute the  seminal  ampullar.  These,  by  further  growth, 
are  transformed  into  seminiferous  tubules  (Fig.  3288,  No.  6), 
containing,  among  many  smaller  cells,  a  less  number  of 
large  sperm  cells  (spermatogones)  which  develop  into 
spermatozoa.  By  further  transformations  the  character- 
istics of  the  adult  testicle  proper,  or  didymis  (Fig.  2287, 
Tunica  vag.  Vis.),  are  developed.  At  the  same  time 
marked  changes  occur  in  the  mesonephros,  for  from  the 
sexual  series  of  the  transverse  tubules  of  this  organ 
cords  of  cells  penetrate  the  germinal  glands  and  fuse  with 
the  seminiferous  tubules.  The  conversion  of  the  cell 
cords  into  tubes  produces  the  coni  rasculosi  of  the  head  or 
globus  major  (Fig.  3288,  No.  2;  Fig.  2379,  No.  8;  Fig. 
2387)  of  the  epididymis,  which  are  homologous  with  the 
parovarium  of  the  female ;  the  rasa  efferentia  (Fig.  2388, 
No.  3);  the  rete  testis  (No.  9);  and  the  rasa  recta  (No.  7). 
Tlie  cephalic  part  of  the  Wolfflan  duct  (from  the  mesone- 
phros, Fig.  2277)  develops  into  the  body  (Fig.  2288,  No. 
10)  and  tail  or  globtis  minor  (Fig.  2288,  No.  10;  Fig. 
2379,  Nos.  4,  4,  4,  4)  of  the  epididymis,  while  the 
caudal  portion  becomes  the  ras  deferens  (Fig.  2288.  No. 
13;  Fig.  3379,  W.)  (homolo.gous  with  the  duct  of  Gart- 
ner of  the  female).  Near  the  extreme  caudal  portion  of , 
the  Wolffian  duct  an  evaginated  pouch  appears  which 
develops  into  the  seminal  bladder  (Fig.  3379,  T'. )  and  its 
duct.  Caudad  of  this  evagination  the  Wolffian  duct 
becomes  the  ejaculatory  duct. 

The  pronephros  degenerates  in  both  sexes  into  a  ves- 
tige, the  stalked  hydatid,  or  hydatid  of  Morgagni,  a  little 
pedunculated  sac  attached  to  the  upper  part  of  the  epi- 
didymis in  the  male  (Fig.  2279,  No.  7;  Fig.  2287).  The 
non-sexual,  caudal  series  of  mesonephric  tubules  likewise 
give  rise  to  a  vestigial  structure,  the  paradidymis  (Fig. 
2279,  Nos.  3,  3,  3),  or  organ  of  Giraldfes,  homologous  with 
the  paroophoron  in  the  female,  lying  among  the  convolu- 
tions of  the  tail  of  the  adult  epididymis.  Primitively  the 
germinal  glands  were  arranged  segmentally  and  extended 
along  a  greater  number  of  somites  as  in  Amphioxus  at 
present.  Each  segment  discharged  its  germ  cells  into  an 
atrium  and  thence  bj'  an  atriopore  to  the  external  water 
where  impregnation  took  place ;  or,  as  in  the  higher  C.y- 
clostomes,  the  spermatozoa  were  discharged  into  the  coe- 
lom and  made  their  way  through  the  urogenital  pores 
into  the  urogenital  sinus  and  thence  to  the  water.  Then 
in  Elasmobranchs  the  advance  took  place  by  which  the 
spermatozoa  are  discharged  along  the  Wolffian  duct,  a 
condition  which  persists  in  all  the  higher  vertebrates. 

In  the  male  the  ]Mullerian  duct  becomes  vestigial 
throughout  neai'ly  its  whole  extent.  Its  cephalic  ex- 
tremity persists  as  the  sessile  or  unstalked  hydatid  (Fig. 
2279,  No.  6),  and  is  homologous  with  the  fimbriated  ex- 
tremity of  the  Fallopian  tube  in  the  female.  It  is  a  small 
vesicle  attached  to  the  cephalic  pai't  of  the  testicle.  The 
caudal  part  of  the  duct  becomes  the  uterus  ma.irulinus 
(Fig.  2279,  M.),  and  is  homologous  with  the  vagina  and 
uterus.  Should  the  intervening  part  of  the  duct  per- 
sist in  a  patulous  condition  it  is  known  as  the  duct 
of  Rathke  and  is  homologous  with  the  oviduct  of  the 
female. 

Testes.  The  testes  in  some  Mammals,  as  in  Manis 
among  the  Edentates,  are  subintegumental  and  lie  in  the 
inguinal  canal.     They  remain  normally  in  the  abdomen 
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in  many  Mammals,  as  in  Monotromes,  most  Edentates, 
and  the  Elephant. 

During  ontogeny  the  testes  arise  in  the  same  relative 
position  as.  the  ovaries  in  Mammals.  Whereas  normally, 
in  man,  the  ovary  never  passes  further  caudad  than  the 
pelvis,  the  testis  usually  passes  out  of  the  abdomen 
through  the  ingvinal  canal  into  an  evagination  of  the  ab- 
dominal wall  (scrotal  sac)  lined  by  evaginated  peritoneum 
(.tunica  vaginalis).  In  some  of  the  lower  Mammals  the 
two  scrotal  sacs  continue  separate,  but  in  man  they  unite 
by  a  median  raphe  into  a  single  scrotum.    In  man  and 


_A.or  CI. 


Fig.  2279.— Diagrammatic  Representation  of  the  Adult  Male  Urogen- 
ital System.  Illustrating  especially  the  embryonic  elements  that  en- 
ter into  the  formation  ol  the  male  urethra,  the  epididymis,  and  the 
rectum.  The  testicle  (G.  O.)  and  its  related  but  much  modifled 
mesonephros  (3, 3,  3,  4,  4,  4,  4,  5,  8)  have  descended  Irom  the  abdom- 
inal cavity  into  the  scrotum.  Z7mb.,  Umbilipus :  17.,  urachus ;  B., 
bladder ;  U.  O.,  prostatic  urethra  (urogenital  smus)  ;  U.ofCl,  to- 
gether with  U.  of  P.,  form  the  membranous  urethra  (U.  of  CI.  is 
the  urogenital  part  of  the  cloaca,  and  U.  of  P.  is  the  urogenital  part 
olthe  proctodeum) ;  0.  of  G.  E.,  spongy  urethra  (canal  of  the  gen- 
ital eminence) ;  Met.,  permanent  kidney  (metanephros)  and  ureter ; 
V  vesicula  seminalis ;  M.,  uterus  masculinus  (distal  vestige  of 
MuUerian  duct)  ;  W.,  vas  deferens  (Wolffian  duct) ;  Ext.  ^o.,  ex- 
ternal abdominal  ring ;  6,  sessile  hydatid  (proximal  vestige  ol  Mul- 
lerlan  duct) ;  7,  stalked  hydatid  (vestige  of  pronephros) ;  8,  globus 
major  of  the  epididymis ;  4,  4,  4,  4,  body  and  globus  minor  of  the 
epididymis  continued  Into  the  vas  deferens  (TT.) ;  8,  4.  4,  4,  4,  sex- 
ual adaptations  of  the  mesonephros;  5,  vas  aberrans  (vestige  ol 
mesonephros):  3,3,  3,  paradidymis  (non-sexual  vestige  of  meso- 
nephros^ ;  G.  (?.,  testicle  or  dldymis  (germinal  gland) ,  A.  of  r., 
anal  part  of  proctodeum ;  A.  of  a.,  anal  part  of  cloaca ;  H.  G-., 

'"'compare  the  male  urethra  with  the  female  urethro-lntemymphal 
channel  (Fig.  2280, 1,  2,  4,  5,  6). 

most  Mammals  the  testes  remain  permanently  in  the  scro- 
tum by  reason  of  the  great  reduction  in  size  of  the  in- 
guinal canal.      Through  arrest  of  development  man  s 


testicles  may  present  all  degrees  of  reversion  in  position 
to  that  of  more  primitive  types. 

The  descent  of  the  testes  is  a  late  development  pecul- 
iar to  iMammals.  Primitively  it  was  a  periodic  phenom- 
enon occurring  in  the  adult.  At  present,  in  the  hedge- 
hog, the  testes  retain  their  primitive  ccelomic  position  up 
to  the  rutting  period;  but  as  the  rut  approaches  they 
come  to  lie  in  evaginable  portions  of  the  abdominal  wall 
in  the  inguinal  region.  After  the  rutting  season  they  re- 
turn to  their  abdominal  position. 
In  their  descent  the  testicles  necessarily  drag  after 
them  their  attached  structures,  such  as  the 
spermatic  artery  and  veins,  the  vas  deferens,  lym- 
phatics, and  nerves,  all  bound  together  by  con- 
nective tissue,  and  thus  constituting  the  sperma- 
tic cord  (Fig.  2387,  Funiculus  Sperm.). 

Mode  of  descent  of  the  testicle.     The  descent  of 
the  testicle  is  a  striking  feature  of  its  develop- 
ment.    From  the  mode  of  development  of  the 
mesonephros    and    its    ventro-median     genital 
gland,  they  both  are  situated  behind  the  peri- 
toneal sac.     Increasing  in  size  they  invaginate 
the    sac  and   apparently   project   into  the  ab- 
dominal cavity,  being  held  in  position  by  peri- 
toneum (mesorchium).     Since  the  mid-kidney  is 
the  most  conspicuous  part  of    the   projecting 
mass,  the  portion  of  the  mesorchium  extending 
to  the  diaphragm  is  called  the  diaphragnuitic 
ligament  (Fig.  2377,  D.  L.)  of  the  kidney  and  the 
segment  extending  to  the  inguinal  region  is  des- 
ignated its  inguinal  ligament  (Fig.  2277,  I.  L.). 
When  the  primitive  kidney  has  become  incorpo- 
rated with  the  testicle  as  a  part  of  its  excretory 
apparatus,  the  inguinal  ligament  connects  exclus- 
ively the  testicle  with  the  inguinal  region.     The 
Inguinal  ligament  contains  between  its  peritoneal  folds 
connective  tissue  and  unstriped  muscular  fibres,  which 
become  the  gubernaculum  testis.    It  is  through  processes  of 
unequal  growth  of  the  body  of  the  fcetus  and  the  tissues 
of  the  ligament  that  the  testicle  is  displaced  from  the  side 
of  the  lumbar  spine  to  the  false  pelvis  and  thence  through 
the  inguinal  canal  into  the  scrotum.     The  most  primitive 
mode  of  descent  is  that  observed  in  Insectivores,  where  it 
is  accomplished  through  the  agency  of  the  cremasteric 
muscle. 

Development  of  the  E.rtenial  Genital  Organs. — While  the' 
allantois  is  growing  there  is  formed,  near  the  caudal  ex- 
tremity of  the  embryo,  a  surface  depression  extending 
toward  the  cloaca.  This  depression  is  known  as  the  anal 
pit,  or  proctodeum.  The  anal  pit,  though  communicating 
with  the  surface,  is  partitioned  off  from  the  cloaca  by  the 
anal  membi'ane.  This  membrane  has  its  mesoblast 
crowded  aside  by  the  anal  epiblast  and  the  cloacal 
hypoblast  growing  together.  By  the  breaking  down  of 
the  anal  membrane  the  cloaca  is  enlarged  and  communi- 
cates with  the  surface.  Should  the  membrane  fail  of 
normal  absorption  a  child  would  be  born  with  imperforate 
anus. 

In  Fishes,  Amphibians,  Reptiles,  Birds,  and  the  lowest 
Mammals  (Monotremes),  the  cloaca  is  a  permanent  struct- 
ure through  which  the  intestinal,  urinary,  and  testicular 
secretions  are  voided.  Man  evolves  first  to  and  then 
beyond  the  cloacal  state.  In  all  mammals  above  Mono- 
tremes, and  therefore  in  man,  the  enlarged  cloaca  (cloaca- 
proctodeum)  undergoes  division  about  the  eighth  week 
into  a  dorsal  or  anorectal  cloaca  (rectum  and  canal  of  the 
anus)  and  a  ventral  or  urogenital  cloaca  (Pig.  2278,  U.  of 
Gl.,  A.  of  VI.,  U.  of  P.,  A.  of  P.).  This  division  is  accom- 
plished by  the  growth  and  fusion  of  three  ridges,  one  of 
which  appears  at  the  point  of  union  of  the  gut  and  the 
urogenital  sinus,  while  the  other  two  extend,  one  from 
each  lateral  wall  of  the  cloaca.  The  septum  formed  by 
the  growth  and  fusion  of  the  three  ridges  continues  to 
thicken,  especially  near  the  surface,  until  it  forms  a 
pyramidal  mass  of  tissue,  called  the  perineum,  or,  pref- 
erably, perineal  body  (Pig.  3278,  S.),  since  the  urogenital 
portion  of  the  outlet  of  the  pelvis  has  been  designated  as 
the  perineum.     The  urogenital   portion  of  the  cloaca- 
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proctodeum  develops  into  the  membranous  urethra  of  the 
adult  male.  ,         ,  , 

Just  ventral  to  the  aperture  of  the  cloaca  (cloaca-pro- 
todeum),  about  the  sixth  week,  appears  the  genital  emi- 
nenci-  (Fig.  3278,  G.  E.,  Figs.  2281  and  2282),  and  soon 
both  cloacal  aperture  and  the  eminence  are  surrounded  by 


Fig.  2280.— Sagittal  Section  throuKh  the  Adult  Vulva,  Vaf?ina,  Dretbra, 
etc.  Medial  surface.  Diagrammatic.  1,  Urethra  (proximal  part  of 
the  urogenital  sinus)  ;  2,  distal  part  of  the  urogenital  sinus  or  prox- 
imal part  of  the  internymphal  cleft ;  4,  stratum  of  the  internymplial 
cleft  corresponding  to  the  urogenital  cloaca ;  5,  stratum  of  the  cleft 
corresponding  to  the  urogenital  proctodeum  ;  6,  stratum  correspond- 
ing to  the  genital  groove  of  the  genital  eminence ;  2,  4,  f>,  6,  mesial 
surface  of  the  right  houndary  of  the  internymphal  cleft ;  7,  glans 
cUtoridis  ;  8,  fourchette ;  B,  bladder ;  10,  duct  of  Gartner  (persistent 
Wolffian  duct)  :  3,  vagina  (enlarged  Mullerian  duct) ;  11,  rectum;  1, 
2,  4, 5, 6,  urethro-lnternymphal  channel  and  homologous  with  the  en- 
tire male  urethra.    Compare  with  Fig.  2279. 

the  genital  ridges.  About  the  eighth  week  a  groove 
{genital  groove)  appears  on  the  under  or  cloacal  surface  of 
the  genital  eminence  in  continuity  with  the  urogenital 
cloaca-proctodeum,  and  therefore  with  the  urogenital 
sinus  (Pigs.  2379,  3381,  and  3283).  The  groove  becoming 
deeper  is  bounded  laterally  by  projecting  folds  (Figs. 
2281  and  2282)  of  skin  {genital  folds).  For  descriptive 
purposes,  later,  the  genital  folds  may  be  divided  into 
intra-  and  extraperineal  portions.  It  is  due  to  the  growth 
of  the  perineal  body  that  the  anus  is  pushed  entirely 
•out  of  the  field  of  the  developed  genital  ridges  (scrotum). 
The  external  genital  organs  of  the  male  represent  a 
further  stage  of  development  than  the  corresponding 
female  parts.  The  genital  eminence  early  acquires  a 
knob-like  extremity  which  develops  into  the  glans  penis 
(homologous  with  glans  clitoridis)  and  its  enveloping 
prepuce  The  rest  of  the  genital  eminence,  exclusive  of 
the  genital  groove  and  genital  folds,  becomes  developed 
into  the  corpora  cavernosa  of  the  clitoris  or  penis,  and 
their  enveloping  tissues.  The  penis  has  well-marked 
intra-  and  extrapei'ineal  segments. 

In  both  sexes,  by  further  growth,  the  genital  folds  are 
extended  along  the  sides  of  the  outlet  of  the  urogenital 
portion  of  the  proctodeum  dorsad  toward  the  perineal 
body,  so  that  a  large  part  of  the  groove  is  caudad  from, 
but  continuous  with,  the  outlet  of  the  proctodeum  (Pig. 
2282).  This  portion  of  the  genital  folds  may  be  spoken  of 
as  the  intraperineal  parts  By  ventrad  extension  of  the 
genital  eminence  and  its  glans  penis,  the  extraperineal 
parts  of  the  penis  are  formed.  The  extraperineal 
development  of  the  genital  eminence  in  the  female  is 
so  slight  that  it  scarcely  exists, — in  her  tlie  eminence  is 
essentially  intraperineal.  In  the  female,  through  luck  of 
fusion  of  the  segments,  the  intraperineal  parts  form  the 
nymphce  with  their  contained  bulbi  mstibuli  and  pars  inter- 
medians  the  lateral  boundaries  of  the  genital  groove,  the 
fourchette  as  the  dorsal  boundary,  and  the  glans  clitoridis 
as  the  ventral  boundary  of  the  genital  groove.  The  geni- 
tal groove,  caudad  from  the  proctodeum,  becomes  in  the 
adult  the  most  caudal  morphological  element  of  the  in- 
ternymphal cleft  (Pigs  2280,  2283).  In  the  male  develop- 
ment proceeds  further  than  the  stage  represented  in  Pig. 
2282.    The  genital  folds  bordering  the  outlet  of  the  procto- 


deum fuse  at  their  free  margins  and  form  the  intraperineal 
portions  of  the  corpus  spongiosum  (bulb  and  portion  of 
the  body),  the  intraperineal  urethra,  and  the  enveloping 
skin.  This  intraperineal  portion  of  the  corpus  spongio- 
sum is  homologous  with  the  bulbi  vestibuli  and  pars  in- 
termedia of  the  female.  By  ventrad  extension  of  the 
genital  eminence  and  its  genital  folds  and  groove,  and 
fusion  of  the  fold  margins,  the  extraperineal  (pendulous) 
portion  of  the  corpus  spongiosum  and  its  urethra  are 
formed.  The  distal  opening  of  the  urethra  is  the  meatus 
uriuarius.  It  is  generally  stated  in  works  on  embryolo- 
gy, to  the  confusion  of  students  of  homology,  that  the 
urogenital  sinus  of  the  sexually  undifferentiated  embryo 
is  homologous  with  the  prostatic  and  membranous  ure- 
thra of  the  male  and  with  the  vestibule  of  the  female. 
But  this  certainly  is  incorrect.  It  seems  to  us  far  more 
in  conformity  with  the  facts  to  say  that  the  embryonic 
urogenital  sinus  (Figs.  2278  and  2279,  U.  O.),  plus  the 
urogenital  cloaca  (  U.  of  GL),  plus  the  urogenital proctodemm 
( v.  of  P.),  and  plus  the  genital  groove  {G.  E.,  or  0.  of  G. 
E.),  differentiate  into  the  male  urethra  from  the  neck  of 
the  bladder  to  the  meatus  urinarius  on  the  one  hand,  or 
into  the  female  urethra  and  internymphal  cleft  on  the 
other  hand  (Fig.  2280).  So  that  the  male  urethra  is 
homologous  with  the  urethro-internymphal  space  of  the 
female. 

The  vestibule  in  human  anatomy  is  described  as  the 
space  extending  from  the  glans  clitoridis  to  the  ostium 
vaginje  and  between  the  nymphse.  The  vestibule  as  thus 
defined  is  useless  for  studying  homologies.  The  wluile 
space  between  the  nymphse  extending  from  the  glans 
clitoridis  (Fig.  2280,  No.  7)  to  the  fourchette  (Fig.  2280, 
No.  8)  must  be  considered.  This  internj'mphal  space  of 
the  female  is  formed  from  several  (four)  distinct  morpho- 
logical elements,  as  follows — viz.,  a  p>art  of  the  urogenital 
sinus  of  the  embryo  (Fig.  2280,  No.  3),  urogenital  cloaca 
(4),  urogenital  proctodeum  (5),  and  genital  groove  (6). 

That  the  most  caudal  part  of  the  internymphal  space 
corresponds  to  the  spongy  urethra  is  illustrated,  among 
other  things,  by  the  fact  that  the  ducts  of  Bartholin's 
glands  open  on  the  mesial  surfaces  of  then}  inpha;  exter- 
nal to  the  hymen,  just  as  the  ducts  of  Cowper's  glands 
open  into  the  spongy  urethra.  The  genital  ridge  differ- 
entiates into  the  mons  veneris,  and  into  two  prominent 
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Fig.  2281.— Undifferentiated  Stage  in  the  Development  of  the  External 
Genital  Organs.  Drawn  from  Zlegler  wax  model  in  United  States 
Army  Medical  Museum.  The  genital  groove  is  continuous  with  the 
undivided  cloaca-proctodeal  cavity. 

pouches  on  eitlier  side  of  the  penis,  which  become  fused, 
by  a  median  raphe,  into  the  scrotum  (homologous  with 
labia  majora  of  female). 

By  consequence  of  evaginations  from  the  genital 
groove  there  are  formed  the  glands  of  Cowper  (homolo- 
gous with  the  glands  of  Bartholin). 

The  differentiation  of  the  genital  ridges  in  the  female 
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iuto  the  labia  ma^ora  enlarges  the  internymplial  space 
into  the  interlabial  space.  In  adult  human  anatomy  the 
nilval  clef  I  usually  means  the  whole  interlabial  space. 
From  the  fact  that  the  external  fundiments  of  the  sexual 
organs  are  exactly  alike  in  both  sexes,  it  is  evident  why, 
through  abnormal  ontogeny,  forms  come  under  observa- 
tion occasionally  which  make  it  very  difficult  to  decide 
whether  they  are  male  or  female.  These  are  the  so- 
called  cases  of  hermaphroditism.  They  arise  either  from 
the  excessive  development  of  certain  fundiments  or  the 
interrupted  development  of  other  parts,  in  botli  the  male 
and  female.  The  male  is  most  subject  to  those  malfor- 
mations which  have  led  to  the  supposition  that  there  may 
be  hermaphroditism  in  man.  They  are  due  to  the  fact 
that  the  normal  processes  of  fusion  are  interrupted  in 
association  with  the  interrupted  dexelopmcut  of  other 
parts.  For  example,  the  genital  ridges  (Fig.  2382)  may 
fail  to  unite  iuto  a  scrotum  and  will  simulate  the  labia 
majora  of  the  female ;  tbe  resemblance  may  be  heightened 
by  the  failure  of  the  testes  to  leave  the  abdominal  cavity ; 
and.  further,  the  penis  may  be  so  rudimentary  as  closely 
to  resemble  a  clitoris.  Again,  as  I  have  seen,  there  may 
l)e  a  verj-  noticeable  depression  between  what  seem  to  be 
incompletely  fused  genital  folds  (Fig.  2282)  and  every  sug- 
gestion of  a  rudimentary  jvrj'i/si/.  The  individual,  though 
an  adult,  may  be  lacking  in  a  gi'owth  of  hair  on  the  face ; 
and,  lastly,  the  mammary  glands,  as  I  have  seen,  may 
be  as  well  developed  as  a  woman's.  But.  in  spite  of  all 
these  misleading  features,  the  presence  of  testes  in  the  ab- 
dominal cavity  would  stamp  the  individual  as  a  man. 
In  a  case  of  this  kind,  unless  a  microscopic  examination 
should  reveal  a  seminal  discharge,  it  would  require  an 
autopsy  to  ascertain  whether  testes  or  ovaries  were  in 
the  abdomen. 

Lack  of  fusion  of  the  genital  folds  leads  to  various  de- 
grees of  a  pathological  condition  known  as  hyposjiadias. 

Copulatory  organs  of  various  forms  occur  amongst 
the  vertebrates,  often  morphologically  distinct  from  one 
another. 

A  specially  modified  portion  of  each  pelvic  fin  (clasper) 
occurs  in  male  Sharks.  Amongst  the  Teleosts  the  male 
Girardinus  has  tlie  terminal  portion  of  the  anal  fin  modi- 
fied for  holding  tbe  female,  and  in  many  Cyprinoids  the 
anal  fin  has  modifications  for  a  similar  function.  A 
marked  swelling  of  the  lips  of  the  cloaca  occurs  in  certain 
Amphibians,  as  the  Urodeles,  during  the  breeding  season, 
by  which  internal  impregnation  may  take  place,  but  only 
in  male  Gymnophiona  is  a  definite  copulatory  organ  pres- 
ent in  the  form  of  an  evei'sible  cloaca,  which  is  regulated 
by  a  well-developed  musculature.  Among  Reptiles  two 
kinds  of  copulatory  organs  exist,  the  one  being  seen  in 
Crocodiles  and  Chelonians,  and  the  other  in  Snakes  and 
Lizards.  In  the  former  the  organ  is  single  and  is  a  thick- 
ened portion  of  the  ventral  wall  of  the  cloaca  which  is 
regulated  by  muscles  and  is  protrusible.  It  consists  of 
erectile  tissue  and  has  its  dorsal  surface  grooved  for  the 
reception  of  the  seminal  fluid  from  the  seminal  ducts. 

In  Snakes  and  Lizards  two  copulator}^  sacs  lie  under 
the  skin  at  the  root  of  the  tail  and  outside  of  the  cloaca, 
which  are  regulated  by  a  well-developed  musculature 
and  can  be  protruded  through  the  cloacal  opening  and 
withdrawn.  A  spiral  groove,  for  the  transmission  of 
semen,  extends  along  each  everted  sac. 

In  most  Birds  the  semen  is  expelled  through  a  non- 
eversible  cloaca,  but  in  many,  copulatory  organs  are 
present  similar  to  those  of  Crocodiles  and  Chelonians. 

In  the  males  of  all  Mammals  except  the  Monotremes, 
Marsupials,  and  some  Edentates  the  penis  consists  of  two 
corpora  cavernosa  attached  proximally  to  the  isrhiii.  and 
a  central  portion,  the  corpiis  spongiosum,  perforated  by  the 
urethral  canal  and  expanded  at  the  extremity  to  form 
the  glans.  The  penis  of  Monotremes,  decidedly  reptilian, 
is  situated  in  the  cloaca  and  is  indirectly  in  relation  with 
the  seminal  ducts  through  the  urogenital  sinus.  It  con- 
sists of  an  unpaired  corpus  cavernosum  (there  is  no  cor- 
pus spongiosum)  perforated  with  a  canal  in  continuity 
with  the  urogenital  sinus  and  the  seminal  ducts.  It  is 
only  loosely  surrounded  by  the  mucous  membrane  of  the 
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cloaca,  has  a  well-developed  musculature,  and  can  be 
protruded  through  the  cloacal  aperture. 

Tlie  penis  slieath,  in  Marsupials,  opens  directly  on  the 
sui-face  of  the  body  ventral  to  the  anus,  on  account  of 
the  growth  of  the  perineum.  The  two  openings  are  sur- 
rounded by  a  common  sphincter  muscle.  The  erectile 
tissue  is  paired  (two  corpora  cavernosa),  but  uiicoimected 
with  the  ischia. 

The  penis  of  Insecti vores  and  Rodents,  among  Placental 
Mammals,  approaches  nearest  that  of  Marsupials.  In 
the  ascending  scale  of  Mammals  the  opening  of  the  penis 
sheath  is  separated  more  and  more  from  the  anus  and  the 
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Fig.  2282.— Early  Embryonic  Stage  of  Male  External  Genital  Organs. 
Drawn  from  Ziegler  wax  model  in  United  States  Army  Medical  Mu- 
seum. Genital  eminence  pro.iects  so  far  dorsad  and  caudad  as  to 
conceal  tbe  genital  folds  and  genital  irroovi-,  whicb  are  continued 
to  tbe  under  surface  of  tbe  glans  penis.  The  perineal  body  bas 
formed  and  separates  tbe  cloaca-proctodeal  cavity  into  a  dorsal  part 
having  its  outlet  at  tbe  anus,  and  a  ventral  part  having  outlet  at 
tbe  genital  groove,  in  virtue  of  the  fact  that  the  genital  folds  have 
extended  dorsad  and  united  to  form  the  fourchette  just  ventrad  of 
tbe  perineal  body.  It  will  thus  be  obsen'ed  that  the  genital  folds 
and  genital  groove  are  practically  divisible,  even  at  this  early  stage, 
into  intraperineal  (root  of  penis)  and  extraperineal  (pendulous  part 
of  penis)  segments. 

penis  comes  more  and  more  to  a  ventral  position,  attain- 
ing a  horizontal  and  fixed  position  along  the  abdomen. 
In  the  Apes  the  organ  becomes  more  or  less  free  from  the 
body  wall  at  its  distal  end,  while  in  Man  the  whole  of 
the  distal  end  is  free  and  the  penis  sheath  forins  a  double 
integumentary  tube-like  investment  (prepuce)  over  the 
glans. 

During  ontogeny,  in  Marsupials  and  Placental  Mam- 
mals, the  penis  passes  through  stages  that  resemble  suc- 
cessively those  which  are  permanent  in  Crocodiles  and 
Monotremes. 

Chronology  op  Urogenital  Development. — Third 
Week. — About  this  time  the  Wolffian  duct  and  pronephros 
are  recognizable,  the  nephrotomes  begin  to  develop  and 
also  the  allantoic  stalk  appears. 

Fifth  Week. — The  germinal  ridges  and  the  Mlillerian 
duct  appear  and  the  foetus  is  two-fifths  of  an  inch  (1  cm.) 
long. 

Sii'th.  Week. — Tlie  genital  eminence,  folds,  groove,  and 
ridge  appear. 

Hcreiith  Week. — The  mesonephros  reaches  its  maximum 
development. 

Eighth  Week. — The  caudal  ]iortions  of  the  Milllerian 
duct's  fuse,  and  the  allantois  presents  a  spindle-shaped 
dilatation  in  its  middle  forming  the  bladder. 

Ninth  Week. — The  cloaca  is  divided  into  two  parts. 
The  permanent  kidney  has  characteristic  featm-es.  The 
testes  are  distinguishable  from  ovaries.  The  fundiments 
of  the  external  genitals  begin  to  show  distinctions  of  sex. 
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The  fostus  is  one  inch  long  (25  mm.)  and  weighs  about 
16  gm.  (half  ounce). 

Tlm-d  JSforaiA.— Prostate  gland  begins  to  develop.  The 
union  Qf  the  testes  with  the  canals  of  the  Wolffian  body 
is  complete.  The  testes  are  in  the  false  pelvis.  Foetus 
is  3f  inches  long  (7  cm.)  and  weighs  135  gm.  (four 
ounces). 

Fourth  ifowi/t.— Sexual  distinctions  in  external  genitals 
are  well  marked.  The  genital  groove  is  closed.  The 
scrotum  is  foi-med,  as  also  the  prepuce.  The  prostate  is 
well  formed.  Foetus  is  5  inclies  (13  cm. )  long  and  weighs 
340  gm.,  or  7f  ounces. 

Seventh  Month. — The  testes  are  at  the  internal  abdomi- 
nal ring.  Foetus  14  inches  (36  cm.)  long  and  weighs 
3  pounds  (about  1.5  kgm.). 

Eighth  Month. — The  testes  are  in  the  inguinal  canal. 
Foetus  16  inches  (41  cm.)  long.  Weighs  4  to  5  pounds 
(about  3  to  3,5  kgm.). 

Xinth  Month. — The  testes  are  in  the  scrotum.  Foetus 
20  inches  (50  cm.)  long.  Weighs  6  to  7  pounds  (about 
3  to  3.5  kgm.). 

Adult  Genital  Organs. — The  male  urethra  is  the 
urogenital  canal  extending  from  the  bladder  to  the  ex- 
tremity of  the  penis  (Figs.  3379  and  3283),  In  the  flaccid 
state  it  forms  a  double  curve,  but  when  erect'it  presents  a 
single  curve  with  the  coucavity  ventrad.  It  is  about  7 
inches  (19  cm.)  in  length  when  flaccid,  but  during  erec- 
tions greatly  elongated.  It  is  divided  in  a  prostatic  por- 
tion (IJ  in.  or  33  mm.  long),  membranous  part  (three- 
quarters  of  an  inch  or  20  mm.  long),  and  a  spongy  portion 
(5  in.  or  14  cm.  long).  The  urethra,  except  during  the 
passage  of  urine  or  semen,  has  the  ventral  and  dorsal 
surfaces  in  contact.     The  prostatic  portion  (Fig,  3283,  No, 


Fig.  3283.— Sagittal  Section  of  Male 
'(J  Urethra.    Diagrammatic.    1, 1, 1, 

Superficial  perineal  cavity  con- 
taining the  intraperineal  segments 
of  the  corpora  cavernosa,  corpus 
spongiosum,  etc. ;  2,  deep  perineal 
cavity  containing  the  membranous 
urethra  and  bounded  by  the  two 
layers  of  the  deep  perineal  fascia 
(triangular  ligament  of  the  ure- 
thral ;  3,  prostate  gland  transmits 
ting  the  prostatic  urethra ;  4,  ves- 
,^  .,  ,  ,  ^  Icula  semlnalls  and  vas  deferens 
emptying  through  the  ejaculatory  duct  into  prostatic  urethra:  5, 
site  of  penneal  body  ;  6,  anal  portion  of  rectum  (U)  passing  through 
the  sphincter  ani  muscle  (9) ;  7,  central  tendon  of  perineum  whence 
starts  cones' fascia  to  continue  into  the  dartos  (8)  of  the  scrotum  ■ 
10,  corajyx  ;  12,  hladder ;  13,  symphysis  pubis ;  l.'i,  extraperlneal  por- 
tion of  corpus  spongiosum ;  the  spongy  urethra  Is  seen  traversing 

h?S=lfS?J'ff?f'"?v.^"^^™il?;"°S  ^'  the  meatus  urinarius  iH 
the  glans  penis  (14)  ;  the  bulb  of  the  corpus  spongiosum  is  seen  in 
the  supernclal  perineal  cavity,  resting  against  the  perineal  layer  of 
triangular  ligament ;  the  prostate  is  in  the  pelvic  cavity  restinsr 
against  the  pelvic  layer  of  triangular  ligament;  16,  extraperlneal 
portion  of  corpus  cavemosum;  extending  between  the  symphvsis 
and  rarpus  cavemosum  is  seen  the  suspensory  Ugament  of  the 

3)  is  spindle  shaped  and  is  the  most  dilatable  and  widest 
part  of  the  canal.     A  narrow  longitudinal  ridge  (verumon- 
ianum),  three-quarters  of  an  inch  (20  mm  )  in  length   ex 
ists  upon  the  dorsal  wall.     It  is  formed  by  the  projecting 

322 


mucous  membrane  and  contains  muscular  and  erectile 
tissue.  It  serves,  when  distended,  to  prevent  the  semen 
passing  back  into  the  bladder.  There  is  a  slightly  de- 
pressed fossa  {prostatic  sinus)  on  either  side  of  the  veru- 
montanum.  A  depression  {uterus  masculinus)  exists  at  its 
distal  part  (Fig.  2279,  M).  It  is  a  cul-de-sac  about  a 
quarter  of  an  inch  (6  mm.)  in  length  extending  dorso- 
cephalad  in  the  substance  of  an  organ  {prostate  glimd), 
which  envelops  the  prostatic  urethra  (Fig.  3283,  No.  3). 
Its  walls  are  composed  of  mucous,  connective,  and  muscu- 
lar tissue,  and  the  ducts  of  numerous  small  glands  open 
upon  its  mucous  surface.  The  uterus  masculinus  is 
Jiomologous  with  the  vagina  and  uterus  of  the  female. 
The  membranous  urethra  (Fig.  2283,  No.  2)  is  the  narrow- 
est part  of  the  canal  except  at  its  termination  in  the  penis. 
Its  ventral  surface  is  concave  and  is  placed  about  an  inch 
dorso-caudad  from  the  subpubic  arch.  Its  dorsal  surface 
is  separated  from  the  rectum  by  the  perineal  body  (Fig. 
3383,  No.  5). 

Tlie  spongy  urethra  (Fig.  3383,  No.  15)  is  the  longest. 
Its  calibre  is  intermediate  between  the  other  segments, 
and  uniform  except  at  either  extremity.  For  half  an 
inch  (13  mm.)  behind  the  terminal  opening  it  is  dilated 
and  forms  Va.^  fossa  navicularis,  while  behind,  for  an  inch 
(35  mm,),  it  widens  in  every  direction  and  is  called  the 
Xiars  bulbosa. 

The  uretlira  is  composed  of  three  coats :  mucous,  areo- 
lar, and  muscular.  The  inner,  or  mucous,  coat  is  con- 
tinuous at  its  proximal  end  with  the  mucous  coat  of  the 
bladder  and  at  its  distal  end  with  the  integument  of  the 
penis.  It  is  also  continuous  with  the  ducts  of  the  seve- 
ral glands  opening  into  it.  Its  epithelial  lining  consists 
of  columnar  cells,  except  at  the  distal  opening,  where 
the  cells  are  squamous.  The  mucous  coat  is  arranged  in 
longitudinal  folds  in  the  membranous  and  spongy  por- 
tions when  the  urethra  is  empty.  The  orifices  of  nume- 
rous mucous  glands  occur  on  the  surface  of  the  mucous 
coat,  especially  on  the  spongy  portion,  while  the  glands 
themselves  (glands  of  Littre)  are  situated  in  the  submu- 
cotis  connective  tissue.  The  orifices  are  directed  distally 
and  vary  in  size,  and  some  may  easily  intercept  the  point 
of  a  small  instrument.  One  of  these  orifices,  much 
larger  than  the  rest  {lacuna  magtia),  is  situated  in  the  fossa 
navicularis  on  its  dorsal  surface,  about  half  an  inch  (13 
mm.)  or  so  from  the  outlet. 

The  areolar  coat  is  rich  in  elastic  fibres,  and  its  inter- 
stices are  plentifully  supplied  with  convoluted  vessels 
which  serve  the  purpose  of  erectile  tissue.  The  outer  or 
muscular  coat  consists  of  two  layers  of  unstriped  muscu- 
lar fibres,  the  outer  being  longitudinal  and  the  inner  cir- 
cular. 

The  Perineum  and  Penis. — The  male  perineum  (Fig. 
2284),  or  urogenital  region  of  the  outlet  of  the  pelvis,  is 
bounded  by  the  subpubic  arch  (Nos.  1,  1),  the  pubo- 
ischiatic  rami  (No.  4),  the  ischial  tuberosities  (No.  7),  and 
tlie  transversus  perinei  muscles.  The  arch  and  rami 
present  two  lips  and  an  intermediate  space.  The  trans- 
versus perinei  miiscles,  one  on  either  side,  arise  laterally 
from  the  ischial  tuberosities  and  are  inserted  medianly 
into  the  central  tendinous  point  (No.  6)  of  tlie  perineum. 
Each  is  innervated  by  the  perineal  brancli  of  the  internal 
pudic  nerve.  Tlieir  action  is  to  fix  the  central  tendinous 
point  of  the  perineum. 

Extending  from  fixed  attachments — viz.,  from  the  dor- 
sal (posterior)  border  of  the  muscles  and  the  central  ten- 
don, along  their  deep  (pelvic)  surfaces,  and  thence  along 
the  deep  (pelvic)  lips  of  the  pubo-ischiatic  rami,  and  sub- 
pubic arch — is  a  triangular-shaped  fascia  (Fig.  3384,  No. 
5).  At  the  points  of  attachment  the  fascia  is  single,  but 
across  the  triangular  interval  which  it  occupies  it  divides 
into  two  layers,  a  superficial  or  perineal  layer  and  a  deep 
or  pelvic  one.  Bet^veen  the  two  laj'ers,  therefore,  exists 
a  space  called  tlie  deep  perineal  cavity  (Fig.  3388,  No.  2), 
which  contains  a  number  of  structures,  viz.,  the  mem- 
branous portion  of  the  urethra  (wlience  the  name  of  trian- 
gular ligament  of  urethra  for  the  double-layered  fascia), 
Cowper's  glands,  the  compressor  urethrtE  muscle,  sub- 
pubic ligament,   the  internal  pudic  vessels,   the  dorsal 
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nerve  and  vein  of  the  penis,  tlie  artery  and  nerve  of  the 
bulb,  and  a  plexus  of  veins,  all  bound  together  by  very 
delicate  connective  tissue. 

The  deep  or  pelvic  layer  of  the  triangular  ligament  is 
continuous  with  the  pelvic  fascia.  The  superficial  layer 
is  the  deep  floor  of  a  second  perineal  cavity,  the  superficial 
perineal  canty  (Pig.  3283,  Nos.  1,  1,  1).  The  perineum 
has  another  important  fascia  (superficial  perineal  fuscia) 
Vi^hich,  like  the  triangular  ligament  or  deep  perineal  fas- 
cia, is  divisible  into  two  layers.  The  deeper  layer  is  the 
fascia  of  CoUes.  It  is  continuous,  at  the  posterior  border 
of  the  transversus  perinei  muscles,  with  the  triangular 
ligament  (Pig.  2283,  No.  T).  It  passes  superficial  to  the 
muscles  and  is  attached  firmly  to  the  superficial  lips  of 
the  pubo-ischiatic  rami  and  the  adjacent  ischial  tuberos- 
ities, but  Is  not  attached  to  the  superficial  lip  of  the  sub- 
pubic arch,  for  the  corpora  cavernosa  and  the  corpus 
spongiosum  intervene  (Fig.  2284,  Nos.  1,  1).  CoUes' 
fascia,  in  this  region,  is  continuous  with  the  dartos  of  the 
scrotum  (Pig.  2283,  Nos.  7,  8). 

This  superficial  perineal  cavity  is  bounded  thus  on  tlie 
pelvic  side  by  the  triangular  ligament  (Fig.  2283,  No.  2), 
on  the  cutaneous  side  with  the  fascia  of  Colles  (Nos.  7, 
8),  laterally  by  the  intermediate  surface  of  each  pubo- 
ischiatic  ramus  (Fig.  2284,  No.  4),  and  dorsally  (pos- 
teriorly) by  the  line  of  junction  of  Colles'  fascia  and  the 
triangular  ligament  (Fig.  3283,  No.  7).  The  superficial 
perineal  space  is  continuous  ventrally  with  the  sub-clartos 
space  of  the  scrotum  and  penis  (Pig  3383,  No.  8 ;  Fig. 
3384,  Nos.  1,  1). 

It  is  in  the  superficial  perineal  cavity  that  extravasa- 
tion of  urine  most  frequently  takes  place  in  cases  of  rup- 
ture of  the  urethra.  From  the  nature  of  the  fascial  at- 
tachments, it  is  clear  that  the  only  direction  in  which  the 
fluid  can  make  its  way  is  ventrad  along  the  scrotum  and 
penis  and  thence  on  the  ventral  part  of  the  abdomen. 

This  superficial  perineal  space  contains  the  following 
intraperineal  segments  of  the  penis,  viz,  :  the  crura  penis 
(Fig.  3384,  No.  3 ;  Fig.  3383)  partly  covered  by  the  erector 
penis  muscle,  the  bulb  and  part  of  the  body  of  the  cor- 
pus spongiosum  (Pig.  3383,  Nos.  1,  1,  1;  Pig.  3384,  No.  3) 
hidden  by  the  accelerator  urinse  muscle,  the  transversus 
perinei  muscles,  and  the  superficial  perineal  blood-vessels 
and  nerves. 

The  crura  penis  (homologous  with  the  crura  clitoridis 
of  the  female)  are  the  intraperineal  and  diverging  parts 
of  two  fibrous  cylindrical  tubes  callea  the  corpora  caver- 
nosa. The  latter  are  placed  side  by  side  and  intimately 
connected  by  the  septum  pectiniforme  along  the  median 
plane  for  their  anterior  (extraperineal)  three-fourths 
(Pigs.  3384  and  3385) ;  the  posterior  (intraperineal)  fourth 
of  each  corpus  cavernosum  diverges  from  its  fellow  to 
form  a  strong  tapering  fibrous  process  firmly  connected 
to  the  pubo-ischiatic  ramus.  In  many  mammals  {e.g., 
lemurs  and  apes),  a  bone,  the  os  penis,  is'  developed  in  the 
septum  between  the  corpora  cavernosa. 

The  corpus  spongiosum,  a  single,  bilaterally  sj^mmet- 
rical  structure,  is  composed  also  of  two  parts,  an  intra- 
and  an  extraperineal  portion. 

The  intraperineal  portion  commences  between  the  di- 
verging crura  penis,  where  it  forms  an  enlargement,  the 
lulb,  and  then  narrowing  forms  a  part  of  the  body  (Fig. 
3383,  Nos.  1,  1,  1 ;  Fig.  2384,  No.  3).  The  extraperineal 
part  Is  composed  of  two  segments,  the  remaining  portion 
of  the  body  (Fig.  3383,  No.  15)  and  the  glans  penis  (No. 
14).  The  body  is  cylindrical  and  situated  in  a  groove  on 
the  ventral  surface  of  the  corpora  cavernosa  (Fig.  3385, 
No.  10).  The  glans  penis  overlaps  the  rounded  extremities 
of  the  corpora  cavernosa  and  presents  the  form  of  an  ob- 
tuse cone  flattened  dorso-ventrally  (Fig.  3383,  No.  14). 
At  its  summit  is  a  vertical  opening,  the  meatus  urinarius. 
The  base  forms  a  projecting  rounded  border  (corona),  be- 
hind which  is  a  constriction  (neck).  Both  these  parts 
have  numerous  sebaceous  glands  secreting  a  cheesy  mat- 
ter of  peculiar  odor. 

The  three  flbro-elastic  tubes  (viz.,  the  corpus  spongi- 
osum and  the  corpora  cavernosa)  enclose  a  fibrous  ti-abec- 
ular  structure  whose  meshes  lodge   the  erectile  tissue. 


The  trabecuUu  are  more  delicate  and  the  meshes  smaller 
in  the  corpus  spongiosum.  The  meshes  or  areola;  of  the 
corpus  spongiosum  freely  communicate  with  one  another. 
The  areolie  of  the  corpora  cavernosa  freely  communicate 
with  one  another  on  each  side,  and  also  with  those  of  the 


Fig.  3284.— Male  Perineum,  Sbonlng  Triangular  Ligament  and  the 
Intra-  and  Extraperineal  Portions  of  the  Penis.  Colles'  fascia  and 
tlie  superjacent  parts  nave  been  removed.  1,  1,  Region  of  subpubic 
arcb  hidden  by  penis  ;  4,  rami  of  pubes  and  ischium  (pubo-ischiatic 
rami)  ;  7,  tuberosity  of  ischium  (drawn  much  too  far  dorsad)  ;  6, 
central  tendon  of  the  perineum,  between  which  and  the  tuherosities 
of  the  ischium  extend  the  transversus  perinei  muscles  (omitted  in 
the  drawing) ;  5,  triangular  Ugament  or  deep  perineal  fascia,  on  the 
superficial  or  perineal  layer  of  which  are  shown  the  following  struc- 
tures, viz. :  3,  the  bulh  of  the  corpus  spongiosum  from  which  the 
enveloping  accelerator  urlnse  muscle  has  been  removed ;  2,  crus 
penis  of  the  corpus  cavernosum,  from  which  on  either  side  the  en- 
veloping erector  penis  muscle  has  been  removed.  8,  Sphincter  ani ; 
9,  levator  ani.  The  dorsal  boundary  of  the  triangular  ligament  is 
seen  in  the  figure  to  extend  as  far  back  as  the  central  tendon,  where 
it  is  continuous  with  Colles'  fascia.  The  triangular  ligament  is 
shown  to  be  attached  to  the  deep  or  pelvic  lip  of  the  pubo-ischiatic 
rami  and  subpubic  arch ;  CoUes'  fascia  has  ^been  removed  from  the 
superficial  lip  of  the  rami.  The  portions  of  the  penis  dorsad  from 
the  subpubic  arch  are  Intraperineal  portions,  while  the  parts  ven- 
trad of  the  arch  are  extraperineal. 

opposite  side  through  fissures  in  the  fibrous  septum  be- 
tween them.  The  areolte  are  lined  with  epithelial  cells 
and  are  comparable  to  widely  dilated  capillaries.  At 
several  points  in  their  walls  arteries  communicate  with 
them;  they  give  origin  to  the  veins.  Blood  rushing  into, 
and  being  retained  in  the,  areolae  causes  erection  of  the 
penis. 

The  corpus  spongiosum  and  the  corpora  cavernosa, 
with  their  envelopes,  constitute  the  penis.  The  intra- 
perineal segments  of  the  penis  converge  at  the  apex 
(ventral  part)  of  the  superficial  perineal  cavity  and,  pass- 
ing out  of  the  cavity  beneath  the  symphysis  pubis  (Figs. 
3283  and  2284,  Nos.  1,  1),  form  the  pendulous  body 
(extraperineal  portion)  of  the  penis.  A  strong  band  of 
fibrous  tissue  (the  suspensory  ligament  of  the  penis) 
passes  downward  from  the  symphysis  and  blends  with 
the  fibrous  cylinders  of  the  corpora  cavernosa  (Fig.  2283). 

The  urethra  (spongy  portion)  extends  throughout  the 
length  of  the  corpus  spongiosum  and  terminates  at  the 
meatus  urinarius. 

The  erector  penis  muscle  (homologous  with  the  erector 
clitoridis)  embraces  the  crus  penis  and  afises  from  the  in- 
termediate space  of  the  pubo-ischiatic  ramus  and  the 
ischial  tuberosity.  It  is  inserted  into  the  sides  and  ven- 
tral surface  of  the  crus.  By  compressing  the  crus  it  as- 
sists in  causing  and  maintaining  erection.  The  accelera- 
tor urinse  muscle  is  bilaterally  symmetrical.  It  is  also 
called  the  ejaculator  seminis.  It  is  homologous  with  the 
sphincter  vaginte  or  bulbo-cavernosus  of  the  female.  It 
arises  from  the  central  tendinous  point  and  from  the  me- 
dian raphe  in  front.  From  these  points  its  fibres  diverge 
like  the  plumes  of  a  feather.  The  greater  number  course 
around  the  sides  and  are  inserted  into  the  dorsum  of  the 
intraperineal  part  of  the  corpus  spongiosum,  while  the 
foremost  fibres  extend  around  the  lateral  part  of  each 
corpus  cavernosum  and  are  Inserted  into  the  midline  of 
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the  dorsum  of  the  two  bodies,  covering  the  dorsal  vessels. 
By  compressing  the  latter  it  helps  to  cause  and  maintain 
erection.     The  superficial  layer  of  the  superficial  perineal 

fascia  acquires    no 
2  3  bony     attachments 

/  and    is   continuous 

with  the  corre- 
sponding fasciae  of 
the  s  e  c  r  o  t  u  m, 
thighs,  and  ischio- 
rectal fossai. 

The  common  en- 
velopes of  tlie  ex- 
traperineal  penis 
are  the  skin,  supei'- 
ficial  fascia  (con- 
taining the  dartos), 
and  deep  fascia. 
The  dartos  is  the 
superficial  layer  of 
the  superficial  fas- 
cia and  contains  un- 
striped  muscular 
fibres,  and  is  con- 
tinuous with  the 
dartos  of  the  scro- 
tum. When  con- 
tracted, it  com- 
presses the  veins  of 
the  penis  and  fa- 
vors erection.    The 


Fig.  2285.— Transverse  Section  of  the  Penis. 
Diagrammatic.  1,  Dorsal  artery ;  2,  deep 
dorsal  vein;  3,  superficial  dorsal  vein;  4, 
skin;  5,  dartos  (superficial  layer  ol  super- 
ficial fascia);  6,  deep  layer  (areolar  tissue) 
of  the  superficial  fascia ;  7,  deep  fascia ;  8, 
cylindrical  membrane  containing  ereciile 
tissue  of  corpus  cavemosum ;  9,  artery  of 
corpus  cavernosum ;  10,  spongy  urethra 
in  corpus  spongiosum ;  U,  branch  of 
artery  of  bulb  supplying  corpus  caverno- 
sum; 12,  cylindrical  membrane  contain- 
ing erectile  tissue  of  corpus  spongiosum ; 
surrounding  the  latter  are  several  blood- 
vessels. 


skin  is  remarkably 
thin,  is  loosely  connected  with  the  deeper  parts,  is  dark 
in  color,  and  free  from  adipose  tissue. 

The  erectile  structures  receive  sympathetic  nerves  from 
the  pelvic  plexus  and  spinal  nerves  from  the  superficial 
perineal  and  the  dorsal  nerve  of  the  penis.  The  coverings 
of  the  penis  receive  nerves  from  the  inferior  perineal  of 
the  internal  pudic  and  from  the  genital  branch  of  the 
genito-crural  nerve.  They  receive  blood  from  the  exter- 
nal pubic  artery,  and  from  the  superficial  perineal  and 
dorsal  artery  of  the  penis,  branches  of  the  internal  pudic. 
The  bulb  and  body  of  the  corpus  spongiosum  'are  sup- 
plied by  a  branch  (artery  of  the  bulb)  of  the  internal 
pudic.  Each  corpus  cavernosum  receives  the  cavernous 
branch  of  the  internal  pudic.  The  glans  is  mostly  sup- 
plied by  the  dorsal  artery  of  the  penis  (Fig.  3285). 

The  mins  from  the  envelopes  of  the  penis  converge  to 
the  dorsum  of  the  organ  and  empty  into  the  superficial 
dorsal  vein,  lying  in  the  areolar  tissue  beneath  the  dartos 
along  the  median  line  and  emptying  into  the  obturator 
and  external  pudic  veins.  The  veins  from  the  glans 
emerge  at  its  neck  and  form  the  deep  dorsal  vein  wliich 
runs  in  the  median  groove  on  the  cavernous  bodies  be- 
neath the  deep  fascia  (Pig.  2285).  It  perforates  the  trian- 
gular ligament  and  empties  into  the  prostatic  plexus. 
Those  from  the  body  and  bulb  enter  the  same  plexus  or 
the  internal  pudic  vein.  Small  veins  emerge  from  the 
ventral  and  dorsal  surfaces  of  the  corpora  cavernosa. 
They  empty  into  the  deep  dorsal  vein,  the  former  cir- 
cling around  the  sides  of  the  bodies.  The  principal  vein 
comes  from  the  posterior  part  of  each  cavernous  body, 
and,  perforating  the  triangtdar  ligament,  enters  the  ])ros- 
tatic  plexus. 

The  superficial  lymphatics  of  the  penis  empty  iulo  the 
supei-ficial  inguinal  glands,  while  Uie  deep  Ivmpliatics 
empty  into  the  pelvic  glands  about  the  internal  iliac  ar- 
tery. 

The  Trxticle,  Hperinatic  Conl,  uikI  their  Evrdnpex. The 

testicle  is  the  gland  that  secrcl(;s  the  male  germ  cells 
or  spermatozoa  (Pigs.  2286  and  2287).  It  is  supplied 
with  arteries,  veins,  lymphatics,  nerves,  and  an  excretory 
duct  (vas  deferens).  In  migrating,  during  development, 
from  the  abdomen  it  evaginates  a  portion  of  the  peril o' 
neum  (visceral  and  parietal  layers,  which  subseinicntlv 
become  pinched  off  and  form  the  tviriai,  miqinaliH)  and 
all  the  layers  of  the  abdominal  wall  in  tlie  inguinal  re- 
gion.    It  pushes  in  front  of  it,  hernia-like,  the  "following 


layers  in  addition  to  the  peritoneum — viz. ,  first,  the  sui- 
jieritoneal  connective  tissue,  and  then,  in  order,  the  infun 
dibulifoi-m  fascia  (portion  of  transversalis  fascia),  some  of 
the  lower  fibres  of  the  internal  oblique  muscle  thus  form- 
ing the  cremasteric  fascia,  the  intereolmnnnr  fascia,  the 
dartos  (superficial  fascia  rich  in  unstriped  muscular 
fibres),  and,  finally,  the  skin  (Pig.  3286).  The  path  ot 
the  tesricle  Hirough  the  abdominal  wall  is  the  'iiigmnal 
ciiiiid  ;  the  evaginated,  many -layered  pouch  is  the  scrotal 
sac,  one  on  eitlier  side.  By  fusion  the  skin  forrns  a  com- 
mon covering  for  both  testicles,  the  line  of  fusion  being 
indicated  by  the  raphe;  but  the  remaining  layers  meet 
in  the  median  plane  to  form  the  septum  scroti.  All  the 
envelopes  of  the  two  glands  together  form  the  scrotum. 
The  deep  "  opening  "  of  the  inguinal  canal  is  the  internal 
abdominal  ring ;  the  superficial  or  subcutaneous  end  is 
the  external  abdominal  ring  (Fig.  2279,  Ext.  Ab^. 

The  inguinal  canal  is  oblique  and  runs  parallel  with 
Poupart's  ligament.  It  is  about  an  inch  and  a  half  in 
length.  It  commences  near  the  middle  of  Poupart's  liga- 
ment and  half  an  inch  ccphalad  from  it,  aud  extends  to 
the  spine  of  the  pubis.  Its  cephalic  boundary  is  the 
arched  fibres  of  tlie  internal  oblique  and  transversalis 
muscles;  its  caudal  boundary  is  formed  by  the  union  of 
Poupart's  ligament  with  the  transversalis  fascia;  the 
ventral  boundary  is  the  skin,  superficial  fascia,  aponeu- 
rosis of  the  external  oblique,  and  partly  by  the  internal 
oblique;  the  dorsal  boundary  is  the  triangular  fascia,  the 
conjoined  tendon  of  the  internal  oblique  and  transversalis 
muscles,  the  subperitoneal  connective  tissue,  and  peri- 
toneum. 

The  testicle,  in  migrating  from  the  abdomen  into  the 
distal  part  of  the  scrotum,  carries  with  it  its  tributary 
structures,  such  as  the  vas  deferens,  arteries,  veins,  lym- 
phatics, and  nerves,  all  bound  together  with  connective 
tissue  into  a  spermatic  cord  (Fig.  2287).  The  spermatic 
cord  extends  from  the  testicle  to  the  internal  abdominal 
ring,  and  is  therefore  divisible  into  a  scrotal  and  an  in- 
guinal portion. 

The  Testicles.  Each  testicle  consists  of  two  separate 
but  closely  related  parts,   viz.,  the  testicle  proper,  or 


Fio.  2286.— Transverse  Section  of  the  Testicle  and  its  Scrotum.  Dia- 
grammatic. For  the  sake  of  clearness  the  individual  layers  of  the 
scrotum  are  represented  as  widely  separated.  I,  Skin ;  2,  dartos 
(superficial  fascia)  ;  3,  intercolumnar  fascia;  4,  cremasteric  fascia ; 
5,  infundibulifoi-m  fascia ;  0,  subperitoneal  fascia  ;  7,  parietal  layer 
of  the  tunica  vaginalis ;  8,  cavity  of  the  tunica  vaginalis  ;  9,  visceral 
layer  of  the  tunica  vaginalis  connected  by  subserous  areolar  tissue 
to  tlie  tunica  albuginea  CIO) :  U,  the  mediastinum  giving  off  trabec- 
ulie  to  the  tunica  albuginca ;  12,  epididymis. 


didymis  (Fig.  2287,  Tnnica  vag.  Vis),  and  an  epididy- 
mis {globus  major,  globus  minor).  Each  didymis  is  com- 
pressed laterally  and  is  oval  in  form.     It  is  one  and  a  half 
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to  two  inches  long  (38  to  50  mm.),  an  inch  and  a  quarter 
(30  mm.)  dorso  ventrally,  and  one  inch  (35  mm.)  in 
breadth.  It  weighs  about  six  drachms  (24  gm.).  It  has 
a  lateral,  convex  surface  looking  outward  and  a  little 
backward ;  a  median,  flat  surface  looking  inward  and  a 
little  forward.  The  dorsal  border,  nearly  straight,  is  di- 
rected backward  and  upward  and  has  attached  upon  its 
entire  length,  nearer  its  lateral  than  its  median  part,  a 
structure  composed  of  convoluted  tubules  and  called  the 
epididymis.  The  ventral  border  of  the  testicle  looks  ior- 
ward  and  slightly  downward.  The  inferior  or  caudal 
extremity  is  pointed  and  occupies  a  plane  postero-inter- 
nal  to  the  more  rounded  upper  or  cephalic  extremity. 
The  epididymis  consists  of  an  enlarged  cephalic  }ie(cd 
(globus  major),  a  central  portion  or  body,  and  a  caudal, 
pointed  tail  (globiix  minor).  The  tubules  of  the  globus 
major  are  continuous  directly  with  those  of  the  testicle 
(Pig.  2288,  No.  3),  but  the  body  and  globus  minor  are 
connected  to  the  testicle  by  the  tunica  vaginalis  and  its 
subserous  connective  tissue.  In  horizontal  section  the 
body  resembles  a  comma,  and  therefore  it  shows  it  to 
possess  a  ventral  and  dorsal  surface,  as  well  as  lateral  and 
median  borders.  The  dorsal  surface  is  convex,  the  ven- 
tralis  concave.  Between  the  concave  surface  and  the 
testicle  is  a  blind  depression  (dit/ital  fossa)  opening  later- 
ally. The  median  border  corresponds  to  the  tail  of  the 
comma. 

There  are  found  connected  with  the  globus  major  and 
neighboring  part  of  the  testicle  two  small  bodies  {hydatids 
of  Morgagni),  one  of  which  is  sessile  and  the  other  pedun- 
culated (Fig.  2387).  The  former,  one-eighth  to  one-third 
of  an  inch  (3  to  8  mm.)  in  length,  is  flattened  or  rounded, 
and  situated  ventrally  either  on  the  globus  major,  the 
adjacent  part  of  the  testicle,  or  between  the  two;  the 
latter,  about  the  same  size,  is  attached  to  the  globus  ma- 
jor.    The  hydatids  are  foetal  vestiges. 

The  testicle  proper  (didymis),  as  distinguished  from  its 
epididymis,  is  a  fibro-glaudular  structure  (Fig.  2288). 
The  outermost  part  {tnnira  albiiginea)  is  a  dense  connec- 
tive-tissue membrane,  which  at  the  dorsal  border  is  re- 
flected ventrally  into  the  gland  and  forms  an  incomplete 
vertical  septum  {mediastin  uia).  From  the  sides  and  front 
of  the  mediastinum  numerous  connective-tissue  cords  and 
laminae  (trabeeulce)  radiate  to  the  inner  surface  of  the  tu- 
nica albuginea.  Thus  the  interior  of  the  gland  is  divided 
into  a  number  (about  two  hundred)  of  incomplete  cone- 
shaped  spaces  {loculi),  which  have  their  bases  at  the  inner 
surface  of  the  tunica  albuginea  and  their  apices  at  the 
mediastinum.  In  the  cone-shaped  loculi  and  lining  the 
tunica  albuginea  and  trabeculse  is  a  vascular  layer  (tunica 
vaseulosa)  consisting  of  a  network  of  minute  blood-ves- 
sels held  togetlier  by  delicate  connective  tissue.  The 
true  glandular  tissue  (seminiferous  tubules)  occupies  the 
loculi.  Each  loculus  contains  two  or  three  seminiferous 
tubules  (tuhtili  seminiferi),  commencing  at  the  base  of  the 
space  by  blind  extremities  and  taking  a  very  convolute<l 
course  to  the  apex  of  the  loculus.  In  their  course  toward 
the  mediastinum  they  give  off  two  or  three  blind  pouch- 
es, and  not  only  make  anastomoses  with  one  another, 
but  also  with  the  tubules  in  adjacent  loculi.  The  tu- 
bules of  each  loculus,  near  its  apex,  unite  together  and 
form  a  single,  straight,  excretory  tube  (titbulus  rectii.^) 
which  enters  the  mediastinum.  The  tubules  of  a  single 
loculus  are  bound  together  by  a  delicate  interstitial  con- 
nective tissue,  rich  in  minute  blood-vessels,  and  make  a 
cone-shaped  body  (lobule)  with  the  apex  at  the  mediasti- 
num. Each  little  tube  in  a  lobule  is  about  y|^  in.  (I 
mm.)  in  diameter,  and  when  uncoiled  its  length  is  in- 
creased about  thirty  times  (about  2  ft.  or  62  cm.).  The 
tubuli  recti,  formed  as  already  described  at  the  apices  of 
the  lobules,  are  smaller  in  diameter  than  the  convoluted 
tubules  of  the  lobules.  They  enter  themediastinum  and 
form  throughout  that  structure  a  network  of  anastomos- 
ing tubules  (rele  testis)  of  varying  diameter,  but  always 
larger  than  the  tubuli  recti  or  convoluted  tubules  of  a 
lobule.  They  have  no  proper  wall,  but  are  excavations 
in  the  mediastinum  lined  b.y  epithelium  of  varying  char- 
acter.    At  the  dorso-cephalic  part  of  the  testicle  these 


channels  finally  unite  to  form  about  twelve  tubes  (vasa 
effereidia),  which  escape  almost  Immediately  through  the 
tunica  albuginea  and  enter  into  the  globus  major  of  the 
epididymis.     The  vasa  efferentia,  shortly  after  piercing 


Funiculus    Sperm. 


Tunica  vad  (Vis  I 


Clobu! 


Tunica  V  ad  (panet 


Globus  ma] 


FIG.  228r.-Lateral  Surlace  ol  the  Left  Testicle.  (Modifled  from  Ge- 
genbaur. )  All  the  layers  of  the  scrotum  down  to  and  Including  the 
parietal  layer  of  the  tunica  vaginalis,  cut  through  and  turned  aside, 
thus  exposing  the  cavity  and  the  visceral  layer  of  the  tunica  vagi- 
nalis ;  the  latter  enveloping  the  didymis  iTvnica  vag.  Vis.),  the 
epididymis  (Globus  maour,  Glohus  iiiiunr),  and  the  hydatid. 

the  tunica  albuginea,  become  greatly  convoluted  and 
form  about  twelve  cone-shaped  bodies  (eniii  mscvlosi) 
with  their  bases  turned  away  from  the  tunica  albuginea. 
They  are  each  aljout  one- third  of  an  inch  (or  8  mm.)  long 
and  enter  a  common  duct  and  together  constitute  the 
globus  major.  This  common  duct  extends  downward, 
as  the  tube  of  the  epididymis,  and,  greatly  convoluted, 
forms  tiie  body  and  globus  minor.  The  coils  are  held 
together  by  connective  tissue.  The  length  of  the  tube 
when  uncoiled  is  about  15  ft.,  or  4. 5  metres.  Its  diameter 
above  is  about  J^  iu.,  or  f  mm.,  but  gradually  decreases 
towai-d  the  globus  minor  and  then  enlarges  beyond  that 
structure.  The  tube  consists  of  an  inner  mucous  coat 
lined  with  ciliated  columnar  cells,  and  an  outer  coat  of 
imstriped  muscular  filjres.  The  tube  of  the  epididymis 
emerges  from  the  globus  minor  as  a  constituent  (ms  def- 
erens) of  the  spermatic  cord  (Figs.  2279  and  2288). 

SperniittogeiH'xix. — The  male  germ  cells  are  formed  only 
in  the  convoluted  tubes  of  the  lobules  of  the  testis.  The 
process  is  homologous  with  oogenesis  (maturation  of  the 
ovum)  in  the  female.  If  a  section  of  a  seminifei'ous  tu- 
bule be  examined,  the  following  arrangement  will  be  ob- 
served: Each  tubule  presents  several  layers  of  cells. 
The  layer  furthest  from  the  lumen  of  the  tube  is  formed 
jirincipally  by  a  number  of  cells  called  spermatogones. 
Each  of  these,  from  time  to  time,  divides  into  two  daugh- 
ter cells,  one  of  which  pei'sists  as  a  spermatogone,  while 
the  other  differentiates  into  a  primitrg  spermatocyte,  thus 
forming  a  layer  nearer  the  luinen.  This  latter  cell  di- 
vides into  two  cells,  the   .lecoiidary   spermatocytes,  thus 
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forming  a  layer  still  nearer  the  lumen.  These  undergo- 
ing division  present  a  laj^er  of  spermatids,  each  one  of 
which  develops  into  a  spermatozoon.  In  addition  to  the 
preceding  cells  there  are  others,  found  in  all  the  layers, 
which  serve  the  purposes  of  supporting  and  nourishing 
cells  (Sertoli  cells).  The  spermatozoa  form  the  layer  of 
cells  next  to  the  lumen.  Each  spermatid,  in  differenti- 
ating into  a  spermatozoon,  gi-adually  elongates;  its  nu- 
cleus becomes  the  head  of  the  spermatozoon  enveloped 
by  a  very  thin  film  of  protoplasm;  the  centrosome  lies 
behind  the  nucleus  in  the  middle  piece  or  neck;  the  tail 
develops  behind  the  neck;  an  axial  filament  runs  through 
the  neck  and  tail  extending  beyond  the  sheath  of  the  lat- 
ter as  the  end-piece.  The  head  is  from  3  to  3  /i  in  breadth 
and  from  3  to  5 // in  length;  the  neck  is  6 /i  long  and 
1  //  (tj^  inch)  in  breadth ;  the  tail  is  from  40  to  60  // 
long^  the  end-piece  is  6  //  long.  In  profile  view  the  head 
is  narrow  and  pointed  at  its  free  end,  but  on  surface  view 
it  appears  oval  in  shape. 

The  rate  of  progression  of  a  spermatozoon  is  about  0.05 
mm.  per  second. 

Spermatozoa  possess  remarkable  vitality.  ^  When 
mounted  on  a  slide  and  protected  from  evaporation  they 
have  exhibited  motility  for  nine  days.  They  have  been 
found  alive  in  tlie  male  genital  tract  four  days  after 
death.  They  may  retain  their  activity  in  the  female 
genital  tract  for  several  weeks. 
Weak  acid  solutions  kill  them. 

Structure  of  the  Spermatic  Cord.  The  ras  deferens 
forms  the  axis  of  the  cord  and  is  about  eighteen  inches 
(46  cm.)  in  length.  It  is  in  the  dorsal  part  of  the  cord 
and  is  recognizable  from  its  cord-like  resistance  to  press- 
ure. 

The  spermatic  artery  in  ventral  to  the  vas,  and  near  the 
testicle  becomes  tortuous  and  divides  into  several 
branches,  two  or  three  of  which  accompany  the  vas  and 
supply  the  epididymis ;  others  pierce  the  tunica  albuginea 
and  supply  the  testicle  proper  {didymis).  The  deferential 
artery  is  a  long,  slender  vessel  accompanying  and  sup- 
plying the  vas  on  its  dorsal  side  and  anastomosing  with 
the  spermatic  near  the  testis.  The  creirtaaterie  artery 
courses  along  the  cord  supplying  the  cremasteric  and 
other  coverings.  Seven  or  eight  spermntie  reins  emerge 
from  the  dorsal  surface  of  the  testis  median  to  the  epidid- 
ymis, and  unite  to  form  the  pampiniform  ple.rus  passing 
mostly  along  the  ventral  plane  of  the  vas  and  constitut- 
ing the  bulk  of  the  cord.  Farther  up  the  coixl  they  are 
reduced  to  two  or  three  in  number;  at  the  internal  ab- 
dominal ring  they  have  united  into  one  or  two  spermatic 
veins.  Lymjjhatic  vessels  accoinyiany  the  xc^nK.  Plexuses 
of  sympathetic  nerves  accompany  the  arteries. 

Except  for  a  short  distance  above  the  testicle,  the  scro- 
tal portion  of  the  spermatic  cord  is  lacking  in  the  serous 
envelope;  otherwise  the  coverings  are  identical  with 
those  of  the  testis.  The  inguinal  part  of  the  cord  has 
only  the  following  coverings,  viz.,  the  subserous  con- 
nective tissue,  the  inf  undibuliform  fascia,  and  cremasteric 
fascia. 

At  the  internal  abdominal  ring  the  constitrients  of  the 
spermatic  cord  separate  and  course  in  different  directions. 
The  vas  deferens,  after  winding  around  the  outer  side  of 
the  deep  epigastric  artery,  and  crossing  the  external  iliac 
vessels,  descends  at  the  side  of  the  bladder  into  the  pel- 
vis. It  arches  downward  and  backward  to  its  base,  cmss- 
lug  the  vestigial  hypogasti-ic  artery  to  reach  the  median 
side  of  the  ureter.  At  this  point  it  is  sacculated  and  en- 
larged, forming  the  ampiilln,  which  extends  to  tlie  base 
of  the  prostate  gland  (Fig.  22H3,  No.  3).  The  ampullffi 
are  median  from  the  vesicuhe  seminales,  and  are  between 
the  bladder  and  the  second  part  of  the  rectum.  They 
constitute  the  lateral  boundaries  of  the  external  trigone 
of  the  bladder.  At  the  base  of  the  prostate  gland  t  he  vas 
deferens  becomes  narrowed  and,  uniting  here  with  Ihe 
duct  from  the  seminal  bladder,  forms  the  rjaciihitnni  duct 
(Fig.  2283).  The  vas  deferens  is  about  two  feet  (61  cm.) 
in  length  and  about  a  line  and  a  quarter  (3  mm.)  in 
diameter.  The  spermatic  artery  can  be  traced  crossing 
obliquely  the  external  iliac  artery  and  ureter  to  the  aorta 


a  little  below  the  renal  artery.  It  rests  on  the  psoas  mag- 
nus  muscle  behind  the  peritoneum.  The  right  one  passes 
across  the  inferior  vena  cava. 

On  either  side  two  spermatic  veins  generally  accom- 
pany each  spermatic  artery  for  a  distance  and  then  fuse 
into  a  .single  vein.     The  right  one  opens  obliquely  into 


Fig.  22KK.— Diagram  of  testicular  tubules.  1,  Collecting  tube  of  the 
epididymis ;  3,  com  vasculosl ;  3,  vasa  efterentia ;  1,  2,  and  3  form 
the  globus  major ;  4,  tunica  albuginea ;  5,  loculus  containing  a  lob- 
ule ;  6,  lobule ;  7,  one  of  the  vasa  recta ;  8,  trabecula ;  9,  rete  tes- 
tis in  the  mediastinum  ;  10,  tube  of  the  epididymis  forming  the  body 
and  globus  minor ;  11,  vas  aberrans ;  12,  vas  deferens. 

the  inferior  vena  cava,  the  left  one  into  the  left  renal  vein 
at  a  right  angle.  The  left  spermatic  veins  pass  behind 
the  sigmoid  colon  with  their  artery.  The  deferential  ar- 
tery can  be  traced  to  the  superior  vesical  artery  at  the 
side  of  the  bladder.  The  cremasteric  is  a  branch  of  the 
deep  epigastric  arterj'.  The  lymphatic  vessels  terminate 
in  the  lumbar  glands.  The  sj'mpathetic  nerves  are  the 
spermatic  plexus  derived  mostly  from  the  renal,  but 
partly  from  the  aortic  plexus.  The  plexus  is  re-enforced 
through  the  deferential  from  the  pelvic  plexus. 

Dorsal  to  the  spermatic  cord  is  the  internal  branch  of 
the  genito-ci'ural  nerve  from  the  lumbar  plexus.  It  in- 
nervates the  cremaster  mtisele.  The  ilio-inguinal  nerve 
from  the  lumbar  plexus  enters  the  inguinal  canal  at  vary- 
ing points  and  appears  at  the  external  abdominal  ring 
ventral  to  the  cord.     It  gives  sensibility  to  the  scrotum. 

Tunica.  Vaginalis  (Fig.  23H7).  As  already  stated,  the 
tunica  vaginalis  is  the  innermost  of  the  scrotal  coats  of 
the  testis,  derived  fiom  the  ]ieritoneum  during  the  de- 
scent of  the  testis.  At  birth  the  cavity  of  the  tunica  is 
directly  continuous  witli  tiiat  of  the  peritoneum,  so  that 
the  tunica  consists  of  inguinal,  scrotal,  and  testicular  seg- 
ments. But,  usually,  a  short  time  after  birth,  the  ingui- 
nal and  upper  scrotal  parts  are  reduced  to  a  fibrocellular 
thread  lying  in  the  loose  connective  tissue  around  the 
spermatic  cord;  so  that  the  tunica  vaginalis  is  reduced  to 
a  testicular  portion.  There  are  all  grades  of  variation 
between  a  tunica  vaginalis  whose  cavity  is  freely  contin- 
uous with  the  cavity  of  the  abdominal  peritoneum  and 
one  Avhose  cavity  is  absolutely  shut  off  from  that  of  the 
abdomen,  and  without  even  the  presence  of  a  vestigial 
connective- tissue  thread. 

The  risceral  layer  of  the  tunica  is  closely  adherent  to 
the  testicle  projier,  and  to  the  globus  major  and  lateral 
part  of  the  body  of  the  epididymis,  and  is  prolonged  up- 
ward upon  the  spermatic  cord  for  half  an  inch  (12  mm.). 
It  extends  into  the  digital  fossa  between  the  epididymis 
and  testicle.  It  leaves  uncovered  nearly  all  the  postero- 
internal part  of  the  body  and  the  globus  minor  of  the  epi- 
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didymis.  It  is  in  tliose  uncovered  parts  that  extensive 
vascular  communication  is  establislied  between  tlie  testi- 
cle and  its  coverings  and  the  cord.  Tlie  parietal  layer  is 
continuous  with  the  visceral  layer  at  the  point  of  reflec- 
tion from  the  spermatic  cord,  and  at  the  postero-inferior 
parts  of  the  testicle.  It  is  loosely  connected  with  the 
infundibullform  fascia  by  the  subserous  connective  tis- 
sue. The  two  layers  are  in  contact  normally  except  for 
a  very  thin  film  of  serous  fluid  secreted  by  the  endothe- 
lial cells  of  the  tunica. 

The  t<eriniial  Vesicles  (Fig.  2283,  No.  4).  These  reser- 
voirs for  the  semen,  to  which  thej'  add  their  own  secre- 
tion, are  situated  between  the  bladder  and  the  rectum. 
They  are  lobulated  pouches  of  pyramidal  shape  placed 
one  on  either  side  external  to  the  ampullce  of  the  vasa 
deferentia,  and  are  two  inches  (50  mm.)  long  and  a  lialf- 
inch  (13  mm.)  wide  at  the  base.  They  present  reclal  and 
bladder  surfaces,  median  and  lateral  borders,  a  base  and 
an  apex.  The  ventral  surface  is  attached  to  the  base  of 
the  bladder  overlapping  the  ureter.  The  rectal  surface 
is  covered  above  by  the  recto- vesical  pouch  of  the  perito- 
neum, but  below  is  separated  from  the  rectum  only  by 
the  recto-vesical  fascia.  The  bases  are  widely  separated, 
but  the  apices  converge  and  narrowing  into  straight  ducts 
unite,  near  the  base  of  the  prostate  gland,  with  the  cor- 
responding vasa  deferentia  to  form  the  ejaculatory  ducts. 
Each  vesicle  consists  of  a  single  tube  coiled  upon  itself 
and  giving  off  many  blind  diverticula,  all  bound  together 
firmly  by  fibrous  tissue.  When  uncoiled  the  main  tube 
is  about  five  inches  (135  mm.)  in'length  and  of  the  diame- 
ter of  a  quill. 

Each  ejaculatory  duct  is  about  three-quarters  of  an 
inch  (19  mm.)  long,  and  commencing  at  the  base  of  the 
prostate  it  i-uns  downward  and  forward  between  the  lat- 
eral and  middle  lobes  to  empty  into  the  urethra,  near  or 
through  the  uterus  inasculinus.  The  seminal  vesicles 
and  ejaculatory  ducts  have  three  coats :  an  inner  or  mu- 
cous one,  a  middle  or  muscular  one,  and  an  outer  or  areo- 
lar one. 

The  nerves  of  the  vesicles  and  ducts  are  deiived  from 
the  pelvic  plexus.  The  middle  hemorrhoidal  and  the 
vesical  arteries  supply  the  vesicles  and  the  extraprostatic 
portion  of  the  duct.  The  iutraprostatic  portion  receives 
Its  nutriment  from  the  prostatic  vessels.  Veins  and 
lymphatics  accompany  the  arteries,  emptying  into  the 
vesico-prostatic  plexus. 

Prostate  Gland  (Fig.  3283,  No.  8).  The  prostate  is  a 
musculo-glandular  body  surrounding  the  proximal  ure- 
thra and  the  neck  of  the  bladder.  It  is  in  the  pelvic  cav- 
ity behind  the  lower  part  of  the  symphysis  pubis.  It  is 
cephalad  from  the  deep  layer  of  the  triangular  ligament 
of  the  urethra  (deep  perineal  fascia).  It  is  about  the 
shape  and  size  of  a  large  chestnut.  It  develops  at  pu- 
berty and  atrophies  after  castration.  It  presents  a  base, 
an  apex,  a  ventral,  a  dorsal,  and  two  lateral  surfaces. 
The  base  is  situated  immediately  below  the  bladder;  the 
apex  rests  upon  the  pelvic  side  of  the  triangular  ligament ; 
the  dorsal  surface  rests  on  the  rectum,  distant  about  one 
inch  and  a  half  (37  mm.)  from  the  anus;  the  ventral  sur- 
face, about  three-quarters  of  an  inch  (19  mm.)  behind  the 
symphysis,  has  some  loose  fat  and  a  plexus  of  veins  in 
front  of  it,  and  is  connected  on  either  side  to  the  pubic 
bone  by  the  pubo-prostatic  ligaments ;  the  lateral  surfaces 
are  in  relation  with  the  anterior  portions  of  the  levator 
anl  mitscles,  the  vesico-prostatic  plexus  of  veins  interven- 
ing. The  p]-ostate  consists  of  a  median  and  two  lateral 
lobes.  The  lateral  lobes  are  separated  by  a  deep  notch 
at  the  base  and  by  a  slight  furrow  on  the  ventral  and 
dorsal  surfaces.  The  middle  lobe,  variable  in  shape,  is  a 
small  transverse  band,  placed  between  the  two  lobes  at 
the  posterior  part  of  the  gland,  behind  the  proximal 
urethra  The  ejaculatory  ducts  pass  between  the  middle 
and  lateral  lobes.  "  The  prostate  is  enveloped  by  a  thin 
but  firm  fibrous  capsule  continuous  with  the  pelvic  layer 
of  the  triangular  ligament  and  the  recto-vesical  fascia. 
It  consists  of  stroma  (mostly  muscular)  and  glandular 
tissue.  Immediately  beneath  the  fibrous  capsule  is  a 
thick  muscular  layer,  and  around  the  prostatic  urethra  is 


another  strong,  circular,  muscular  layer;  extending  be- 
tween the  two  are  a  series  of  decussating  muscular  trabec- 
ulse,  forming  interstices  that  contain  the  glandular  tissue. 
The  tubular  glands  are  ai'ranged  around  the  urethra  in  a 
radiating  manner,  and  their  duets  (about  thirty  in  num- 
ber) communicate  by  minute  orifices  with  the  prostatic 
sinus  on  either  side.  They  are  lined  with  columnar  epi- 
thelium and  secrete  a  milky  fluid,  which  is  added  to  the 
seminal  fluid  at  the  moment  of  ejaculation. 

The  prostate  is  supplied  by  the  internal  pudic,  vesical, 
and  hemorrhoidal  arteries.  The  veins  empty  into  the 
vesico-prostatic  plexus  surrounding  the  organ,  and  thence 
into  the  internal  iliac  vein.  The  nerves  are  derived  from 
the  pelvic  plexus. 

Coieper's  Olaiids.  These  glands  are  two  firm  lobulated 
bodies  about  the  size  of  peas  and  situated,  one  on  either 
side  of  the  membranous  urethra,  between  the  two  layers 
of  the  triangular  ligament  (Pig.  2383,  No.  3).  They  lie 
close  above  the  bulb  among  the  fibres  of  the  compressor 
urethroB  muscle.  Each  body  is  a  compound  racemose 
gland,  and  its  duct,  lined  by  columnar  epithelium, 
pierces  the  perineal  layer  of  the  tiiangular  ligament  and 
runs  forward  for  about  an  inch  (35  mm. )  under  the  mucous 
membrane,  finally  emptying  into  the  spongy  urethra. 
The  viscid,  albuminoid,  transparent  secretion  of  these 
glands  is  mixed  with  the  seminal  fluid  at  the  moment  of 
ejaculation.  Daniel  Kerfoot  Shute. 

GENTIAN. — Gbntiana.  "The  dried  rhizome  and  root 
of  Oentiana  biteaL.  (fam.  Oentianacea'),"V.  S.  P.  This, 
the  yellow  gentian,  is  one  of  the  largest  and  showiest 
species  of  the  genus.  It  is  a  tall,  sturdy,  mountain  per- 
ennial, arising  from  a  thick,  fleshy,  slightly  branching  or 
simple,  and  sometimes  very  long  (from  half  a  metre  to 
one  metre  or  more),  yellowish-brown  root,  and  is  a  j'ard 
or  more  high.  It  grows  abundantly  in  the  elevated  and 
mountainous  parts  of  Southern  and  Middle  Europe,  Asia 
Minor,  etc.  In  'Switzerland,  Southern  France,  and  the 
hilly  parts  of  Germany,  it  is  collected  for  use.  Al- 
though sometimes  cultivated  for  ornament,  it  does  not 
thrive  well,  and  rarely  flowers  except  in  its  native  pas- 
tures. 

Dbsciuption. — In  cylindraceous,  usually  slightly  flat- 
tened, curved  or  crooked  pieces  of  indefinite  length,  and 
from  0.5  to  3.5  cm.  (i  to  nearly  1^  in.)  thick,  or  in  longi- 
tudinal slices  of  the  same  thickness ;  externally  yellowish- 
brown  to  dark  brown,  strongly  and  crookedly  longitudi- 
nally wrinkled,  and  marked  with  lighter-colored  circular 
root  scars,  the  rhizome  finely  or  heavily  annulate ;  some- 
what tough  and  flexible  when  damp,  rather  brittle  when 
dry,  the  fracture  short  but  uneven,  tbebark  thick,  reddish- 
brown,  separated  by  a  dark  brown  line  from  the  yellow- 
ish or  reddish-yellow  inner  portion ;  free  from  starch ; 
odor  strong,  characteristic;  taste  very  bitter,  slightly 
sweetish.  The  roots  of  other  species  are  distinguished 
by  their  smaller  size  and  tendency  to  divide  into  numer- 
ous branches  at  the  top.  Their  introduction  is  to  be 
regarded  as  only  technically  an  adulteration,  as  their 
properties  are  identical  with  those  of  the  official  root. 

Composition. — The  principal  constituent  of  this  and 
other  gentians  is  the  peculiar,  intensely  bitter,  crystalline 
glucoside,  gentiopierin,  first  obtained  in  «,  state  of  puritj- 
in  1868,  by  Kromeyer,  from  fresh  gentian  root.  It  can- 
not, so  it  is  said,  be  made  to  crystallize  from  that  which 
has  been  dried.  It  forms  clear,  radiate,  or  clustered 
needles;  is  soluble  in  water-and  diluted  alcohol,  but  not 
in  ether ;  and  by  means  of  diluted  acids  it  is  separated 
into  sugar  and  geniiogenin,  a  yellow,  bitter,  neutral 
powder.  The  yield  is  about  one  and  two-thirds  per  niille. 
Oentisic  acid  is  more  abundant.  It  is  in  large  needle- 
shaped  crystals,  tasteless,  and  almost  insoluble  in  water 
and  ether,  but  slightly  soluble  in  alcohol.  It  is  not  an 
active  substance.  The  root  also  contains  a  good  deal  of 
pectic  matters,  sugar  (gentianose),  etc.,  but  no  starch, 
and  probably  no  tannic  acid,  unless  the  gentisic  acid  be 
considered  a  form  of  tannin. 

Action  and  Use. — Gentian  is  the  most  perfect  type  at 
our  command  of  the  class  of  medicines  called  "  simple  bit- 
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ters. "  In  the  purity  of  its  bitter  taste,  the  promptness 
of  its  action  upon  the  assimilating  organs,  and  tlie  ab- 
sence of  other  qualities  even  in  considerably  larger  than 
medicinal  doses,  it  has  no  equal.  Concerning  its  physi- 
ological action  in  a  definite  way— that  is,  as  shown  by 
experiments  in  laboi'atories — we  know  but  little,  the 
more  striking  effects  of  active  poisons  having  greater 
fascination  for  physiologists.  Geniisic  acid,  when  taken 
even  to  the  extent  of  several  grams,  has  no  special  action, 
Oentiopicrin  has  not  been  tested,  to  the  writer's  knowl- 
edge, in  a  pure  state ;  but  the  older  gentianins,  etc. ,  con- 
sisting of  mixtures  of  the  above  two  substances,  have 
never  shown  themselves  poisonous.  In  excessive  quan- 
tities gentian  and  its  preparations  disturb  the  stomach 
and  bowels,  and  may  occasion  nausea  and  vomiting. 
Sometimes  it  appears  to  be  slightly  laxative.  Gentian  is 
employed  in  medicine  almost  exclusively  for  the  purpose 
of  obtaining  its  stimulating  effect  upon  the  appetite,  gas- 
tric secretion,  and  assimilating  functions.  Under  its  in- 
fluence the  appetite  improves,  the  feeling  of  weight  or 
discomfort  felt  in  the  stomach  or  bowels  after  eating — if 
due  to  debility  of  those  organs — disappears,  moi-e  food  is 
taken,  and  pi-obably  more  of  what  is  taken  is  assimilated. 
It  must  be  borne  in  mind  that  it  probably,  like  other 
bitters,  has  a  slight  inhibitory  action  upon  the  digestive 
process  by  its  presence  in  the  mass  of  food.  The  secondary 
effect — viz..  the  improved  nutrition  of  all  the  organs, 
and  their  consequently  better  performance  of  their  vari- 
ous functions — is  what  is  known  as  a  tonic  effect. 
Strength,  weight,  color,  firmness  of  tissue,  are  all  im- 
proved, and  better  health  results.  This  drug  is,  then, 
indicated  in  debility,  with  poor  appetite,  of  a  more  or 
less  chronic  character.  Of  course,  acute  and  sudden  de- 
pression, such  as  collapse  or  shock,  or  the  weakness  of 
fevers  during  the  stage  of  high  temperatures,  are  to  be 
treated  by  stimulants,  and  are  not  suitable  ones  for  tonics 
alone ;  but,  on  the  other  hand,  during  the  recovery  from 
all  severe  illnesses  gentian  may  be  of  great  value.  It  is 
often  of  service  in  dyspepsia,  and,  in  combination  with 
iron,  in  simple  anaemia.  As  an  antiperiodic  it  has  been 
completely  superseded  by  quinine ;  as  a  substitute  for 
tobacco^ and  opium  in  the  treatment  of  those  habits  it  has 
no  special  value. 

Administration, — Gentian,  in  the  form  of  the  whole 
root,  is  sometimes  chewed,  and  the  salivary  extract  swal- 
lowed ;  the  method,  although  troublesome,  is  an  excellent 
one.  The  dose  is  not  particularly  important,  but  2  or 
3  gm.  will  probably  do  as  much  good  as  a  larger 
quantity.  There  ai-e  seveial  widely  used  preparations, 
all  good.  The  extract  {Extractitin  Gentianm,  U.  S,  P.), 
an  infusion  evaporated  to  a  pillular  consistence,  is  a  near- 
ly black,  pleasant-smelling,  but  very  bitter,  soft  solid, 
scarcely  firm  enough  to  make  permanent  pills.  Dose,  a 
gram  or  less.  The  fluid  exti-act  (Extmrtmn  Qentiaiuf 
Fltiidum,  U.  S.  P.),  made  with  diluteil  alcohol,  is  less 
used  than  the  other  preparations,  but  represents  the  root 
well.  The  compound  infusion  (//////.wwi  Gentiiuup.  Gom- 
pontum,  B.  P.),  although  not  now  officinal  here,  is  con- 
siderably used;  its  strength  is  12.5  gm.  to  1,000  c,c, 
with  orange  and  lemon  peel.  Dose,  a  wineglassful  or 
two.  But  the  most  commonly  used  of  all,  and  probably 
the  most  perfect  bitter  tonic  ever  made,  is  the  compound 
imctwre  {TiiiHiim  Geutiiiiim  Comjiiixif/i^  U.  8.  P.),  which 
has  the  following  composition:  Gentian,  10  parts':  bitter 
orange  peel,  4  parts;  cardamom,  1  part;  percolated  with 
diluted  alcohol  until  100  parts  of  tincture  are  obtained 
J  he  addition  of  aromatics  in  the  last  two  preparations 
greatly  enhances  their  value.  W.  P.  BoUes. 

_  GENTIANACE/E,-(77„-  G<;,U„„  F,„inly.)  The  -reat 
size  and  wide  distribution  of  this  family,  and  the  sini'^ular 
uniformity  of  its  species  in  agreeing  with  the  general 
composition  and  properties  of  the  drug  la.st  discussed 
render  it  of  great  importimce  that  army  surgeons  and 
travellers  generally  should  be  able  to  lecognize  them  when 
seen,  Ihereare  no  poisonous  plants  among  them  A 
very  few  are  s  ightly  or  not  at  all  bitter  and  their  roots 
or  leaves  are  edible.     Several  Goutoubeas  are  used  as  an- 


thelmintics. With  these  exceptions,  all  the  others  in  use, 
to  the  number  of  a  hundred  or  more,  have  the  properties 
of  the  official  Gentinn  and  Ghiretta.  Among  these  are 
a  large  number  in  the  genera  Geiitiana,  Swertia,  Liaimi- 
tliua,  PJeiiroyyue,  Erythrma  (the  "  Centaury s  "),  Sabattin, 
Axacum,  etc.  All  show  a  distinct  tendency  toward  laxa- 
tive properties,  and  in  some  this  tendency  is  marked. 
The  family  contains  upward  of  sixty  genera  and  nearly  a 
thousand  species,  Gentiana  being  the  largest  genus,  with 
about  three  hundred  species.  The  family  is  represented 
mostly  in  the  temperate  zones  and  in  tropical  mountains 
with  a  temperate  climate.  They  may  be  known  by  the 
following  family  characteristics :  They  are  mostly  herbs, 
smooth,  with  opposite,  entire,  extipulate  leaves,  these 
usually  nerved  or  ribbed.  The  flowers  are  solitary  or 
cymose  in  the  axils,  or  at  the  summit,  the  cymes  often 
panicled.  The  flowers  are  regular,  rarely  a  little  oblique, 
perfect,  4-5-merous,  the  corolla  gamopetalous.  The 
stamens  are  of  the  same  number  as  the  corolla  lobes,  alter- 
nate with  them  and  affixed  to  the  corolla  tube  or  throat. 
The  disc,  if  any,  is  inconspicuous.  The  ovary  is  superior, 
one-celled,  or  rarely  two-celled  by  the  union  of  the  two 
parietal  placentae.  The  ovules  are  numerous,  anatropous 
or  amphitropous.  The  fruit  is  usually  a  two-valved, 
dehiscent  capsule,  rarely  indehi.scent,  still  more  rarely 
fleshy.  The  embryo  is  small,  in  copious  albumen,  the 
radicle,  if  its  direction  is  distinct,  ascending. 

Hen  ry  II,  Evihy. 

GEOFORM,  or  gaiaform,  prepared  by  the  action  of 
formaldehyde  on  guaiacol,  is  a  yellow,  non-irritant  pow- 
der, without  odor  or  taste.  It  is  soluble  in  alcohol,  ether, 
hot  benzol,  and  solutions  of  soda  or  potassa,  and  is  in- 
soluble in  water,  petroleum  etlier,  and  benzin.  Heated 
for  several  days  it  acquires  an  odor  of  vanilla.  Used  liy 
Brissonet  and  others,  it  is  claimed  to  be  non-toxic,  as 
much  as  15  gm.  ( |  ss.)  a  day  having  been  administered, 
without  inconvenience,  to  a  dog  weighing  16  kgm.  (35 
pounds).  It  is  given  in  capsule  in  tuberculosis,  the  dose 
being  that  of  guaiacol, 

Tnnno-geoform,  its  compound  with  tannin,  is  preferred 
for  intestinal  tuberculosis  and  night  sweats,  and  for  other 
sweating  processes,  such  as  hvperidrosis, 

W.  A.  Biistedo. 

GERANIUM.— Cr,\nesbill,  Wild  Geranium.  "The 
dried  rhizome  of  Geranium  maciddliim  L.  (fain,  Genmi- 
ace/e),"  U,  S,  P,  This  plant  is  exceedingly  abundant  in 
woodlands  about  New  York;  and  elsewhere  in  eastern  and 
central  North  America,  and  is  represented  farther  west 
by  other  species,  with  similar  properties.  It  is  a  peren- 
nial slender  herb,  a  foot  or  two  high,  with  palmately 
lobed,  roundish  leaves,  from  two  to  six  inches  in  diameter, 
and  numerous  lilac-purple  flowers,  something  over  an 
inch  in  breadth.  The  rhizome  is  of  horizontal  growth,  5 
to  10  cm,  (2  to  4  in,)  long  and  0,5  to  1,5  cm.  Q  to  4  in.) 
thick,  more  or  less  crooked,  cylindraceous  but  somewhat 
vertically  flattened,  brown ;  roughly  and  shortly  wrinkled 
and  strongly,  rather  sharply  tuberculate;  fracture  short, 
inirple,  the  bark  thin,  a  few  short  and  broad  yellowish 
wood-wedges  scattered  near  the  dark  cambium;  inodor- 
ous; taste  strongly  astringent. 

Besides  inert  ninr/lnr/e,  resin,  ealoring  matters,  etc., 
geranium  contains  from  ten  to  twenty-five  per  cent,  or 
more  of  tannin,  to  which  its  medicinal  value  is  owing.  It 
is  a  mild,  rather  pleasant,  vegetable  astringent,  and  con- 
siderably employed  in  diarrha>a,  chronic  dysentery,  etc, 
and  as  a  wash,  gargle,  or  injection,  in  catarrhs  of  the 
pharynx,  vagina,  or  urethra,  A  fluid  extract  is  official 
and  repii'sents  it  well  for  internal  use.  Dose,  1  to  2  c,c, 
(  nt  XV,  ad  xxx,).  For  washes  and  gargles  a  tcu-per-ccnt, 
decoction  may  be  made  in  the  usual  waj',  Cranesbill  is 
often  selected,  when  an  astringent  is  needed  for  a  child, 
on  account  of  its  comparatively  easy  administration. 

Geranium  will  probably  be  dropped  from  the  next  edi- 
tion of  the  Pharmacopoeia,  Henry  H.  JRusby. 

GERMANDER.     See  Labiatce. 
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GERMAN  MEASLES.     See  Roethdn. 

GERMICIDES. — Jloderu  science  having  established  the 
fact  tliat  certain  infectious  diseases  of  man  and  of  the 
lower  animals  are  due  to  minute  micro-organisms,  popu- 
larly spoken  of  as  "germs,"  the  term  germicides  has  been 
introduced  to  designate  those  agents  which  have  the 
power  of  destroying  the  vital  activity  of  such  organisms. 

Strictly  speaking,  a  germ  is  the  primitive  reproductive 
element  of  an  animal  or  vegetable  organism.  But  med- 
ical authors,  in  advance  of  exact  knowledge,  have  long 
been  in  the  habit  of  speaking  of  the  "  germs  of  disease  " ; 
and  since  it  has  been  shown  that  in  certain  instances  these 
disease  germs  are  minute  vegetable  organisms,  belonging 
to  the  bacteria,  a  more  definite  idea  is  attached  to  the 
word  germ,  and  the  term  germicide  is  understood  as  re- 
ferring to  an  agent  which  has  the  power  to  destroy  organ- 
isms of  this  class — micrococci,  bacilli,  and  spirilla. 

It  is  evident  that  an  exact  knowledge  of  the  germicidal 
power  of  various  substances  is  desii-able  with  a  view  to 
therapeutic  possibilities,  and  especially  with  reference  to 
the  destruction  of  disease  germs  external  to  the  bodies 
of  infected  individuals — disinfection.  As  methods  have 
been  perfected  by  which  organisms  of  this  class — patho- 
genic or  non-pathogenic — may  be  isolated  and  cultivated 
through  successive  generations  in  sterilized  media — "  pure 
cultures  " — it  has  become  possible  to  determine  in  an  ex- 
act manner  the  germicidal  power  of  a  given  agent  as  re- 
gards a  particular  germ ;  and  in  a  general  way  to  classify 
chemical  agents  with  reference  to  their  power  to  destroy 
bacterial  organisms.  Already  much  work  has  been  done 
in  this  direction,  and  it  is  the  object  of  the  present  article 
to  place  upon  record  the  results  of  the  determinations 
which  have  been  made  up  to  the  present  date. 

But  before  referring  in  detail  to  the  experimental  data, 
it  will  be  desirable  to  give  an  account  of  the  methods  of 
research,  and  to  call  attention  to  the  various  circumstances 
which  influence  the  result,  and  which  must  be  taken  into 
consideration  if  we  attempt  to  compare  the  data  obtained 
by  different  experimenters. 

In  the  case  of  pathogenic  organisms  tiro  metlwds  of  de- 
termination are  available:  (a)  the  inoculation  of  germs 
which  have  been  exposed  to  the  action  of  a  supposed 
germicide  into  a  susceptible  animal ;  (ft)  the  attempt  to 
cultivate  germs  exposed  in  the  same  way  in  suitable  cul- 
ture media.  In  the  one  case  failure  to  multiply  in  the 
body  of  the  test  animal,  and  in  the  other  failure  to  multi- 
ply under  favorable  conditions  in  a  culture  medium  is 
taken  as  evidence  of  the  germicidal  power  of  the  agent 
tested. 

Extended  experiments  by  the  method  of  inoculation 
have  been  made  upon  the  anthrax  bacillus  (Davaine, 
Koch),  upon  the  tubercle  bacillus  (Schill  and  Fischer), 
and  upon  the  micrococcus  of  rabbit  septicajmia  (Davaine, 
Sternberg).  Experiments  have  also  been  made  upon  the 
virus  of  glanders  (Reynal,  Peuch,  Vallin),  upon  that  of 
symptomatic  anthrax  (Arloing,  Cornevin,  and  Thomas), 
and  upon  the  micrococcus  of  fowl  cholera  (Salmon). 

This  method  is  very  definite  and  satisfactory  so  far  as 
the  negative  results  are  concerned — that  is  to  say,  when 
the  agent  under  trial  fails  to  exercise  any  germicidal 
power.  In  this  case  the  death  of  the  test  animal,  and  the 
fact  that  the  pathogenic  organism  to  which  this  result  is 
due  is  found  in  its  blood  or  tissues,  is  sufficient  evidence 
of  the  failure  of  the  agent  under  trial  to  destroy  the 
vitality  of  the  germ.  But  the  survival  of  the  test  animal 
cannot  be  taken  as  positive  proof  that  the  agent  to  the 
action  of  which  the  test  organism  was  submitted  has 
completely  destroyed  the  vitality  of  this  organism.  This 
for  two  reasons:  first,  the  inoculated  animal  may  suffer 
from  a  modified  and  non-fatal  attack  of  the  infectious 
disease,  the  germ  of  which  is  used  in  the  test ;  second,  in 
the  case  of  a  chemical  agent  which  has  been  mixed  in  a 
given  amount  with  a  pure  culture  of  the  test  organisrn, 
or  with  blood  from  an  infected  animal  containing  this 
organism,  the  agent  is  necessarily  injected  into  the  test 
animal  along  with  the  germs  which  have  been  subjected 
to  its  action,  and  may  exercise  a  restraining  influence 


upon  the  development  of  tliese  germs  without  destroying 
their  vitality.  This  would  give  time  for  their  destruction 
in  the  body  of  the  animal  by  those  means  which  have 
been  provided  by  nature.  The  writer  has  elsewhere  sug- 
gested that  this  is  probably  one  of  the  functions  of  the 
white  blood  corpuscles,  and  that,  when  the  developing 
power  of  pathogenic  organisms  is  restrained  in  any  way, 
before  or  after  their  introduction  into  the  body  of  a  sus- 
ceptible animal,  this  provision  of  nature  may  suffice  to 
prevent  an  attack  of  the  disease,  or  at  least  to  modify 
its  severity. 

The  second  metliod.  permits  of  a  more  accurate  deter- 
mination when  the  experiments  are  conilucted  with  a  due 
regard  to  the  possible  restraining  influence  of  the  germi- 
cide agent,  which  by  preventing  growth  might  lead  to 
the  mistaken  inference  that  the  vitality  of  the  test  organ- 
isms had  been  destroyed.  This  error  is  to  be  avoided  by 
diluting  the  germicide  agent  so  largely  with  the  sterilized 
culture  fluid  into  which  it  is  introduced,  along  with  the 
test  organisms  which  have  been  exposed  to  its  action, 
that  its  restraining  influence  is  rendered  nil.  Suppose, 
for  example,  that  we  mix  with  a  culture  of  the  anthrax 
bacillus  containing  spores  an  equal  quantity  of  a  solution 
of  mercuric  chloride  of  the  strength  of  1  to  1,000,  making 
the  proportion  of  the  salt  in  the  mixture  1  to  2, 000.  Nov\' , 
if  we  take  one  part  of  this  mixture  and  add  it  to  ten  parts 
of  sterilized  bouillon,  we  shall  have  the  mercuric  chloride 
present  in  the  proportion  of  1  to  30,000.  Experiments 
upon  the  restraining  power  of  this  salt  show  that  antlirax 
spores  will  not  grow  in  culture  solutions  containing  1  to 
300,000,  and  that  their  development  is  retarded  by  solu- 
tions of  1  to  600,000.  Failure  to  develop  in  this  case 
would  therefore  be  no  proof  that  the  growing  power  of 
the  anthrax  spores  liad  been  destroyed.  This  proof  is 
only  to  be  attained  by  adding  sufficient  culture  fluid  to 
dilute  the  mercuric  chloride  beyond  its  restraining  power. 
The  use  of  a  comparatively  large  amount  of  the  culture 
fluid,  and  of  an  extremely  small  quantity  of  the  material 
containing  the  test  organisms,  permits  us  to  exclude  this 
source  of  error,  for  a  few  germs  sei've  as  well  for  the  test 
as  a  large  number.  Or  we  may  wash  the  test  organisms 
in  a  solution  which  has  no  germicidal  action  but  which 
is  capable  of  neutralizing  chemically  the  agent  which  is 
being  tested  as  to  its  germicidal  power — e.g. ,  a  solution 
of  ammonium  sulphide  for  corrosive  sublimate. 

For  the  reason  stated  fluid  culture  media  are  more  suit- 
able for  experiments  of  this  nature  than  solids.  If  we 
bring  a  little  of  our  material  containing  mercuric  chloride 
in  the  proportion  of  1  to  3,000  upon  the  surface  of  a 
cooked  potato,  or  introduce  it  with  a  needle  into  a  gela- 
tin culture  medium,  the  salt  will  not  be  diluted,  and 
would  exercise  its  restraining  influence  upon  the  germs 
if  they  had  not  already  been  destroyed  by  its  action.  On 
the  other  hand,  if  we  add  1  part  of  the  material  to  100 
parts  of  bouillon  and  mix  thoroughly  by  shaking,  the 
mercuric  chloride  will  be  diluted  to  1  to  300,000;  this 
being  still  within  the  limits  of  its  restraining  action,  we 
may  take  one  part  of  the  mixture  and  add  it  to  10  parts 
of  the  &tm\&  bouillon .  The  mercuric  chloride  will  now 
be  diluted  to  1  to  3,000,000,  a  proportion  quite  beyond 
the  limits  of  restraining  action.  But  there  will  be  a  suffi- 
cient number  of  anthrax  spores  in  the  culture  medium  to 
test  the  question  as  to  whether  the  growing  power  of 
these  particular  "  germs  "  is  destroyed  by  mercuric  chlo- 
ride in  the  proportion  named. 

This  source  of  error  has  not  been  kept  sufficiently  in 
view  in  some  of  the  experiments  heretofore  made.  Again, 
it  often  happens  that  no  development  occurs  for  a  time, 
but  that  after  several  days  the  germs  which  have  been 
exposed  to  the  action  of  a  chemical  agent  commence  to 
grow,  and  finally  produce  an  abundant  and  vigorous 
progeny.  In  this  case  mistakes  are  likely  to  arise  from 
terminating  the  experiment  too  soon.  Anthrax  spores, 
for  example,  develop,  in  a  suitable  culture  medium,  at 
a  temperature  of  80°  to  100°  F. ,  within  twenty-four  hours, 
and  give  rise  to  numerous  characteristic  flocculi,  made 
up  of  long  filaments,  which  are  readily  distinguished  by 
the  naked  eye.     But  after  exposure  to  a  germicide  agent 
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in  less  amount  than  is  necessary  completely  to  destroy 
their  vitality,  they  may  fail  to  develop  under  tlie  same 
circumstances  in  forty-eight  or  seventy-two  hours,  and 
yet  finally  produce  an  abundant  crop  of  filaments. 

Bearing  in  mind  these  sources  of  error,  the  germicidal 
value  of  a  given  agent  maybe  determined  approximately 
by  a  series  of  experiments,  in  vphich  the  quantity  of  the 
agent  under  trial  is  increased  or  diminished  according  as 
it  fails  or  is  successful  in  destroying  the  vitality  of  the 
test  organism.  But  the  data  obtained  by  experiments 
upon  a  single  organism  can  be  applied  only  in  a  general 
way  to  others  of  the  same  class,  for  experiments  which 
have  been  made  show  that  within  certain  limits  there  are 
manifest  differences  in  resisting  power,  and  -especially 
that  there  is  a  wide  difference  in  this  regard  between  or- 
ganisms in  active  growth — micrococci,  spirilla,  or  bacilli 
— and  the  reproductive  bodies,  called  spores,  which  are 
developed  in  the  inteiiorof  the  bacilli  at  a  certain  period 
in  their  life  history. 

It  will  be  seen  from  what  has  been  said,  that  the  germi- 
cidal power  of  a  chemical  agent  can  be  stated  in  a  defi- 
nite manner  only  when  reference  is  made  to  a  particular 
germ.  It  is  also  necessary  to  take  into  account  certain 
circumstances  relating  to  the  test  organism  and  the  me- 
dium in  which  it  is  placed,  and,  especially,  to  consider 
the  time  during  which  this  has  been  exposed  to  the  action 
of  the  germicide.  Thus  we  may,  by  our  experiments, 
determine  how  long  a  time  will  be  required  for  the  de- 
struction of  a  given  germ  by  means  of  a  standard  solu- 
tion of  a  certain  chemical  agent.  Or,  on  the  other  hand, 
we  may  determine  the  proportion  in  which  this  agent 
must  be  used  in  order  to  be  effective  in  a  given  time. 
In  Dr.  Koch's  elaborate  experiments,  published  in  the 
first  volume  of  the  "  Mittheilungen  aus  dem  Kaiserlichen 
Gesundheitsamte, "  the  time  is  made  the  variable  quantity. 
In  the  writer's  numerous  experiments  a  standard  time 
was  adopted — two  hours  in  the  more  recent  experiments 
—and  the  object  in  view  was  to  determine  the  minimum 
quantity  of  the  agent  under  trial  which  is  effective  in 
this  time. 

Evidently,  a  comparison  of  the  results  reported  by 
different  experimenters  requires  a  consideration  of  this 
essential  condition.  But  in  addition  to  this  we  must 
consider  the  following  circumstances : 

(«)  The  presence  or  absence  of  spores. 

(b)  The  physical  condition  of  the  test  organism— 
whether  it  is  dry  or  moist,  whether  suspended  in  fluid  or 
embedded  in  masses  of  albuminous  material,  etc. 

(c)  The  chemical  properties  and  mode  of  action  of  the 
agent  which  is  being  tested. 

(d)  The  temperature  at  the  time  the  experiment  is 
made.  As  a  general  rule  the  higlier  the  temperature  the 
more  promptly  the  germicidal  action  of  a  chemical  agent 
is  manifested. 

(a)  As  already  remarked,  spores  are  far  more  resistant 
than  bacteria  in  active  growth.  Thus  the  spores  ofnhe 
anthrax  bacillus  reqtiire  for  their  destruction  a  boiling 
temperature,  while  the  bacillus  itself  is  quickly  destroyed 
by  a  temperature  of  140°  F.  The  same  spores  are  not 
destroyed  by  being  immersed  for  one  month  in  a  five-per- 
cent, solution  of  chloride  of  zinc,  or  for  three  months  in 
absolute  alcohol,  or  one  hundred  and  ten  days  in  a  flve- 
per-cent.  solution  of  carbolic  acid  in  oil;  the  last-men- 
tioned solution,  however,  destroys  the  bacilli,  in  the  ab- 
sence of  spores,  in  six  days  (Koeli). 

(*)  The  germicidal  power  of  formaldehyd,  sulphur 
dioxide,  and  of  otlier  gases  is  largely  influenced  by  the 
physical  condition  of  the  test  organisms— as  to  whether 
they  are  dry  or  moist,  whether  they  are  exposed  in  masses 
or  m  thin  films,  etc.  And  the  same  circumstances  influ- 
ence the  result,  to  a  less  extent,  in  experiments  with 
aqueous  solutions  of  various  agents.  This  is  especially 
true  as  regards  those  agents  which  enter  into  combina- 
tion with  albuminous  material;  thus  Schill  and  Fischer 
found  that  the  tubercle  bacillus  was  not  destroyed  in 
tuberculous  sputum  exposed  for  twenty-four  hours  to 
the  action  of  mercuric  chloride  in  solution  in  the  propor- 
tion of  1  to  3,000,  while  dried  sputum  exposed  to  a  solu- 
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tion  of  1  to  5,000  failed  to  produce  tuberculosis  when  in- 
oculated into  guinea-pigs.  The  difference  was  no  doubt 
due  to  the  fact  that  in  the  moist  sputum  the  bacilli  in  the 
interior  of  the  mass  were  protected  from  the  action  of  the 
germicide  agent.  The  result  is  also  largely  influenced 
in  certain  cases  by  the  amount  of  non-living  organic 
material  associated  with  the  germs  to  be  destroyed.  This 
is  especially  true  as  regards  the  oxidizing  disinfectants. 
If,  for  example,  we  subject  a  given  quantity  of  germs 
suspended  in  pure  water  to  the  action  of  potassium  per- 
manganate or  of  hypochlorite  of  lime,  these  agents  will 
be  effective  in  dilute  solutions.  But  if  the  germs  are 
suspended  in  a  rich  culture  medium,  or  embedded  in 
masses  of  organic  material,  this  material  will  be  quickly 
oxidized,  and  in  the  chemical  reaction  which  occurs  an 
amount  of  the  reagent  will  be  decomposed  corresponding 
with  the  amount  of  organic  material  present  in  the  solu- 
tion ;  and  only  the  excess  of  the  oxidizing  agent  will  be 
available  for  the  destruction  of  such  germs  as  may  have 
escaped  immediate  destruction  by  reason  of  their  resist- 
ing power,  or  because  they  were  protected  by  being  em- 
bedded in  masses  of  material. 

It  will  be  desirable  to  extend  the  experimental  re- 
searches in  this  direction  as  new  i^athogenic  organisms 
are  discovered,  and  to  determine  in  an  exact  manner  the 
value  of  each  agent  which  has  been  shown  to  possess 
germicidal  power  for  each  organism  of  this  class.  In 
many  of  the  experiments  which  have  been  made  test 
organisms  have  been  used  which  are  known  to  be  non- 
pathogenic, but  which,  belonging  to  the  same  class,  give 
valuable  data  for  the  determination  in  a  general  way 
of  the  comparative  germicidal  value  of  various  chemical 
agents.  Thus,  in  many  of  the  writer's  experiments  the 
bacteria  of  putrefaction,  as  found  in  "  broken-down " 
beef-tea  freely  exposed  to  the  air,  have  served  as  the 
test.  As  a  variety  of  bacterial  organisms  are  present  m 
such  material,  including  one  or  more  species  of  spore- 
bearing  bacilli,  this  serves  as  a  general  test,  and  there  is 
reason  to  believe  that  all  known  pathogenic  organisms 
«'ould  be  destroyed  by  an  agent  capable  of  destroying 
all  germs  found  in  such  material.  These  experiments, 
therefore,  furnish  reliable  data  upon  which  to  base  prac- 
tical measures  of  disinfection.  In  practice  it  will  be  best 
to  select  such  agents  as  stand  the  most  rigid  tests,  and  to 
use  them  in  amounts  somewhat  in  excess  of  what  is  shown 
by  such  tests  to  be  necessary.  (See  article  on  Bisinfect- 
ants.) 

For  convenience  of  reference  we  have  arranged  the  fol 
lowing  summary  of  the  experimental  data  in  alphabetical 
order : 

^c«tonf.— Anthrax  spores  grow  freely  after  two  days' 
exposure  to  the  action  of  this  agent;  after  five  days  the 
development  is  feeble  (Koch). 

Acetic  Acid.—K  five-per-cent.  solution  did  not  prevent 
the  development  of  anthrax  spores  after  five  days'  ex- 
posure (Koch).  In  experiments  made  bv  Abbott,  glacial 
acetic  acid  in  the  proportion  of  fifty  per  cent,  failed  to 
destroy  anthrax  spores  in  two  hours,  but  twenty  per 
cent,  was  effective  with  the  spores  of  B.  nuhiilis  and  with 
the  mixed  organisms  in  broken-down  beef -tea ;  and  micro- 
cocci were  destroyed  in  the  same  time  by  a  one-ner-cent 
solution.  '^ 

_AlcoM.—ln  the  writer's  experiments  it  was  found  that 
ninety-five-per-cent.  alcohol  did  not  destroy  (he  vitality 
ot  the  organisms  in  broken-down  beef-tea  in  forty-eight 
hours.  The  micrococcus  of  pneumonia  was  destroyed 
by  two  hours'  exposure  to  a  twenty-four-per-cent  solu- 
tion. A  micrococcus  obtained  from  gonorrheal  pus  re- 
quired a  forty-per-cent.  solution.  Koch  found  that  ab- 
solute alcohol  had  no  effect  upon  the  vitality  of  anthrax 
spores  which  were  immersed  in  it  for  one  hundred  and 
ten  days.  When  saturated  with  camphor,  alcohol  does 
not  destroy  the  virus  of  symptomatic  anthrax  (Arioing 
Cornevin,  and  Thomas).  In  the  proportion  of  1  to  1  5  It 
destroys  the  bacteria  which  cause  the  acid  fermentation 
of  mdk  (Molke).  Schill  and  Fischer  found  that  when 
ttiberculous  sputum  was  mixed  with  an  equal  quantity 
of  absolute  alcohol,  its  infecting  power  was  not  destroyed 
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(in  twenty-four  hours),  but  that,  in  tlie  proportion  of  5 
parts  to  1  of  sputum,  this  agent  was  effective  in  destroy- 
ing the  tubercle  bacillus,  as  proved  by  inoculation  ex- 
periments. 

Yersin  reports  that  the  tubercle  bacillus  in  pure  cult- 
ures is  destroyed  by  absolute  alcohol  in  five  minutes. 
The  experiments  of  Reinicke,  Ahlfeld,  Epstein,  and  others 
show  that  bacteria  in  a  moist  condition  are  quickly  de- 
stroyed by  a  fifty-pcr-cent.  solution  of  alcohol  and  that 
such  a  solution  is  more  potent  as  a  germicide  than  abso- 
lute alcohol,  which  has  comparatively  little  germicidal 
power.  For  the  disinfection  of  the  hands  a  flfty-per-cent. 
solution  is  recommended  by  Epstein, 

Solutions  of  mercuric  chloride,  ca,rbolic  acid,  thymol 
and  lysol  in  flfty-per-cent.  alcohol  were  found  by  Epstein 
to  be  more  active  than  aqueous  solutions  of  the  same 
strength.  Alcoholic  solutions  have  tlie  advantage  of 
dissolving  oils  and  consequently  of  acting  more  promptly 
when  the  object  in  view  is  to  disinfect  the  hands. 

Ammonia. — The  experiments  of  Koch  sliow  that  am- 
monia does  not  destroy  the  spores  of  the  anthrax  bacil- 
lus; but.  according  to  Bchring,  ammonia  in  solution  in 
the  proportion  of  1  to  417  inhibits  the  growth  of  the  an- 
thrax bacillus.  Gottbrecht  also  found  that  both  ammonia 
and  carbonate  of  ammonia  have  decided  antiseptic  proper- 
ties. Rigler  has  proposed  to  use  ammonia  gas  for  the 
disinfection  of  rooms,  and  concluded  from  his  experiments 
that  it  is  a  reliable  disinfectant  when  used  in  the  propor- 
tion of  1  kgm.  of  aqua  ammonia,  exposed  in  shallow 
vessels,  for  every  one-hundred  cubic  feet  of  space. 
Moreno,  who  conducted  a  series  of  experiments  in  the 
laboratory  of  the  University  of  Turin,  was  not  able  to 
confirm  Rigler  as  to  the  value  of  this  agent  for  practical 
use  in  infected  apartments,  and  it  is  no  doubt  much 
inferior  to  formaldehyd  and  probably  of  less  value  than 
sulphur  dioxid. 

Ammonium-  Chloride. — A  flve-per-cent.  solution  failed 
in  twent3'-flve  days  to  destroy  the  vitality  of  anthrax 
sjiores  (Koch). 

Ammonium  Sulphate. — A  five-per-cent.  solution  was 
effective  in  five  days,  but  failed  in  two  days  to  destroy 
anthrax  spores  (Koch). 

Aromatic  Products  of  Decomposition. — Kloiu  has  tested 
the  germicidal  power  of  phenyl  proprionic  and  of  plienyl 
acetic  acid.  He  finds  that  anthrax  spores  resist  both  of 
these  acids  in  the  proportion  of  1  to  400  after  two  days' 
exposure ;  but  anthrax  bacilli,  in  the  absence  of  spores, 
are  quickly  killed  by  a  solution  of  this  strength.  Certain 
non-pathogenic  micrococci  were  not  killed  by  exposure 
for  twentv-five  minutes  to  a  solution  of  1  to  200.  Ex- 
posure for  ninety -six  hours  to  these  acids,  in  the  propor- 
tion of  1  to  200J  did  not  prevent  the  caseous  matter  of 
pulmonary  tuberculosis  from  infecting  guinea-pigs;  1  to 
800  was  effective  in  destroying  the  virulence  of  swine- 
plague  virus. 

Arseninus  Acid.— A  one-per-cent.  solution  destroyed 
the  vitality  of  anthrax  spores  in  ten  days,  but  failed  to 
do  so  in  six  days  (Koch).  The  infective  power  of  tuber- 
culous sputum,  as  shown  by  inoculation  into  guinea- 
pigs,  is  not  destroyed  by  twenty  hours'  exposure  to  a 
one-percent,  solution. 

£^,i2o;. —Exposure  for  twenty  days  failed  to  destroy 
the  vitality  of  anthrax  spores  (Koch). 

Benzoic  ^aU— This  agent  was  found  by  De  la  Croix 
to  destroy  the  bacteria  of  broken-down  beef -tea  in  the 
proportion  of  1  to  77,  while  1  to  121  failed.  A  saturated 
aqueous  solution  failed  to  destroy  anthrax  spores  in 
seventy  days  (Koch). 

Boric  Acid  (boracic  acid).— In  the  writer's  experiments 
a  saturated  solution  failed  to  destroy  any  of  the  test  or- 
ganisms—two species  of  micrococci  and  B.  terma.  A 
five-per-cent.  solution  failed  in  ten  days  to  destroy  an- 
thrax spores  (Koch).  According  to  Arloing,  Cornevin, 
and  Thomas,  the  activity  of  the  fresh  virus  of  sympto- 
matic anthrax  is  destroyed  by  1  in  5  (twenty  per  cent.), 
the  time  of  exposure  being  forty-eight  hours. 

The  experiments  of  Pome  and  of  Rideal  show,  also, 
that  boric  acid  has  no  value  as  a  germicide. 


Bromine. — A  two-per-cent.  aqueous  solution  destroys 
the  vitality  of  anthrax  spores  in  twenty -four  hours  (Koch). 
Fischer  and  Proskauer  have  studied  the  action  of  bromine 
vapor  upon  various  micro-organisms.  They  find  that 
exposure  for  three  hours,  in  a  dry  atmosphere,  to  three 
per  cent,  does  not  destroy  the  tubercle  bacillus  in  sputum, 
or  the  spores  of  anthrax.  But  when  the  atmosplicre  is 
saturated  with  moisture  1  part  in  500  is  effective,  and 
when  the  time  of  exposure  is  extended  to  twenty-four 
hours,  1  part  in  3,500.  Bromine  vapor  is  the  most  active 
agent  for  the  destruction  of  the  virus  of  symptomatic 
anthrax  (Arloing,  Cornevin,  and  Thomas).  It  destroys 
the  ferment  of  sour  milk  {Bacterium  laetis)  in  the  propor- 
tion of  1  to  348  (J\Iolke).  The  bacteria  of  broken-down 
beef-tea  are  destroyed  by  1  to  B36  (De  la  Croix). 

Butyric-  Acid. — Five  days'  immersion  in  this  acid  failed 
to  destroy  the  vitality  of  anthrax  spores  (Koch). 

Calcium  Chloride. — A  saturated  solution  has  no  de- 
structive action  on  anthrax  spores  (Koch.) 

Cidriiim  Hydroxide. — ^According  to  Kitasato,  the  ty- 
phoid bacillus  and  the  cholera  spirillum,  in  bouillon 
cultures,  are  killed  in  four  or  five  hours  by  the  addition 
of  0,1  percent,  of  calcium  oxide.  Liborius  had  previ- 
ously reported  still  more  favorable  results,  but  his  bouil- 
lon cultures  were  largely  diluted  with  distilled  water. 
From  a  practical  point  of  view  the  experiments  of  Pfuhl 
are  more  valuable.  Calcium  hydrate  was  added  to  the 
dejections  of  typhoid  patients.  When  added  in  the  pro- 
portion of  three  per  cent,  sterilization  was  effected  in  six 
hours,  and  by  six  per  cent,  in  two  hours.  When  milk  of 
lime  containing  twenty  per  cent,  of  calcium  hydrate  was 
used  the  results  were  still  more  favorable,  the  typhoid 
bacillus  and  cholera  spirillum  being  killed  in  one  hour 
by  the  addition  of  two  percent,  of  the  disinfectant.  The 
germicidal  value  of  lime  wash  applied  to  walls  has  been 
determined  by  jager,  silk  threads  soaked  in  cultures  of 
various  pathogenic  bacteria  were  attached  to  boards  and 
the  lime  wash  was  applied  with  a  camel's-hair  brush. 
Anthrax  bacilli  (without  spores),  the  glanders  bacillus. 
Staphylococcus  pyogenes  aureus,  and  several  other  path- 
ogenic bacteria,  were  killed  by  a  single  application  in 
twenty -four  hours,  but  the  tubercle  bacillus  was  not  killed 
by  three  successive  applications.  In  the  writer's  experi- 
ments (1885)  the  typhoid  bacillus  and  Staphylococcus 
pyogenes  aureus  were  killed  in  two  hours  by  a  solution 
containing  1  to  40  of  calcium  oxide  and  1  to  80  failed. 
Spores  of  the  anthrax  bacillus,  and  of  several  other  species 
forming  spores,  were  not  killed  by  two  hours'  exposure 
to  a  milk  of  lime  containing  twenty  per  cent,  of  calcium 
oxide. 

Camphor. — Alcohol  saturated  with  camphor  has  no 
effect  upon  the  fresh  virus  of  symptomatic  anthrax  (Ar- 
loing, Cornevin,  and  Thomas). 

Carbolic  Acid. — Tested  upon  anthrax  spores,  Koch 
found  a  one-per-cent.  solution  to  be  without  effect  after 
fifteen  days'  exposure ;  a  two-per-cent.  solution  retarded 
the  development  of  spores,  but  did  not  completely  destroy 
their  vitality  in  seven  days;  a  three-percent,  solution 
was  effective  in  two  days.  In  the  absence  of  spores, 
Koch  found  that  a  one-per-cent.  solution  quickly  destroys 
the  vitality  of  anthrax  bacilli.  The  same  author  recom- 
mends a  five-per-cent.  solution  for  the  destruction  of  the 
"  comma  bacillus  "  in  the  discharges  of  cholera  patients, 
and  a  two-per-cent.  solution  for  the  disinfection  of  sur- 
faces and  articles  soiled  by  such  discharges.  The 
writer  has  found  that,  in  the  proportion  of  1  to  200  this 
agent  destroys  B.  termo  and  a  septic  micrococcus  (Jf. 
Pasteuri)  in  active  growth,  while  1  to  25  failed  to  destroy 
the  bacteria  in  broken-down  beef-tea.  A  micrococcus 
obtained  from  the  pus  of  an  acute  abscess  was  destroyed 
by  0,8  per  cent,,  while  0,5  per  cent,  failed.  In  all  of 
these  experiments  the  time  of  exposure  was  two  hours. 
According  to  Salmon,  the  micrococcus  of  swine  plague 
multiplies  abundantly  in  urine  containing  one  per  cent, 
of  carbolic  acid,  while  the  micrococcus  of  fowl  cholera 
is  destroyed  by  six  hours'  exposure  in  a  solution  of  this 
strength  (one-per-cent.).  A  two-per-cent,  solution  de- 
stroys the  bacterium  of  symptomatic  anthrax  (dried  virus) 
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in  forty-eight  hours  (Arloing.  Cornevin,  and  Tliomas). 
The  bacteria  in  broken-down  beef-tea  are  not  destroyed 
by  a  ten-per-cent.  solution  (De  la  Croix). 

Davaine  showed,  by  inoculation  experiments,  that  an- 
thrax bacilli  in  fresh  blood  are  destroyed  by  being  ex- 
posed to  the  action  of  a  one-per-cent.  solution  for  one 
hour.  Solutions  in  oil  and  in  alcoliol  have  been  shown 
by  Koch  to  be  less  effective  than  aqueous  solutions. 
Thus  a  five-per-cent.  solution  in  oil  failed  to  destroy  the 
vitality  of  anthrax  spores  in  one  hundred  and  ten  days, 
and  the  same  solution  did  not  destroy  the  bacilli  in  the 
absence  of  spores  in  less  than  six  days.  A  control  ex- 
periment showed  that  olive  oil  alone  was  effective  in  the 
same  time.  A  five-per-cent.  solution  in  alcohol  did  not 
destroy  anthrax  spores  in  seventy  days.  Schill  and 
Fischer  found  that  the  infecting  power  of  tuberculous 
sputum,  as  shown  by  inoculation  into  guinea-pigs,  is  de- 
stroyed by  twenty-four  hours'  exposure  to  a  flve-per- 
cent.  solution.  The  same  result  was  obtained  with  a 
three-per-cent.  solution,  while  one  and  two-per-cent. 
solutions  failed. 

Behring  (1890)  reports  that  the  bacillus  of  typhoid 
fever,  of  diphtheria,  and  of  glanders,  the  spirillum  of 
cholera  and  streptococci  are  destroyed  in  a  few  hours  by 
a  0.5-per-cent.  solution  and  in  one  minute  by  a  1.5-per- 
cent, solution.  Staphylococci  are  more  resistant  and  re- 
quire a  solution  of  from  two  to  three  per  cent.  The 
germicidal  value  of  carbolic  acid  is  increased  by  the  ad- 
dition of  mineral  acids  to  disinfecting  solutions  (Laplace), 
by  sodium  chloride  (Seheurlen),  and  by  heat. 

Carbonic  Oxide. — This  gas  has  no  effect  upon  bacteria, 
which  freely  develop  in  it  (Hamlet). 

Chloral  Hydrate. — In  the  writer's  experiments  this 
agent  was  found  to  destroy  micrococci  in  the  proportion 
of  twenty  per  cent.,  and  to  fail  in  ten-per-cent.  solution, 
the  time  of  exposure  being  two  hours. 

GJdorine. — Fischer  and  Proskauer  have  made  an  elabo- 
rate research  with  reference  to  the  germicidal  power  of 
this  agent,  as  tested  by  a  variety  of  micro-organisms.  In 
the  absence  of  moisture  these  experimenters  found  that 
desiccated  anthrax  spores  were  not  destroyed  by  ex- 
posure for  an  hour  in  an  atmosphere  containing  44.7  per 
cent,  of  this  gas.  When,  however,  the  spores  were  moist- 
ened, an  exposure  for  one  hour  in  a  moist  atmosphere 
containing  four  per  cent,  of  chlorine  was  effective,  and  by 
extending  the  time  to  three  hours  one  per  cent,  sufficed 
to  destroy  the  vitality  of  the  spores.  The  anthrax  bacil- 
lus, in  the  absence  of  spores,  was  killed  by  exposure  in  a 
moist  atmosphere  containing  1  part  in  2,500,  the  time  of 
exposure  being  twenty-four  hours,  and  the  same  amoimt 
was  effective  for  Micrococcus  tetragenus ;  while  the 
micrococcus  of  erysipelas  and  the  micrococcus  of  fowl 
cholera  were  killed  by  1  to  25,000  in  twenty-four  hours, 
and  1  to  2,500  in  three  hours.  The  bacillus  of  mouse 
septicaemia  was  destroyed  in  one  hour  by  1  to  200,  and 
the  same  proportion  was  effective  for  the  tubercle  bacillus 
in  sputum.  In  the  writer's  experiments,  made  in  1880,  the 
bacteria  present  in  urine  which  had  been  freely  exposed 
to  the  air  and  had  become  putrid  were  destroyed  by  ex- 
posure for  one  houi'  in  an  atmosphere  containing  1  to  400. 
Koch  found  that  after  immersion  for  twenty-four  hours 
in  chlorine  water,  anthrax  spores  do  not  develop  in  a 
suitable  culture  medium.  Chlorine  destroys  the  fresh 
virus  of  symptomatic  anthrax,  hut  is  powerless  against 
that  which  has  been  dried  (Arloing,  Cornevin,  and 
Thomas),  The  bacteria  of  broken-down  beef-tea  are  de- 
stroyed by  1  to  1,061  (I)c  la  Croix), 

Cldoride  of  Lime. — (See  lliiynrhlontes). 

C'/tforo/orat.— Immersion  for  one  hundred  days  in  chloro- 
form does  not  destroy  anthrax  spores  (Koch).  This  agent 
is  without  effect  upon  the  virus  of  symptomatic  anthrax 
(Arloing,  Cornevin,  and  Thomas).  One  part  to  1 .  22  failed 
to  destroy  the  bacteria  of  broken-down  beef-tea  (De  la 
Croix). 

The  more  recent  (1894)  experiments  of  Behring  show 
that  in  the  absence  of  spores  this  agent  quickly  destroys 
bacilli  and  micrococci.  He  reports  that  in  his  experiments 
the  cholera  spirillum  was  destroyed  by  a  one-percent. 
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solution  in  less  than  a  minute  and  the  typhoid  bacillus  by 
a  one-half-per-cent.  solution  in  an  hour. 

Chromic  Acid. — An  aqueous  solution  of  1  to  100  does 
not  destroy  the  spores  of  anthrax  in  two  days  (Koch). 

Citric  Acid. — In  the  writer's  experiments  upon  micro- 
cocci from  the  pus  of  an  acute  abscess,  twelve  per  cent, 
was  effective  and  ten  per  cent,  failed.  Abbott  reports 
that  twenty-five  per  cent,  failed  to  destroy  the  organisms 
in  broken-down  beef-tea,  and  the  spores  of  B.  subtilis  and 
B.  arithraeis,  but  that  1.35  per  cent,  was  active  in  the 
case  of  micrococci, 

Creolin. — This  is  a  mixture  of  the  cresols  emulsified 
with  hard  soap.  According  to  Behring  its  germicidal 
value  is  considerably  greater  than  that  of  carbolic  acid, 
except  ^vhen  albumen  is  present  in  the  material  to  be 
disinfected. 

Creosote. — This  agent  was  found  by  the  writer  to  be 
fatal  to  micrococci  in  the  proportion  of  1  to  200.  In  the 
proportion  of  one  per  cent,  it  failed,  after  twenty  hours' 
exposure,  to  destroy  the  tubercle  bacillus  in  sputum 
(Schill  and  Fischer). 

According  to  Yersin  a  saturated  aqueous  solution  does 
not  destroy  the  tubercle  bacillus  in  cultures  in  twelve 
hours.  Guttmau  in  extended  experiments  upon  various 
pathogenic  organisms  found  that  a  solution  of  1  to  300 
is  fatal  to  Bacillus  pyocyaneus  and  to  B.  anthracis  in 
one  minute,  and  that  1  to  600  destroys  the  Finkler-Prior 
spirillum  in  the  same  time. 

Cresol. — This  is  a  coal-tar  product  obtained  by  the  frac- 
tional distillation  of  crude  carbolic  acid.  There  are  three 
forms,  known  as  ortho-,  meta-,  and  paracrcsol.  A  mixture 
of  these  is  largely  used  for  disinfecting  jjurposes  under 
the  name  of  tricresol.  A  solution  of  cresol  of  0.5  per 
cent,  is  said  to  be  as  efficient  as  a  germicide  as  a  two-  or 
three-per-cent.  solution  of  carbolic  acid  (Hammer).  Neu- 
tral solutions  are  non-irritating.  According  to  Gruber  the 
germicidal  value  of  the  cresols  is  but  little  influenced  by 
the  presence  of  albumen.  He  found  cresol  to  be  three 
times  as  potent  as  carbolic  acid  for  the  destruction  of 
Staphylococcus  pyogenes  aureus.  The  cresols  are  con- 
siderably less  toxic  than  carboHc  acid. 

Ctipric  Sulpliate. — This  salt  failed,  in  the  writer's  ex- 
periments, to  destroy  the  spores  of  B.  antliracis  and  of 
B.  subtilis  in  two  hours'  time  in  a  twenty -per-cent.  solu- 
tion. Arloing,  Cornevin,  and  Thomas  "report  that  the 
dried  virus  of  symptomatic  anthrax  is  destroyed  in  forty- 
eight  hours  by  a  twenty-per-cent.  solution,"  In  Koch's 
experiments  a  five-per-cent.  holution  failed  to  destroy 
anthrax  spores  in  ten  days.  The  writer  has  found,  how- 
evei-,  that  this  salt  is  effective  in  the  proportion  of  1  to 
200  for  the  destruction  of  micrococci,  the  time  of  exposure 
being  two  hours, 

^ifA«)-.— Anthrax  spores  may  germinate  after  being  im- 
mersed in  ether  for  eight  days,  but  thirty  davs'  exposure 
is  effective  for  the  destruction  of  these  spore's  (Koch). 

Eitcalyptol.—The  bacteria  in  broken-down  beef -tea  are 
not  destroyed  by  1  to  14  (De  la  Croix). 

Ferrous  Sulphate.— Id  the  writer's  experiments,  re- 
ported in  the  A)H6rican  Jonriud  of  the  Medical  Sciences 
(April,  1883),  a  solution  of  twenty  per  cent,  of  this  salt 
faded  to  destroy  micrococci  and  the  bacteria  in  broken- 
down  beef-tea.  In  more  recent  experiments  a  ten-per- 
cent, solution  was  found  to  be  fatal  to  Micrococcus 
tetrofieuus  but  failed  in  the  case  of  another  micrococcus 
obtamed  from  the  pus  of  an  acute  abscess.  Koch  found 
that  a  five-per-cent.  solution  did  not  destroy  anthrax 
spores  m  six  days.  According  to  Arioing,  Cornevin 
and  Thomas  exposure  to  a  twenty-per-cent.  solution  for 
torty-eight  hours  does  not  destroy  the  virus  of  symp- 
tomatic anthrax.  ■ 

Frrri  Chloridi  Tinct.—h,  the  writer's  experiments  a 
lour-per-cent.  solution  was  fatal  to  micrococci,  and  a  two- 
per-cent,  solution  failed. 

Ferric  Chloride.- A  five-per-cent.  solution  failed  in 
two  day.s  to  destroy  anthrax  spores,  but  was  effective  in 
SIX  days  (Koch). 

Fo^-'maldehyd.—The   experiments   of    Aronson  (1892) 
Lehmann  (1894),  Phihpp  (1895),   Rosenberg  (1897).  and 


REFERENCE   HANDBOOK   OP   THE   MEDICAL   SCIENCES. 


Germicides. 
Germicides. 


others  have  demonstrated  the  germicidal  value  of. formal- 
dehyd.  A  forty-per-cent.  solution  of  this  gas  in  water  is 
known  under  tlie  name  of  formalin.  Acioj'ding  to  Ascoli 
(1895)  anthrax  bacilli  are  killed  in  fifteen  minutes  by  a  ten- 
per-cent.  solution  of  formalin  and  anthrax  spores  in  five 
hours  by  the  same  solution.  A  five-percent,  solution  de- 
stroyed the  diphtheria  bacillus  in  ten  minutes  and  Staphy- 
lococcus aureus  in  thii-ty  minutes.  Formaldeliyd  gas  in 
the  proportion  of  1  to  100  in  the  air  of  a  flask  was  found 
to  destroy  Staphylococcus  aureus  in  forty -five  minutes, 
and  the  micrococcus  of  pneumonia  in  fifteen  minutes. 
Wilson  (1897)  and  otliers  have  shown  that  the  germicidal 
action  of  formaldehyd  is  considerably  greater  at  a  tem- 
perature of  37'  C.  and  above  than  it  is  at  a  low  tem- 
perature. 

Formic  Acid. — This  acid,  of  the  specific  gravity  of 
1. 120,  failed  in  two  days  to  destroy  anthrax  spores,  but 
was  effective  in  four  days. 

Ordlic  Acid. — Abbott  finds  this  acid  to  be  effective  for 
the  destruction  of  the  oi'ganisms  in  broken-down  beef- 
tea  in  the  proportion  of  2.375  per  cent.  ;  tested  upon  the 
spores  of  the  anthrax  bacillus  and  of  B.  xubtilix,  it  failed 
in  this  proportion,  the  time  of  exposure  being  two  hours. 
Micrococci  were  destroyed  by  0.7  per  cent.,  while  0.4  per 
cent.  (1  to  250)  failed. 

Glycerin  has  no  action  upon  the  fresh  virus  of  symp- 
tomatic anthrax  (Arloing,  Cornevin,  and  Thomas);  and 
is  inert  as  regaixls  the  spores  of  bacilli  (Koch). 

Heat. — ((0  Dry  heat.  Werner,  in  1879,  found  that 
putrefactive  bacteria  enveloped  in  dry  cotton  were  de- 
stroyed by  exposure  for  one  hour  to  a  temperature  of 
125°  C.  (257°  P.).  Wernich  also  experimented  upon  the 
bacteria  of  putrefaction,  and  found  that  exposure  for 
five  minutes  to  a  temperature  of  125°  to  150°  C.  secured 
their  destruction.  The  virulence  of  dried  tuberculous 
sputum  is  not  destroyed  with  certainty  by  exposure  for 
one  hour  to  100°  C.  (Schill  and  Fischer). 

Koch  an(i  Woiffhligel,  as  the  result  of  an  elaborate 
series  of  experiments,  arrive  at  the  following  conclusions; 

1.  A  temperature  of  100°  C.  (212°  P.,  dry  heat),  main- 
tained for  an  hour  and  an  half,  will  destroy  organisms 
which  do  not  contain  spores. 

2.  Spores  of  mould  fungi  requii'e  for  their  destruction 
in  hot  air  a  temperature  of  from  110°  to  115°  C.  (230°  to 
239°  P.),  maintained  for  an  hour  and  a  half. 

3.  Bacillus  spores  require  for  their  destruction  in  hot 
air  a  temperature  of  140°  C.  (284°  P.),  maintained  for 
three  hours. 

(*)  Moist  heat.  Davaine,  in  1878,  showed  that  the 
virulence  of  fresh  anthrax  blood  which  does  not  contain 
spores  is  destroyed  by  a  temperature  of  55°  C.  (131°  P.), 
maintained  for  five  minutes;  or  by  50°  C.  (122°  P.)  for 
ten  minutes;  or  by  48°  C.  (118°  P.)  for  fifteen  minutes. 
The  writer  has  fixed  the  thermal  death  point  of  several 
species  of  bacilli  and  micrococci  at  60°  0.  (140°  F.),  the 
time  of  exposure  being  ten  minutes.  This  temperature 
is  also  fatal  to  the  micrococcus  of  swine  plague,  while 
the  micrococcus  of  fowl  cholera  is  destroyed  by  exposure 
for  fifteen  minutes  to  a  temperature  of  132°  P.  (Salmon). 
The  destruction  of  spores  is  a  very  different  matter,  and 
requires  a  boiling  temperature,  maintained,  in  the  case 
of  some  of  these  reproductive  bodies,  for  sevei-al  hours. 
But  a  temperature  of  5°  C.  above  the  boiling  point 
quickly  destroys  the  most  refractory  spores.  Thus  the 
writer  has  found,  as  the  result  of  repeated  experiments, 
that  this  temperature— 105°  C.  (221°  P.)— maintained  for 
ten  minutes,  is  fatal  to  the  spores  of  B.  mUihs,  and  that 
the  same  temperature  in  two  minutes'  time  destroyed  the 
vitality  of  anthrax  spores.  Koch,  Gaffky,  and  Loefiler 
also  report  that  a  temperature  of  105°  C.  and  upward, 
maintained  for  ten  minutes,  is  fatal  to  all  spores,  as 
shown  by  their  failure  to  develop  in  culture  solutions. 
Where  a  temperature  of  110°  C.  was  reached,  the  experi- 
ment could  be  stopped,  as  no  spores  were  capable  of 
germinating  after  exposure  to  this  temperature. 

The  tubercle  bacillus  is  destroyed  by  a  temperature  of 
70°  C.  maintained  for  ten  minutes. 

Rydrochlm-ic  Acid.— In  experiments  upon  broken-down 


beef-tea,  the  writer  found  this  acid  to  be  effective  in  the 
proportion  of  fifteen  per  cent.,  and  to  fail  at  ten  per  cent, 
(two  hours'  exposure).  One  part  in  two  hundred  was 
found  to  destroy  the  virulence  of  septic  blood  (rabbit 
septicemia),  as  proved  by  inoculation  experiments.  An- 
thrax spores  are  destroyed  in  ten  days  by  a  two-per- 
cent, solution,  but  not  in  five  days  (Koch). 

In  the  experiments  of  Kitasato  this  acid  in  the  propor- 
tion of  0.2  per  cent,  destroyed  the  typhoid  bacillus  in 
five  hours.  Boer  found  that  the  typhoid  bacillus  was 
destroyed  by  1  to  300  in  two  hours,  the  diphtheria  bacillus 
by  1  to  700,  and  the  cholera  spirillum  by  1  to  1,350. 

Hydrogen. — Bacteria  may  develop  in  an  atmosphere  of 
hydrogen  (Hamlet). 

Hydrogen  Peroxide. — In  the  writer's  experiments,  a  so- 
lution containing  3.98  per  cent,  of  H2O2  was  found  to 
destroy  the  organisms  in  broken-down  beef-tea  in  the 
proportion  of  thirty  per  cent.  The  same  solution  failed 
in  twenty  per  cent.  Tested  upon  a  pure  culture  of  B. 
antliracia  containing  spores,  the  same  solution  was  effec- 
tive at  twenty  per  cent.  (0.8  per  cent.  H202=l  to  125), 
and  failed  at  ten  per  cent.  Tested  upon  micrococci,  ten 
per  cent,  was  effective,  and  five  per  cent,  failed.  The 
solution  used  in  these  experiments  contained  five  per  cent, 
of  sulphuric  acid,  and  the  germicidal  power  of  this  agent 
must  be  considered  in  estimating  their  value  as  deter- 
mining the  effect  of  HaOj  upon  the  vitality  of  the  test 
organisms. 

Gibier  (1890)  reports  that  solutions  containing  1.5  per 
cent,  of  hydrogen  peroxide  destroy  the  anthrax  bacillus, 
the  bacillus  of  typhoid  fever,  Streptococcus  pyogenes,  and 
various  other  bacteria  in  a  few  minutes.  Pave  found 
that  this  agent  in  a  one-per-cent.  solution  destroys  spores 
in  one  hour  and  staphylococci  in  from  ten  to  fifteen 
minutes. 

Hypoeldm'ites  of  Lime  and  of  Soda. — Commercial  chlo- 
ride of  lime  contains  from  twenty  to  thirty  per  cent,  of 
available  chlorine,  and  Labarraque's  solution  of  good 
quality  from  two  to  three  per  cent.  According  to  Dug- 
gan,  a  solution  containing  0.25  of  one  per  cent.  (1  to  400) 
of  chlorine  as  hypochlorite  is  an  effective  germicide, 
even  when  allowed  to  act  onlv  one  or  two  minutes,  while 
0.06  of  one  per  cent.  (6  to  10,000)  will  kill  spores  of  B. 
anihntcis  and  B.  nnhtilis  in  two  hours.  These  results  are 
not  in  accord  with  those  of  Koch,  who  reports  that  a  flve- 
per-cent.  solution  of  chloride  of  lime  (value  in  available 
chlorine  not  given)  failed  in  two  days  to  destroy  the 
vitality  of  anthrax  spores,  but  was  effective  in  five  days. 
The  development  of  the  spores  was,  however,  retarded 
by  one  day's  exposure. 

/«(?»?.— When  added  to  water  in  excess,  failed  in  eighty 
days  to  destroy  anthrax  spores  (Koch). 

Iodine. — In  the  writer's  experiments,  iodine  in  aqueous 
solution  with  potassium  iodide  was  found  to  be  fatal  to 
the  micrococcus  of  rabbit  septicasmia  in  the  proportion 
of  1  to  1,000,  and  to  a  micrococcus  obtained  from  the  pus 
of  an  acute  abscess  in  1  to  500.  De  la  Croix  reports  that 
1  to  410  destroys  the  bacteria  of  broken-down  beef -tea. 
Salmon  found  1  to  1,000  to  be  fatal  to  the  micrococcus 
of  fowl  cholera.  "  Iodine  water  "  was  found  by  Koch  to 
destroy  the  vitahty  of  anthrax  spores  in  twenty-four 
hours.  The  same  author  reports  that  exposure  for  forty- 
eight  hours  to  a  two-per-cent.  solution  of  iodine  in  alcohol 
failed  to  destroy  anthrax  spores,  but  that  exposure  in 
such  a  solution  for  five  days  was  effective.  In  the  ex- 
periments of  Schill  and  Fischer,  twenty  hours'  contact 
with  a  solution  of  the  strength  of  1  to  500  failed  to  destroy 
the  virulence  of  tuberculous  sputum,  as  tested  by  inocu- 
lation experiments. 

Iodine  Trichloride. — The  germicidal  value  of  this  agent 
has  been  established  by  the  experiments  of  Riedel  (1887), 
ofBehring  (1890),  andof  Traugott(1893).  The  last-men- 
tioned bacteriologist  reports  that  a  one-per-cent.  solution 
will  destroy  in  one  minute  the  bacillus  of  typhoid  fever 
and  of  diphtheria,  the  cholera  spirillum.  Streptococcus 
pyogenes  and  staphylococci. 

Iodoform. — Dissolved  in  oil,  in  the  proportion  of  five 
per  cent. ,  iodoform  failed  in  an  hour  and  a  half  to  destroy 
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tubercle  bacilli  in  fresh  sputum.  A  saturated  solution 
in  water  also  failed  after  twenty-four  hours'  contact;  as 
did  also  a  flve-per-cent.  solution  in  oil  of  turpentine  (an 
hour  and  a  half's  exposure).  No  better  results  were  ob- 
tained in  an  experiment  in  which  the  material  was  ex- 
posed for  twenty  hours  to  dry  iodoform  vapor,  but  in  the 
presence  of  moisture  dried  sputum  was  disinfected  in  two 
hours.  Mixing  the  sputum  with  moistened  iodoform  was 
also  effective  after  twenty-four  hours'  contact  (Schill  and 
Fischer). 

lodol.  —The  writer  has  made  experiments  which  show 
that  bacteria  are  not  destroyed  by  adding  iodol  in  ex- 
cess to  culture  solutions— probably  because  it  is  quite 
insoluble. 

Lahwrraque' s  Solution. — (See  HyporMm'ites.) 

Lactic  Acid. — A  flve-per-cent.  solution  failed  in  five 
days  to  destroy  anthrax  spores  (Koch).  Abbott  reports 
that  a  twenty-percent,  solution  of  concentrated  lactic 
acid  (specific  gravity  1.21)  was  effective  for  the  destruc- 
tion of  the  bacteria  in  broken-down  beef-tea  and  the 
spores  of  B.  sabtilis,  while  fifteen  per  cent,  failed.  Upon 
anthrax  spores  lactic  acid  of  the  same  strength  failed  in 
the  proportion  of  fifty  per  cent.  Micrococci  were  de- 
stroyed l)y  a  one-per-cent.  solution,  while  0.5  per  cent, 
failed ;  time  of  exposure  in  these  experiments,  two  hours. 
The  bacillus  of  typhoid  fever  is  killed  in  five  hours  by 
0.4  percent.,  the  cholera  spirillum  by  0.3  percent.  (Kita- 
sato). 

Mercuric  Chloride. — Koch's  experiments  (1881)  gave  the 
following  results:  A  solution  of  1  to  1,000  destroys  an- 
thrax spores  in  a  few  minutes,  and  1  to  10,000  is  effec- 
tive after  a  more  prolonged  exposure.  The  writer  (1884) 
obtained  similar  results — 1  to  10,000  destroyed  the  spores 
of  Bacillus  anthracis  and  of  Bacillus  subtilis  in  two  hours. 
More  recent  experiments  indicate  that  failure  to  grow  in 
culture  solutions  cannot  be  accepted  as  evidence  of  the 
destruction  of  vitality  in  the  case  of  spores  exposed  to 
the  action  of  this  agent,  unless  due  precautions  are  taken 
to  exclude  the  restraining  influence  of  the  small  amount 
of  mercuric  chloride  which  remains  attached  to  the 
spores.  Koch  had  ascertained  that  the  development  of 
spores  is  restrained  by  the  presence  of  1  to  300,000  in  a 
culture  medium,  and  Geppert  has  shown  that  even  so 
small  an  amount  as  1  to  3,000,000  will  prevent  the  de- 
velopment of  spores,  the  vitality  of  which  has  been  re- 
duced by  the  action  of  a  strong  solution  (1  to  1,000). 
When  this  restraining  action  is  entirely  neutralized  by 
washing  the  spores  in  a  solution  containing  ammonium 
sulphide  it  requires,  according  to  Geppert,  a  solution  of 
Ito  1,000  acting  for  one  hour  completely  to  destroy  the 
vitality  of  anthrax  spores.  Fritnkel  found  that  a  solu- 
tion of  1  to  1,000  was  effective  in  half  an  hour.  The 
typhoid  bacillus,  the  bacillus  of  mouse  sopticoemia,  and 
the  cholera  spirillum,  in  bouillon  cultures  and  in  cul- 
tures in  flesh-peptone-gelatin,  are  destroyed  in  two  hours 
by  1  to  10,000;  but  in  a  bouillon  culture  to  AA'hich  ten 
per  cent,  of  dried  egg  albumen  was  added  a  one-per-cent. 
solution  was  required  to  destroy  the  typhoid  bacillus  in 
the  same  time  (Bolton).  According  to  Van  Ermengeni, 
cultures  of  the  cholera  spirillum  in  bouillon  are  sterilized 
in  half  an  hour  by  1  to  60,000,  but  cultures  in  blood 
serum  require  1  to  800  to  1  to  1,000.  In  experiments 
upon  tuberculous  sputum,  Schill  and  Fischer  found  that 
exposure  of  fresh  sputum  to  an  equal  amount  of  a  1  to 
3.000  solution  for  twenty-four  hours  failed  to  disinfect  it, 
as  shown  by  inoculation  experiments  in  guinea-pigs.' 
The  anti.oeptic  power  of  mercuric  chloride  is  given  by 
Miquel  as  1  to  14,300.  In  the  writer's  experiments  1  to 
33,000  was  found  to  prevent  the  development  of  putre- 
factive bacteria  in  bouillon,  but  a  minute  bacillus  con- 
tained in  broken-down  beef  infusion  multiplied  after 
several  days,  in  1  to  30,000.  The  pus  cocci  were  re- 
strained in  their  development  by  1  to  30,000. 

In  Behring's  experiments  the  anthrax  bacillus  and 
cholera  spirillum  were  killed  in  one  hour  by  1  to  100  000 
when  the  temperature  was  36°  C,  but  at  a  temperature 
of  3°  C.  the  proportion  required  was  1  to  35,000  The 
same  author  states  that  at  33°  C.  Staphylococcus  aureus 
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in  bouillon  is  not  always  killed  in  twenty-five  minutes 
by  1  to  1,000. 

Abbott  (1891)  has  shown  that  a  1  to  1,000  solution  does 
not  always  destroy  Staphylococcus  pyogenes  aureus  in 
five  minutes.  He  says :  "  Frequently  all  the  organisms 
would  be  destroyed  after  five  minutes'  exposure,  but 
almost  as  often  a  certain  few  would  resist  for  that  length 
of  time,  and  even  longer,  going  in  some  cases  to  ten, 
twenty,  and  even  thirty  minutes. " 

According  to  Yersin,  a  solution  of  1  to  1,000  kills  the 
tubercle  bacillus  in  one  minute. 

The  albuminate  of  mercury,  as  has  been  shown  by 
Lister,  is  soluble  in  an  excess  of  albumin,  and,  according 
to  Behring,  is  just  as  effective  as  an  aqueous  solution 
containing  the  same  amount  of  sublimate  when  dissolved 
in  an  albuminous  liquid  like  blood  serum  (?). 

In  practice  the  addition  of  a  mineral  acid  to  sublimate 
solutions,  or  of  .sodium,  potassium,  or  ammonium  chlo- 
ride, is  to  be  recommended,  to  prevent  the  precipitation 
of  the  mercuric  chloride  by  albumin  in  fluids  containing 
it.  Behring  recommends  the  addition  of  five  parts  of 
sodium  or  potassium  chloride  to  one  of  the  sublimate. 
Such  a  solution  is  more  stable  than  a  simple  solution  of 
sublimate,  and  no  precipitate  is  formed  by  the  addition 
of  alkalies  or  by  albumin. 

The  same  result  is  obtained,  according  to  La  Place,  by 
the  addition  of  flve  parts  of  hydrochloric  or  tartaric  acid 
to  one  part  of  sublimate  in  aqueous  solution. 

Viquerat  (1889)  has  made  a  comparative  study  of  the 
germicidal  value  of  mercuric  chloride  and  mercuric  iodide. 
The  last-mentioned  salt  was  found  to  be  least  efficient. 
A  solution  of  1  to  1,000  of  bichloride  killed  the  anthrax 
bacillus  and  the  typhoid  bacillus  in  five  minutes;  the 
same  proportion  of  the  biniodide  required  fifteen  minutes 
to  destroy  these  bacilli. 

Mercuric  Cyanide,  Hg(CN)3,  and  the  oxycyanide  of  mer- 
cury have  been  tested,  with  the  following  results ;  Staphy- 
lococcus aureus  is  destroyed  in  five  minutes  by  1  to  100, 
in  one  hour  by  1  to  1,000,  in  two  hours  by  1  to  1,500 
(Chibret).  The  development  of  Bacillus  anthracis  in 
culture  solutions  is  prevented  by  the  presence  of  cyanide 
of  mercury  in  the  proportion  of  1  to  25,000,  and  by  the 
oxycyanide  by  1  to  16,000  (Behring). 

Boer  obtained  the  following  results  with  the  oxycyanide 
— cultures  in  bouillon,  twenty-four  hours  in  incubating 
oven,  time  of  exposure  two  hours: 


Restrained 
development. 

Destroyed 
vitality. 

Anthrax  bacillus 

1  to  80,000 
1  to  80,000 
1  to  60,0U0 
1  to  60,000 
1  to  90,000 

Ito  40,000 
1  to  40,000 
Ito  30,000 
Ito  30,000 
Ito  60,000 

Diphtheria  bacillus 

(rlauders  bacillus 

Typhoid  bacillus 

Cholera  spirillum 

Mtric  ^-ItvV/.— This  acid,  in  the  proportion  of  1  to  400, 
was  found  by  the  writer  to  neutralize  the  virulence  of 
septic  blood  (rabbit  septicoemia).  In  the  proportion  of 
eight  per  cent,  it  destroys  the  organisms  in  broken-down 
beef-tea,  but  failed  at  five  per  cent. 

Kitasato  reports  that  in  the  proportion  of  0.3  per  cent. 
the  vitality  of  the  typhoid  bacillus  and  of  the  cholera 
spirillum  is  destroyed  in  four  or  five  hoiu's. 

Mtroijs  .lc(V?.— Exact  experiments  to  determine  the 
germicide  value  of  this  agent  are  wanting.  The  writer 
has  tested  it  upon  vaccine  virus,  and  found  that  exposure 
for  six  hours,  in  an  atmosphere  containing  one  per  cent 
destroys  the  virulence  of  this  material  dried  upon  ivory 
points.  •' 

oa.— Anthrax  spores  germinate  after  having  been  im- 
mersed for  ninety  days  in  pure  olive  oil  (Koch). 

Oil  of  CijniiimoH.—According  to  Behring  oil  of  cin- 
namon is  about  three  times  as  potent  a  germicide  as 
carbolic  acid.  Omaltschenko  (1891)  has  made  extended 
experiments  to  determine  the  germicidal  value  of  essen- 
tial oils  and  places  oil  of  cinnamon  at  the  head  of  the  list 

Uil  of  Mustard.— According  to  Dc  la  Croix    1  to  40 
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destroys  the  bacteria  of  broken-down  beef-tea.  Koch 
found  that  ten  days'  immersion  in  an  aqueous  solution 
of  this  oil  is  not  fatal  to  anthrax  spores,  but  that  in  the 
proportion  of  1  to  33,000  it  restrains  their  development. 

Oil  of  Peppermint. — A  five-per-cent.  solution  in  alcohol 
failed  in  twelve  days  to  destroy  anthrax  spores,  but  the 
development  of  these  spores  is  restrained  by  1  to  33,000 
(Koch). 

Oil  of  Ttirpenti7ie  destroys  anthrax  spores  in  five  days, 
but  failed  to  do  so  in  one  day  (Koch).  Turpentine  has 
no  action  upon  the  virus  of  symptomatic  anthrax  (Ar- 
loing,  Cornevin,  and  Thomas).  Koch  has  shown  that 
the  development  of  anthrax  spores  is  retarded  by  1  to 
75,000. 

Oleic  Acid. — A  solution  of  five  per  cent,  in  ether  does 
not  destroy  anthrax  spores  in  five  days  (Koch). 

Osmic  Acid. — A  solution  of  one  per  cent,  destroys  an- 
thrax spores  in  one  day  (Koch).  No  report  with  refer- 
ence to  weaker  solutions. 

Oxalic  Acid. — This  acid  in  saturated  solution  destroys 
the  virulence  of  the  fresh  virus  of  symptomatic  anthrax, 
but  has  no  effect  upon  dried  virus  (Arloing,  Cornevin, 
and  Thomas).  Abbott  reports  that  this  acid  in  five-per- 
cent, solution  failed,  in  two  hours,  to  destroy  anthrax 
spores.  But  the  spores  of  B.  subtilis  were  killed  by  a 
one-per-cent.  solution,  and  the  organisms  in  broken-down 
beef- tea  by  1.5  per  cent.  Micrococci  resisted  exposure 
for  two  hours  to  1  to  1,000,  but  were  destroyed  by  1  to 
400. 

Oxygen. — The  experiments  of  Pasteur  upon  the  attenu- 
ation of  virus  show  that  long  exposure  to  the  oxygen  of 
the  atmosphere  reduces  the  reproductive  activity  of  the 
micrococcus  of  fowl  cholera  and  of  the  anthrax  bacillus, 
and  that  after  a  time  the  vitality  of  these  organisms  is 
destroyed.  The  spores  of  the  anthrax  bacillus  are,  how- 
ever, unaffected  by  prolonged  exposure.  Paul  Bert  has 
shown  that  oxygen  under  pressure  is  fatal  to  bacteria. 

Ozone. — The  experiments  of  Chappius  show  that  atmos- 
pheric organisms,  collected  upon  a  cotton  filter,  are  de- 
stroyed by  passing  through  this  cotton  filter,  placed  in  a 
tube,  a  current  of  ozonized  air. 

Lukaschewitsch  found  in  his  experiments  that  1  gm. 
in'  a  cubic  metre  of  air  failed  to  kill  anthrax  spores  in 
twenty-four  hours.  The  cholera  spirillum  in  a  moist 
state  was  killed  by  this  amount  in  twenty-four  hours,  but 
not  in  fifteen  hours.  Sonntag,  in  carefully  conducted 
experiments,  found  that  ozonized  air  passed  over  silk 
threads  to  which  various  pathogenic  bacteria  were  at- 
tached failed  to  destroy  these  bacteria  in  twenty-four 
hours  when  the  proportion  of  ozone  was  4.1  mgm.  per 
litre;  when  the  amount  was  increased  to  13.53  mgm.  per 
litre  the  anthrax  bacillus  and  Staphylococcus  pyogenes 
albus  failed  to  grow  after  twenty -four  hours'  exposure. 

Pieric  Acid.— The  bacteria  of  broken-down  beef -tea  are 
destroyed  by  1  to  100  (De  la  Croix). 

Potassium. — In  the  writer's  experiments,  caustic  potash 
in  the  proportion  of  two  per  cent,  was  fatal  to  the  micro- 
coccus of  rabbit  septicaemia  in  one  experiment,  and  failed 
in  a  second ;  eight  per  cent,  failed  to  kill  a  micrococcus 
from  pus,  while  ten  per  cent,  was  successful;  ten  per 
cent,  failed  to  destroy  the  bacteria  in  broken-down  beef- 
tea,  and  twenty  per  cent,  was  successful.  Exposure  to 
the' action  of  a  ten-percent,  solution  for  twenty-four 
hours  failed  to  destroy  the  tubercle  bacillus  in  fresh 
sputum  (Schill  and  Fischer). 

According  to  Jager  0.18  per  cent,  of  potassmm  hy- 
droxide kills  the  typhoid  bacillus  in  four  or  five  hours. 
The  cholera  spirillum  is  destroyed  by  0,237  per  cent, 
added  to  cultures  (Kitasato). 

Potassium  Acetate.— A.  saturated  solution  of  this  salt 
failed  to  destroy  anthrax  spores  in  ten  days  (Koch). 

Potassium  Arsenite  (Fowler's  solution  of).— In  the 
writer's  experiments  this  solution,  in  the  proportion  ot 
forty  per  cent.,  failed  to  destroy  micrococci  from  pus. 

Potassium  Bichromate.— A  flve-per-cent.  solution  failed 
in  two  days  to  destroy  anthrax  spores  (Koch). 
Potassium  Bromide  is  without  germicidal  power. 
Potassium  Chlorate  has  no  germicidal  power.     In  the 


writer's  experiments  a  four-per-cent.  solution  failed  to 
destroy  the  micrococcus  of  rabbit  septicaemia.  A  five- 
per-cent.  solution  failed  in  six  days  to  destroy  anthrax 
spores  (Koch). 

Potassium  GhromiUe. — A  flve-per-cent.  solution  was 
without  effect  upon  anthrax  spores  immersed  in  it  for 
two  days  (Koch). 

Potasmim  Iodide. — A  solution  of  five  per  cent,  does  not 
destroy  anthrax  spores  in  eighty  days  (Koch) .  In  the 
writer's  experiments,  exposure  for  two  hours  to  the  ac- 
tion of  a  saturated  solution  did  not  prevent  the  subse- 
quent development  of  the  organisms  in  broken-down 
beef-tea. 

The  cholera  spirillum  and  the  typhoid  bacillus  are  de- 
stroyed by  five  hours'  exposure  in  a  solution  containing 
9.23  per  cent.  (Kitasato). 

Potassium  Nitrate. — A  four-percent,  solution  was 
found  by  the  writer  to  be  without  effect  upon  the  micro- 
coccus of  rabbit  septicaemia  in  fresh  blood. 

Potassium  Permanganate. — The  writer,  in  experiments 
with  this  agent,  found  that  a  two-per-cent.  solution  was 
required  to  destroy  M.  Pasteuri  in  the  blood  of  a  rabbit, 
but  that  a  micrococcus  from  pus  was  killed  by  1  to  833 
— time  of  exposure  two  hours.  This  difference  depends 
upon  the  fact  that  the  permanganate  is  quickly  decom- 
posed by  the  large  amount  of  organic  material  in  the 
blood  used  in  the  first  experiments,  and  not  upon  a  dif- 
ference in  resisting  power  in  the  two  test  organisms. 

Further  experiments  showed  that,  in  the  absence  of 
organic  matter,  micrococci  are  destroyed  in  two  hours 
by  solutions  containing  1  to  1,000.  Equal  parts  of  a 
solution  of  1  to  250  and  of  broken-down  beef  infusion, 
proved  to  be  without  effect.  Anthrax  spores  were  not 
destroyed  by  the  same  solution  (1  to  250)  in  four  hours, 
but  in  another  experiment,  in  which  the  time  was  ex- 
tended to  four  days,  they  failed  to  germinate.  The 
spores  of  B.  subtilis,  however,  were  destroyed  in  two 
hours  by  a  solution  of  1  to  250.  According  to  Arloing, 
Cornevin,  and  Thomas,  a  five-per-cent.  solution  destroys 
the  fresh  virus  of  symptomatic  anthrax,  but  has  no  effect 
upon  the  dried  virus.  One  per  cent,  was  found  by  Koeh 
not  to  destroy  anthrax  spores  in  two  days,  but  five  per 
cent,  was  effective  in  one  day. 

The  glanders  bacillus  is  destroyed  in  two  minutes  by 
a  one-per-cent.  solution  (LOfBer).  The  experiments  of 
jager  show  that  a  one-per-cent.  solution  cannot  be  re- 
lied upon  for  the  destruction  of  various  pathogenic  bac- 
teria used  as  a  test,  but  a  five-per-cent.  solution  was 
effective  for  all  except  the  tubercle  bacillus. 

Quinine. — One  per  cent,,  dissolved  with  muriatic  acid, 
destroys  the  spores  of  anthrax  in  ten  days'  time  (Koch). 
A  ten-per-cent.  solution  of  sulphate  of  quinine  has  no 
action  upon  the  bacterium  of  symptomatic  anthrax  (Ar- 
loing, Cornevin,  and  Thomas)!  'The  writer  has  found 
tliat  in  the  proportion  of  1  to  800  to  1  to  1,000  quinine 
prevents  the  development  of  bacilli  and  micrococci,  but 
its  exact  germicidal  power  for  organisms  of  this  kind,  in 
the  absence  of  spores,  has  not  been  determined. 

Salicylic  Acid. — In  the  writer's  experiments  this  reagent 
was  dissolved  by  means  of  sodium  biborate,  which  by 
itself  has  no  germicidal  power.  A  two-per-cent.  solution 
was  found  to  destroy 'a  micrococcus  from  pus  and  B. 
termo  in  active  growth;  four  per  cent,  failed  to  destroy 
the  bacteria  in  broken-down  beef  infusion.  The  virus  of 
symptomatic  anthrax  is  destroyed  by  forty-eight  hours' 
exposure  to  a  solution  of  salicylic  acid  of  1  to  1,000,  and 
by  a  saturated  solution  in  alcohol  (Arloing,  Cornevin, 
and  Thomas).  Salicylic  acid  dissolved  in  oil  and  in  al- 
cohol, in  five-per-cent.  solution,  does  not  destroy  anthrax 
spores  (Koch);  1  to  200  destroys  the  bacteria  of  sour 
milk  (Molke);  1  to  343  destroys  the  bacteria  in  broken- 
down  beef  infusion  (De  la  Croix). 

A  solution  of  2.5  per  cent,  kills  the  tubercle  bacillus  in 
six  hours  (Yersin).  In  the  proportion  of  1  to  300  it  de- 
stroys the  cholera  spirillum  in  half  an  hour  (Van  Ermen- 
gem). 

Skatol  in  excess  in  water  has  no  germicidal  action  as 
tested  upon  anthrax  spores  (Koch). 
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ySbfto.— Caustic  soda  destroys  the  fresh  virus  of  symp- 
tomatic antlirax  in  the  proportion  of  1  to  5,  but  has  no 
efiEect  upon  dried  virus  (Arloing,  Cornevin,  and  Thomas). 
A  ten-per-cent.  solution  destroys  tlie  tubercle  bacillus  in 
dried  sputum  after  twenty-four  hours'  contact  (Schill  and 
Fischer). 

The  experiments  of  Jager  show  that  sodium  hydroxide 
has  about  the  same  germicidal  value  as  caustic  potash. 
Boer  obtained  the  following  results,  the  time  of  exposure 
being  two  hours:  anthrax  bacillus  1  to  450;  diphtheria 
bacillus  1  to  300,  glanders  bacillus  1  to  150,  typhoid 
bacillus  1  to  190,  cholera  spirillum  1  to  150. 

Sodium  Biborate. — In  the  writer's  experiments  a  satu- 
rated solution  was  found  to  have  no  germicidal  power, 
A  twenty-per-ceiit.  solution  does  not  destroy  the  virus 
of  symptomatic  anthrax,  as  proved  by  inoculation  ex- 
periments (Arloing,  Cornevin,  and  Thomas) ;  1  to  12 
failed  to  kill  the  bacteria  in  broken-down  beef  infu- 
sion (De  la  Croix).  A  five-per-cent.  solution  failed  in 
fifteen  days  to  destroy  the  vitality  of  anthrax  spores 
(Koch). 

Sodium  Chloride. — In  the  writer's  experiments  a  flve- 
per-cent.  solution  failed  to  destroy  the  virulence  of  septi- 
csemic  blood.  A  saturated  solution  failed  in  forty-eight 
hours  to  destroy  the  virus  of  symptomatic  anthrax  (Ar- 
loing, Cornevin,  and  Thomas).  A  saturated  solution 
failed,  in  forty  days,  to  destroy  the  vitality  of  anthrax 
spores  (Koch).  A  saturated  solution  failed,  in  twenty 
hours,  to  destroy  the  tubercle  bacillus  in  fresh  sputum 
(Schill  and  Fischer). 

Sodium  Hyposulphite. — The  writer's  experiments  show 
this  salt  to  be  without  germicidal  power.  In  saturated 
solution  it  failed,  in  two  hours'  time,  to  destroy  any  of 
the  test  organisms.  Exposure  for  forty-eight  hours  to 
a  fifty  per-cent.  solution  does  not  destroy  the  virus  of 
symptomatic  anthrax  (Arloing,  Cornevin,  and  Thomas). 

Sodium  Sulphite. — The  results  obtained  by  the  writer 
correspond  with  those  reported  in  the  case  of  sodium  liy- 
posulphite,  being  entirely  negative. 

Stannous  Chloride. — Abbott  reports  that  this  agent  is 
active  in  the  proportion  of  one  per  cent,  and  failed  in  0.8 
per  cent.,  the  test  being  the  organisms  in  broken-down 
beef  infusion,  and  time  of  exposure  two  hours. 

Sulphuric  Acid. — In  the  writer's  experiments  this  acid 
was  found  to  be  fatal  to  micrococci  in  the  proportion  of 
1  to  300;  but  a  four-per-cent.  solution  failed  to  destroy 
the  bacteria  in  broken-down  beef  infusion,  doubtless  on 
account  of  the  presence  of  reproductive  spores.  An 
eight-per-cent,  solution  was,  however,  found  to  be  effec- 
tive (strength  of  acid,  1.480  gm.  H2SO4  in  each  cubic 
centimetre),  Salmon  has  found  that  a  solution  of  1  to 
200  is  fatal  to  the  micrococcus  of  fowl  cholera.  A  solu- 
tion of  one  per  cent,  failed  to  destroy  anthrax  spores  in 
forty  days  (Koch). 

The  experiments  of  Boer  show  a  considerable  difference 
in  the  resisting  power  of  various  pathogenic  bacteria. 
The  time  of  exposure  being  two  hours,  the  anthrax  bacil- 
lus was  destroyed  by  1  to  1,300,  the  diphtheria  bacillus  1 
to  500,  the  glanders  bacillus  1  to  200,  the  typhoid  bacillus 
1  to  500,  the  cholera  spirillum  1  to  1,800, 

Sulphur  Dioxide.— Wernich,  in  1H7T,  found  that  the 
bacteria  of  putrefaction  are  not  destroyed  by  the  presence 
of  3,3  volumes  of  sulphur  dioxide  in  one  hundred  of  air, 
when  exposed  upon  strips  of  cotton  or  woollen  goods 
saturated  with  putrid  liquids.  But  four  to  seven  per 
cent,  was  effective  in  six  hours'  time,  Scliotte  and 
Gartner,  in  1880,  found  that  strips  of  thick  woollen  goods 
soaked  in  culture  liquids  containing  the  bacteria  of  putre- 
faction were  not  disinfected  by  exposure  in  a  chamber  in 
which  sulphur  was  burned  in  the  proportion  of  92  gm,  iier 
cubic  metre  (about  six  volumes  per  cent,  of  SO2).  Koch 
exposed  various  species  of  bacilli  containing  spores  in  a 
disinfection  chamber  for  ninety-six  hours,  the  amount  of 
SO2  at  the  outset  of  the  experiment  lieing  6.13  volumes 
per  cent,,  and  at  the  end  of  ninety-six  hours  3,3  per 
cent.  The  residts  were  entirely  negative.  The  wi-iter 
has  also  made  numerous  expei'iments  \\hich  show  that 
this  agent  Is  without  power  fortiie  destruction  of  spores, 
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Even  when  liquid  SO2  is  poured  upon  the  spores  of  an- 
thrax or  of  B.  subtilis,  they  germinate  freely  when  trans- 
ferred to  a  suitable  culture  medium.  But  this  agent, 
especially  in  the  presence  of  moisture,  destroys  micrococci 
and  bacilli  which  do  not  contain  spores.  Thus,  Koch 
found  that  the  anthrax  bacillus  obtained  from  the  spleen 
of  a  mouse  recently  dead,  and  exposed,  while  still  moist, 
upon  a  silk  thread,  in  an  atmosphere  containing  one  vol- 
ume per  cent,  of  SO2,  was  destroyed  in  thirty  minutes. 
In  one  of  Koch's  experiments  the  amount  of  SO2  in  the 
disinfection  chamber  was  at  the  outset  0.84  per  cent., 
and  at  the  end  of  twenty-four  hours  0.55  per  cent.  An 
exposure  of  one  hour,  in  this  experiment,  destroyed  an- 
thrax bacilli  (slill  moist)  upon  silk  thread.  Pour  hours' 
exposure  failed  to  destroy  the  vitality  of  Micrococcus  pro- 
digiosus  growing  upon  potato,  but  twenty-four  hours' 
exposure  was  successful.  The  same  result  was  obtained 
with  the  bacteria  of  blue  pus.  In  experiments  with  an 
aqueous  solution  of  SO2,  Koch  found  that  five  days' 
immersion  in  a  solution  containing  ,5.718  per  cent,  by 
weight  was  required  to  destroy  the  vitality  of  anthrax 
spores.  A  solution  containing  11.436  per  cent,  by  weight 
failed  to  kill  anthrax  spores  in  twenty-four  hours,  but 
was  successful  in  forty-eight  hours.  According  to  Ar- 
loing, Cornevin,  and  Thomas,  sulphur  dioxide  does  not 
destroy  the  bacteria  of  symptomatic  anthrax  which  con- 
tain spores.  The  writer's  experiments  show  that  micro- 
cocci are  destroyed,  even  in  the  absence  of  moisture, 
when  they  are  exposed  for  eighteen  hours  in  a  bell  jar 
containing  twentv  volumes  per  cent,  of  SO2.  "When  the 
proportion  was  reduced  to  four  volumes  per  cent,  the 
result  was  not  uniform,  the  test  organisms — micrococci 
— were  destroyed  in  some  cases,  and  in  others  were  not. 
In  experiments  with  an  aqueous  solution  of  SO2  the  fol- 
lowing results  were  obtained :  The  presence  of  1  to 
2,000,  by  weight,  destroyed  a  micrococcus  obtained  from 
the  blood  of  a  patient  with  vaccinal  erysipelas,  and  1  to 
4,000  failed;  the  same  result  was  obtained  with  micro- 
cocci obtained  from  a  vaccine  vesicle,  and  with  another 
species  obtained  from  the  blood  of  a  patient  having  puer- 
peral septicsemia. 

Thoinot  (1890)  as  a  result  of  numerous  experiments 
arrives  at  the  conclusion  that  the  bacillus  of  tuberculosis, 
of  glanders,  of  diphtheria,  of  typhoid  fever,  and  the  spiril- 
lum of  cholera  are  all  destroyed  by  exposure  for  twenty- 
four  hours  in  an  atmosphere  containing  SO2  developed  by 
the  combustion  of  sixty  grains  of  sulphur  per  cubic  metre 
of  air  space. 

Sulphureted  Hydrogen. — Bacteria  develop  readily  in 
the  presence  of  sulphureted  hydrogen  (Hamlet). 

Sulpho-carbolates. — In  experiments  upon  anthrax 
spores,  Koch  found  that  a  five-per-cent.  solution  of 
sulpho-carbolate  of  zinc  was  effective  in  five  days,  while 
sulpho-carbolate  of  soda  failed  in  five-per-cent.  solution 
to  destroy  these  spores  after  ten  days'  contact. 

Tannic  ^a'rf.— The  writer  found,  in  his  experiments, 
that  a  solution  of  one  per  cent,  in  half  an  hour  is  fatal  to 
M.  PiiMeuri  in  the  blood  of  a  rabbit,  A  twenty-per-cent. 
solution  has  no  effect  upon  the  virus  of  svmptomatic  an- 
thrax (Arloing,  Cornevin,  and  Thomas).  A  five-per- 
cent, solution  failed  in  ten  days  to  destroy  anthrax  spores 
(Koch).  A  twenty-per-cent,  solurion  failed  in  two  hours 
to  destroy  the  spores  of  B.  iiuthnicis  or  of  B.  subtil i.'<  but 
was  effective  upon  the  organisms  in  broken-down  beef- 
tea,  JMicroeocci  aredestroved  bv  1  to  400,  while  1  to  800 
failed  (Abbott), 

Tiirtiiric  Arid.—\  twenty-per-cent,  solution  was  found 
by  Abbott  to  be  effective,  in  two  hours,  for  the  destruc- 
tion of  organisms  in  bi'oken-dov.'n  beef  infusion  but  the 
same  proportion  failed  with  anthrax  spores  and  with 
those  of  B.  subtilis.  jNIicrococci  did  not  multiplv  in 
culture  solutions,  after  exposure  to  0,25  per  cent,,  but 
one-half  this  amount  (1  to  800)  failed. 

Thymol.— An  alcoholic  solution  of  1  to  400  was  found 
by  the  writer  to  dest  n.y  ^^.  Paslruri  in  fresh  blood  One 
part  mtwentjMs  fatal  to  the  bacteria  in  broken-down 
beef  infusion  (De  a  Cn.ix),  A  five-per-cent,  solution  in 
alcohol  does  not  destroy  anthrax  spores  in  fifteen  da\s 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


Germicides. 
Oerin  liayers. 


but  the  development  of  these  spores  is  retarded  bj'  a 
solution  of  1  to  80,000  (Koch). 

The  tubercle  bacillus  is  destroyed  by  contact  with 
thymol  for  three  hours  (Yersin).  Thymol  has  about  four 
times  less  germicidal  power  than  carbolic  acid  (Behring). 

Valerianic  Acid. — A  tive-per-cent.  a  solution  in  ether 
failed  iu  five  days  to  destroy  anthra.x  spores  (Koch). 

Zinc  Chloride. — In  the  writer's  experiments,  M.  Pastevri 
failed  to  develop  after  exposure  for  two  hours  to  1  to 
300,  while  a  micrococcus  obtained  from  gonorrhoeal  p\is 
required  for  its  destruction  a  solution  of  two  per  cent. 
The  spores  of  B.  anthracia  are  not  destroyed  by  two 
hours'  exposure  in  a  ten-per-cent.  solution.  A  five-per- 
cent, solution  was,  however,  found  to  be  effective  in  the 
same  time  In  the  case  of  B.  subtiUs  spores,  and  upon  the 
organisms  in  putrid  beef-peptone  solution.  Koch's  ex 
periments  are  in  accord  with  the  above,  in  showing  the 
superior  resisting  power  of  antlu'ax  spores.  He  found 
that  after  being  immersed  in  a  five-per-ccnt.  solution  for 
thirty  days,  these  spores  still  germinated  freely.  The 
development  of  M.  prodigiostis  was  found  by  the  same 
author  to  be  only  slightly  retarded  by  exposure  for  more 
than  sixteen  hours  to  the  action  of  a  one-per-cent.  solution. 

Zinc  Sulphate. — In  the  writer's  first  experiments  with 
this  agent,  a  solution  of  twenty  per  cent,  failed  in  I  wo 
hours  to  destroy  micrococci  obtained  from  the  pus  of  an 
acute  abscess.  In  later  experiments  a  micrococcus  from 
the  same  source  resisted  exposure  for  the  same  time  to  a 
ten-per-cent.  solution,  while  j\I.  tetragenus  was  destroyed 
by  a  1  to  10  solution.  Broken-down  beef  Infusion,  mixed 
with  an  equal  quantity  of  a  forty-per-cent.  solution,  was 
not  sterilized  after  two  hours'  contact.  In  Koch's  ex- 
periments anthrax  spores  were  found  to  germinate  after 
having  been  immersed  for  ten  days  in  a  flve-per-cent. 
solution.  George  M.  Sternberg. 

GERM  LAYERS. — It  has  long  been  known  that  the 
bodies  of  embryos  consist  of  distinct  layers,  which  in 
many  cases  are  separable  from  one  another,  so  as  to  be 
recognized  in  gross  as  discrete  membranes.  It  is  now 
known  that  all  such  layers  may  be  reduced  to  three 
primitive  ones,  named  the  ectoderm,  mesoderm,  and  en- 
toderm (by  certain  writers,  epiblast,  mesoblast,  and  hy- 
poblast). The  ectoderm  is  a  layer  of  epithelium ;  so  also 
is  the  entoderm ;  the  mesoderm  is  more  complex.  In  the 
lower  animals,  the  mesoderm  is  less  developed  than  in 
the  higher  forms ;  in  the  hydroids  the  body  is  constituted 
mainly  by  the  two  epithelial  layers,  the  ectoderm  cover- 
ing the  outside  of  the  body,  and  the  entoderm  lining  the 
digestive  cavity ;  there  is  very  little  space  between  them, 
the  space  being  occupied  by  the  slightly  developed 
mesoderm.  As  we  ascend  the  scale  the  mesoderm  in- 
creases gradually,  constantly  acquiring  a  greater  pre- 
dominance, until' in  mammals  nearly  the  whole  bulk  con- 
sists of  mesoderm.  But,  in  spite  of  this  change,  the  three 
layers  are  preserved  throughout,  and  their  essential  rela- 
tions are  not  altered,  so  that  we  are  able  to  assert  the 
unity  of  organization  throughout  the  whole  series  of 
multicellular  animals,  without  which  it  would  be  impos- 
sible to  accept  the  doctrine  of  evolution.  The  demonstra- 
tion, therefore,  of  the  homologies  of  the  germ  layers,  is 
the  most  important  morphological  generalization  since 
the  establishment  of  the  cell  doctrine.  As  these  homol- 
ogies have  already  been  disciissed  under  Gnstrvla,  and 
also  the  metamorphoses  of  the  layers  under  Fwius,  it 
only  remains  for  us  to  review,  with  precision  and  brevity, 
the  role  of  the  layers  in  the  construction  of  the  human 
body. 

The  ectoderm  covers  the  external  surface  of  the  body, 
and  persists  in  adult  life  as  the  stratified  epithelium 
(epidermis)  of  the  skin ;  it  forms,  of  course,  all  the  so- 
called  epidermal  structures— hairs,  nails,  sebaceous  and 
sweat  glands,  lens,  cornea,  etc.  It  also  lines  part  of  the 
buccal  cavity ;  and  the  buccal  portion  gives  rise  to  the 
hypophysis 'cerebri,  to  the  enamel  organs  of  teeth,  and 
probably  to  all  the  salivary  glands.  It  forms  a  small  in- 
vagination to  meet  the  rectum,  so  that  it  also  lines  the 
anus.  It  gives  rise  to  the  entire  nervous  system  by  pro- 
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ducing  the  medullary  canal,  which  makes  the  central 
nervous  system,  and  from  which  grow  out  all  the  nerves, 
and  probably  all  the  peripheral  ganglia,  and  from  which 
also  grows  out  the  evagination  which  makes  the  optic 
nerve,  the  retina,  the  choroid,  and  the  epithelial  portions 
of  the  iris.  It  forms  the  epithelium  of  the  olfactory  and 
nasal  cavities,  and  the  epithelium  of  the  auditory  laby- 
rinth. 

The  entoderm  [also  spelled  "endoderm"]  forms  the 
epithelium  which  lines  the  digestive  tract,  including  the 
surface  of  the  tongue ;  also  the  epithelium  of  the  trachea 
and  lungs,  and  of  all  the  glands  appended  to  the  respira- 
torj'  passages,  and  to  the  digestive  tract,  including  the 
thyroid,  pancreas,  and  liver.  The  liver  cells,  it  should  be 
remembered,  constitute  a  true  though  much  modified  epi- 
thelium.   The  notochord  is  developed  from  the  entoderm. 

The  mesoderm  may  be  conveniently  divided  into  three 
portions — the  mesenchyma,  the  mesama'boids,  and  the 
mesothelium  (rf.  C'i>iiinii).  1.  The  mesenchyma  produces 
all  the  connective  tissues  of  the  body,  and  includes  there- 
fore the  cutis,  the  non-epithelial  vaWs,  of  the  alimentary 
tract,  etc.  ;  tendons,  cartilage,  and  bone,  the  marrow  of 
bones,  lymph  glands,  and  spleen;  it  produces  also  the 
blood-vessels  and  blood,  the  entire  lymphatic  system 
proper,  and  the  heart.  Pigment  cells,  fat  cells,  and 
smooth  muscles  are  derived  from  the  mesenchyma  also. 
2.  The  mesama'boids  include  the  leucocytes  and  wandering 
cells,  and  perhaps  the  embryonic  red  blood  cells,  and  the 
marrow  cells.  3.  The  mesothelium  is  the  epithelium  of 
the  ca'lom ;  it  produces  the  peritoneal  and  pleural  epi- 
thelia,  the  striated  muscles  (myotomes),  except  those  of 
the  heart,  and  all  the  non-mesenchymal  tissues  of  the  en- 
tire urogenital  apparatus,  except,  of  course,  the  external 
genitalia.    (Spec  traces  the  Wolffian  duct  to  the  ectoderm. ) 

Now,  in  classifying  organs,  it  is  best  to  rank  them  as 
belonging  to  that  layer  from  which  their  functionally 
essential  and  characteristic  part  is  derived.  Thus,  al- 
though the  pancreas,  ovary,  and  spinal  cord  all  contain 
connective  tissue,  we  do  not  call  them  mesodermal,  but 
respectively  entodermal,  mesothelial,  and  ectodermal. 
The  gland  cells  of  the  pancreas  come  from  the  entoderm ; 
the  ova  and  the  Graafian  follicles  come  from  the  meso- 
thelium; the  ganglion  cells  and  nerve  fibres  (axis  cylin- 
ders) from  the  ectoderm.  Adopting  this  principle,  we 
may  classify  the  organs  of  the  human  body  as  follows : 


sys- 


ECTODERMAL. 

Skin  (epidermis) . 
Epidermal  structures  : 

Hair, 

Nails, 

Glands : 
Sebaceous, 
Sudoriflc. 
(Salivary?), 
(Thymus?). 

Corneal  epithelium, 

Lens  of  eye. 
Central   nervous 
tem: 

Nerves, 

Ganglia. 
Eye,  optic  vesicle : 

Optic  nerve, 

Retina,  etc. 
Olfactory  organ. 
Auditory  organ. 
Lining  of  mouth : 

Teeth, 

Hypophysis. 
Anus. 
Chorion : 

Placenta. 
Amnion  : 
(Wolfflanduct?). 


Mesodermal. 
1.  Mesenchyma: 
Connective  tissue ; 

Cutis,  etc.. 

Tendons, 

Cartilage, 

Bone, 

Marrow. 
Lymph  glands. 
Spleen. 
Blood-vessels : 

blood  (In  part). 
Lymphatic  system. 
Fat  cells. 
Smooth  muscle. 
Mesamoeboids : 
Leucocytes, 
Embryonic  red  blood 

cells, 
(Marrow  cells?). 
3.  Mesothelium  : 
Peritoneum, 
Pleurae, 
Urogenitals : 

Wolffian  body. 

Kidney, 

Testis, 

Ovary, 

Oviduct : 
Uterus, 
Vagina. 
Striated  muscles. 


Entodermal. 
Epithelium   (of  diges- 
tive tract) : 

Thyroid, 

Trachea  and  lungs, 

Oesophagus, 

Stomach, 

Liver, 

Pancreas, 

Intestine, 

Yolk  sac, 

Coecum, 

Vermix, 

Colon, 

Rectum, 

AUantois : 
(Bladder). 
Notochord. 


The  human  body  may  be  defined  as  two  tubes  of  epi- 
thelium, one  inside  the  other ;  the  outer  tube,  epidermal 
or  ectO(iermal,  is  very  irregular  in  its  form;  the  inner 
tube,  entodermal,  is  much  smaller  in  diameter,  but  much 
longer  than  the  outer,  and  has  a  number  of  branches 
(lung,  pancreas,  etc. ),  and  is  placed  within  the  ectodermal 
tube.     Between  these  two  tubes  is  the  very  bulky  meso- 
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derm,  which  is  divided  by  large  cavities  (abdominal  and 
thoracic)  into  two  main  layers,  one  of  which  is  closely 
associated  with  the  epidermis  and  forms  the  body  wall, 
the  somatopleure  of  embryologists ;  the  other  joins  with 
the  entoderm  to  complete  the  walls  of  the  splanchnic 
viscera,  and  constitute  the  splanchnopleure  of  embry- 
ologists. The  mesoderm  is  permeated  by  two  sets  of 
cavities:  (1)  the  heart  and  blood-vessels;  (2)  the  lymphatic 
system.  It  is  also  differentiated  into  numerous  tissues, 
muscle,  tendon,  bone,  etc.,  and  organs,  urogenital  system. 
The  nervous  system,  although  developed  from  the  ecto- 
derm, is  found  separated  fi'om  its  site  of  origin,  and  com- 
pletely encased  in  mesodei'm. 

As  we  ascend  the  animal  scale,  we  discover  in  all  parts 
an  increasing  complexity;  especially  in  the  nervous 
system  is  this  marked,  but  it  is  even  more  strikingly 
shown  b}-  the  evolution  of  the  mesoderm  in  relative  size 
and  differentiation.  This  important  correspondence  be- 
tween the  organization  of  the  mesoderm  and  the  degree 
of  evolution  of  animals  has  not,  to  my  knowledge,  hith- 
erto attracted  express  attention. 

Charles  Sedgwick  Minot. 

GESTATION. — The  word  is  derived  from  the  Latin 
verb  gestare  to  carry,  and  therefore  describes  the  function 
performed  \iy  the  pregnant  woman  from  the  time  of  the 
fecundation  of  the  ovum  to  that  of  delivery.  Gestation 
and  pregnancy  are  synonymous,  but  most  authors  do  not 
apply  either  term  to  those  pathologic  conditions  charac- 
terized by  prolonged  retention  of  a  dead  foetus  or  secun- 
dines. 

The  German  synonym  Schwangerxcliaft  expresses  this 
same  idea  of  carrying  something;  the  French  grossesse 
refers  to  the  increase  in  the  size  of  the  abdomen  during 
pregnancy ;  the  Italian  gramdanza,  like  the  English  terms 
gravid  and  gravidity,  imply  an  increase  in  the  weight  of 
the  uterus  (gravo,  to  weigh  down). 

When  more  than  one  fostus  is  present  the  gestation  is 
designated  as  multiple,  in  distinction  from  a  single  or 
simple  pregnancy.  Normally  the  ovum  should  develop 
within  the  uterine  cavity,  and  all  other  forms  of  gestation 
are  known  as  ectopic,  viz.,  out  of  place.  In  this  article 
the  subject  of  ectopic  gestation  will  not  be  considered. 

Modifications  Caused  by  Gestation.— The  presence 
of  the  fecundated  ovum  at  once  stimulates  the  maternal 
organism,  and  a  series  of  changes  take  place  in  order  to 


Fig. 


-^,  Muscle-elHiuentsfrom  Non-pregnant  Uterus:   R  cells 
from  uterus  shortly  after  delivery.    (Sappey.) 


meet  the  following  requirements:  1.  A  place  must  be 
provided  in  which  the  foetus  can  develop  and  be  protected 
3.  There  must  be  a  physiologic  hypertrophy  of  all  organs 
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concerned  in  the  processes  of  nutrition  and  excretion. 
8.  There  must  be  preparations  for  labor  and  subsequent 
nourishment  of  the  child.  Under  these  heads  will  fall  all 
the  local  and  general  changes  induced  by  gestation,  but 
as  the  genital  system  is  the  centre  of  physiologic  disturb- 
ance it  is  there  we  expect  to  find  the  most  striking 
modifications. 

Uterus — Modifications  of  its  Body. — Increase  in  the  size 
of  the  womb  in  order  to  keep  pace  with  the  growing  de- 
mands of  the  foetus  constitutes  one  of  the  most  prominent 
features  of  gestation.  The  volume  of  the  uterus  aug- 
ments gradually,  but  not  regularly,  the  growth  during 
the  later  months  being  more  rapid  than. at  first.  Of 
course  the  size  of  the  uterus  at  term  varies  somewhat, 
depending  upon  the  size  of  the  foetus,  the  number  of 
children  in  utero,  and  the  amount  of  liquor  amnii ;  but  the 
following  figures  give  a  general  idea  of  the  extent  of 
uterine  enlargement : 

Before  impregnation  the  uterus  weighs  about  an  ounce, 
its  capacity  is  about  one  cubic  inch,  and  the  length  of  the 
cavity  is  two  and  one-half  inches.  At  term  the  uterus 
weighs  two  pounds,  has  a  capacity  of  four  hundred  cubic 
inches,  and  its  cavity  measures  fifteen  by  ten  by  nine 
inches. 

The  increase  in  size  is  due  chiefly  to  hypertrophy  of  all 
the  constituents  of  the  organ,  and  occurs,  although  in  a 
less  degree,  even  when  tlie  ovum  develops  outside  of  the 
uterine  cavity.  During  the  latter  part  of  pregnancy  dis- 
tention undoubtedly  plays  a  role  in  producing  the  uterine 
tumor. 

Changes  in  the  Form,  Position,  and  Direction  of  tlie 
Uterine  Body. — At  first  the  uterus  preserves  its  pyriform 
shape,  but  the  gradual  increase  in  its  antero-posterior 
diameter  gives  it  a  spherical  outline  during  the  third  and 
fourth  months.  From  the  filth  month  onward  the  ex- 
pansion of  the  fundus  and  lower  uterine  segment  alters 
the  sphere  into  an  ovoid  with  the  larger  end  up.  Herr- 
gott  ("Essais  sur  les  differentes  varietes  de  forme  de  ma- 
trice  pendant  la  gestation  et  I'accouchement, "  Strasbourg, 
18H9)  found  that  the  fundus  of  the  uterus  rarely  took  on 
a  symmetrical  development,  but  that  the  right  "half  usu- 
ally contained  the  breech  and  was  more  elevated  than 
the  left.  The  anterior  portion  of  the  lower  segment  is 
more  developed  than  the  posterior  so  that  the  axis  of  the 
uterine  body  passes  in  front  of  the  cervix. 

Tlie  enlargement  of  the  uterus  necessitates  a  change 
of  position,  especially  as  the  organ  soon  becomes  too 
large  for  the  pelvic  cavity.  jMany  books  describe  a 
descent  during  the  early  Aveeks  of  gestation,  but  Tarnier 
and  Pinard  never  have  noted  this  downward  movement 
except  as  a  part  of  that  pathologic  condition  known  as 
prolapse.  During  the  first  months  of  gestation  the  gravid 
state  of  the  uterus  tends  to  exaggerate  the  normal  an- 
teflexion, and  after  the  fourth  month,  when  the  fundus 
emerges  from  the  pelvis,  the  degree  of  anteflexion  is 
regulated  by  the  position  of  the  woman  and  the  tonicity 
of  the  abdominal  walls. 

It  usually  is  stated  that  by  the  fifth  month  the  fundus 
has  reached  half-way  to  the  umbilicus ;  by  the  sixth  that 
it  is  on  the  level  of  the  umbilicus,  and  that  by  the  eighth, 
or  eight  and  a  half,  the  fundus  lies  under  the  ensiforni 
cartilage.  Pinard,  however,  says  that  the  fundus  usually 
IS  much  higher  than  is  described  by  most  authors,  and 
that  he  never  found  a  uterus  whose  fundus  was  not 
above  the  umbilicus  at  the  fifth  mouth  of  gestation.  On 
theother  hand,  Ribemont-Dessaignes  mentions  a  case  in 
which,  at  the  sixth  month,  he  found  the  fundus  below 
the  level  of  the  umbilicus,  the  child  weighing  over  seven 
pounds  at  birth.  A  possible  explanation  of  these  dis- 
crepancies may  lie  in  the  fact  that  tlie  umbilicus  is  not  a 
fixexl  point  At  some  time  during  the  last  two  weeks  of 
gestation  the  presenting  part  slips  into  the  brim  of  the 
pelvis  and  the  fundus  sinks.  In  multipara  this  readiust- 
ment  may  be  quite  sudden  and  give  rise  to  a  sensation 
ot  lightening  but  it  is  much  more  gradual  in  primiparte 
owing  to  greater  rigidity  of  the  abdominal  walls. 

f}."   u'J'^"^  °^  ^^"^  ^*^™^  seldom  lies  in  the  median  line 
of  the  abdomen.     On  examining  100  women  at  the  nin?h 
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Closely 
intcrivoven 
layers. 


Retractton-rittg. 


month  of  pregnancy  P.  Dubois  and  Pajot  found  a  right 
lateral  deviation  in  76,  a  left  in  4 ;  in  tlie  remaining  30  tlie 
fundus  lay  in  the  median  line.  Not  only  does  the  fundus 
tend  to  fall  to  the  right,  but  the  body  of  the  uterus  rotates 

so  that  the  left  side  is 
turned  to  the  front. 
Probably  both  tlie  de- 
viation and  the  tor- 
sion proreed  from  tlie 
same  cause ;  tlie  dis- 
tended sigmoid  and 
rectum  prevent  the 
uterus  from  balanc- 
ing upon  the  prom- 
inent vertebral  col- 
umn and  push  the 
organ  toward  the 
right;  as  the  uterus 
rolls  into  tlie  con- 
cavity at  tlie  right  of 
the  spine  the  right 
face  becomes  poster- 
ior. Unless  this  phj's- 
iologic  torsion  of  the 
uterus  is  remembered 
at  the  time  of  per- 
forming tlie  opera- 
tion of  Cesarian  sec- 
tion, the  surgeon  is 
in  danger  of  making 
his  incision  into  the 
left  border  of  the 
uterus  and  severing 
some  of  the  large 
vascular  trunks  lying 
in  that  region. 

Changes  in  the 
Structure  of  the  Uter- 
us.— All  the  constitu- 
ents of  the  uterus 
are  involved  in  the 
process  of  develop- 
ment. There  is 
marked  hyperplasia 
of  the  serous  coat, 
allowing     the     peri- 
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Fig.  2290.— Section  ol  Wall  of  Pregnant 
Uterus.    (Hofmeier.) 

toneum  to  cover  the 
uterus  at  the  different  stages  of  enlargement.  The  mus- 
cular fibres  in  the  walls  are  greatly  increased  in  size,  but 
it  is  not  proved  that  a  true  hyperplasia  occurs.  In  the 
pregnant  womb  three  layers  of  muscular  fibres  can  be  de- 
monstrated. The  superficial  layer  is  made  up  of  longi- 
tudinal and  transverse  fibres,  which  are  continuous  with 
those  upon  the  surfaces  of  the  tubes  and  round  ligaments. 
Tlie  median  layer  forms  the  bulk  of  the  uterine  walls  and 
contains  interlacing  fibres  running  in  all  directions.  This 
layer  is  traversed  by  numerous  vascular  trunks  around 
which  the  muscular  fibres  take  an  arciform  direction.  In 
the  case  of  the  veins,  the  external  and  middle  coats  of  the 
vessels  disappear  so  that  the  blood  is  conveyed  in  mus- 
cular channels  lined  by  endothehal  cells  and  known  as 
sinuses.  By  the  constricting  action  of  these  arciform 
fibres,  which  Pinard  calls  ligatures  vivantes,  hemorrhage 
is  prevented  after  labor.  The  internal  muscular  layer  is 
very  thin  and  best  marked  by  circular  fibres  at  the  orifices 
of  the  tubes,  although  a  set  of  longitudinal  and  transverse 
fibres  may  be  found  just  beneath,the  mucous  membrane. 
In  the  lower  uterine  segment  there  is  a  predominance  of 
longitudinal  muscular  fibres. 

The  advent  of  pregnancy  stimulates  the  mucous  mem- 
brane of  the  uterus  so  that  it  becomes  congested,  thick- 
ened, and  thrown  up  into  folds.  The  hypertrophy  is  the 
result  of  an  increase  in  the  interglandular  tissue  and  a 
growth  of  the  cellular  layer  in  which  may  be  found  the 
large  decidual  cells  of  Friedlander.  The  superficial, 
or  compact  layer,  of  the  decidua  vera  is  in  contact  with 
the  ovular  decidua  by  the  third  month  and  then  ra- 
pidly  atrophies;  it  is  through  the  deeper,  or  spongy, 


layer  that  the  line  of  separation  runs  when  the  decidua 
is  cast  oil. 

All  the  blood-vessels  of  the  uterus  become  much  en- 
larged, and  at  the  placental  site  the  arteries  empty  directly 
into  the  lacuna;,  the  blood  spaces  penetrated  by  the  villi. 
The  veins  form  the 
uterine  sinuses  as  de- 
scribed above  and  con- 
stitute an  extensive 
plexus.  The  lympha- 
tics are  increased  both 
in  size  and  in  number, 
communicating  freely 
with  those  of  the  peri- 
toneum and  adnexa,  an 
arrangement  which 
readily  explains  the 
seriousness  of  puer- 
peral infection  and  the 
ease  with  which  it  oc- 
curs. Nerve  cells  and 
trunks  take  part  in 
the  general  hypertro- 
phy. Keifler  (Oaz.  heb- 
chiin.  de  Mkl.  et  de 
Chi  I-.,  June  7th,  1900) 
claims  that  the  uterus 
has  a  set  of  indepen- 
dent nerve  cells  which  are  found  along  the  vessels  and 
can  be  detected  by  Golgi's  method  of  staining.  These 
local  ganglia  have  sensory,  motor,  secretory,  and  glan- 
dular functions,  giving  to  the  uterus  an  independence 
similar  to  that  of  the  heart. 

During  the  first  part  of  gestation  the  general  hyper- 
trophy of  the  tissues  gives  the  uterine  walls  a  thickness 
of  five-eighths  of  an  inch,  but  later  distention  reduces  this 
measurement  to  one-quarter  of  an  inch.  Instead  of  being 
firm  and  unyielding,  as  are  the  walls  of  the  virgin  uterus, 
the  tissues  of  the  gravid  womb  are  elastic  and  permit 
the  foetal  movements,  or  a  change  in  the  woman's  posi- 
tion, to  alter  the  outline  of  the  organ. 

Miidifimtioiix  of  the  Cermx. — The  hypertrophy  of  the 
cervix  is  much  less  marked  than  is  that  of  the  body  of 
the  uterus  and  is  mostly  completed  by  the  fifth  month  of 
gestation.  The  mucous  membrane  of  the  cervix  takes  no 
part  in  the  formation  of  the  decidua,  but  the  glands  secrete 
a  quantity  of  mucus  which  securely  plugs  the  canal  from 
the  beginning  of  gestation.  In  primiparfe  the  form  of 
the  cervix  is  that  of  a  cone  with  its  apex  down ;  in  mul- 
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2til.— Cervix  in  the  Filth  Month 
ot  Pregnancy.     (Leopold.) 


Fig.  2292.— Cervix  in  the  Seventh  Month.    (Leopold.) 

tiparoe  the  cone  has  its  base  down.  In  primiparaj,  dur- 
ing the  latter  months  of  gestation  when  the  presenting 
part  lies  low  down  and  against  the  anterior  wall  of  the 
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lower  uterine  segment,  the  external  os  may  be  carried  so 
high  into  the  hollow  of  the  sacrum  that  students  find  it 
difficult  to  reach  the  cervical  opening.  The  mcreased 
vascularity  leads  to  a  progressive  softening  of  the  cervix 
beginning  at  its  most  dependent  portion;  the  softening 
is  more  marked  and  develops  more  rapidly  in  multipara; 
than  in  primiparae. 

Physiologic  Modifjmtion  of  the  t//fr»,«.— Associated 
with  these  anatomic  changes  certain  physiologic  proper- 
ties appear.  The  irritability  of  the  uterus  increases, 
so  that  contractions  are  more  easily  evoked;  this  prop- 
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Fig.  2293.— Cervix  la  Ninth  Montb.     (Leopold.) 

erty  is  particularly  marked  at  the  menstrual  epochs,  so 
that  at  these  times  the  danger  of  abortion  is  much  in- 
creased. As  the  musculature  of  the  uterus  increases  con- 
tractions become  evident;  during  the  latter  months  of 
gestation  these  contractions  take  place  every  twenty  or 
thirty  minutes;  they  are  involuntary,  slow  and  intermit- 
tent, differing  from  the  contractions  of  labor  in  that  they 
cause  the  woman  no  suffering  nor  have  any  effect  upon 
the  cervix.  This  systematic  exercise  of  the  utei'ine  mus- 
cle serves  to  keep  the  organ  in  training  for  the  exertions 
of  labor.  Retractility  is  a  property  more  conspicuous 
during  labor  than  during  gestation  ;  it  enables  the  mus- 
cular fibre  to  hold  a  small  portion  of  its  contraction  and 
remain  permanently  shortened.  Retraction  is  thus  de- 
pendent upon  contraction  and  is  seen  at  its  best  in  the 
third  stage  of  labor  when  the  uterine  sinuses  are  held 
securely  closed  after  the  contractions  have  ceased. 

Modifications  of  the  Adiie.ra. — As  the  fundus  rises  into 
the  abdominal  cavity  it  necessarily  elevates  the  uterine 
attachments  of  the  round  ligaments,  broad  ligaments, 
ovarian  ligaments  and  tubes,  bringing  these  structures 
into  closer  relation  to  the  sides  of  the  uterus  and  causing 
them  to  run  in  a  more  vertical  direction.  The  round 
ligaments,  tubes,  and  ovarian  ligaments,  having  muscular 
fibres  continuous  with  those  of  the  uterus,  take  part  to 
some  extent  in  the  general  hypertrophy  of  the  sexual 
organs.  The  folds  of  the  broad  ligaments  become  widely 
separated  by  the  increased  thickness  of  the  uterine  body. 

Modifications  of  the  Vagina  and  Vulpa. — ^The  congestion 
of  the  vaginal  walls  results  in  their  hypertrophy  and  the 
mucous  membrane  becomes  reduplicated  and  softened, 
favoring  subsequent  dilatation  of  this  portion  of  the 
genital  canal.  There  is  often  so  little  contrast  between 
the  feel  of  the  softened  vaginal  wall  and  that  of  the  cervix 
that  the  inexperienced  student  finds  it  very  difficult  to 
distinguish  the  one  from  the  other.  The  engorgcniioiit  of 
the  vaginal  vessels  leads  to  an  unusual  amount  of  glandu- 
lar secretion  and  produces  a  bluish  coloration.  Tliere  is 
relaxation  and  gaping  of  the  vulva  together  with  dilata- 
tion of  the  veins  and  increased  secretion  from  the  glands 

Modifications  of  the  Pelvic  Joints. ~T>\mDg  pregnancy 
theinterarticular  cartilages  of  the  pelvis  become  vascular 
and  softened  and  allow  a  limited  amount  of  motion  in  the 
joints,  thus  slightly  facilitating  the  passage  of  the  head 


during  labor.     The  sacrococcygeal  and  symphysis  pubis 
are  the  joints  having  the  greatest  degree  of  motility. 

Modifications  Produced  Mechanically  by  the  Enlarged 
Uterus. — The  pressure  of  the  growing  uterus  is  apt  to 
interfere  with  the  functions  of  the  bladder  and  rectum  so 
that  vesical  irritation  and  constipation  are  often  features 
of  gestation.  Owing  to  the  diminished  space  within  the 
abdomen  a  full  bladder  will  cause  a  decided  prominence 
of  the  anterior  abdominal  wall.  Interference  with  venous 
return  may  produce  or  aggravate  varicosities  of  the  veins 
of  the  rectum,  vulva,  and  lower  extremities.  When  the 
fundus  has  reached  the  ensiform  cartilage  pressure  upon 
the  diaphragm  interferes  with  respiration,  particularly  at 
times  of  exertion ;  as  a  compensation  the  thorax  increases 
in  width.  The  distention  of  the  abdominal  walls  results  in 
the  formation  of  striaigramdarum,  which  are  bluish  or  red- 
dish lines  caused  by  the  stretching  and  atrophy  of  some  of 
the  connective-tissue  fibres  in  the  skin.  In  time  these 
striae  become  pearly  white  in  appearance  so  that  there  is  a 
marked  contrast  between  the  scars  of  an  earlier  and  those 
of  a  recent  pregnancy.  In  severe  cases  of  distention  the 
recti  muscles  may  separate  and  allow  the  fundus  to  fall 
forward  and  be  covered  only  by  the  skin  and  peritoneum. 
By  the  seventh  month  of  gestation  the  umbilical  dc- 
pres.sion  is  obliterated,  and  during  the  last  weeks  of  preg- 
nancy there  may  be  a  protrusion  of  the  navel.  As  the 
utei'ine  tumor  becomes  large  the  woman  can  maintain 
her  equilibrium  in  the  upright  position  only  by  bending 
backward  the  upper  portion  of  her  trunk  in  order_  to 
bring  the  centre  of  gravity  in  a  vertical  line  passing 
through  the  pelvis;  hence  her  characteristic  gait  and 
posture. 

Modifications  of  the  Breast.'!. — The  close  relationship 
between  the  pelvic  organs  and  the  mammary  glands  ex- 
plains the  early  and  prominent  changes  found  in  the 
breasts:  even  in  the  second  month  there  is  an  increase  in 
size  from  the  deposit  of  fat  and  growth  of  glandular 
tissue  The  enlarged  lobules  give  a  nodular  feel  on 
palpation,  and  when  the  ten.sion  of  the  skin  is  pronounced 
striffi  form  similar  to  those  on  the  abdomen.  The  super- 
ficial veins  are  conspicuous  and  the  areola,  particularly 
in  primiparEe  and  brunettes,  becomes  pigmented  and 
shows  elevations  marking  the  sites  of  fifteen  or  eighteen 
sebaceous  glands,  known  as  Montgomery's  follicles.  By 
the  fifth  month  the  breast  changes  are  at  their  height  and 
a  secondary  areola  may  form  having  the  appearance  of  a 
network  of  pigment  containing  numerous  lighter  spots. 
The  nipple  is  hypertrophied,  more  sensitive  and  erectile ; 
after  the  third  month  stroking  the  breast  from  the  periph- 
ery inward  may  express  a  few  drops  of  colostrum. 

Modifications  of  the  Circuhiiory  System. — In  order  to 
carry  out  the  new  requirements  laid  upon  the  organism 
the  quantity  of  blood  is  augmented  during  pregnancy 
and  the  increase  is  more  marked  in  the  watery  constitu- 
ents of  the  blood  so  that  the  red  corpuscles  are  relativelj' 
diminished.  The  white  corpuscles  are  said  to  be  both 
relatively  and  actually  increased  in  number.  Many  ob- 
servers report  an  hypcitrophy  of  the  left  side  of  the 
heart,  accounted  for  by  the  increased  labor  of  driving  a 
greater  amount  of  blood  over  a  more  extensive  area,  but 
recently  this  cardiac  alteration  has  been  questioned  and 
deemed  the  exception  rather  than  the  rule.  According 
to  the  studies  of  P.  Longe  the  pulse  during  gestation 
has  more  tension  and  on  the  average  shows  a  rate  of  86 
beats  per  minute. 

^fo(lificaliolls  of  the  Diijestire  System. — Nausea  and 
vomiting  are  not  uncommon  during  the  first  three  months 
of  gestation  and  the  appetite  may  become  capricious; 
later  both  the  appetite  and  power  of  digestion  are  increased 
with  the  result  that  by  the  cud  of  gestation  the  pregnant 
woman  makes  a  gain  equal,  on  the  average,  to  one-thir 
teenth  of  her  body  weight.  There  is  an  increase  of  the 
amount  of  adi]iose  tissue  causing  the  figure  to  become 
fuller  and  rounder  and  serving  as  a  reserve  store  of  poten- 
tial energy.  This  activity  in  metabolism  entails  greater 
activity  in  the  excretory  functions  of  the  liver,  lungs, 
skin,  kidneys,  and  bowels. 

Pigmentation  of  the  skin  is  a  common  occurrence  in 
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pregnancy;  besides  the  darkening  of  tlie  areola  tliere 
maj'  be  irregular  spots  upon  the  face  and  almost  in  vari- 
ably there  is  a  pigmented  line  extending  from  the  sym- 
physis pubis  to  the  navel,  known  as  the  linea  nigra. 

Upon  the  inner  surface  of  the  skull  are  formed  the 
"puerperal  osteophytes,"  consisting  of  deposits  of  carbo- 
nate of  calcium,  phosphates,  and  organic  matter. 

The  nervous  system  of   the   pregnant  woman  is  e.\ 
Iremely  impressionable  and  often  conditions  of  fi'etfulness 
or  irritability  develop.     In  rare  instances  the  entire  dis- 
position changes  and  the  patient  shows  unusual  likes  and 
dislikes. 

Multiple  Fostation. — When  the  uterus  contains  two 
or  more  fecundated  ova  the  pregnancy  is  designated  as 
multiple  or  pluriparous. 

Statistics  as  to  the  frequency  of  multiple  gestation  vary 
considerably  among  different  writers.  A  fair  statement 
would  give  the  proportion  about  as  follows:  twins  once 
in  120  pregnancies;  triplets  once  in  7,900;  quadruplets 
once  in  370,000. 

Among  the  factors  predisposing  to  multiple  pregnancy 
heredity  and  multiparity  are  important,  but  great  stature, 
race,  and  the  size  of  the  ovaries  also  are  mentioned  among 
the  causes. 

Usually  the  fecundation  of  the  ovules  occurs  as  the  re- 
sult of  a  single  coitus,  but  the  instances  on  record  in  which 
a  negress  has  given  birth  to  one  black  and  one  while  twin 
prove  that  the  ovules  discharged  at  the  same  menstrual 
epoch  may  be  fecundated  successively ;  to  such  cases  the 
term  superfecundation  is  applied.  By  superfoetation  is 
meant  the  fecundation  of  ovules  belonging  to  different 
periods  and,  theoretically,  this  form  of  superimpregua- 
tion  would  seem  to  be  impossible  both  because  ovulation 
is  assumed  to  be  suspended  during  pregnancy  and  be- 
cause ill  the  third  month  the  ovular  and  uterine  decidua 
come  into  contact,  thereby  preventing  the  access  of  the 
spermatozoon  to  the  ovum.  On  the  other  hand,  a  few 
instances  are  reported  in  which  women  have  given  birtli 
to  apparently  full-term  children  with  a  fl  ve-month  interval 
separating  the  two.  In  the  demonstrated  absence  of 
bifldity  of  the  uterus  such  facts  are  difficult  to  explain 
on  any  other  ground  than  superfoetation. 

In  twin  conception  the  ova  may  have  been  discharged 
from  different  ovaries  or  both  from  the  same  ovarj^  and 
even  from  the  same  ovisac.  When  twins  develop  from 
one  ovum  it  must  contain  two  germinating  vesicles.  In 
about  sixty-six  per  cent,  twins  are  of  the  same  sex. 

In  all  cases  of  multiple  foetation  there  is  at  first  a  sepa- 
rate amnion  for  each  child,  although  later  the  partition 
may  become  absorbed  or  rupture,  so  that  the  children 
are  found  in  the  same  sac  at  the  time  of  labor ;  there  are 
as  many  chorions  as  ova.  The  placentte  are  originally 
distinct,  but  later  the  contiguous  borders  may  fuse  and 
an  anastomosis  of  vessels  occur ;  if  one  foetal  heart  be 
much  stronger  than  the  other  there  is  a  disproportion  in 
the  amount  of  placental  tissue  at  the  disposal  of  the  two 
children.  The  weaker  foet\is  may  die  and  be  so  pressed 
upon  by  the  survivor  that  it  is  flattened  out  against  the 
walls  of  the  uterus  and  forms  what  is  known  as  a  "  foetus 
papyraceous."  The  weight  and  size  of  twins  usually  are 
under  the  average  and  they  are  less  likely  to  Uve  than 
single  children.  Also  the  distention  of  the  uterus  makes 
premature  labor  more  likely  to  occur  in  multiple  preg- 
nancies, and  the  distention  is  all  the  greater  from  the  fact 
that  hydramnios  frequently  is  associated  with  twin  preg- 
nancy. According  to  Pinard's  statistics  out  of  150  twin 
cases  tliere  were  108  premature  deliveries. 

Diagnosis  op  Pkegnancy.— The  diagnosis  of  preg- 
nancy rests  upon  maternal  and  foetal  signs ;  these  are  ob- 
tained by  questioning  and  by  inspection,  palpation,  and 
auscultation. 

Svhjectme  Signs.— khsenca  of  menstruation  usually  is 
the  first  sympliom  noticed  by  the  woman  herself,  and  this 
sign  is  particularly  valuable  in  those  patients  who  always 
have  been  regular  and  in  whom  there  is  no  evidence  of 
general  disease.  Of  course,  amenorrhcea  has  no  signifi- 
cance before  puberty,  after  the  menopause  and  during 
lactation.     It  also  must  be  remembered  that  the  fear  of 


conception  sometimes  produces  a  "psychical  amcnor 
rlicea, "  and  that  in  other  instances  the  patient  purposely 
has  made  false  statements  in  the  hope  that  an  abortion 
will  be  accidentally  induced.  The  amenonhtt'a  often 
associated  with  obesity  has  led  the  physician  into  embar- 
rassing errors  as  the  increase  in  the  patient's  size  seems 
to  eontii-m  his  diagnosis.  Although  Pinard  says  he  never 
yet  has  observed  a  case  of  gestation  in  which  menstrua- 
tion persisted,  a  few  instances  have  been  reported  in  which 
a  regular  monthly  flow  occurred  throughout  a  portion 
or  the  whole  of  pregnancy.  Usually  such  peiiodic  flow- 
ing does  not  have  the  features  of  normal  menstruation, 
and  is  found  to  have  its  origin  in  cervical  disease  or 
ectopic  pregnancy.  It  is  not  at  all  uncommon  for  a 
woman  to  have  one  period  of  dimini.shed  flow  even  after 
fecundation  has  taken  place  and  the  history  of  such  a 
scanty  discharge  is  almost  as  significant  as  amenorrhtta. 

A'aimeO'  and  vomiting  on  rising  in  the  morniag  are  men- 
tioned as  classic  signs  of  early  gestation,  and  certain  mul- 
tipara?  can  make  a  positive  diagnosis  on  these  symptoms 
alone ;  salivation  and  heartburn  may  be  associated  with 
this  gastric  disturbance.  Before  allowing  "morning 
sickness "  to  carry  much  weight  the  physician  must 
eliminate  all  other  reflex  causes.  The  absence  of  gastric 
symptoms  is  of  no  value  in  excluding  the  possibility  of 
pregnancy. 

After  the  third  month  the  patient  notices  a  progressive 
increase  in  the  size  of  her  abdomen ;  the  alleged  pre- 
liminary flattening  of  the  hypogastric  region  rests  on  no 
clinical  basis.  During  the  last  two  weeks  multipara;  ex- 
perience ''lightening"  or  the  feeling  of  rehef  produced 
by  the  marked  sinking  of  the  fundus. 

Quicken ing  is  the  term  used  to  describe  the  sensations 
imparted  to  the  mother  by  the  foetal  movements  and  ap- 
pears at  variable  times  according  to  the  experience  and 
acuteness  of  feeling  on  the  part  of  the  patient.  In  some 
women  the  foetal  movements  seem  to  be  absent  or  un- 
noticed and  in  a  few  quickening  occurs  as  early  as  the 
thii'd  month,  but  on  the  average  the  symptoms  appear 
at  the  eighteenth  or  twentieth  week.  It  is  possible  for 
even  experienced  matrons  to  be  deluded  and  mistake 
muscular  contractions  or  the  passage  of  gas  in  the  bowels 
for  movements  of  the  foetus.  A  woman  who  once  starts 
with  the  assumption  of  pregnancy  is  quite  apt  to  experi- 
ence all  the  confirmatory  subjective  signs  and  may  suc- 
ceed in  leading  her  iihysician  to  a  wrong  conclusion. 

Other  less  important  signs  which  should  not  be  passed 
over  are :  a  sense  of  enlargement  and  tingling  in  the 
breasts,  a  feeling  of  heat  in  the  pelvis  with  more  or  less 
leucorrheal  discharge,  irritability  of  the  bladder,  and  con- 
stipation, also  nervous  disturbances  such  as  neuralgia, 
dizziness,  and  change  of  disposition. 

Objective  Signx. — Pigmentation  of  the  face,  enlarge- 
ment of  the  abdomen,  and  the  peculiar  carriage  or  gait 
may  be  noticed  by  the  physician  in  the  first  few  moments 
of  the  interview. 

Ahdoininnl  ExarniniAtion. — After  having  obtained  the 
history  of  the  case  it  is  best  to  proceed  next  to  the  ex- 
amination of  the  abdomen ;  by  adopting  this  order  we 
can  make  the  investigation  of  the  breasts  and  pelvic 
organs  less  of  a  shock  to  susceptible  patients.  For  the 
abdominal  examination  the  woman  should  be  in  the  dorsal 
position  with  the  knees  drawn  up  and  the  surface  of  the 
body  exposed  from  the  ensiform  to  the  symphysis ;  corsets 
and  all  constricting  bands  must  be  loosened  and  the 
bladder  and  rectum  empty. 

Inspection. — On  inspection  there  should  be  noticed  the 
size  and  shape  of  the  abdominal  tumor  which  usually 
extends  more  to  the  right  than  the  left  of  the  median  line ; 
during  a  uterine  contraction  the  tumor  becomes  more 
prominent.  If  the  foetal  movements  are  vigorous  a  series 
of  irregular  and  temporary  elevations  are  visible  at  times 
over  the  surface  of  the  distended  abdominal  wall.  Dur- 
ing the  latter  half  of  gestation  the  umbilicus  may  be  level 
with  the  surface  or  protruded.  Pigmentation,  in  spots 
or  along  the  median  line,  together  with  striae  are  the  other 
signs  noted  on  inspection. 

Palpation. — For  palpation  the  hands  should  be  warmed 


341 


Gestation. 
Gestation. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


and  laid  flat  upon  the  surface  of  the  abdomen ;  the  best 
results  will  be  obtained  by  a  series  of  circling  motions 
punctuated  by  deeper  pressure.  Violent  and  sudden 
thrusts  will  cause  a  reflex  contraction  of  the  muscles  and 
defeat  the  ends  of  the  examination.  The  edge  of  the 
hand  should  be  pressed  down  above  the  apparent  site 
of  the  fundus  and  carried  toward  the  symphysis  in  order 
to  map  out  the  upper  limits  of  the  uterus  and  obtain 
some  idea  of  ,the  period  of  gestation.  The  fundus  is  at 
the  umbilicus' at  the  sixth  month;  three  fingers'  breadth 
above  at  the  seventh;  half-way  to  the  ensiform  at  the 
next  month,  and  under  the  ensiform  at  the  last  month. 
If  the  fundus  is  slightly  below  the  ensiform  there  may 
be  several  weeks  of  pregnancy  remaining  or  "  lightening  " 
may  have  taken  place  and  the  labor  be  imminent.  The 
peculiar  doughy,  semi-elastic  feel  of  the  uterus  should 
be  noted,  and  its  increased  firmness  during  a  contraction 
constitutes  Braxton  Hicks'  sign,  which  can  be  obtained  as 
soon  as  the  organ  is  large  enough  to  grasp.  By  the  sixtli 
mouth  the  foetal  parts  can  be  palpated  and  the  smooth 
back,  as  well  as  the  irregular  bosses  forming  the  shoulders, 
knees,  or  elbows,  located.  By  pressing  the  fingers  deep 
down  at  the  sides  of  the  superior  strait  the  head  can  often 
be  grasped  between  the  two  hands,  or  it  may  be  felt  as  a 
hard,  globular  body  lying  at  the  fundus  to  the  right  of 
the  median  line.  The  breech  is  softer,  leas  movable,  and 
bears  no  relation  to  the  shoulders.  In  thin  women  a  hand 
or  a  foot  can  be  grasped.  During  the  course  of  palpation 
the  physician  usually  feels  upon  the  palms  of  his  hands 
several  distinct  taps  which  are  caused  by  the  movements 
of  the  fcEtal  extremities;  sometimes  the  entire  body  of 
the  child  will  change  its  position  under  his  hands. 

Exiernnl  haUottemeut  is  obtained  by  placing  a  hand  on 
either  side  of  the  abdomen  and  attempting  to  throw  the 
foetus,  as  it  were,  from  one  side  to  the  other;  or,  in  a 
breech  presentation,  the  head  will  rebound  from  one  hand 
to  the  other.  If  the  woman  be  turned  upon  her,  side  so 
that  the.  prominent  abdomen  projects  over  the  edge  of 
the  table  the  foetus  may  be  pushed  up  by  a  hand  under- 
neath and  then  fall  again  against  the  fingers.  Ballotte- 
ment  depends  upon  the  amount  of  fluid  within  the  uterus 
and  is  best  marked  in  cases  of  hydramnion,  provided  the 
foetus  be  large  enougli  to  detect.  In  normal  circumstances 
it  is  a  sign  belonging  to  the  fifth  and  sixth  months  as 
previous  to  these  times  the  child  is  too  small,  and  in  the 
latter  months  of  gestation  the  liquor  amnii,  relative  to 
the  bulk  of  the  foetus,  is  not  sufiicient  to  allow  of  free 
motility. 

Avseultatinn. — Percussion  belongs  under  this  head. 
Over  the  mass  of  the  tumor  there  is  dulness,  while  above 
and  to  the  sides  the  coils  of  intestines  give  rise  to  tym- 
panitic resonance.  Usually  the  foetal  heart-sounds  can- 
not be  heard  before  the  fifth  month,  except  in  favorable 
cases  when  experienced  observers  have  detected  them  as 
early  as  the  fourth.  The  rate  of  pulsation  varies  be- 
tween 120  and  160,  the  sound  being  compared  to  that  of 
a  watch  ticking  under  a  pillow.  The  idea  that  a  slow 
rate  indicates  a  male  and  a  rapid  a  female  does  not  hold 
good  in  practice.  In  the  most  frequent  presentations  the 
head  occupies  the  pelvis  with  occiput  to  the  front,  there- 
fore the  maximum  intensity  of  the  heart-sounds  usually 
is  found  below  the  umbilicus  and  more  often  on  the  left 
side  than  the  right;  in  posterior  positions  of  the  occiput 
the  sounds  are  heard  further  round  on  the  flank.  When 
the  head  is  at  the  fundus  the  focus  of  intensity  is  above 
and  to  one  or  the  other  side  of  the  umbilicus. 

In  performing  auscultation  it  is  well  to  begin  by  ap- 
plymg  the  ear  direct  to  the  abdomen,  using  a  thin  towel 
for  covering  the  skin,  and  examine  systematically  the 
four  regions  about  tlie  umbilicus.  Many  observers  can  do 
better  by  this  immediate  method  of  auscidtation  besides 
which  It  IS  well  to  train  the  ear.  The  stethoscope  should 
be  used  m  those  cases  in  which  it  is  more  convenient 
and  pleasant  or  when  the  ear  alone  does  not  give  satisfac 
tory  results.  In  order  to  hear  distinctly  the  room  must 
be  very  quiet  the  physician's  posture  must  be  comfort- 
able and  not  be  such  as  to  cause  compression  of  the 
veins  of  his  neck,     A  rapid  maternal  pulse  may  be  mis- 
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leading  until  its  rate  is  compared  with  that  of  the  pulsa- 
tion in  the  radial  artery ;  in  some  cases  the  observer  will 
beconieconsciousof  his  own  heartbeats,  which,  of  course, 
are  much  slower  than  those  of  the  foetal  heart. 

The  uterine  souffle  is  heard  over  the  left  border  of  the 
uterus,  which  has  been  brought  to  the  front  by  the  torsion 
of  the  organ.  It  is  a  blowing  sound  like  that  of  an  anae- 
mic murmur  and  is  synchronous  with  the  maternal  pulse. 
The  uterine  souffle  or  hruit  may  be  heard  as  early  as  the 
fourteenth  week  and  is  caused  b}'  the  blood  flowing 
through  the  enlarged  uterine  vessels;  it  is  not  peculiar  to 
pregnancy  and  is  often  noted  over  large  tumors. 

The  funie  souffle  is  caused  by  some  obstruction  in  the 
vessels  of  the  umbilical  cord,  as  from  coiling  about  the 
neck.  This  sound  is  synchronous  with  the  fcetal  heart; 
it  is  not  present  in  the  majority  of  cases  and  appears 
during  the  latter  half  of  gestation. 

Sometimes  the  movements  of  the  foetus  can  be  heard 
on  auscultation  as  early  as  the  fourth  month  of  pregnancy 
as  a  succession  of  faint  thuds  or  slight  rubbing  sounds. 
Gas  in  the  bowel  will  closely  simulate  foetal  shock. 

E-mmiiiation  of  the  Breasts. — The  clothing  already  be- 
ing well  loosened  it  is  easy  to  pass  next  to  the  search  for 
mammary  signs.  On  insperAion  the  presence  of  strife, 
enlarged  veins,  and  pigmented  areolae  are  noted.  Palpa- 
tion detects  the  knotty  feel,  and  by  a  little  manipulation 
a  drop  or  two  of  colostrum  may  be  pressed  from  the 
nipple. 

Examination  of  the  External  and  Internal  Genitals. — 
For  the  vaginal  examination  the  patient  is  drawn  down 
to  the  edge  of  tlie  table,  her  clothing  well  pulled  up  and 
replaced  by  a  sheet.  For  internal  examination  an  empty 
bladder  and  rectum  are  more  essential  conditions  than  for 
abdominal  palpation.  In  obscure  cases  and  when  the 
patient  is  very  nervous  an  anaesthetic  is  indispensable. 
Disinfection  of  the  examining  hand  must  be  a  preliminary 
step  before  its  introduction,  and  with  the  other  hand  the 
vulva  should  be  held  apart  so  that  no  contamination  can 
be  carried  up  from  below. 

Vaginal  Touch. — As  the  finger  passes  up  the  vagina 
the  velvety  feel  and  moisture  of  the  walls  are  noted. 
Next,  the  shape  of  the  cervix  and  the  presence  or  absence 
of  softening  must  be  determined.  Goodell  saj's  that  if 
the  tip  of  the  cervix  feels  like  the  end  of  one's  nose  the 
patient  probably  is  not  pregnant ;  if  it  feels  as  soft  as 
one's  lips  there  probably  is  a  fQ?tus  in  utero.  By  bi- 
manual examination  the  position,  shape,  size,  and  con- 
sistence of  the  uterus  are  discovered.  During  the  fifth  and 
sixfii-moTMis,  internal  ballottement  c&n  be  obtained,  espe- 
cially in  those  cases  in  which  the  head  presents.  To  de- 
velop this  sign  the  internal  finger  is  placed  in  front  of 
the  cervix  and  a  quirk  push  given  to  the  foetus;  the  phy- 
sician will  be  sensible  of  the  upward  movement  and  sub- 
sequent return  of  the  presenting  part.  By  conjoined 
manipulation  the  uterine  contractions  may  be  detected  as 
early  as  the  third  month. 

Besides  the  softening  of  the  cervix  there  are  two  valu- 
able signs  belonging  to  the  first  part  of  gestation.  One 
is  the  marked  angle  formed  by  the  corpus  and  cervix 
and  easily  noted  on  internal  examination ;  the  other  is 
known  as  Hegar's  sign  and  consists  in  the  compressibility 
of  the  lowei-  uterine  segment.  To  obtain  this  sign  the 
outside  and  internal  fingers  should  compress  the  uterus 
just  above  tlie  cervix.  In  well-marked  cases  there  will 
seem  to  be  no  tissue  at  this  point  and  the  fundus  and 
cervix  will  give  an  impression  of  being  two  disconnected 
bodies.  Another  way  of  bringing  out  Hegar's  sign  is 
to  introduce  tlie  forefinger  into  the  rectum  and  the 
thumb  of  the  .same  hand  into  the  vagina;  while  the  out- 
side hand  presses  down  the  uterus  the  internal  thumb 
and  finger  giasp  the  organ  just  above  the  cervix,  E. 
von  Braun-Fernwald  {Wien.  /din.  Wochensehrift,  March 
9th,  1899)  describes  a  sign  which  he  has  found  to  be  valu- 
able in  the  tliagnosis  of  early  pregnancy.  It  consists  in 
an  asymmetry  of  uterine  development  detected  by  the 
bimanual  examination.  The  ovum  very  rarely  lies  ex- 
actly in  the  centre  of  the  uterine  cavity  at  first  and  con- 
sequeutlj'  the  antero-posterior  diameter  of  one  horn  is 
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greater  than  that  of  the  other;  often  a  groove  is  percep- 
tible between  the  two  sides  of  tlie  uterus. 

Iinspection. — As  the  finger  is  withdrawn  from  the  vagina 
the  parts  are  held  open  for  a  moment  and  the  color  of 
the  vulva  and  lower  vaginal  wall  is  observed.  A  port- 
wine  color  of  the  mucous  membrane  may  be  noted,  but 
is  not  a  positive  sign  of  pregnancy ;  the  same  color  may 
be  seen  on  the  cervix  if  a  speculum  be  introduced. 

Value  of  the  Different  iSign.i  and  Syiiiptoins  of  Oestation. 
— No  one  of  the  maternal  signs  or  symptoms  is  positive, 
but  the  presence  of  a  number  of  them  forms  a  strong 
chain  of  circumstantial  evidence.  It  is  well  known  that 
all  the  breast  signs  may  be  present  in  a  case  of  uterine 
disease  and  that  uterine  or  abdominal  enlargement  may 
be  due  to  the  presence  of  a  tumor.  Before  the  sixth 
week  a  diagnosis  of  pregnancy  is  rarely  positive,  but 
strong  opinion  can  be  based  upon  the  association  of  the 
following  signs :  amenorrhoea  in  a  healthy  married  woman 
who  has  always  been  regular,  an  enlarged  py  riform  uterus 
of  doughy  consistency  with  a  marked  angle  between 
corpus  and  cervix,  softening  of  the  cervix  with  com- 
pressibility of  the  lower  segment.  The  pathognomonic 
signs  of  pregnancy  come  from  the  foetus  and  are  fa3tal 
heart-sounds,  ballottement,  and  foetal  movements;  pro- 
vided fallacies  be  excluded  any  one  of  these  signs  estab- 
lishes the  diagnosis.  The  Rontgen  rays  are  of  no  use  for 
early  diagnosis,  although  late  in  gestation  they  have  given 
information  concerning  the  presentation  and  the  condi- 
tion of  the  mother's  pelvis. 

Differential  Diagnosis. — Early  gestation  must  be 
differentiated  from  those  conditions  which  cause  uterine 
enlargement ;  advanced  pregnancy  from  those  producing 
abdominal  distention.  Fibroid  enlargetyie tit  usuaMy  fa,ila 
to  give  the  uterus  the  shape  and  consistency  belonging 
to  pregnancy ;  the  rate  of  increase  in  size  does  not  corre- 
spond with  that  shown  by  the  gravid  uterus;  there  is 
monorrhagia  rather  than  amenorrhoea.  Glironie  metritis 
presents  many  of  the  same  differential  points.  Emmuto- 
metra  is  a  rare  condition  caused  by  the  retention  of  men- 
strual blood  within  the  uterus.  Symptoms  denoting 
pain  and  disturbance  appear  at  puberty  and  are  repeated 
each  month  but  are  unattended  by  flowing;  an  examina- 
tion often  discloses  an  obstructed  vagina.  The  abdominal 
enlargements  with  which  pregnancy  has  been  confounded 
are  those  produced  by  fat,  tympanites,  ascites,  Marian 
and  fibroid  tumors. 

Fat.— The  amenorrhoea  of  obesity  must  be  remembered. 
The  thickness  of  the  abdominal  wall  may  be  estimated 
by  lifting  a  fold  of  tissue  and  also  by  observing  the  gen- 
eral fat-deposit  of  the  patient.  There  are  no  uterine 
signs  of  pregnancy.  As  an  adipose  condition  greatly 
interferes  with  bimanual  examination  it  may  be  necessary 
to  administer  an  anaesthetic  in  order  to  detect  intra-ab- 
dominal conditions. 

Tympanites.— ThoTOUgh  cleansing  of  the  bowels  will 
diminish  the  size  of  the  tumor  which  is  resonant  instead 
of  dull. 

Ascites.— When  the  patient  lies  in  the  dorsal  position 
the  tumor  has  a  characteristic  shape,  namely,  flattened 
on  top  and  bulging  at  the  sides.  Fluctuation  is  marked 
and  the  change  of  position  on  the  part  of  the  patient 
changes  the  physical  relations  of  flatness  and  resonance. 

Ovarian  Cyst.— An  ovarian  tumor  may  cause  sym- 
metrical enlargement  of  the  abdomen  but  usually  is  un- 
accompanied by  amenorrhoea;  Braxton  Hicks'  sign  is 
absent  and  fluctuation  may  be  obtained.  Of  course  no 
f Qstal  signs  are  present  and  the  uterus  usually  is  found  to 
be  displaced  and  not  enlarged.  _ 

Fibroid  Tumor  of  the  Vterus.—A  large  fibroid  usually 
is  very  irregular  in  outline  and  has  a  history  of  longer 
duration  than  that  of  pregnancy;  monorrhagia  usually  is 
a  prominent  symptom. 

It  is  important  to  remember  that  although  various 
pathologic  conditions  may  be  present  pregnancy  is  not 
necessarily  excluded.  There  are  many  instances  in  which 
an  operator  has  found  gravidity  associated  with  a  fibroid 
or  ovarian  tumor. 

P«eM^C2/m's.— Spurious  pregnancy,  or  phantom  tumor, 


is  a  condition  met  with  in  some  women  who  are  very  de- 
sirous of  having  children  as  well  as  in  those  who  dread 
maternity.  There  are  instances  in  which  women  after 
the  menopause  have  deluded  themselves  with  the  idea  of 
pregnancy  and  made  all  the  preparations  for  confinement. 
In  these  cases  the  physician  can  obtain  an  almost  com- 
plete subjective  history  in  which  he  may  place  undue 
reliance  if  the  patient  already  has  had  experience  in  bear- 
ing children.  Abdominal  distention  usually  is  present 
but  due  to  the  accumulation  of  gas  or  fat.  It  is  said  that 
often  under  an  anaesthetic  the  tumor  of  pseudocyesis  will 
disappear  and  the  test  should  be  made  in  doubtful  cases. 
Under  no  circumstances  should  a  physician  make  a  diag- 
nosis of  pregnancy  on  the  statements  of  the  patient,  nor 
must  he  allow  them  to  give  his  mind  a  bias;  in  fact  he 
should  never  give  a  positive  opinion  until  signs  from  the 
foetus  are  clearly  manifest,  although,  before  this  time, 
he  may  feel  justified  in  advancing  a  probable  diagnosis. 

Diagnosis  of  Multiple  Pregnancy. — Having  estab- 
lished the  existence  of  pregnancy  the  presence  of  more 
than  one  foetus  in  utero  is  indicated  by  the  following 
signs:  the  uterus  is  larger  than  it  should  be  for  the  esti- 
mated period  of  gestation ;  it  is  broader  in  proportion  to 
its  length  than  is  the  case  in  a  single  pregnancy ;  a  mul- 
tiplicity of  fa'tal  pai'ts  is  present;  two  hearts  are  heard, 
having  different  rates  of  pulsation  and  foci  of  intensity. 

Diagnosis  of  Death  op  the  Facxus. — When  the  death 
of  the  foetus  occurs  in  utero  usuallj'  the  contractions  of 
the  organ  expel  its  contents,  but  there  are  cases  in  which 
the  dead  products  of  conception  are  retained  and  undergo 
saponification,  mummification,  putrefaction,  or  even  be- 
come totally  absorbed.  The  diagnosis  of  foetal  death 
may  be  very  difficult  and  the  signs  vary  according  to  the 
period  of  gestation  at  which  it  occurs.  Lactation  may 
be  present  for  a  few  days  and  the  subjective  symptoms 
of  gestation  usually  disappear.  Except  when  there  are 
profound  disturbances  following  putrefaction  there  are 
no  general  symptoms  distinctive  of  fa-tal  death  and  the 
diagnosis  rests  upon  the  results  of  physical  examination. 
During  the  first  half  of  gestation  palpation,  performed 
at  intervals,  reveals  no  increase  in  the  size  of  the  uterus 
and  often  a  diminution ;  the  softening  of  the  cervix  dis- 
appears. While  comparisons  are  valuable,  if  the  case  is 
not  seen  until  some  time  after  the  death  of  the  foetus, 
there  may  be  great  difficulty  in  making  a  diagnosis  of 
pregnancy.  During  the  second  half  of  gestation  the 
absence  of  certain  foetal  signs,  especially  if  they  have 
been  present,  is  most  valuable.  The  patient  no  longer 
feels  the  movements  of  the  child,  nor  can  the  physician 
detect  the  foetal  heart-sound  ;  the  absorption  of  the  liquor 
amnii  leads  to  diminution  in  the  size  of  the  uterus.  If 
the  head  of  the  foetus  can  be  palpated,  either  in  the  lower 
uterine  segment  or  at  the  fundus,  crepitus  may  be  ob- 
tained owing  to  the  motility  of  the  loosened  bones  of  the 
skull.  It  is  claimed  that  in  all  cases  the  urine  of  the 
woman  contains  acetone. 

Care  must  be  taken  not  to  make  an  error  in  concluding 
that  the  foetus  is  dead,  for  the  foetal  movements  may  be 
absent  because  the  intra-uterine  space  has  become  so 
limited  and  the  heart-sounds  may  appear  to  be  wanting 
merely  because  the  physician  is  unable  to  find  them. 
Usually  considerable  studjr  of  the  case  is  required  before 
any  positive  opinion  can  be  formed.  In  a  case  of  multiple 
pregnancy  the  diagnosis  of  the  death  of  one  child  alone 
usually  is  impossible. 

Duration  of  Oestation. — Even  when  the. date  of  the 
fruitful  coitus  is  known  the  duration  of  the  pregnancy 
is  found  to  vary  from  two  hundred  and  sixty  to  two 
hundred  and  ninety-four  days;  in  the  majority  of  cases, 
however,  confinement  takes  place  at  the  end  of  two  hun- 
dred and  seventy-one  days.  For  practical  purposes  it  is 
found  convenient  to  estimate  the  duration  of  pregnancy 
as  two  hundred  and  eighty  days  and  count  from  the  be- 
ginning of  the  last  menstrual  flow.  This  method  is  fairly 
reliable  except  when  the  conception  occurred  just  pre- 
vious to  the  first  missed  menstrual  period.  Labor  is  apt 
to  take  place  on  or  near  the  tenth  menstrual  epoch,  and 
to  estimate  this  date  we  count  back  three  months  from 
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the  date  of  the  first  day  of  the  last  period  and  add  seven 
days.  Every  visiting  list  generally  contains  a  table  which 
enables  the  physician  to  make  his  prediction  in  a  given 
case.  If  the  date  of  the  last  menstrual  period  is  not 
available  other  data  are  the  time  of  quickening  and  men- 
suration of  the  uterus.  The  period  of  quickening  is 
not  at  all  a  fixed  one  but  an  approximate  estimate  of  the 
day  of  confinement  can  be  made  by  adding  twenty-two 
weeks  to  the  date  of  quickening.  Mensuration  of  the 
uterus  is  very  uncertain,  as  the  size  and  number  of  tlie 
fojtuses  vary  and  the  amount  of  liquor  amnii  is  uot  al- 
ways the  same.  The  position  of  the  fundus  at  the  differ- 
ent months  has  been  stated. 

Hygiene  and  JIanagement. — Gestation  being  a  phys- 
iologic condition  a  pregnant  woman  needs  to  do  little 
more  than  observe  the  rules  for  normal  living,  but  as 
derangements  readily  occur  she  should  be  under  the 
supervision  of  her  physician  fi'om  the  beginning  to  the 
end  of  gestation. 

Diet. — No  rules  can  be  given  for  diet  during  pregnancy 
as,  in  normal  cases,  the  patient  may  be  allowed  to  follow 
her  inclinations,  provided  she  takes  a  sufficient  quantity 
of  nutritious  food  and  avoids  what  is  indigestible.  Dur- 
ing the  early  months  when  nausea  and  vomiting  are  pres- 
ent the  diet  should  be  simpler  than  usual.  Breakfasting 
in  bed  and  the  use  of  some  alkaline  gastric  sedative  are 
sufficient  for  the  ordinary  case  of  stomach  disturbance. 

Clothing. — In  order  to  avoid  all  pressure  upon  the 
growing  uterus  the  clothing  should  be  quite  loose  and 
the  corset  omitted ;  garters  constricting  the  veins  of  the 
legs  are  objectionable.  If  the  abdominal  walls  are  re- 
laxed so  that  the  uterus  drops  too  far  forward  a  liglit 
well-fitting  supporter  should  be  worn. 

Exercise. — Walking  in  the  fresh  air  is  the  best  form 
of  exercise;  horseback  riding  or  any  form  of  activity 
which  entails  straining  or  jolting  should  be  forbidden. 
Long  journeys  in  the  cars  are  liable  to  induce  abortion, 
especially  if  taken  at  the  menstrual  epochs.  Those  women 
who  are  accustomed  to  work  hard  for  a  living  seem  less 
easily  disturbed  and  pass  through  the  period  of  gestation 
without  making  any  change  in  their  daily  life  until  the 
abdominal  tumor  acts  as  a  mechanical  hindrance.  The 
pregnant  woman  requires  a  large  supply  of  oxygen,  so 
she  should  remain  in  the  open  air  as  much  as  possible 
and  avoid  all  crowded  07-  ill-ventilated  rooms. 

Rest. — An  abundance  of  sleep  is  essential  for  the  wel- 
fare of  the  gravid  woman,  and  during  the  last  part  of 
gestation  she  should  take  a  large  amount  of  rest.  Pinard  's 
observations  show  that  those  patients  who  work  close  up 
to  the  time  of  their  confinement  bring  forth  children  of 
less  weight  and  vigor  than  do  tliose  woman  who  enter 
the  hospital  a  month  or  six  weeks  previous  to  labor. 

Bathing.— The  gravid  state  does  not  prevent  the  woman 
from  taking  her  daily  bath,  but  on  the  contrary  is  an  ad- 
ditional reason  why  she  should  keep  the  function  of  the 
skin  as  active  as  possible.  Care,  liowever,  must  be  taken 
not  to  have  the  water  at  so  low  a  temperature  as  to  pro- 
duce shock. 

Hygiene  of  tlie  Peloie  Organs.— On  account  of  the  in- 
creased secretion  frequent  bathing  of  the  external  genitals 
is  required.  If  there  be  any  affection  of  the  vagina  or 
cervix,  so  that  leucorrhoea  is  troublesome,  warm  vao-inal 
irrigations  are  indicated,  care  being  taken  not  to  inject 
the  water  with  too  much  force.  Gonorriiceal  inflammation 
calls  for  active  treatment  on  account  of  the  danger  to 
the  child's  eyes  during  delivery  and  the  risk  to  the  mother 
should  the  mfection  ascend.  Sexual  intercourse  duriii..- 
pregnancy  is  an  abnoi'mahty  and  by  producing  coinrcs"- 
tion  may  lead  to  an  abortion.  " 

Oire  of  the  Breast  and  Nipples.— \iufmg  the  last  tliree 
months  of  gestation  the  nipples  should  be  gently  scrul)bed 
daily  with  a,  soft  nail-brush,  water,  and  castile'soap  after 
which  a  httle  albolene  or  cocoa  butter  should  l)e  applied 
This  course  of  treatment  will  toughen  the  nipples  and  at 
the  same  time  keep  them  pliable.  Exposure  to  the  air 
as  by  leaving  the  nightdress  open,  also  is  sup,i(,.sed  to 
^P?,  n''t  H '.S'PP^f'  ^?.'  sensitive.  If  they  are  flattened  or 
retracted  they  should  be  drawn  out  daily  by  means  of 
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the  thumb  and  finger  or  by  applying  a  breast-pump. 
C'areful  preparations  for  the  function  of  lactation  do  much 
to  add  to  the  comfort  of  the  woman  after  confinement. 

^Vtt(;ntion  has  been  called  to  the  fact  that  the  nervous 
system  of  the  pregnant  woman  is  in  a  most  susceptible 
state.  "Without  entering  into  tlie  much  debated  subject 
of  the  influence  of  maternal  emotions  upon  the  fcttus,  it 
is  quite  certain  that  some  nervous  impressions  of  the 
mother  have  an  unfavorable  effect  upon  the  child  as  well 
as  upon  her  own  well-being.  Therefoie  it  is  wise  to 
make  every  effort  to  surround  the  patient  with  a  pleasing 
environment  and  to  remove,  as  far  as  possible,  all  sources 
of  irritation. 

Urinary  Examinations.— From  the  beginning  of 
pregnancy  it  is  the  duty  of  the  physician  to  keep  himself 
informed  as  to  the  state  of  the  woman's  urine.  At  first 
the  examination  .should  be  made  every  fortnight,  but  dur- 
ing the  last  two  months  of  pregnancy  every  week ;  any 
abnormality  will  call  for  more  frequent  attention.  The 
examination  should  be  based  on  the  twenty-four-hour 
sample,  and  the  estimation  of  the  urea  and  total  solids  is 
of  the  utmost  importance.  A  great  many  pregnant 
women  are  troubled  with  leucorrhcea  sufficient  to  con- 
taminate the  urine  and  give  the  test  for  albumin;  there- 
fore it  is  Avell  to  direct  the  patient  to  take  a  vaginal 
douche  and  introduce  a  tampon  of  absorbent  cotton  just 
before  urinating;  a  string  tied  to  the  tampon  makes 
removal  easy. 

Obstetric  Examination. — As  soon  as  the  foetus  is 
viable,  the  physician  should  make  an  examination  of  the 
uterus  and  pelvis;  the  diameters  of  the  superior  and  in- 
ferior straits  should  be  measured ;  the  size  of  the  foetus 
estimated  and  note  taken  whether  the  uterine  enlarge- 
ment corresponds  to  the  supposed  period  of  gestation. 
Some  time  during  the  last  month  of  gestation  a  second 
examination  should  be  carried  out  in  order  that  the  phy- 
sician may  be  thorough!}'  informed  as  to  the  presentation 
and  condition  of  the  birth  canal  at  the  time  of  labor. 

Pathology  of  Gestation. — Under  this  head  will  be 
considered  the  important  pathologic  conditions  brought 
about  by  the  gravid  state  itself  and  not  the  effect  of 
gestation  upon  disease  already  existing. 

To-rmmia  of  Pregnancy. — Gestation  is  a  time  of  increased 
metabolism,  for  the  woman  must  build  up  the  uterine 
structures  as  well  as  nourish  the  foetus,  hence  the  greater 
the  amount  of  waste-products  to  be  eliminated.  During 
pregnancy  the  excretory  organs  of  the  patient,  particu- 
larly the  bowels,  liver,  and  kidney,  undergo  a  physiologic 
hypertrophy  and  the  poisonous  substances  of  retrograde 
metamorphosis  are  removed  before  a  dangerous  degree  of 
accumulation  takes  place.  What  is  known  as  the  tox- 
aemia of  pregnancy  is  an  auto-intoxication  due  to  deficient 
elimination  and  may  arise  in  several  ways. 

The  pressure  of  the  enlarging  uterus  may  hinder  the 
proper  performance  of  the  functions  of  the'eliminatmg 
organs,  the  waste-products  being  prepared  for  excretion 
and  yet  remaining  locked  up  within  the  body.  In  other 
cases  the  intoxication  occurs  through  the  fault  of  the 
transforming  organs,  particularly  the  liver,  which  fail  to 
reduce  the  waste  matter  to  a  chemical  structure  appro- 
priate to  the  cellular  activities  of  the  eliminating  tissues. 
Pinard  looks  upon  tlie  auto-intoxication  of  pregnancy  as 
hepato-toxsemia,  and  Bouffe  de  Sainte  Blaise  (.Med.  'lier. 
of  Rei\,  June,  1899)  mentions  the  following  as  diagnostic 
features  of  deficient  hepatic  action:  progressive  decrease 
in  tlie  quantity  of  urea  with  increase  in  the  proportion  of 
uric  acid  and  such  intermeiliate  substances  as  leucin  and 
tyrusin;  alimentary  glycosuria,  i.e.,  if  the  woman  ingests 
a  lixed  amount  of  glucose  a  portion  will  appear  in  the 
urine  owing  to  the  impairment  of  the  glycogenic  func- 
tion ;  there  is  urobilinuria  and  the  toxicity  of  the  blood 
serum  is  increased.  The  chemistry  of  auto-intoxication 
is  not  yet  elucidated,  but  it  is  apparent  that,  whatever 
the  source  of  the  toxins,  their  presence  irritates  the  tissues 
and  establishes  a  circulus  vitiosus. 

Predi.-tposing  Causes. — Women  who  suffer  from  insufH- 
ciciicy  of  elimination  while  in  the  non-pregnant  state 
may  not  be  able  to  meet  the  added  demands  of  gestation. 
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Bucli  conditious  as  liydramuion,  multiple  preguancy,  and 
primiparity  are  attended  with  tlie  greatest  amount  of 
intra-abdominal  pressure  and  thus  interfere  to  the  great- 
est degree  with  the  action  of  the  lixer,  intestines,  or  kid- 
neys; multiple  pregnancy  al  the  same  time  adds  a  large 
amount  of  waste  material.  It  is  during  the  latter  months 
of  gestation  that  the  intra-abdominal  pressure  is  most 
marked  and  the  amount  of  waste  matter  coming  from  the 
foetus  at  its  maximum. 

Si/mptonifi  imd  Dingnosu. — ^The  circulation  of  an  in- 
creased amount  of  toxins  affects  particularly  tlie  nerve 
centres  and  gives  rise  to  such  symptoms  as  headache, 
dizziness,  Irritability,  and  disturbances  of  vision ;  vomit- 
ing and  diarrhoea  are  not  uncommon  and  represent  efforts 
at  elimination.  Auto-into.xication  constitutes  the  pro- 
dromal state  of  eclami)sia  and  the  majority  of  the  so- 
called  disorders  of  pregnancy  belong  to  its  symptoma- 
tology. 

The  modifications  of  the  urine  in  to.xsemia  are  extremely 
important.  The  total  amount  passed  in  the  twenty  four 
hours  usually  is  much  diminished  and  the  elimination  of 
urea  lessened.  Although  ui-ea  probably  is  not  the  most 
Important  poison  concerned  in  the  production  of  the  toxic 
condition,  the  amount  present  in  the  urine  affords  us  a 
valuable  index  of  elimination.  In  a  normal  quantity  of 
urine  the  urea,  according  to  Davis,  should  be  from  1.4  to 
3  per  cent. ;  below  one  per  cent,  lies  the  danger  zone. 
.Tewett  has  pointed  out  the  fact  that  eclampsia  very 
rarely  develops  when  the  daily  amount  of  urine  is  over 
three  pints  and  that  a  large  amount  of  urine,  sa)-  seventy 
ounces  in  the  twenty-four  hours,  will  eliminate  the  poi- 
sons even  when  the  tests  show  a  diminished  quantity  of 
urea.  These  facts  confirm  the  importance  of  making 
quantitative  estimations  of  the  urine  in  all  cases  of  gesta- 
tion. In  normal  pregnancy  the  toxicity  of  the  urine  in 
relation  to  that  of  the  blood  serum  is  much  increased,  but 
when  symptoms  of  toxtemia  appear  the  toxicity  of  the 
blood  serum  is  heightened  while  that  of  the  urine  is 
diminished. 

Albuminuria. — This  is  a  common  symptom  of  toxaamia, 
but  it  must  also  be  remembered  that  albumin  is  present 
in  five  per  cent,  of  all  cases  of  pregnancy,  as  a  ride  not 
appearing  until  the  latter  months  of  gestation.  AUbutt 
does  not  believe  that  pressure  is  an  important  cause  of 
albuminuria,  as  the  renal  veins  are  not  easily  pressed  upon 
and  albumin  often  is  absent  when  the  pressure  is  greatest ; 
he  thinks  that  the  poisons  absorbed  from  the  intestinal 
canal  are  responsible  for  the  kidney  disturbance.  Under 
all  circumstances  albuminuria  calls  for  treatment,  as  there 
has  been  established  a  definite  relation  between  this  con- 
dition and  a  lessened  development  of  the  foetus;  albvmiin- 
uria  frequently  has  been  found  associated  with  hemor- 
rhages into  the  placenta.  Vallois  {L' Obstetrique,  No.  6, 
November  l.^th,  1899)  reports  two  cases  of  albuminuria 
during  pregnancy  which  were  not  severe  nor  permanent 
and  were  treated  by  a  milk  diet,  yet  were  followed  by  foetal 
death  and  expulsion.  In  both  these  cases  the  placentae 
were  found  to  be  the  seats  of  numerous  hemorrhages. 
According  to  Jewett  albuminuria  is  present  in  from  eighty 
to  ninety  per  cent,  of  eclamptic  patients  previous  to  the 
first  convulsion. 

Treatment  of  Toxmiiia. — The  plain  indications  ai'e  to 
diminish  the  amount  of  waste  and  stimulate  elimination. 
The  diet  should  be  simplified:  in  mild  cases  it  is  suffi- 
cient to  cut  off  all  meat  and  heavy  articles  of  food.  In 
the  severe  cases  and  whenever  there  is  marked  albumin- 
uria, the  patient  must  confine  herself  to  an  exclusive  milk 
diet.  It  is  very  uncommon  for  women  to  become 
eclamptic  who  have  been  upon  a  milk  diet  for  two  or 
three  weeks.  The  milk  may  be  taken  hot  or  cold,  and 
the  addition  of  a  little  salt,  a  few  drops  of  coffee,  or  some 
effervescing  mineral  water  will  suit  some  tastes. 

All  the  emunctories  should  be  called  into  play  to  in- 
crease elimination,  and  one  of  the  advantages  of  the  milk 
diet  is  its  diuretic  action.  Water  should  be  given  freely 
either  by  mouth  or  per  rectum ;  irrigations  of  the  bowel 
with  saline  solution  have  a  valuable  effect  upon  the 
kidney  and  at  the  same  time  cleanse  the  intestinal  canal. 


Tlie  use  of  salines  each  morning,  with  occasional  doses  of 
calomel  at  night,  will  stimulate  the  action  of  the  bowels, 
and  the  skin  should  be  made  active  by  the  use  of  hot-air 
baths,  massage,  and  th(;  adoption  of  flannel  underclothes. 
The  energy  of  the  treatment  must  be  proporliimate  to 
the  severity  of  the  symptoms.  Abundance  of  fresh  air  is 
a  necessary  part  of  the  treatment  and  the  inhalations  of 
oxygen  seem  to  do  good  in  many  cases. 

If,  in  spite  of  the  preventive  treatment,  the  symptoms 
continue  and  the  condition  of  the  urine  does  n(jt  im;)rove 
the  aitificial  induction  of  abortion  oi'  premature  labor  is 
indicated. 

Vomitiiifi. — A  C(.'rtain  amount  of  gastric  disturbance 
during  the  first  mouths  of  pregnancy  is  so  common  that 
"morning  sickness"  has  become  one  of  the  presumptive 
signs  of  the  gravid  state.  What  is  designated  as  simple 
vomiting  appears  very  early  in  gestation,  jjerhaps  during 
the  first  week  or  two,  and  ceases  about  the  end  of  the  third 
month.  The  patient  may  become  nauseated  and  vomit 
on  first  arising  in  the  morning  or  the  stomach  may  re- 
main quiescent  vmtil  food  is  taken ;  in  a  few  cases  the 
vomiting  takes  place  only  at  night;  in  others  the  attacks 
of  emesis  are  scattered  irregularly  throughout  the  day, 
the  vomited  matter  consisting  of  mucus,  bile,  and  ingested 
food.  The  distinctive  feature  of  simple  vomiting  is  tliat 
the  patient's  general  nutrition  suffers  little  or  not  at  all 
and  the  affection  ceases  spontaneously,  having  had  no 
influence  upon  the  course  of  the  pregnancy. 

Pernicious  or  Uncontrollable  Vomiting — Hyperemesis. — 
Whenever  the  gastric  disturbance  becomes  so  severe  that 
the  health  of  mother  and  child  is  threatened  it  may  be 
clas.sed  as  pernicious.  Simple  vomiting  may  merge  into 
the  uncontrollable  form  by  the  symptoms  becoming 
more  and  more  intense.  The  patient  rejects  the  simplest 
form  of  food  or  drink  and  in  consequence  makes  fewer 
and  fewer  attempts  at  ingesting  food.  In  the  classic 
description  of  the  liisease  by  Dubois  three  stages  are 
descriloed,  but  it  is  very  rare  that  the  divisions  are  as 
distinct  as  he  would  make  us  suppose. 

First  Stage:  The  vomiting  immediately  follows  the 
swallowing  of  food  and  there  are  attacks  even  when  the 
.stomach  is  empty,  the  ejected  mucus  and  bile  often  being 
streaked  with  blood.  There  are  epigastric  jiain  and  tender- 
ness on  pressure  over  the  region  of  the  stomach.  Emacia- 
tion soon  becomes  evident,  associated  with  increasing 
weakness;  ptyalism  and  diarrhoea  may  appear  as  com- 
plications. 

Second  Stage :  In  this  stage  there  may  be  an  elevation 
of  temperature  caused  by  auto-intoxication,  but  more  seri- 
ous is  the  rapid  and  weak  pulse  ranging  from  120  to  140. 
The  general  condition  of  the  patient  is  very  bad :  the  skin 
is  dry,  the  face  is  emaciated,  and  the  eyes  are  sunken; 
sordes  appear  on  the  teeth  and  the  breath  has  an  offensive 
odor ;  the  mouth  and  throat  are  dry.  The  urine  is  scanty 
in  amount  and  of  high  specific  gravity  and  foetid  odor; 
it  may  contain  albumin  and  casts.  The  increasing  weak- 
ness of  the  patient  is  apparent  in  the  attacks  of  syncope, 
so  that  she  is  obliged  to  remain  in  bed. 

Third  Stage:  In  this  stage  the  vomiting  ceases  and 
there  is  the  advent  of  nervous  symptoms  such  as  disturb- 
ances of  vision,  delirium,  and  hallucination ;  coma  usually 
precedes  death. 

Pinard  has  pointed  out  that  in  cases  of  pernicious 
vomiting  the  nervous  symptoms  may  be  detected  in  the 
early  stage,  and  that  Dubois  drew  his  conclusions  regard- 
ing the  febrile  stage  from  the  pulse  and  not  from  the 
thermometer,  as  that  instrument  was  not  used  in  medi- 
cine at  the  time  he  wrote.  All  of  the  cases  do  not  end 
fatally,  but  the  physician  must  not  be  deceived  by  the 
sudden  remissions  which  occur  even  in  the  most  serious 
cases  and  which  do  not  indicate  any  permanent  im- 
provement. 

The  pathologic  lesions  are  variable  and  more  often  in- 
dicate that  pregnancy  has  supervened  upon  some  diseased 
condition  than  that  gestation  is  a  direct  cause;  frequently 
there  is  no  demonstrable  lesion  at  all.  Such  conditions 
as  disease  of  the  deciduaand  cervix,  tumors  of  the  uterus 
and  ovaries  are  looked  upon  by  Pinard  as  accidental 
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accompaniments  in  those  cases  in  whicli  sucli  lesions  are 
present. 

Causation.— The  two  important  elements  in  the  vomit- 
ing of  pregnancy  are  the  condition  of  the  nervous  system 
and  reflex  stimulation.  The  impressionable  state  of  the 
nei've  centres  which  is  a  feature  of  beginning  gestation, 
may  permit  the  growing  uterus  to  have  a  more  profound 
effect  during  early  pregnancy  than  later  when  nervous 
equilibrium  is  attained;  or,  the  reflex  from  the  pelvis 
may  be  heightened  by  the  existence  of  some  abnormality, 
such  as  a  displacement,  laceration,  inflammation  of  the 
cervix,  or  new  growth.  Such  conditions  as  these  may 
account  for  the  simple  wmitinfj  of  pregnancy,  but  for 
the  explanation  of  hyperemesis  they  are  not  fully  satis- 
factory. Pinard  considers  that  hyperemesis  is  a  part  of 
the  symptomatology  of  auto-intoxication  and  it  seems 
reasonable  to  suppose  that  toxins  circulating  in  the  blood 
may  be  the  sole  causes  except  in  such  cases  in  which  their 
action  is  reinforced  by  some  abnormal  stimulus  coming 
from  tlie  pelvis.  It  is  a  striking  fact  that  even  the 
simple  form  of  vomiting  is  absent  or  slightly  marked  in 
those  women  wliose  excretions  are  naturally  sufficient, 
or  have  been  made  so  by  appropriate  treatment. 

Prognosis.— Thu  disease  is  serious  in  the  first  stage, 
more  so  in  the  second,  and  almost  always  fatal  in  the 
third.  Death  of  the  foetus,  or  abortion  improves  the  out- 
look for  the  patient.  Gueniot  found  that  in  118  patients 
recovery  took  place  in  73  and  46  died;  of  the  72  who  re- 
covered, 42  either  spontaneously  aborted  or  else  abortion 
or  premature  labor  was  induced.  Of  the  46  who  died,  28 
did  not  abort,  and  18  had  abortion  or  premature  labor  in- 
duced, or  miscarriage  was  spontaneous. 

Diagnosis. — In  a  case  of  severe  vomiting  the  question 
of  pregnancy  must  first  be  established  and  then  it  must 
be  decided  whether  or  not  the  gastric  disturbance  is  due 
to  some  intercurrent  or  pre-existing  affection.  If  the  case 
undoubtedly  is  hyperemesis  of  gestation  the  stage  of  the 
disease  must  be  determined. 

Treatment. — Every  case  of  simple  vomiting  calls  for 
investigation,  as  the  physician  cannot  know  whether  or 
not  it  is  the  beginning  of  serious  disturbance.  The 
adoption  of  Pinard's  theory  of  hepato-toxaemia entails  the 
examination  of  the  urinary  excretion  and  those  medicinal, 
dietetic,  and  hygienic  measures  described  under  the  head- 
ing of  toxaemia.  Large  doses  of  chloral  and  sodium 
bromide  per  rectum  may  diminish  the  reflex  action  of  the 
centres  after  the  toxsBmia  has  been  overcome;  in  this 
same  connection  may  be  mentioned  such  measures  as 
spinal  douches  and  blisters  or  stimulating  liniments  ap- 
plied over  the  region  of  the  fourth  and  fifth  dorsal 
vertebrae. 

The  local  treatment  consists  in  the  correction  of  any 
abnormality  discovered  in  the  pelvis.  Dilatation  of  the 
cervical  canal,  by  means  of  the  steel  branching  dilators, 
has  been  performed  with  the  idea  that  some  cicatricial 
contraction  of  the  cervix  might  originate  the  reflex  irrita- 
tion. Moreau  and  Grailly  Hewitt  consider  uterine  dis- 
placements to  be  the  most  frequent  causes  of  irritation ; 
of  course  if  any  malposition  of  the  uterus  be  discovered 
it  should  be  corrected.  Inflammation  of  the  vagina  or 
cervix  should  receive  appropriate  local  treatment,  but  no 
local  applications  nor  manipulation  must  pass  the  internal 
OS  and  strict  asepsis  must  be  observed. 

In  those  cases  in  which  vomiting  has  continued  for  some 
time  the  stomach  becomes  so  irritable  that  complete  rest 
must  be  given  it,  therefore  rectal  feeding  may  be  em- 
ployed to  advantage.  The  long  list  of  drugs  which  are 
advised  as  gastric  sedatives  is  an  evidence  of  the  unsatis- 
factory results  obtained  before  the  mechanism  of  the  dis- 
order was  understood;  the  list  comprises  all  those  drugs 
mentioned  in  the  text-books  on  general  medicine  for 
treatment  of  stomach  diseases. 

If,  in  spite  of  treatment  addressed  to  local  and  general 
conditions,  the  hyperemesis  continues,  artificial  abortion 
is  the  last  resort  and  it  is  wise  to  adopt  this  measure  be- 
fore the  patient  has  advanced  so  far  in  the  second  stage 
of  the  disease  that  the  shock  of  the  operation  uses  up  her 
remaining  strength. 


Ptyalism. — When  this  afliection  develops  it  usually 
begins  early  in  gestation  and  lasts  until  the  fourth  or 
fifth  month.  The  discharge  of  saliva  may  be  so  profuse 
that  the  patient  is  obliged  to  wear  a  napkin  or  use  a  cup 
for  the  reception  of  the  secretion  which  may  amount  to 
as  much  as  three  quarts  in  the  twenty-four  hours. 

The  cause  of  the  disease  is  not  clear ;  in  some  cases  it 
seems  to  be  merely  sympathetic ;  in  others  there  is  auto- 
intoxication, the  poison  acting  upon  and  being  eliminated 
through  the  salivary  glands. 

The  treatment  of  ptyalism  is  unsatisfactory,  except 
when  it  is  relieved  by  overcoming  the  toxajmia.  Benefit 
is  sometimes  derived  from  the  use  of  astringent  mouth- 
washes, by  the  administration  of  tincture  of  belladonna 
or  pilocarpine,  and  by  the  application  of  a  weak  galvanic 
current  to  the  glands. 

Dental  Caries.— There  is  a  popular  saying  that  each 
pregnancy  costs  the  woman  a  tooth,  and  it  certainly  is  a 
fact  that  gravid  women  are  apt  to  suffer  from  dental 
caries,  due  either  to  alteration  in  the  buccal  secretions  or 
to  the  demand  on  the  part  of  the  foetus  for  lime  salts. 
At  the  beginning  of  gestation  the  woman  should  have 
her  teeth  put  in  order,  but  allextehsive  or  painful  operat- 
ing should  be  postponed  until  after  delivery  on  account 
of  the  nervous  irritation.  Temporary  fillings,  the  use  of 
dental  floss  and  antiseptic  mouth  washes  after  meals,  and 
the  administration  of  syrup  of  lactophosphate  of  lime 
will  do  much  to  preserve  the  teeth  during  the  term  of 
gestation. 

Giiigiriiis. — During  gestation  the  gums  may  become 
red,  swollen,  and  bleed  easily.  The  disturbance  comes 
on  about  the  fourth  month  and  may  not  disappear  for 
one  or  two  months  after  confinement.  The  treatment 
consists  in  keeping  the  mouth  clean  and  disinfected  by 
the  use  of  a  solution  of  chlorate  of  potassium  and  apply- 
ing tincture  of  iodine  to  the  gums. 

Constipation  an  d  Diarrhoea. — On  account  of  the  pressure 
of  the  growing  uterus  the  majority  of  pregnant  women 
suffer  from  constipation  which  is  a  potent  element  in  the 
production  of  toxaemia.  Furthermore  the  loaded  rectum 
tends  to  promote  pelvic  congestion  and  develop  hemor- 
rhoids. There  is  nothing  peculiar  about  the  treatment 
of  constipation  during  pregnancy,  except  to  utter  a  warn- 
ing against  the  use  of  irritant  cathartics  which  sometimes 
will  produce  uterine  contractions.  In  a  limited  number 
of  cases  the  patient  suffers  from  diarrhoea  instead  of  from 
constipation  and  under  such  circumstances  the  physician 
should  investigate  the  case  with  the  view  of  discovering 
a  possible  toxaemia  of  which  the  diarrhoea  is  but  a 
symptom. 

Disorders  of  the  Circulatory  System. — Attacks  of  palpi- 
tation and  syncope  are  not  uncommon  during  gestation 
and  are  apt  to  occur  in  nervous,  ansemic  women  from  a 
number  of  reflex  causes.  In  the  last  few  months  of  preg- 
nancy, especially  when  there  is  overdistention  of  the 
uterus,  the  pressure  of  the  fundus  against  the  diaphragm 
may  be  the  cause  of  the  disturbance.  The  treatment  is 
the  same  as  in  the  non-pregnant. 

Hemorrhoids  and  Varices. — Hemorrhoids  may  become 
very  troublesome  during  the  latter  half  of  pregnancy,  and 
varices  of  the  legs  or  vulva,  accompanied  by  more  or  less 
ojdema,  may  be  present.  As  the  cause  is  the  pressure  of 
the  gravid  uterus  interfering  with  the  return  flow 
through  the  veins,  treatment  should  be  palliative.  Con- 
stipation should  be  prevented,  elastic  bandages  applied 
to  the  lower  extremities,  and  the  patient  kept  in  the  re- 
cumbent position  as  much  as  is  feasible.  Thei-e  is  some 
danger  of  rupture  of  enlarged  veins  in  the  leg  or  vulva, 
so  the  patient  should  be  taught  how  to  apply  a  pad  in 
order  to  control  the  hemorrhage  pending  the  arrival  of 
the  physician. 

Anaemia.— \Jn\es9,  the  blood  hypertrophies  to  meet  the 
demands  of  the  pregnant  state  the  woman  will  suffer 
from  anaemia.  Many  women  are  temporarily  anfemic 
durmg  the  early  months  until  the  richness  of  the  blood 
IS  established.  If  the  blood  remains  impoverished  or 
becomes  so,  the  usual  symptoms  of  anaemia  appear  and 
there  are  a  few  cases  on  record  in  which  the  disease  took 
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the  pernicious  form.  The  routine  treatment  by  diet, 
oxygen,  iron,  and  arsenic  is  indicated,  and  in  grave  cases 
it  may  he  necessary  to  bring  tlie  pregnancy  to  an  end. 

Dism'ders  of  Renpiration. — Cougli  and  dyspncou  some- 
times are  troublesome  to  tlie  pregnant  woman  and  the 
cause  may  he  reflex  or  mechanical.  For  those  cases  of 
sympathetic  origin  valerian  and  bromides  are  useful,  but 
the  mechanical  element  cannot  he  removed  until  the  end 
of  pregnancy,  although  the  patient  may  get  some  relief 
by  avoiding  e.xertion  and  wearing  extremely  loose  cloth- 
ing^^ 

Disorders  of  the  Nervous  System. — Neuralgia. — The 
pregnant  woman  often  suffers  from  attacks  of  neuralgia 
in  various  parts  of  the  body.  The  growing  uterus  ma_y 
press  upon  the  pelvic  nerves,  especially  if  there  be  in- 
flamatory  deposits  around  the  uterus.  In  other  cases  the 
pain  is  due  to  constipation  which  permits  hardened  faeces 
to  act  as  irritants  or  produces  toxaemia.  In  primiparre, 
during  the  latter  montlis,  the  distention  of  tlie  abdominal 
tissues  may  cause  suffering.  The  face  and  breasts  are 
I'egions  often  affected. 

The  treatment  consists  in  removal  of  the  cause  when- 
ever possible :  irrigations  of  tlie  bowels  will  remove  the 
hardened  faeces  and  elevation  of  the  fundus  will  relieve 
the  pressure  upon  the  pelvic  nerves.  In  facial  neuralgia 
the  teeth  should  he  examined  for  caries.  The  general 
treatment  lies  in  overcoming  toxaBmia,  in  administering 
iron  and  arsenic  as  well  as  employing  the  usual  hygienic 
means  for  the  cure  of  anaemia.  For  the  rehef  of  pain  the 
coal-tar  products  should  be  preferred  to  opium  or  mor- 
phine. 

Herpes. — ^This  is  one  of  the  most  unpleasant  nervous 
disorders  to  which  the  pregnant  woman  is  liable,  but  for- 
tunately it  is  not  very  common.  The  disease  usually 
has  appeared  between  the  third  and  fifth  months  and  in 
certain  patients  lias  recurred  in  successive  pregnancies. 
The  disorder  presents  no  peculiarities  during  gestation 
nor  does  it  seem  to  affect  its  course.  Herpes  is  included 
among  the  various  manifestations  of  toxaemia. 

The  treatment  consists  in  attention  to  general  hygienic 
conditions  together  with  the  administration  of  hypophos- 
phates,  arsenic,  and  iron.  As  local  applications  carbolized 
vaseline,  dusting  powders,  and  soothing  lotions  are 
recommended. 

The  Mental  Disturbances  of  Qestation.—lt  is  stated  that 
eight  per  cent,  of  the  cases  of  insanity  among  women 
originate  during  pregnancy,  labor,  or  the  lying-in-period, 
and  we  can  understand  how  such  may  he  the  ease  when 
■ne  recall  the  frequent  alterations  in  the  mental  character- 
istics of  gravid  patients.  Mental  disorder  is  less  apt  to 
develop  during  pregnancy  than  during  or  subsequent  to 
labor,  but  the  pecuUar  irritability  or  depression  present 
during  gestation  may  be  but  the  prodromal  symptoms  of 
marked  melancholia  with  suicidal  tendencies.  In  some 
cases  there  is  merely  mental  confusion  or  stupor,  and 
mania  is  much  less  common  than  melancholia.  Occasion- 
ally, instead  of  depression,  there  is  mental  exaltation  and 
the  patient  becomes  very  talkative,  showing  great  activ- 
ity both  of  body  and  mind. 

Heredity  is  an  important  predisposing  factor  m  the 
insanity  of  pregnancy  and  renders  the  patient  extremely 
susceptible  to  such  influences  as  toxaemia,  fear  of  the  ap- 
proaching confinement,  or  remorse  for  an  illegitimate 
conception. 

The  prognosis  is  not  so  had  as  among  the  non-pregnant. 
In  19  cases  collected  by  Marce  the  results  were  as  follows  : 

Cured  after  delivery 1. 

Worse  alter  delivery .J 

Cured  during  pregnancy ^ 

Became  chronic " 

The  insanity  is  said  to  have  no  effect  upon  the  course 
of  the  pregnancy,  although  in  five  cases  out  of  eleven 
Marce  reports  the  children  as  born  dead  or  dying  shortly 
after  delivery. 

The  prophylactic  treatment  is  very  important;  the 
physician  should  recognize  the  signs  of  irritability  and 
depression  and  see  that,  as  far  as  possible,  all  disturbing 
influences  are  eliminated.     At  the  same  time  he  should 


impress  upon  the  family  the  necessity  forconstanfwatch- 
f  ulness  and  anticipate  any  attempt  at  suicide.  The  in- 
sanity itself  is  managed  by  maintaining  the  patient  in 
peaceful  surroundings,  by  attention  to  the  nourishment 
and  excretions,  by  the  use  of  sedatives  and  those  drugs 
employed  for  the  relief  of  anfemic  conditions. 

(Edema  during  Gestation. — In  the  last  two  or  three 
months  it  is  not  uncommon  for  the  pregnant  woman  to 
suffer  from  oedema  of  the  lower  extremities  and  vulva, 
associated  with  albuminuria,  increased  intra-abdominal 
pressure,  and  varicosities.  Pinard  has  called  attention  to 
a  more  or  less  generalized  form  of  oedema  which  he  con- 
siders to  be  due  to  toxfemia  and  in  which  such  causes  as 
pressure,  varices,  and  renal  disturbance  are  absent.  Stolz 
designated  this  ojdemaas  serous caahsxia ;  the  infiltration 
of  the  tissues  may  be  quite  as  well  marked  in  the  ab- 
dominal wall  above  the  symphysis  as  in  the  lower  ex- 
tremities ;  in  rare  instances  there  is  effusion  into  the  serous 
cavities  of  the  body. 

The  treatment  consists  in  regulating  the  elimination, 
rest  in  bed,  and  a  milk  diet,  together  with  the  administra- 
tion of  iron  and  arsenic.  In  severe  rebellious  cases  punc- 
ture of  the  labia  may  be  necessary,  but  it  is  to  be  remem- 
bered that  there  is  some  danger  of  stimulating  uterine 
contractions  and  that  the  low  vitality  of  the  tissues  pre- 
disposes to  gangrene  and  infection.  The  use  of  the  trocar 
may  be  required  to  evacuate  fluid  from  the  chest  or 
abdomen. 

Disorders  of  the  Genital  Apparatus. — Pruritus  Yulvm. — 
Some  gravid  women  suffer  from  an  intolerable  itching  of 
the  vulva  and  the  constant  scratching  soon  produces  local 
lesions  which  intensify  the  irritation.  The  causes  of 
the  pruritus  are  either  the  local  action  of  vaginal  dis- 
charges or  an  irritable  condition  of  the  nerves  or  both 
combined.  In  bad  cases  the  woman  is  prevented  from 
sleeping  and  the  constant  torture  brings  about  deteriora- 
tion of  the  general  health.  Treatment  lies  in  the  use  of 
warm  vaginal  irrigations,  together  with  hot  sitz-haths  and 
the  application  of  soothing  lotions.  A  tampon  of  ab- 
sorbent cotton  introduced  within  the  vagina  and  fre- 
quently changed  will  prevent  the  discharge  from  reach- 
ing the  external  parts.  "When  the  nervous  element  is 
prominent,  tonic  and  general  hygienic  measures  are  in- 
dicated in  combination  with  the  local  applications. 

Vegetations  upon  the  Yulrn. — Tlie  Increased  vascularity 
of  pregnancy  stimulates  the  growth  of  warty  masses 
upon  and  around  the  vulva.  These  growths  may  be- 
come as  large  as  the  fcetal  head ;  they  are  of  a  rosy  or 
livid  color  and,  except  upon  the  surface,  are  moist  and 
exude  a  foul  discharge.  These  so-called  venereal  warts 
or  condylomata  acuminata  are  often  associated  with  a 
gonorrhoeal  inflammation,  but  there  are  cases  in  which  no 
venereal  element  seems  to  be  present,  the  cause  being 
dependent  upon  pregnancy  alone.  Sometimes  the  tumors 
are  sources  of  obstruction  to  the  delivery  of  the  foetal 
head. 

Treatment. — The  extreme  vascularity  of  the  parts 
makes  the  removal  of  the  masses  during  pregnancy  rather 
a  dangerous  operation  and  also  exposes  the  patient  to  the 
risks  of  abortion.  When  possible  the  treatment  during 
gestation  should  be  palliative  by  the  application  of  anti- 
septic washes  or  astringent  dusting  powders.  Successive 
portions  of  the  growths  may  be  touched  with  a  glass  rod 
dipped  in  nitric  or  pure  carbolic  acid.  After  the  confine- 
ment the  warts  may  spontaneously  disappear  or  their 
vascularity  be  so  lessened  that  surgical  treatment  is  a 
simple  matter. 

Displacements  of  tlie  Pregnant  Uterus. — The  gravid 
uterus  may  be  found  displaced  forward,  backward,  side- 
ways, or  downward.  The  most  frequent  uterine  dis- 
placement complicating  pregnancy  is  retroversion. 

Retroversion. — In  34,000  cases  of  pregnancy  Martin 
found  retroversion  or  retroflexion  121  times.  The  cause 
of  the  displacement  usually  antedates  the  pregnancy,  ex- 
cept in  those  cases  of  acute  dislocation  of  the  organ  from 
a  fall  or  blow,  and  from  the  muscular  exertions  of  lifting, 
vomiting,  or  defecating.  When  pregnancy  develops  in  a 
retroverted  uterus  the  organ  usually  becomes  elevated  as 
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the  incVease  in  size  talies place  aud,  by  tlie fifth  montli,  is 
too  large  to  occupy  a  posterior  position.  Certain  condi- 
tions, however,  may  hinder  the  elevation  of  the  fundus; 
the  uterus  may  be  adherent  and  unable  to  break  away  ;^  an 
over-prominent  sacral  promontory  may  not  give  sufficient 
space  for  the  fundus  to  swing  upward ;  a  tumor  in  the 
posterior  uterine  wall,  or  one  superimposed,  may  im- 
prison the  organ.  No  doubt  retention  of  urine,  with  the 
consequent  distention  of  the  bladder,  is  a  mechanical  hin- 
drance at  times.  If  the  uterus  is  unable  to  rise  above  the 
pelvic  brim  either  abortion  takes  place  or  the  symptoms 
of  incfiri-erution  show  themselves.  There  are  two  varie- 
ties of  incarceration,  coiiiplele  and  jjui-tiiil :  in  the  com- 
plete form  the  entire  organ  is  held  beneath  the  pelvic 
brim ;  in  the  partial  the  uterus  becomes  sacculated,  a  por- 
tion, made  up  of  the  posterior  wall,  remains  in  the  pelvis, 
while  the  fretus  develops  in  the  anterior  free  portion. 

Sytnptoms.Symptoms  rarely  appear  before  the  third 
nor  after  the  fifth  month ;  after  the  latter  date  the  uterus 
is  too  large  to  become  retroverted  and  before  the  third  it 
is  too  small  to  give  rise  to  signs  of  compression.  At 
first,  owing  to  the  increased  weight  of  the  gravid  "womb, 
the  symptoms  are  merely  an  intensification  of  the  com- 
mon signs  of  backward  displacement.  There  are  back- 
ache, dragging  sensations,  feeling  of  weight  in  the  pelvis, 
irritation  of  the  bladder  and  rectum,  and,  at  the  same 
time,  there  may  be  considerable  difliculty  in  emptying 
those  reservoirs.  When  the  displacement  occurs  sud- 
denly there  are  no  prodromal  symptoms;  the  patient 
e.xperiences  a  sudden  pain  in  the  lower  abdomen  followed 
by  signs  of  pressure.  After  the  incarceration  has  de- 
veloped the  prominent  symptoms  come  from  the  urinary 
organs.  The  cervix  presses  upon  the  uretlira  and  a  cystitis 
results  which  may  pass  into  a  gangrenous  form,  the  urine 
becoming  foul  and  containing  pus,  blood,  and  broken- 
down  tissue.  The  patient  may  have  chillsand  fever,  and 
the  infection  ascend  to  the  kidney,  causing  death  by 
urajmia.  In  some  cases  the  bladder  cannot  empty  itself 
and  rupture  occurs.  If  the  incarceration  continues  the 
pelvic  pain  becomes  very  intense  and  the  uterine  wall  may 
become  gangrenous,  leading  to  a  termination  of  the  case 
through  septic  peritonitis.  In  lare  cases  the  fundus  has 
been  expelled  through  a  ruptured  vaginal  wall  and 
perineum. 

Prognosis. — In  retroversion  of  the  pregnant  uterus  the 
prognosis  is  very  serious  unless  the  condition  relieves 
itself  or  is  promptly  treated.  Unless  abortion  occurs  in- 
carceration is  always  fatal  if  left  to  itself.  Gottschalk's 
statistics,  based  upon  67  fatal  cases  of  backward  displace- 
ment, give  the  causes  of  death  as  follows :  uraemia  and 
collapse,  16 ;  septicemia  from  the  bladder,  4 ;  gangrene 
of  the  bladder,  3 ;  rupture  of  the  bladder,  11 ;  peritonitis 
from  injury  of  the  bladder,  17. '  The  otlicr  causes  of  death 
were  peritonitis,  pyaemia,  and  gangi-ene  of  the  intestine. 
These  figures  illustrate  the  frequency  with  which  the 
urinary  organs  are  involved. 

Diagnmis. — In  addition  to  the  presence  of  pressure 
symptoms  there  are  certain  important  physical  signs. 
On  digital  examination  the  finger  detects  an  clastic 
roimded  body  lying  in  Douglas'  pouch  and  filling  more 
or  less  of  the  pelvic  cavity ;  the  cervix  may  be  hard  to 
reach  or  found  directly  behind  the  symphysis,  the  ex 
ternal  os  looking  upward  in  cases  of  retroversion  or 
more  or  less  downward  in  flexion.  On  feeling  above  the 
pubes  the  fundus  of  the  uterus  is  missing  from  its  normal 
position  and  its  place  may  be  occui)ied  by  a  cystic  tumor 
formed  by  the  distended  bladder  unless  catheterization 
has  been  performed  in  advance.  Per  rectum  more  of  the 
tumor  is  accessible  to  the  finger.  A  retroversion  nuist 
be  differentiated  from  all  those-  tumors  which  may  lie  in 
Douglas'  pouch,  sucli  as  an  ovarian  cyst,  ectopic' gesta- 
tion, or  a  fibroid;  a  combination  of  tumor  and  normal 
pregnancy  is  particularly  difficult  to  diagnosticate  unless 
an  auffisthetic  be  administered. 

Treatment. — As  soon  as  retroversion  of  the  gravid 
uterus  is  discovei-ed  efforts  at  reposition  nuist  be  made. 
The  woman  should  be  placed  in  the  knee-chesi  position^ 
a  Sims  speculum  introduced,  and  the  fundus  pushed  up- 
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ward  while  the  cervix  is  drawn  down  by  means  of  a 
tenaculum;  sometimes  the  upward  pressure  can  be  made 
to  better  advantage  through  the  rectum.  In  difficult 
cases  an  an.iestlietic  should  be  administered,  the  patient 
put  in  the  lithotomy  position,  and,  by  means  of  bimanual 
manipulation,  the  fundus  swung  around  the  promontory 
to  the  front.  As  soon  as  the  uterus  is  in  proper  position 
tampons  or  a  pessary  must  be  employed  until  its  growth 
has  rendered  it  too  large  to  enter  the  pelvis  again.  When 
adhesions  exist  three  courses  of  treatment  are  at  tlie  dis- 
posal of  the  physician;  1.  Repeated  tamponade  of  the 
vagina  with  cotton  or  wool  soaked  in  boroglyceride  and 
ichthyol  with  the  hope  of  causing  gradual  absorption  of 
the  restraining  bands  and  elevation  of  the  fundus.  This 
method  of  treatment  can  be  carried  out  only  in  those 
cases  in  wliich  there  are  as  yet  no  urgent  symptoms.  3. 
Posterior  vaginal  section  followed  by  manual  separation 
of  the  adhesions  and  replacement  of  the  uterus.  3.  Ab- 
dominal section  and  manual  replacement. 

The  choice  of  methods  will  depend  upon  the  urgency 
of  the  case.  When  incarceration  has  developed  attention 
mu,st  first  be  paid  to  the  bladder,  and  if  careful  attempts 
at  catheterization  fail  tin;  urine  must  be  evacuated  through 
a  suprapubic  punctuie.  If  manipulations  through  the 
vagina  fail  the  abdomen  should  be  opened  and  the  fundus 
lifted  into  position.  Abdominal  section  for  the  relief  of 
incarceration  has  been  performed  twice  by  M.  D.  Mann, 
twice  by  Mouchet,  and  eleven  times  by  Jacops;  all  the 
cases  were  successful  except  one  of  Jacops'  which 
aboited.  Artificial  abortion  needs  to  be  performed  but 
very  seldom  and  the  difficulties  and  dangers  of  emptying 
and  draining  the  incarcerated  uterus  are  much  greater 
than  those  connected  with  the  intra-abdominal  method 
of  treatment  if  the  case  is  in  skilled  hands.  Vaginal 
hysterectomy  would  be  proper  for  those  cases  in  which 
the  uterine  walls  have  become  inflamed  and  damaged  by 
the  compression. 

Anterior  JJi-splnreiiientu  of  the  Pregnant  Uterus. — These 
may  occur  in  the  first  or  last  part  of  pregnancy.  When 
the  ovum  develops  in  an  anteflexed  uterus  usually  the 
fundus  elevates  itself  without  trouble  unless  the  uterus 
is  bound  down  by  inflammatory  deposits,  pressure  from 
above,  or  the  operation  of  ventral  fixation  has  been  per- 
formed. If  the  organ  does  not  right  itself  there  are  more 
or  less  pain  and  disturbance  of  the  bladder  followed  by 
abortion. 

The  diagnosis  is  made  by  bimanual  examination,  and 
treatment  consists  in  elevating  the  fundus  by  the  use  of 
tampons  and  massage.  If  the  uterus  is  fixed  on  account 
of  adhesions  or  previous  operation  abdominal  section 
would  be  justifiable.  In  the  latter  months  of  gestation 
an  anteversion  may  take  place  from  weakness  of  the  ab- 
donnnal  muscles  and  especially  from  a  separation  of  the 
recti.  Multiparity,  contracted  pelvis,  lumbar  lordosis, 
and  excessive  distention  of  the  uterus  are  all  predispos- 
ing causes. 

The  symptoms  are  marked  when  the  patient  is  upon 
her  feet;  she  experiences  discomfort  and  difficulty  in 
locomotion.  When  the  patient  is  standing  orsittini;-  the 
uterine  tumor  is  very  prominent,  the  fundus  may  incline 
directly  forward  and  the  external  os  look  backAvard ;  in 
exaggerated  cases  the  uterus  is  inverted  so  that  its  an- 
terior surface  rests  against  tlie  thighs.  On  external  pal- 
pation the  fcetal  parts  may  be  easily  felt,  as  the  uterus  is 
covered  only  by  a  layei-  of  skin  and  peritoneum.  The 
cervix  may  be  inaccessible  unless  the  entire  hand  be  in- 
troduced within  the  vagina.  In  the  dorsal  position  both 
the  signs  and  symptoms  disappear. 

The  treatment  is  to  kci'p  the  patient  upon  her  back  as 
much  as  possible  and  order  her  to  wear  a  well-fitting  ab- 
dominal supporter.  During  the  last  weeks  of  gestation 
It  IS  important  to  keep  the  uterus  in  the  correct  axis  of 
the  superior  strait  so  as  to  insure  proper  engagement  of 
the  presenting  part. 

Prol,ii,.vnft/,e  Pirgnuiit  CTecKs.— This  displacement  is 
an  uncommon  complication  of  pregnancy.  The  increase 
m  weight  IS  hkely  to  produce  a  recurrence  in  those  pa- 
tients who  already  have  suffered  from  this  form  of  uterine 
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Gestation. 
Geuda  Springs. 


dislocation ;  in  rare  instances  blows,  falls,  or  strains  have 
produced  a  sudden  descent  of  a  uterus  which  heretofore 
occupied  its  normal  position.  As  pregnancy  advances 
usually  the  prolapsed  organ  becomes  spontaneously  re- 
placed, but  if  such  be  not  the  case  either  abortion  takes 
place  or  the  symptoms  of  incarcei-ution  appear.  A  few 
authors  claim  that  it  is  possible  for  gestation  to  go  to  term 
in  a  uterus  prolapsed  between  the  thighs  of  the  patient. 

The  treatment  consists  in  replacing  and  retaining  the 
organ  until  danger  of  repetition  of  the  displacement  is 
prevented  bj'  the  size  of  the  uterus.,  If  replacement  is 
impossible  and  there  are  signs  of  incarceration  abortion 
should  be  induced ;  removal  of  the  uterus  is  justifiable 
in  septic  cases. 

Lateral  DiKjilaceineiit  of  the  Pref/iumt  Uterus. — Patho- 
logic lateral  deviations  of  the  uterus  are  rare  during 
gestation,  the  inclination  of  the  fundus  to  the  right  being 
regarded  as  physiologic.  Excessive  lateral  flexion  will 
produce  symptoms  of  pressure,  such  as  adema  and  pain 
in  the  leg  corresponding  to  the  side  toward  which  the 
axis  inclines.  The  chief  importance  of  lateral  deviations 
is  their  influence  in  producing  faulty  presentations  or 
positions  at  the  time  of  labor. 

Rela.vation  of  the  Pelrir  Joints. — In  certain  cases  the 
physiologic  softening  of  the  interarticular  cartilages  is 
carried  to  excess  and  an  abnormal  amount  of  movement 
in  the  joints  is  permitted.  The  sj-mptoms  come  on  dur- 
ing the  last  two  months  of  gestation  and  consist  of  pain 
in  the  region  of  the  symphysis,  groin,  and  lumbar  region ; 
walking  becomes  dilHcult  or  impossible  both  on  account 
of  the  pain  and  from  the  effort  required  to  maintain 
the  proper  balance  of  the  body.  Pressure  over  the 
symphysis  is  painful.  The  patient  should  be  examined 
in  the  standing  posture  by  introducing  a  finger  into  the 
vagina  and  pressing  against  the  inner  surface  of  the 
symphysis  while  the  patient  supports  her  weight  first 
upon  one  leg  and  then  upon  the  other ;  in  this  way  the 
movement  in  the  joint  will  be  appreciable  to  the  examin- 
ing finger.  The  same  result  will  be  attained  when  the 
woman  is  13'ing  down,  by  directing  her  to  flex  the  thighs 
alternately. 

Tieiitment.  —  During  pregnancy  a  snug  bandage  about 
the  pelvis  will  give  some  relief,  except  in  bad  cases  when 
the  patient  must  remain  in  bed.  General  tonics  are 
sometimes  beneficial.  The  condition  usually  ciu-es  itself 
in  a  month  or  two  after  labor,  and  during  the  interval  a 
harness  to  immobilize  the  pelvis  should  be  worn. 

Traumatism  and  Surgical  Operations  during  Gestation. 
— There  are  instances  in  which  a  gravid  woman  has  suf- 
fered from  severe  injuries  without  interruption  of  the 
pregnancy  and  yet  sometimes  trifling  accidents  will 
cause  abortion.  The  irritability  of  the  uterus,  the  seat 
of  the  injury,  and  the  amount  of  blood  lost  are  important 
factors  in  affecting  the  result.  According  to  Cohnstein 
penetrating  wounds  of  the  abdomen,  without  injury  to  the 
uterus,  are  apt  to  arrest  gestation ;  but  Harris  has  reported 
a  case  in  which  the  abdomen  of  the  woman,  six  months 
pregnant,  was  lacerated  by  the  horn  of  a  bull  so  that  the 
omentum  and  intestines  protruded,  yet  the  pregnancy 
went  to  term.  The  existence  of  pregnancy  seems  to 
have  no  influence  upon  the  healing  of  wounds,  although 
there  is  evidence  that  the  gravid  state  may  cause  retarda- 
tion in  the  union  of  fractures. 

Major  surgical  operations,  such  as  amputation  at  the 
hip-joint,  the  removal  of  ovarian  tumors  and  even  fibroids 
from  the  uterus,  do  not  necessarily  interrupt  the  preg- 
nancy. Sir  James  Paget  summed  the  matter  up  by  say- 
ing that  it  would  be  mere  recklessness  to  operate  upon  a 
pregnant  woman  without  good  cause;  yet,  if  good  cause 
exists,  she  may  be  treated  very  successfully.  Operations 
upon  the  rectum  seem  to  be  particularly  dangerous  as 
regards  the  risk  of  inducing  abortion  and,  to  a  less  extent, 
do  those  upon  the  vulva.  Pregnancy  is  not  a  contra- 
indication to  removal  of  the  breast  for  cancer.  When 
fixing  the  date  of  an  operation  upon  a  gravid  woman  the 
time  of  the  menstrual  epoch  should  be  avoided,  and  in 
all  cases  particular  care  should  be  taken  to  diminish  shock 
and  hemorrhage. 


Ileni.iaof  the  Pregnant  Uterus, — The  gravid  uterus  is 
very  larely  found  occupying  the  inguinal  canal,  and 
when  such  is  the  case  the  ovum  usually  is  in  one  horn  of 
a  uterus  bieornis.  In  Xhn  Arch.  f.  Min.  Chir.,  xlix.,  4, 
W.  Rosanoff  has  reported  a  case  of  inguinal  hernia  of  the 
gravid  uterus  in  which  the  tumor  reached  almost  to  the 
knee ;  its  largest  circumference  measured  80  cm.  After 
delivery  he  reduced  the  uterus  into  the  abdominal  cavity, 
the  left  ovary  and  a  part  of  the  left  tube  remaining  in  the 
canal  until  an  operation  for  radical  cure  was  performed. 
Rosanoff  considered  that  in  the  beginning  the  canal  was 
occupied  by  the  ovary,  left  tube,  and  coils  of  intestine, 
the  uterus  gradually  following. 

Montgomery  A.  Crockett. 

GETTYSBURG  SPRINGS.— Adams  County,  Penn- 
sylvania. 

PosT-Oin<-icE. — Gettysburg.  Hotels.  Gettj'sburg  is 
reached  b}'  the  Philadelphia  and  Reading  and  by  the 
Western  Maryland  Railroads  (separate  depots).  The 
springs  are  easily  accessible  by  street  car  or  omnibus. 
Two  prominent  springs,  known  as  the  Gettysburg 
"Katalysine"  and  the  Gettysburg  "Lithia"  Springs,  are 
reported  by  the  Government  Geological  Survey.  The 
following  remarks  refer  to  the  former,  as  we  have  not 
been  able  to  gain  any  recent  information  concerning  the 
Lithia  springs.  The  Katalysine  Springs  are  located  in  a 
picturesque  valley  a  short  distance  west  of  the  town.  It 
is  said  that  the  great  battle  of  Gettysburg  began  in  the 
immediate  vicinity  (Walton).  The  following  analysis  of 
the  Katalysine  water  was  made  by  Professor  Genth,  of 
Philadelphia : 

One  United  States  Gallon  Contains  : 
Solids.  Grains. 

Sodium  carbonate n.22 

Magnesium  carbonate 33 

Iron  carbouate 03 

Manganese  carbonate Trace. 

Calcium  carbonate 5.03 

Sodium  chloride 66 

Lithium  chloride Trace. 

Potassium  sulphate 21 

Sodium  sulphate 2.5 

Magnesium  sulphate  6.78 

Calcium  sulphate 83 

Calcium  phosphate Trace. 

Calcium  fluoride Trace. 

Magnesium  borate 03 

Silicic  acid 20 

Organic  matter,  with  trace  ol  nitric  acid,  etc 70 

Impurities  suspended  in  water,  like  clay,  etc 1 .10 

Total 16.a5 

In  addition,  traces  of  carbonate  of  copper,  sulphate  of 
strontium,  alumina,  carbonate  of  nickel,  carbonate  of 
cobalt,  and  sulphate  of  baryta  have  been  found.  This 
water  is  said  to  be  efficient  in  gout  and  rheumatism, 
and  has  proved  of  value  in  gravel,  catarrh  of  the 
stomach,  and  dyspepsia.  The  combination  of  an  alkali 
with  the  salts  of  lime,  as  observed  in  this  spring,  is  a  very 
valuable  one.     The  water  is  used  commercially. 

James  K.  C'rooh\ 

GEUDA  SPRINGS.— Cowley  County,  Kansas. 

Post-Office. — Geuda  Springs.  Hotel  and  boarding- 
houses. 

The  Geuda  Mineral  Springs  are  located  on  the  St. 
Louis  and  San  Francisco  Railroad,  one  mile  distant  from 
the  Arkansas  River  and  eight  miles  north  of  Indian  Terri- 
tory. The  town  of  Geuda  Springs,  which  has  about  800 
inhabitants  and  is  rapidly  growing,  is  pleasantly  situated 
at  the  edge  of  a  beautiful  and  undulating  plateau,  which 
is  everywhere  dotted  with  fine  farms  and  neat  farm- 
houses. The  elevation  above  the  sea  is  about  1,400  feet, 
and  the  atmosphere  is  pure  and  wholesome.  The  winters 
are  short  and  open,  making  constant  outdoor  exercise 
possible.  There  are  very  few  hot  days  in  the  summer, 
the  thermometer  rarely  extending  above  100°  F..  but,  as 
A  rule,  the  days  are  balmy  and  the  nights  cool  and  re- 
freshing.    The  springs  are  seven  in  number,  and  bubble 
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up  in  a  space  less  than  twenty  feet  square.  Near  the 
springs  is  a  beautiful  lake  of  salt  water,  with  an  area 
extending  to  the  westward  nearly  two  miles,  and  another 
to  the  southward  nearly  half  that  distance.  The  evapo- 
ration of  the  water  causes  the  beacli  to  be  covered  with 
pure,  crystal lizable  salt.  This  picturesque  body  of  salt 
water,  constantly  fed  by  salt  springs,  furnishes  fine  ad- 
vantages for  bathing.  Tlie  lake  bottom  is  hard  and 
sandy,  and  bathers  can  secure  any  depth  of  water  desired. 
A  commodious  bath-house  in  connection  with  the  springs 
affords  opportunities  for  any  variety  of  bath  which  may 
be  desired.  Following  is  a  detailed  analysis  of  the  seven 
springs  by  Professor  Bailey,  of  the  Kansas  State  Uni- 
versity : 

Number  of  Grains  in  Each  United  States  Gallon 
OF  231  Cubic  Inches. 


M 

bo  . 

br  • 

be   . 

M** 

tj)  . 

b£  • 

0« 

'So 

■Ed 

^1 

•Co 

Sodium  cbloride 

1030.93 

1056.28 

815.68 

671.76 

357.05 

432.20 

504.21 

Calcium  sulphate  . . . 

199.64 

204.73 

167.58 

158.29 

145.88 

147.33 

160.17 

Masnesium  sulphate 

25.. 56 

24.24 

28.. 53 

26.64 

24.98 

27.43 

23.80 

Masneslum  chloride 

16.55 

19.96 

10.01 

7.90 

8.45 

4.95 

9.66 

Calcium  bicarbouate 

3.70 

5.90 

5.99 

6.86 

10.67 

12.50 

.5.51 

Potassium  sulphate.. 

12.13 

1.69 

1.90 

1.90 

.82 

.54 

.47 

Sodium  phosphate. . 

.02 

.02 

.02 

.02 

.04 

.08 

.08 

Sodium  bromide 

.02 

.02 

.01 

Trace 

Sodium  iodide 

Trace 

Trace 

Sodium  biborate 

.16 

.16 

.16 

.08 

.12 

.12 

.25 

Sodium  nitrite 

.38 

.40 

.18'  .... 

.(12 

.03 

.03 

Sodium  bicarbonate. 

.41 

.32 

.39       .69 

.49 

.31 

.60 

Sodium  sulphide 

1  

.65 

Lithium  chloride. . . . 

Trace 

Trace 

Trace  .Trace 

Trace 

Trace 

Trace 

Iron  bicarbonate 

.07 

.19 

.07       .05 

.03 

.06 

.08 

Alumina 

.08 

.67 

Trace 

1280.29 

.01 

.86 

Trace 

01 

.81       .79 
Trace  |  Trace 

.01 

.92 

Trace 

'".73 
Trace 

01 

.79 

Organic  matter 

Trace 

Total 

1314.78 

1031.14  874.99 

549.48 

626.93 

704.73 

Free    carbonic   acid 

gas  in  cubic  in 

34.96 

27.69 

18.32 

17.64 

23.98 

22.16 

29.0.) 

Sulphureted    hydro- 

Ren  gas 

Trace 

Trace 

Speciflc  gravity 

1.018 

1.016 

i.ois  1.012 

1.008 

1.009 

1.009 

Temperature 

63°  F. 

63°  F. 

63°  F.  63°  F. 

63°  F. 

63°  F.  63°  F. 

Tliese  waters  may  be  classed  as  belonging  to  the  muri- 
ated  and  sulphated-saline  variety  (carbonated).  Tliey 
liave  found  their  most  suitable  application  in  liver,  kid- 
ney, and  stomach  disorders,  general  debility,  antemia, 
and  i-heumatism.  Some  of  the  springs  liave  gained  con- 
siderable celebrity  in  the  local  treatment  of  conjuncti- 
vitis, indolent  ulcers,  leucorrhosa,  etc. 

James  K.  Crook. 

GEUM.     See  Aveiu. 

GIANT  CELLS. — These  are  very  large  cells  of  mesen- 
chymal origin,  often  many  times  as  large  as  other  cells 
with  which  they  are  associated.  They  frequently  have 
many  nuclei— sometimes  as  many  as  two  hundred, — or 
a  single  nucleus  which  may  be  deeply  lobulated  or 
"beaded,"  that  is,  broken  up  into  a  number  of  portions 
^^,,  connected    by   threads  of 

''''  nuclear  material.     But  the 

giant  cell  is  sometimes 
distinctly  mononuclear 
and  on  the  other  hand 
there  are  in  the  body 
many  polynuclear  cells, 
such  as  the  ordinary 
polymorphonuclear  leu- 
cocytes and  the  strialed 
muscle  fibres,  which  can- 
not be  classed  as  giant 
cells.  Therefore  the  im- 
jiortant  point  in  the  defi- 
nition is  the  size  rather 
than  the  number  of  nu- 
clei. 
As  to  their  origin,  it  is 


Fig.  2294.— Bone  Marrow,  Showing 
Giant  Cells.    X  830. 


Pig.  2295.— From  Section  ot 
Snout  of  Embryo  Pig,  Show- 
ing Osteoclast.    X  410. 


not  probable,  as  has  been  believed,  that  they  ever  arise 
by  the  fusion  of  small  mononuclear  cells.  Occasionally, 
under  artificial  conditions,  cells  without  cell  walls  may 
fuse,  but  the  formation  of  a 
true  syncytium  is  rare  and  the 
appearance  is  generally  due  to 
faulty  technique  (Henneguy). 
It  is  more  probable  that  each 
giant  cell  begins  as  a  single 
mesenchymal  cell  in  which 
growth  continues  while  the 
process  of  division  fails  or  is 
not  completed.  Nuclear  di- 
vision, when  it  occurs,  usually 
follows  the  direct  or  amitotic 
method,  tiiough  tlie  indirect  or 
karyokinetic  may  be  seen. 
Nedjelsky,  who  studied  chiefly 
cell  division  in  malignant 
growths,  describes  different 
varieties  of  amitosis  in  which 
tlie  separation,  partial  or  com- 
plete, usually  began  in  the  nucleolus,  and  later  often 
failed  to  involve  the  rest  of  the  nucleus  or  the  proto- 
plasm. A  multinuclear  giant  cell  may  subsequently 
divide  into  a  number  of  small  mononuclear  cells. 

Without  attempting  to  ascribe  a  common  function  to 
all  giant  cells  we  may  safely  assert  that  there  is  often 
evidence  of  phagocytosis.  Thus  in  tuberculosis  the 
giant  cells  often  contain  bacilli ;  in  tumors  degenerating 
elastic  fibres  may  be  seen  in  them ;  and  in  the  case  of  the 
osteoclasts  they  undoubtedly  play  an  important  part  in 
the  removal  of  lime  salts  in  developing  and  growing 
bone.  Phagocytosis  is  even  more  clearly  seen  in  the 
giant  cells  which  are  found  in  the  neighborliood  of  for- 
eign bodies. 

Giant  cells  occur  most  commonly  in  connection  with 
reticular  and  related  tissues  and   in  the   blood-forming 

organs.  Normally 
thej'  are  perhaps 
most  familiar  in  mar- 
row. Here,  away 
from  the  bone,  are 
large  giant  cells  with 
partially  divided  and 
irregularly  lobulated 
nuclei,  and  also  large 
masses  of  nuclear 
matter  having  an  ob- 
scurely reticulated 
structure  and  not  ap- 
pearing to  be  sur- 
rounded by  proto- 
plasmic bodies.  Close 
to  the  bone  are  osteo- 
clasts, large  cells 
with  few  or  many 
nuclei,  apparently  completely  divided.  They  lie  in  shal- 
low excavations  in  the  bone,  Howship's  lacuna?.  Their 
action  leads  to  the  destruction  or  dissolution  of  the 
adjacent  calcareous  matrix. 

■  ^^^^1  spleen  we  can  recognize  large  mononuclear  cells, 
in  which  the  presence  of  red  corpuscles  suggests  phago- 
cytosis. These  cannot  properly  be  called  giant  cells: 
but  m  the  young  of  many  animals  and  in  the  embryo  the 
spleen  contains  larger  cells  with  lobulated  nuclei  (mega- 
caryocytes)-not  as  a  rule  to  be  found  in  the  adult. 
Giant  cells  are  also  described  as  occurring  in  hiemolymph 
glands  and  in  the  embryonic  liver 

Pathologically,  giant" cells  are  more  widely  distributed. 
They  arise  trom  ti.xed  tissue  cells  of  the  diseased  part, 
connective-tissue  cells,  or  endothelial  cells  of  blood  and 
Tfl^^  capi  lariespnot  assome  have  believed,  from  leuco- 
cytes. Multinucleated  forms  are  seen  in  hyperplastic  and 
regenerative  gro^yth  of  connective  tissue  They  occur 
m  tumors,  especially  in  sarcomata  originating  in  the 
marrow  or  periosteum.  Large  polynuclear  fofms  may 
also  be  seen  ,n  the  vicinity  of^foreigu  bodies,  wS  tTiev 


Fig.  2296.— Portion  ot  a  Tubercle,  Show 
ine  a  Giant  Cell  Containing  Bacilli.     > 


350 


REFERENCE  HANDBOOK   OF  THE   MEDICAL   SCIENCES, 


Crcum. 
Ginger, 


enclose  in  their  protoplasm  if  small,  and  whose  dissolution 
they  otherwise  tend  to  bring  about. 

Perhaps  their  most  familiar  occurrence  is  in  tubercu- 
losis. Here,  though  not  always  present,  they  are  often 
large  and  prominent  and  are  important  landmarks  in  the 
identification  of  the  disease.  They  occupy  tire  centres 
of  miliary  tubercles.  Their  nuclei  are  very  numerous, 
completely  divided  and  commonly  arranged  about  the 
border  of  the  cell  or  gathered  into  vmequal  or  irregulai' 
groups  at  the  poles.  They  often  have  protoplasmic  proc- 
esses, whose  relation  to  the  reticulum  is  not  at  present 
clear.  They  may  have  necrotic  centres  and  con- 
tain tubercle  bacilli.  Balph  0.  Larrabee. 


B6lim  and  Davldofl :  Histology,  American  edition,  Huber, 

1900. 
Henneguy  :  La  Cellule,  Paris,  1896. 
Koelllker :  Handb.  der  Gewebelehre,  Bd.  lii.,  1899. 
Marchand :  Virchow's  Arcbiv,  Bd.  xcili.,  p.  518. 
Nedjelsky :  Beltr.  z.  path.  Anat.  u.  z.  allg.  Patb.,  1900,  Bd. 

xxvli. 
Bona :  Beltr.  z.  path.  Anat.  u.  z.  allg.  Path.,  1900,  Bd.  xxvil, 
Warthin  :  Journal  ot  Medical  Research,  July,  1901. 
Ziegler :  General  Pathology,  1900. 


ginger,  and  the  product  of  newly  cleared  land  holds  a 
special  place  in  commerce.  It  is  probably  a  native  of 
Southern  Asia,  but  is  not  known  wild,  having  been 
culti\'ated  for  many  hundred  yeais.  It  has  also  been 
transplanted  to  tropical  Africa  and  the  West  Indies, 
besides  many  other  places,  where  it  is  extensively  cul- 
tivated. 

It  has  been  used  as  a  spice,  even  in  Europe,  almost 
since  the  beginning  of  tliis  era,  having  been  imported 
from  the  East  by  way  of  the  Red  Sea.  The  plant  was 
carried  to  tlie  West  Indies  soon  after  the  discovery  of  the 


GIGANTISM. 

Fingers,  etc. 


See  Acromegaly,  and  Hand  and 


GILROY  HOT  SPRINGS— Santa  Clara  County, 
California. 

Post-Office. — Gilroy  Springs.  Hotel.  These 
springs  are  located  on  the  Coyote  River,  nine 
Miles  northeast  of  the  town  of  Gilroy,  in  the 
Santa  Clara  Mountains.  They  are  reached  by 
the  Southern  Pacific  Railroad  to  Gilroy,  and 
from  thence  by  stage  over  a  picturesque  moun- 
tain road.  The  springs  lie  nestled  in  among  the 
mountains,  surrounded  by  fragrant  forests  of 
spruce  and  pine.  The  atmosphere  is  rich  in 
ozone,  and  the  climate  very  genial.  There  is  one 
main  spring,  which  flows  in  great  abundance. 
The  temperature  of  the  water  varies  from  108°  to 
115' F.     Anderson's  analysis; 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  chloride 31.75 

Sodium  carbonate    1-42 

Sodium  sulphate 75 

Potassium  iodide Trace. 

Potassium  sulphate )3.16 

Magnesium  carbonate 3.i5 

Magnesium  sulphate 9.04 

Calcium  chloride  8.50 

Calcium  sulphate "-'0 

Ferrous  carbonate 2b 

Ferrous  oxide  Trace. 

Arsenic Trace. 

Silica 3.31 

Organic  matter 5,3 


Total  solids. . 


6-Z.i 


Gases.  Cubic  Inches. 

Free  carbonic  acid  gas 12.17 

Free  sulphureted  hydrogen 9.25 


The  analysis  shows  a  light  alkaline-sulphureted 
water.  It  is  used  with  considerable  benefit  in 
syphilis,  rheumatism,  and  tuberculosis,  in  glan- 
dular swellings,  in  chronic  skin  eruptions,  etc. 
The  water  is  also  used  for  bathing,  for  which  excellent 
facilities  have  been  constructed.  James  K.  Crook. 

GINGER. — Zingiber.  The  rhizome  of  Zirujiher  Zin- 
giber (L.)Rusby  {Z.  officinale  Roscoe,  U.  S.  P.)  (fam. 
Zingiberacem) .  This  plant  belongs  to  a  remarkable  order 
of  tropical  perennial  herbs  with  horizontal,  fleshy,  often 
lobed  and  branched  rhizomes,  more  oi-  less  developed 
upright  stems,  with  two-ranked,  alternate,  parallel- 
nerved,  sheathing  leaves,  and,  tlieoretically,  trimerous, 
irregular  flowers  in  various  clusters. 

The  flowers  vary  greatly  in  color,  from  nearly  white 
to  a  purplish-blue.     The  richer  the  soil,  the  better  the 


FIG.  2297.— Ginger  Plant  about  One-third  Natural  Size.     (Baillon.) 

New  World,  and  a  few  years  later  ginger  was  exported 
from  St.  Domingo  back  to  Europe, 

Desceiption. — Ginger  is  either  coated,  that  is,  simply 
washed  and  dried  without  removing  the  cuticle,  or  else 
scraped,  when  the  outer  surface  is  peeled  or  scraped 
away.  When  the  bark  is  stripped  from  the  two  flat 
sides,  it  is  known  as  "  Iralf-coated. "  It  is  in  pieces  tech- 
nically called  "hands,"  "about  three-fifths  of  an  inch 
broad,  flatfish  on  one  side,  lobed  or  clavately  branched; 
deprived  of  the  corky  layer  (peeled  ginger),  pale  buff- 
colored,  striate,  breaking  with  a  mealy,  rather  fibrous 
fracture,  showing  numerous  small,  scattered  resin  cells 
and    fibrovascular    bundles,    the    latter  enclosed    by  a 
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nucleus  sheath ;  agreeably  aromatic,  and  of  a  pungent, 
warm  taste. "  When  ginger  is  not  peeled  it  has  a  grayish 
or  brownish  wrinkled  surface.  Inferior  and  dark-colored 
grades  are  sometimes  bleached  with  sulphur,  chlorinated 
lime,  etc.,  or  are  even  "whitewashed"  with  chalk  and 
water,  or  some  such  mixture,  to  give  them  a  whiter  and 
more  salable  appearance.  This  treatment  also  protects 
them  against  the  attacks  of  insects.  The  relative  com 
mercial  and  medicinal  values  of  ginger  do  not  agree. 
For  medicinal  purposes  it  is  better  with  the  ver}'  active 
rind  left  upon  it,  but  its  commercial  value  depends  more 
upon  its  abihty  to  j'ield  a  clear,  light-colored  preparation, 
which  is  true  of  the  peeled  articles.  The  principal  vari- 
eties in  the  order  of  their  estimation  are  Jamaica,  Cochin, 
and  African.  The  last,  though  the  cheapest,  contains  the 
largest  amount  of  active  constituents,  and  is  to  be  pre- 
ferred for  medicinal  use. 

Composition. — Ginger  contains  a  pale  yellow  volatile 
oil  to  the  extent  of  about  one  or  two  per  cent. ,  having 
its  odor  and  taste  without  its  pungency.  The  remaining 
constituents  are  a  composite  resin,  besides  the  real  source 
of  Its  pungency,  gingerol,  which,  however,  is  not  volatile 
or  aromatic.  Twenty  per  cent,  of  starch,  fat,  gum,  and 
various  amorphous  and  uninteresting  substances  make 
up  the  rest.  The  oil  and  resins  are  contained  in  cells 
resembling  those  of  the  parenchj'ma,  and  irregularly 
scattered  among  them.  The  ethereal  extract  (Oleoresina 
Zingiberis,  U.  S.  P.)  is  composed  of  these  resins  in  com- 
bination with  the  essential  oil,  fat,  etc.,  and  is  yielded  by 
different  varieties  to  the  extent  of  five  to  ten  per  cent. 

Action  and  Use. — Ginger  is  a  spice  more  aromatic 
and  less  pungent  than  pepper,  and,  like  others  of  its 
class,  in  suitable  dose  is  gently  stimulating  to  the  stom- 
ach and  intestines,  and  in  its  way  a  carminative  tonic. 
In  large  doses  it  is  irritating;  locally  applied  to  the  skin 
it  is  rubefacient  to  a  less  degree  than  mustard,  and  use- 
ful where  a  mild  counter-irritation  is  desired.  It  is  used 
in  colics,  atonic  dyspepsia,  flatulence,  etc.,  and  is  a 
favorite  flavor  for  cakes,  drinks,  and  preserves. 

Administration. — In  powder  the  dose  may  be  taken 
as  from  0.5  gm.  to  1  gm,,  usually  mixed  with  other 
aromatics.  An  infusion,  under  the  name  of  "ginger 
tea,"  is  a  favorite  preparation  in  the  country.  A  fluid 
extract  is  ofiicial  {Extractum  Zingiberis  Fliddum,  U.  S. 
P.),  but  not  much  used.  The  tincture  {Tinctura  Zingi- 
beris, U.  S.  P.)  is  in  universal  employment;  its  strength 
in  this  country  is  twenty  per  cent.  The  oleoresin  or 
ethereal  extract  {Oleoresina  Zingiberis,  U.  S.  P.)  is  a  very 
concentrated  form  suitable  to  add  to  pills  and  boluses. 
Dose,  a  decigram  or  so.  The  official  syrup  contains  three 
per  cent,  of  the  fluid  extract,  and  the  troches  each  about 
three  minims  of  the  tincture,  with  a  little  of  the  syrup. 
Ginger  also  enters  into  the  compound  rhubarb  powder 
and  the  aromatic  powder,  both  official. 

A  little  of  the  preserved  ginger  of  the  shops  makes  a 
delicious  and  wholesome  addition  to  the  meal. 

The  alcoholic  preparation  popularly  sold  under  the 
name  of  "  Jamaica  Ginger  "  is  used  to  some  extent,  espe- 
cially in  mining  communities,  as  an  intoxicant.  The 
cerebral  effects  have  not  been  suitably  studied,  but  are 
markedly  distinct  from  those  of  ordinary  alcoholism, 
there  being  narcotic  effects  apparently  due  to  the  ginger 
itself.  A  number  of  cases  of  blindness  may  be  due  to  the 
employment  of  methyl  alcohol.  Ileiirp  H.  Busby. 

GINGER,  OIL  OF.— This  is  an  article  of  commerce 
possessing  the  odor  and  flavor,  but  not  the  pungency  nor 
full  physiological  effects,  of  ginger.     It  is  pale  yellow 
with  a  specific  gravity  of  0.880  to  0.885,  and  contains 
camphene  as  one  of  its  active  parts. 

Henry  H.  Busby. 

GINSENG.— A  name  applied  to  the  roots  of  several 
species  of  Panaxlj.  highly  prized  in  superstitious  Chinese 
medicine,  and  chiefly  so  used,  though  they  have  some 
mild  aromatic  properties  (see  Anilineew)  The  orio-inal 
Ginseng  ("  Schin-Seng  ")  is  P.  Ginseng  0.  A.  Meyel-  of 
China,   never  seen  in  commerce  here.      The  American 
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variety,  from  P.  quinquefolium  L.  (Aralia  q.  Decne),  is 
chiefly  exported  to  China  and  is  bought  eagerly,  at 
high  prices,  by  Chinese  merchants  for  that  purpose.  It 
used  to  be  very  abundant  in  rich  forest  lands  of  the  East- 
ern United  States,  but  has  been  largely  exterminated, 
except  in  remote  sections.  It  is  of  very  slow  growth  and, 
when  well  developed,  presents  two  principal  branches, 
and  occasionally  a  small  intermediate  one.  From  this 
peculiar  form,  it  is  regarded  as  effective  in  determining 
the  sex  of  the  unborn  child,  whence  its  high  repute  in 
China.  It  contains  considerable  gum  and  starch  and  a 
little  volatile  oil  and  resin  and  the  peculiar,  but  appar- 
ently inert,  sweetish  substance  Panaqtiilon,  soluble  in 
alcohol  and  water.  Obviously,  there  is  no  dose  for  so  in- 
active a  drug.  Henry  H.  Busby. 

GLANDERS. — An  infectious  disea.se  caused  by  the 
Bacillus  mallei  and  characterized  by  foci  of  inflammation, 
often  assuming  nodular  form,  in  the  skin,  subcutaneous 
tissue,  muscles,  and  lungs.  The  disease  is  most  com- 
monly found  in  the  horse;  the  cases  in  man  arise  by  in- 
fection from  the  horse  or  some  member  of  the  Equidae. 
According  to  Hecker, '  the  disease  was  first  described 
under  the  name  malleus  in  the  fourth  century.  The  first 
reliable  observation  of  the  disease  in  man  was  made  by 
Schilling  in  1831,  and  this  was  followed  in  1837  by  a 
monograph  by  Rayer'^  on  the  human  form  of  the  disease. 
The  idea  that  the  disease  was  contagious  was  held  by  all 
the  early  writers,  and  it  was  not  until  1 749  that  Laf osse  ^ 
affirmed  it  to  be  a  spontaneous  disease  not  transmitted 
by  contagion.  In  1840  the  contagiousness  of  the  disease 
was  definitely  established  by  animal  inoculation. 

The  Bacillus  mallei  was  discovered  by  Loffler  and 
Schiltz  *•  in  1882.  They  isolated  the  bacillus  in  pure  cult- 
ures, and  by  animal  inoculations  proved  that  it  was  the 
cause  of  the  disease.  The  bacillus  is  slightly  curved, 
not  quite  so  long  as  the  Bacillus  tuberculosis,  but  some- 
what thicker  than  this.  The  ends  are  rounded.  It  is 
non-motile  in  fluid  cultures.  It  is  a  facultative  anaerobe. 
In  old  cultures  various  involution  forms  are  seen.  The 
bacilli  may  grow  out  to  long  rods  with  irregular  swell- 
ings along  them,  or  they  may  form  chains  of  small  gran- 
ules resembling  cocci.  In  cover- glass  preparations  made 
from  the  lesions  the  bacilli  usually  appear  somewhat 
longer  and  thicker  than  the  tubercle  bacilli,  and  show 
numerous  sharply  defined,  clear,  or  faintly  stained  areas 
in  their  protoplasm.  According  to  Csoker,^  there  are 
five  pale  and  five  dark  points  in  each  bacillus.  They 
grow  readily  on  most  of  the  culture  media,  and  have  a 
characteristic  growth  on  potato.  On  potato,  after  thirty- 
six  hours  in  the  incubator,  a  rather  thick,  colorless  viscid 
growth  appears  which  soon  assumes  a  brownish  tint  and 
resembles  honey  in  appearance.  Later,  the  brown  color 
changes  to  a  dark  reddish-brown,  and  the  growth  be- 
comes thicker  and  more  opaque,  while  the  potato  takes 
on  a  dark  gray  color.  No  other  organism  produces  on 
potato  exactly  the  same  growth.  The  bacillus  of  gland- 
ers is  one  of  the  most  easilv  destroyed  of  all  the  micro- 
organisms, and  to  this  is  probably  due  the  relative  infre- 
quency  of  the  disease.  In  pure  cultures  the  bacilli  die 
usually  at  the  end  of  a  few  weeks,  and  they  lose  their 
virulence  by  the  eighth  day.  Being  vegetative  forms 
only,  heating  to  55°  or  60°  C.  for  a  few  minutes  destroys 
them.  They  are  destroyed  in  the  pus  in  forty-eight 
hours,  when  this  is  dried  in  a  thin  layer,  and  under  the 
best  conditions  they  will  not  stand  drying  more  than  three 
weeks.  They  are  also  very  susceptible  to  the  action  of 
germicides.  The  bacilli  are  decolorized  by  the  Gram 
stain.  They  easily  stain  in  the  basic  aniline  colors,  but 
are  easily  decolorized^    In  sections  they  may  be  stained 

tlfpV,nnl.   '/h"*'°"i,^"*^^''^  ^«^«  intensely  stained  than 
the  nuclei  of  the  eel  s.     From  the  impossibility  of  stain- 

thfm   n  H«f '°''^^  '^    '  "^'"^^  <l^ffl™lt  to  demonstrate 
sMrble'nTn?^e:r'^  "'""^  ""^  ™^^  ^^  P^^"*  -  -- 
A  substance  to  which  the  name  mallein  Is  given  is 
obtained  from  cultures  of  the  bacilli.     When  thisfs  in 
]ected  into  an  animal  affected  with  glanders  L  any  form 
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a  characteristic  reaction  is  produced  wliich  is  diagnos- 
tic. This  substance  was  prepared  in  1888  by  Helmen,  a 
Russian  veterinarian.  Its  diagnostic  value  was  first 
demonstrated  in  1891  by  Kalming,  of  Dorpat,  who  be- 
came infected  with  the  bacilli  in  the  course  of  his  labor- 
atory experiments,  and  died  of  glanders.^  Since  this 
time  its  use  as  a  diagnostic  agent  has  become  general. 
The  mallein  is  obtained  by  the  sterilization  and  filtration 
of  a  virulent  culture  of  the  bacilli  in  glycerin  bouillon. 
The  culture  should  be  one  month  old.  The  filtrate  is 
then  evaporated  to  one-tenth  of  the  weight  of  its  volume, 
which  gives  a  brownish  syrupy  fluid,  and  this  is  diluted 
ten  times  with  one-half -per-cent.  solution  of  carbolic  acid. 
The  dose  is  0.5  cm.  of  the  undiluted,  or  5  cm.  of  the 
diluted  solution.  When  this  dose  is  injected  subcutane- 
ously  into  a  healthy  horse  no  reaction  is  produced.  In 
a  horse  with  glanders  tlie  injection  is  followed  by  e.\ten- 
sive  oedema  of  the  subcutaneous  tissue  around  the  point 
of  injection,  chills,  and  an  elevation  of  temperature  which 
begins  some  hours  after  inoculation,  reaches  3-4°  0.  above 
normal  in  twenty-four  hours,  and  persists  for  several 
days.  The  method  is  especially  important  in  making 
possible  the  diagnosis  of  latent  glanders  in  which  no 
lesions  are  evident.  It  is  absolutely  sure  as  a  means  of 
diagnosis  when  certain  precautions  which  have  been  for- 
mulated by  Nocard '  are  observed.  The  reaction  can  be 
considered  typical  only  (1)  when  there  is  fever  of  from 
1  to  5  degrees  Centigrade ;  (3)  when  there  is  a  large,  hot, 
sensitive  oedematous  swelling  around  the  point  of  injec- 
tion; (3)  when  there  is  a  general  affection  shown  by 
weakness,  loss  of  appetite,  and  muscular  trembling.  If 
there  is  no  reaction,  it  is  proof  that  the  animal  is  not 
afEected.  It  is  necessary  to  see  that  the  animal  has  no 
fever  at  the  time  and  that  afterward  it  is  not  exposed 
to  weather  conditions  which  may  affect  the  temperature. 
In  some  of  the  animals  which  show  the  reaction  there 
may  be  very  insignificant  lesions  consisting  only  of  a  few 
small  nodules  in  the  lungs. 

McPadyean  *  considers  the  local  reaction  of  the  most 
importance  and  sufficient  alone  for  the  diagnosis.  In 
healthy  horses  there  may  be  a  slight  local  reaction,  but 
the  swelling  is  rarely  more  than  three  inches  across  and 
reaches  its  acme  in  from  fourteen  to  sixteen  hours.  In 
infected  horses  the  swelling  is  rarely  under  five  inches 
across,  often  twice  this,  and  continues  to  increase  for 
twenty-four  hours. 

The  ass  is  the  most  susceptible  to  natural  infection, 
and  the  disease  assumes  a  more  acute  form  in  this  animal 
than  in  the  horse.  The  mule  is  also  more  susceptible 
than  the  horse.  Field  mice  are  very  susceptible,  while 
white  mice  and  rats  are  immune.  Oats,  guinea-pigs, 
squirrels,  and  rabbits  are  all  susceptible  in  the  order 
named ;  sheep  and  goats  are  less  susceptible ;  dogs,  birds, 
with  the  exception  of  the  dove,  beef  cattle,  and  hogs  are 
immune.  Natural  infection  is  very  rare  except  in  the 
Bquidse  and  in  man.  Lions  and  other  carnivorous  ani- 
mals in  menageries  have  been  infected  by  feeding  on  the 
flesh  of  glandered  horses. 

In  the  horse  various  forms  of  the  disease  may  be  rec- 
ognized, dependent  upon  its  situation  and  acuteness  of 
course.  In  the  acute  form  the  period  of  incubation  is 
short.  The  disease  begins  with  intense  fever  preceding 
all  local  manifestations.  The  prostration  is  extreme,  the 
animal  is  insensible  to  excitation,  locomotion  is  painful, 
the  hair  is  rough,  and  there  are  muscular  twitchings  of 
the  shoulders  and  chest.  Appetite  disappears  completely, 
cold  water  is  drunk  greedily,  and  emaciation  is  rapid  and 
extreme.  According  to  Nocard,'  the  loss  in  weight  may 
be  more  than  30  kgm.  in  twenty -four  hours.  These  pri- 
mary symptoms  give  place  in  from  one  to  three  days  to  the 
specific  local  symptoms.  The  lesions  are  in  the  mucous 
membranes  and  skin.  The  mucous  membrane  of  the  nose 
is  intensely  reddened  or  often  of  a  violet  tinge,  and  small 
ecchymoses  may  be  seen.  An  abundant  secretion  flows 
from  the  nostrils ;  at  first  it  is  thin  and  watery,  but  later 
it  becomes  mucopurulent  and  often  contains  streaks  of 
blood.  In  the  swollen  mucous  membrane  small  pustules 
appear  which  open  and  give  rise  to  small  shallow  ulcers. 
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with  raised  edges  and  a  bright  red  base.  These  ulcers 
rapidly  enlarge,  they  become  confluent  and  give  rise  to 
large  irregular  ulcerated  surfaces  covered  with  muco-pus. 
The  ulcers  are  sometimes  formed  by  the  rupture  of  oede- 
matous areas  beneath  the  surface.  In  these  areas  exten- 
sive destruction  of  tissue  seems  to  take  place  without  any 
reaction,  the  softening  finally  extciiding  to  the  surface. 
When  the  ulceration  is  advanced  the  nasal  discharge  is 
very  abundant  and  contains  fibrinous  coagula  and  por- 
tions of  necrotic  tissue.  While  these  lesions  are  taking 
place  in  the  mucous  membranes,  hot  painful  tumors  ap- 
pear in  various  places,  especially  on  the  extremities,  the 
flanks,  and  the  shoulders.  The  oedema  about  them  dis- 
appears, leaving  hard,  solid  nodules  which  ulcerate  rap- 
idly. The  ulcers  become  confluent,  forming  large  irregu- 
lar surfaces  which  produce  an  abundant,  thin,  odorless, 
often  bloody  pus.  A  similar  infiltration  extends  along 
the  course  of  the  neighboring  lymphatics,  leaving  hard 
cord-like  swellings  which  ulcerate  at  various  points  and 
form  thinner  chains  of  ulcers  uniting  the  larger.  The 
lymph  nodules  belonging  to  the  afEected  regions  become 
swollen  and  indurated,  finally  breaking  down  into  ab- 
scesses. The  disease  owes  its  name  to  the  frequency  with 
which  the  affection  involves  the  lymph  nodes  (lymph 
glands).  During  this  period  the  temperature  continues 
high,  often  reaching  43°  C.  The  loss  of  appetite  and 
emaciation  continue,  there  appear  evidences  of  occlusion 
of  the  nasal  respiratory  passages,  and  at  the  last  either 
general  oedema  of  the  lungs  makes  its  appearance  or  foci 
of  pneumonia  develop.  The  acute  form  of  glanders  is 
always  fatal,  the  disease  lasting  from  eight  to  thirty 
days. 

The  chronic  variety  of  the  disease  does  not  take  the  defi- 
nite course  of  the  acute,  and  may  assume  a  number  of 
forms  which  differ  so  much  the  one  from  the  other  that 
they  have  been  regarded  as  different  diseases.  Thus  the 
skin  lesions  have  been  considered  a  .separate  disease  under 
the  name  of  farcy.  In  the  two  classic  types  of  the  chronic 
form  the  predominant  lesions  are  foimd  in  the  one  in  the 
skin,  and  in  the  other  in  the  raucous  membranes  and  par- 
enchymatous organs.  The  chronic  lesions  are  of  the  same 
general  type  as  the  acute,  their  evolution  is  much  slower, 
and  their  special  characteiistics  are  better  marked.  The 
first  lesions  to  appear  in  the  skin  are  the  hard  nodules  (farcy 
buttons)  followed  by  ulceration.  Hot,  painful,  oedema- 
tous tumors  appear  in  various  places  in  the  subcutaneous 
tissue,  especially  where  the  skin  is  thin  and  the  subcuta- 
neous tissue  abundant.  These  tumors  may  be  the  size 
of  a  nut  or  of  an  egg.  Gradually  they  become  smaller  in 
size  by  the  absorption  of  fluid,  and  the  central  mass  be- 
comes hard  and  definitely  circumscribed.  The  hair  falls 
out,  the  skin  becomes  thinned,  and  finally  an  abscess  is 
formed  which  contains  a  viscid  yellowish  liquid  streaked 
with  blood.  The  opening  does  not  close,  and  the  abscess 
gives  rise  to  an  ulcer.  The  edges  of  this  are  elevated 
and  covered  with  thick  granulations.  The  ulcer  may 
extend  laterally  or  in  depth,  both  by  continuous  exten- 
sion and  by  the  formation  of  neighboring  nodules  which 
follow  the  same  course  and  finally  unite  with  the  main 
ulcer.  The  skin  in  the  vicinity  is  hard  ,and  indurated. 
The  ulcers  may  finally  cicatrize.  The  same  swelling 
which  preceded  the  formation  of  the  nodules  and  ulcers 
extends  along  the  subcutaneous  lymphatics.  The  acute 
swelling  subsides,  leaving  a  hard  cord  (farcy  pipe).  A 
number  of  lymphatics  may  be  affected,  giving  rise  to  a 
network  of  cords.  These  may  persist  for  a  long  time 
without  change,  or  in  some  cases  nodular  swellings 
appear  along  them  at  intervals,  and  these  nodules  may 
soften  and  ulcerate  in  the  same  way  as  the  nodules  first 
described.  The  ulceration  may  extend  between  adjoin- 
ing foci  along  the  course  of  the  vessel  and  in  this  way 
large  irregular  ulcerated  tracts  may  result.  The  lymph 
nodes  are  swollen  and  become  finally  converted  into  hard, 
indurated,  adherent  masses.  They  rarely  soften  and  give 
rise  to  abscesses  as  in  the  acute  cases. 

The  specific  affections  of  the  nose  are  verj^  similar  to 
those  in  the  skin,  with  differences  due  to  the  different 
character  of  tie  tissue.     They  consist  in  the  formation  of 
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nodules  and  in  ulceration  which  may  terminate  in  exten- 
sive cicatrization.  The  nodule  is  preceded  by  a  diffuse 
swelling  of  the  tissue.     The  nodules  are  round,  hard,  and 


Fig.  2298.— stellate  Cicatrix  (rom  Nasal  Septum, 
chronic  glanders.     (Kltt.) 


From  it  case  of 


much  smaller  than  those  of  the  skin.  The  centre  softens 
and  is  discharged,  leaving  a  shallow  irregular  ulcer  with 
elevated  edges.  Large  irregular  ulcers  are  formed  by 
the  union  of  adjoining  ulcers.  The  edges  are  hard  and 
indurated,  and  cicatrization  is  often  found  in  one  part 
while  the  ulcer  is  extending  in  another.  Dense  white 
radiating  cicatrices  are  found,  and  these  are  the  most  char- 
acteristic lesions  of  the  disease  (Fig.  3398).  The  ulcers 
may  extend  in  depth,  both  cartilage  and  bone  may  be  de- 
stroyed, and  perforation  of  the  septum  may  be  produced. 
The  nasal  discharge  varies  in  character  and  amount,  de- 
pending on  the  character  of  the  lesions.  It  is  more 
abundant  while  the  animal  is  at  work.  In  the  beginning 
of  the  process  it  is  thin  and  watery,  but  later  it  becomes 
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muco-purulent.  In  some  cases  a  lymphatic  fluid  is  dis- 
charged which  coagulates  on  exposure.  When  the  ulcer- 
ation is  marked  it  may  contain  necrotic  tissue,  and  when 
large  vessels  are  opened  by  the  extension  of  the  ulcers 
there  may  be  epistaxis.  The  lesions  in  the  lungs  which 
may  be  very  extensive,  do  not  give  rise  to  any  character- 
istic symptoms.  There  may  be  cough  and  evidence  of 
respiratory  trouble,  and  when  the  pleura  is  involved  in 
the  process  there  may  be  the  physical  signs  denoting 
this. 

In  addition  to  these  more  common  conditions  of  chronic 
glanders  there  are  others  which  are  only  occasionally  met 
with.  A  diffuse  swelling  of  the  subcutaneous  tissue,  at 
first  hot  and  painful,  later  indurated  and  contracted, 
much  resembling  the  nodule  in  its  general  features,  may 
take  place.  The  induration  becomes  brawny  and  may 
ulcerate  at  several  points.  In  stallions  swelling  of  the  tes- 
ticle is  often  seen  and  may  form  the  first  symptom  of  the 
disease.  The  gland  is  at  first  greatly  enlarged,  hot,  and 
painful.  The  acute  swelling  and  oedema  subside  after 
some  days,  and  then  the  gland  is  felt  to  be  indurated  and 
the  cord  thickened.  Affections  of  the  joints  varying  in 
degree  are  not  uncommon.  The  disease  may  last  for  an 
indefinite  time.  Often  all  the  symptoms  disappear  for 
a  long  time  and  then  again  break  out.  A  considerable 
proportion  of  the  cases  end  in  recovery.  Semmer '"  has  de- 
scribed a  rather  benign  f  oim  of  glanders  which  he  thinks  is 
more  common  in  South  Russia  than  elsewhere.  The  ani- 
mals react  to  mallein  in  the  same  way  as  in  the  malignant 
disease,  but  very  slight  lesions  are  found  at  the  autopsy. 

When  the  disease  is  produced  experimentally  in  the 
horse  or  ass  by  introducing  the  bacilli  into  scarified  sur- 
faces or  by  injecting  them  subcutaneously,  the  acute  form 
is  produced.  Strauss  "  in  1886  showed  that  the  intraperi- 
toneal injection  of  the  bacilli  in  the  male  guinea-pig  was 
followed  by  characteristic  lesions,  and  this  method  is  one 
of  the  best  and  surest  for  confirming  the  diagnosis  of  the 
disease.  Inoculation  into  the  peritoneal  cavity  is  fol- 
lowed, on  the  second  or  third  day,  by  a  recognizable 
degree  of  swelling  of  the  testicles.  The  swollen  testicles 
are  painful,  and  the  skin  of  the  scrotum  is  red  or  violet 
and  adlierent  to  the  underlying  glands.  The  lesions  reach 
the  greatest  intensity  by  the  sixth  or  eighth  day,  and  the 
animal  dies  in  twelve  or  fifteen  days.  The  method  is 
not  absolutely  sure  as  a  diagnostic  test,  and  for  several 
reasons.  Nocard '-  has  shown  that  an  affection  of  horses, 
characterized  by  swelling  and  ulceration  of  the  extremi- 
ties, is  due  to  a  bacillus  which  will  produce  lesions  in  the 
testicle  similar  to  those  observed  in  glanders.  In  other 
cases  the  guinea-pig  may  die  of  septicaemia  due  to  entry 
of  the  bacilli  Into  the  blood  before  the  characteristic 
lesions  of  the  testicle  liave  had  time  to  develop.  For  this 
reason  some  prefer  to  inoculate  subcutaneously."  The 
inoculation  had  better  be  made  with  a  pure  culture  than 
with  the  products  of  disease  containing  the  bacilli,  for 
the  glanders  lesions  may  be  masked  by  an  infection  with 
pus  organisms.  In  an  early  stage  the  lesions  of  the  testi- 
cle consist  in  small,  yellowish  foci  in  the  tunica  vaginalis, 
or  the  two  surfaces  may  be  united  by  a  thick  purulent 
exudation  containing  numbers  of  bacilli. 

In  man  the  disease  appears  in  both  the  acute  and  the 
chronic  form.  Taken  in  its  entirety  the  clinical  history 
of  the  disease,  both  in  the  acute  and'  in  the  chronic  form 
is  almost  characteristic,  but  at  a  given  period,  and  indeed 
for  a  long  time,  it  may  be  impossible  to  make  the  diagno- 
sis. 1  his  is  particularly  true  of  the  chronic  form  In 
general,  the  disease  in  man  presents  many  points  of  sim- 
ilarity to  the  equine  disease,  but  there  are  notable  differ- 
ences. Ihe  skin  lesions  which  are  so  prominent  in  the 
horse  appear  in  man  only  in  the  later  stages  of  the  dis- 
ease and  abscesses  in  the  muscles  (which  are  very  rare  in 
the  horse)  are  common  in  man  and  often  constitute  the 
first  evidence  of  the  disease.  The  disease  is  compara- 
tively rare  m  man  despite  his  evident  susceptibility  to 
the  action  of  the  organism  and  his  frequent  opportuni- 
ties for  infection.  In  the  last  ten  years  in  Boston  I  have 
seen  but  two  cases  of  infection  in  man  despite  the  fact 
that  the  disease  is  not  rare  in  horses.     The  fact  that  the 
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disease  is  not  an  extremel}'  common  one  in  both  animals 
and  man  must  be  attributed  solely  to  the  slight  viability 
of  the  oi'ganism  and  to  the  fact  that  it  cannot  lead  a  sapro- 
phytic existence. 

The  acute  disease  begins  in  man  with  chills  and  high 
fever,  which  sometimes  takes  a  typhoid  form.  There  is 
often  intense  pain  in  the  joints  and  muscles,  with  general 
weakness  and  malaise.  This  condition  is  followed  by 
the  development,  in  the  muscles  or  subcutaneous  tissue, 
of  hard  swellings  which  rupture  and  discharge  a  thick 
mucoid  pus  mixed  with  streaks  of  blood.  Even  at  an 
early  period  of  the  disease  the  skin  over  almost  the  entire 
body  may  be  covered  with  pustules.  In  some  cases  there 
is  a  diffuse  erysipelatous  inflammation  of  the  skin  pre- 
ceding the  formation  of  pustules,  or  large  ulcers  may  be 
formed  by  necrosis  of  the  skin.  The  ulcers  show  no  ten- 
dency to  heal  and  become  covered  with  thick,  pale  granu- 
lations. The  nasal  discharge  is  not  so  marked  as  in  the 
horse,  but  an  examination  of  the  mucous  membrane  will 
rarely  fail  to  show  nodules,  ulcers,  and  diffuse  swelling. 
In  two  of  Kiittner's  '^  cases  the  frontal  and  sphenoidal 
sinuses  were  affected,  the  most  evident  lesion  being  the 
great  swelling  of  the  mucous  membrane.  The  muscle 
abscesses  are  usually  present.  Although  all  the  mus- 
cles may  be  affected,  the  lesions  are  most  common  in 
the  biceps,  the  flexors  of  the  forearm,  the  rectus,  and  the 
pectoral  muscles.  The  pustules  of  the  skin  are  most 
common  toward  the  termination  of  the  disease  and  often 
appear  only  just  before  death.  The  pustules  may  be 
seated  immediately  beneath  the  epidermis  in  the  corium 
or  in  the  subcutaneous  tissue.  They  may  somewhat  re- 
semble smallpox  pustules,  but  they  vary  greatly  in  size 
and  are  not  umbilicated.  Tedeschi  '■'  has  reported  a  case 
in  w-hich  there  was  a  terminal  acute  meningitis.  In  some 
cases  it  is  possible  to  find  the  atrium  of  Infection.  The 
disease  may  begin  by  abscess  and  ulceration  at  this  point 
and  the  generalization  take  place  by  an  acute  lymphan- 
gitis. In  many  cases,  and  those  the  most  severe  ones,  it 
is  not  possible  to  determine  how  the  infection  took  place. 
This  acute  form  of  the  disease  is  almost  invariably  fatal, 
death  taking  place  usually  between  the  sixth  and  the 
thirtieth  day  of  the  disease. 

The  chronic  form  may  have  a  duration  of  several 
years.  Halllpeau"  has  reported  a  case  of  six  years' 
duration.  The  well-known  case  of  Aufrecht,  reported  by 
Kernig,"*  lasted  for  one  year  and  a  half.  In  these  cases 
there  is  usually  an  infection  from  a  local  lesion  of  the 
extremities  followed  by  a  lymphangitis  extending  to  the 
lymph  nodes.  The  local  lesion  may  take  the  form  of  an 
ulcer;  and  ^abscesses  may  develop,  followed  by  ulcera- 
tion, the  infection  extending  along  the  lymphatics.  The 
hard  cord-like  affection  of  the  lymphatics  which  is  seen 
in  the  horse,  does  not  take  place  in  man.  Later,  abscesses 
appear  in  the  subcutaneous  tissue  or  in  the  muscles  in 
various  places.  In  some  cases  these  muscular  abscesses 
form  the  only  evidence  of  the  disease.  In  the  case  re- 
ported by  Hallipeau  there  were  numerous  abscesses  at 
intervals  during  the  first  three  years  of  the  disease,  but 
they  did  not  exert  much  influence  on  the  general  condi- 
tion. These  healed  spontaneously  in  some  cases,  and  m 
others  after  cauterization.  There  was  then  a  period  of 
latency  for  three  years,  followed  by  an  acute  attack  and 
death.  In  the  case  reported  (Kernig)  the  first  anatomical 
evidence  of  the  disease  was  a  hard  nodular  swelhng  in 
the  calf  of  the  leg.  This  was  followed  after  a  long  in- 
terval by  an  iniiltration  of  the  abdominal  wall  resulting 
in  suppuration.  Sommerbrodt "  gives  a  case  in  which 
the  svmptoms  were  chills  with  fever  and  intense  pam 
in  the  extremities.  Two  weeks  after  entry  into  hospital 
death  took  place  from  acute  glanders.  In  the  case  re- 
ported by  Neisser  "  the  disease  began  as  a  small  ulcer  at 
the  internal  angle  of  the  eye,  and  this  was  followed  in 
two  months  by  the  development  of  an  abscess  in  the  lett 
check ;  then  later  a  purulent  discharge  from  the  ear  and 
nose  set  in,  abscesses  developed  in  different  parts  of  the 
body  and  ulcers  formed  on  the  hard  palate,  in  the  nasal 
cavity,  and  in  the  larynx.  In  nearly  all  of  the  chronic 
cases'  reperted  the  disease  passes  into  an  acute  form  a 


short  time  before  death.  The  most  common  lesion  in 
fatal  cases  of  both  the  acute  and  the  chronic  form,  con- 
sists of  pustules  of  the  skin,  particularly  on  the  face. 
Chronic  glanders  has  a  very  much  smaller  mortality  than 
the  acute,  Sims  Woodhead  '*  placing  it  at  forty  per  cent. 

The  characters  of  the  lesions  are  similar  in  both  animals 
and  man.  The  glanders  bacillus  seems  to  exert  about 
the  same  influence  on  all  tissues,  and  the  l&sions  vary 
only  in  the  intensity  of  the  action  set  up  and  in  the  differ- 
ent degree  of  reaction  of  the  surrounding  tissues.  There 
has  been  a  general  misconception  among  German  authors 
as  to  the, character  of  the  lesions.  Virchow,  who  studied 
the  macroscopic  character  of  the  lesions  more  than  the 
histological  details,  lays  particular  stress  upon  the  nodular 
character  of  the  lesions,  and  places  the  disease  among  the 
granulation  tumors.  Baumgarten  compares  the  nodule 
with  the  tubercle,  and  says  that  it  diifers  from  tliis,  as 
regards  its  liistogenesi^,  chiefly  in  the  participation  of  the 
polynuclear  leucocyte  in  its  formation.  In  the  glanders 
nodule  the  polynuclear  leucocytes  play  the  part  that  the 
lymphoid  cells  do  in  the  tubercle,  the  main  mass  of  the 
liodule  in  both  being  formed  of  epithelioid  cells  derived! 
from  the  fixed  cells  of  the  tissue.  The  anatomical  de- 
scriptions of  the  lesions  given  by  French  authors  are 
more  correct.  An  excellent  account  of  the  histology  and 
the  histogenesis  of  the  lesions  in  man  and  in  the  guinea- 
pig  is  given  by  Wright.'"  I  have  been  able  to  study  the 
lesions  in  the  horse  by  aid  of  a  number  of  specimens  fur- 
nished by  Dr.  Frothingham  and  by  the  examination  of 
preparations  secured  by  Drs.  Wright  and  Magrath  from 
human  cases  autopsied  by  them. 

The  most  characteristic  lesions  in  the  lungs  are  the 
nodules  or  tubercles.  These  are  found  more  frequently, 
and  their  characteristics  are  better  marked,  in  the  horse 
than  in  man.  They  may  be  found  in  any  part  of  the 
lung,  but  are  more  numerous  beneath  the  pleura  than 
elsewhere.  In  their  most  characteristic  form  they  vary 
in  size  from  a  pin's  head  to  a  pea,  and  are  hard  and  cir- 
cumscribed.    On  section  they  show  a  dry,  opaque,  cen- 


FiG.  2399.— Section  of  Chronic  Glanders  Nodule  In  the  Lung  of  Horse. 
The  dark  central  mass  is  composed  of  cell  and  nuclear  debris  in 
which  no  lung  structure  can  he  recognized. 

tral  mass,  which  can  often  be  pressed  out,  surrounded 
by  a  pale  transparent  zone  (Pig.  3399).  On  microscopic 
examination  the  centre  is  found  to  be  composed  of  granu- 
lar debris  in  which  no  tissue  can  be  recognized.  On  the 
outside  of  this  is  a  zone  composed  of  epithelioid  and  giant 
cells  with  considerable  lymphoid  infiltration  and  firm 
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intercellular  connective  tissue.  Immediately  around  the 
central  mass  of  debris  is  often  a  mass  of  large  phagocytic 
cells  similar  to  the  cells  in  the  corpus  luteum.  On  the 
outside  the  connective  tissue  extends  into  the  surround- 


FiG.  2800.— Section  of  Chronic  Glanders  Nodule  in  the  Lung  of  Horse, 
vanced  in  its  formation  than  Fig.  3299.  In  the  centre  of  the  nodule 
structure  is  still  visible. 

ing  lung  structure  as  a  thickening  of  the  alveolar  walls. 
In  some  of  these  nodules  the  central  necrotic  mass  may 
he  extremely  small  or  it  may  he  absorbed  completely  by 
the  surrounding  granulation  tissue,  the  entire  nodule 
being  transformed  into  a  small  mass  of  connective  tis- 
sue. Lime  salts  may  also  be  deposited  in  the  necrotic 
centre.  The  histogenesis  of  this  more  fully  developed 
nodule,  which  very  much  resembles  a  tubercle,  can  be 
studied  in  those  less  advanced.  Such  a  nodule  is  seen 
In  Fig.  2300.  In  this  the  structure  of  the  lung  is  pre- 
served in  the  centre,  and  around  this  is  a  definite  zone 
of  connective  tissue.  In  the  dark  central  area  the  tis- 
sue is  entirely  necrotic,  and  the  cells  both  in  the  exuda- 
tion and  in  the  walls  are  broken  down  and  represented 
by  nuclear  detritus.  In  the  tissue  around  this  the  necro- 
sis is  not  so  complete,  and  there  is  some  thickening  of 
the  alveolar  walls  due  to  the  formation  of  connective  tis- 
sue. This  passes  in  turn  into  the  surrounding  connective- 
tissue  capsule.  A  more  diffuse  and  earlier  nodule  is 
shown  in  Pig.  2301.  In  this  there  is  a  centre  which  is 
situated  in  close  proximity  to  an  interalveolar  septum  in 
the  lung,  and  which  is  composed  of  a  dense  cellular  exu- 
dation in  the  alveoli.  All  the  cells  in  the  exudation  are 
broken  down,  the  dark  color  of  the  centre  here  as  in  the 
other  figures  being  due  to  the  immense  amount  of  nu- 
clear detritus.  In  the  surrounding  alveoli  there  is  an 
exudation  composed  of  fibrin,  of  fragmented  leucocytes, 
of  coagulated  serum,  and  of  effused  blood.  In  all  of  the 
younger  nodules  h(™orrhages  play  an  important  part, 
and  we  may  find  areas  represented  by  hemorrhages  alone. 
Fig.  2802  shows  a  much  larger  area  in  which  there  are 
several  centres  filled  with  the  closely  packed  nuclear  de- 
tritus and  around  these  there  is  an  exudation  similar  to 
that  in  Pig.  2301.  Nocard  lays  great  stress  on  the  pres- 
ence, in  the  early  cases,  of  small,  rather  transparent  nod- 
ules in  the  lung,  close  beneath  the  pleura.  They  may 
appear  as  early  as  on  the  third  day  after  infection.  '  They 
are  formed  by  a  small  area  of  exudation  surrounded  by 
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intense  hypersemia  and  hemorrhage.     One  thing  is  strik- 
ing  in  the  examination   of  all  these  nodules:   they  are 
not  in  relation  to  the  bronchi.     In  all  of  the  figures  bronchi 
but  little  altered  can  be  seen  in  the  vicinity  of  the  nod- 
ules.    In  the  material  at  my  disposal  it  has  not 
been  possible   to   trace  the    formation  of  these 
masses  by  serial  sections,  but  they  do  not  appear 
to  be  due   to  a  bronehiogenic  infection  of  the 
lung  by  the  bacilli.     They  occur  in  the   lung 
with  too    great  regularity   and   at   too  early  a 
stage  to  suppose  them  due  to  an  infection  com- 
ing from  the  air  passages  higher  up.     In  addi- 
tion to  such  nodules  it  is  not  uncommon  to  find 
areas  of  diffuse  pneumonia.     In  the  horse  these 
are  often  definitely  lobular.     In   man  they  re- 
semble more  closely  the  areas  of  embolic  pneu- 
monia.    They  may  be  composed  of  cellular  and 
hemorrhagic  exudation  in  which  there  are  large 
areas  filled  with  nuclear  detritus.     The  bronchi 
in  these  foci  are  filled  with  the  same  exudation 
as  that  in  the  alveoli.     In  some  cases  the  sur- 
rounding interlobular  tissue  is  greatly  thickened 
from  an  infiltration   with   masses  of    lymphoid 
cells,  and  the  adjoining  lung  tissue  is  involved 
to  a  greater  or  less  extent.     Such  an  area  is  rep- 
resented in   Pig.  2304,  which   shows  a  longitu- 
dinal section  of  a  large  bronchus  filled  with  ex- 
udation.    In  the  horse  foci  the  size  of  an  apple 
and  manifesting  evidences  of  purulent  exudation 
may  be  found,  and  these  may  break  down  so  as 
to  form    abscess    cavities.     In    man  the    lung 
lesions  are  rarely  absent,  but  at  the  same  time 
they  rarely  take   the  distinctly  nodular    form 
which  is   so  often  seen  in  the   horse.     In    the 
chronic  cases  fibrous  nodules  have  been  described, 
but  no  detailed   description  of  their  tissue  has 
less  ad-    been  furnished.     In  the  acute  cases  the  lesions, 
the  lung    always   present,  take   the  form   of   larger  and 
smaller  foci    of  pneumonia  and  abscess-forma- 
tion.    Hyperaemia  and  evidences  of  hemon'hage 
are  always  found    in  the   vicinity,  and  there    are   oc- 
casionally large   areas   of  effused    blood  similar  to  in- 
farctions.   The  pneumonia  areas  may  resemble  the  nod- 
ules in  having  a  centre  totally  necrotic  and  filled  with 


„n  wi;^hn^?.  S  °}  Beginning  Nodule  in  Horse's  Lung  Adloinlng 
Peihnfr  nnri  m^M^'P'T;...™''  '*''''''<"'  ^^ntral  portion  is  Simpised  ol 
cellular  and  nuclear  detritus.    The  walls  of  the  alveoli  are  necrotic. 

nuclear  debris  and  around  this  a  less  intense  fibrinous, 
cellular,  and  hemorrhagic  exudation.  The  liquefaction 
ot  the  exudation  gives  rise  to  abscesses.     In  man  also 
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the  foci  are  more  frequently  found  beneath  the  pleura. 
There  is  no  reaction  in  these  acute  cases  on  the  part  of 


Fig.  2303.— Section  ot  More  Diffuse  Acute  Nodule  in  Lung  ol  Horse  Sbowmg  Sev- 
eral Centres. 


the  lung.  It  is  not  an  uncommon  thing  to  find  abscesses 
without  any  walls,  representing  cavities  in  the  tissue  sur- 
rounded by  hemorrhagic  and  partly  necrotic  lung  tissue. 

There  is  rarely  opportunity  to  examine  the  more 
chronic  abscesses  in  the  muscle.  In  those  of  an  acute 
character  the  contents  are  composed  of  cell  and  nuclear 
detritus  with  scarcely  a  single  cell  sliowing  well-preserved 
nucleus  and  protoplasm.  In  a  small  abscess  in  the  pec- 
toral muscle,  in  one  of  our  cases,  the  abscess  cavity  con- 
tained on  the  edge  a  small  amount  of  detritus,  and  all 
around  there  were  degenerated  and  hyaline  muscular 
fibres.  There  was  no  reaction  on  the  part  of  the  tissue 
and  little  or  no  surrounding  cellular  exudation.  The 
muscular  fibres  seemed  literally  to  melt  away  in  the  proc- 
ess. 

The  skin  nodules  (farcy  buttons)  m  the  horse  are 
formed  by  an  intense  leucocytic  infiltration  of  the  skin 
and  subcutaneous  tissue  with  numerous  foci  of  hemor- 
rhage. In  the  beginning  intense  congestion  and  oedema 
of  the  surrounding  tissue  are  present.  There  is  also  a  pro- 
liferation of  the  fixed  cells  with  formation  of  epithelioid 
and  giant  cells.  The  epidermis  over  the  nodule  may  be 
infiltrated  with  cells  and  penetrated  by  the  exudation 
The  hairs  become  loosened  and  drop  out.  The  central 
area  where  the  exudation  is  most  intense  becomes  ne- 
crotic, the  epidermis  over  it  sliares  in  the  necrosis,  and 
an  abscess  forms.  The  latter  is  likely  in  time  to  beconae 
converted  into  an  ulcer.  In  other  cases  the  necrotic 
mass  may  remain  in  the  tissue  and  be  gradually  absorbed 
by  a  surrounding  mass  of  granulation  tissue.  The  for- 
mation of  the  skin  nodule  is  very  similar  to  the  forma- 
tion of  the  lung  tubercle.  The  affection  of  the  lymphatics 
giving  rise  to  the  so-called  glanders  cords  (farcy  pipes) 
pursues  the  same  course  as  that  in  the  nodules.  There 
is  an  exudation  in  and  around  the  lymphatics  m  the  sub- 
cutaneous tissue  or  in  the  cutis.  This  is  accompanied 
by  intense  congestion  and  oedema  of  the  surrounding  tis- 
sue The  whole  central  mass  undergoes  necrosis  and 
may  remain  for  a  long  time  as  a  hard  cord  gradually 
undergoing  absorption,  or  it  may  soften  from  place  to 


place,  or  along  its  course,  and  give  rise  to  ulcers.  In 
some  cases  the  necrotic  tissue  is  discharged  as  a  single 
mass.  In  man  the  skin  hwions  are  somewhat 
similar  to  those  produced  by  the  streptococcus. 
In  some  places  the^e  seems  to  be  very  little  re- 
action on  the  part  of  the  surrounding  tissues, 
and  abscesses  similar  to  those  in  the  muscles  are 
produced.  Such  abscesses  are  in  the  subcu- 
taneous tissues.  Sections  made  from  the  large 
areas  of  infiltration  show  lesions  afiecting  both 
the  skin  and  the  subcutaneous  tissue,  but  they 
are  more  marked  in  the.  skin.  This  shows  an 
intense  general  infiltration  with  leucocytes  and 
foci  composed  of  these.  The  glands  of  the  skin 
and  hair  follicles  are  often  embedded  in  this  and 
show  but  little  change.  Most  of  the  exudation 
cells  are  broken  down,  and  in  places  there  is 
nothing  but  a  mass  of  nuclear  detritus.  The 
epidermis  over  the  area  shows  various  changes, 
some  of  them  almost  peculiar  to  the  disease.  In 
some  places  the  entire  epidermis  is  cleanly  sep- 
arated from  the  tissue  beneath  by  an  exudation. 
In  other  cases  and  over  small  areas  only  the  horny 
layer  of  epidermis  remains,  elevated,  and  coyer- 
ing  a  mass  of  cellular  and  nuclear  detritus  formed 
by  leucocytes  and  the  fragments  of  epithelial 
cells  and  nuclei  (Fig.  2305).  In  still  other  cases 
there  is  a  peculiar  condition  caused  by  a  fluid 
exudation  which  has  extended  into  the  epider- 
mis and  has  separated  the  cells.  In  the  epidermis 
there ,  may  be  found  foci  which  are  composed  of 
masses  of  epithelial  cells  each  separated  from  its 
connections.  In  the  loose  subcutaneous  tissue 
there  may  be  a  considerable  amount  of  fibrin  in 
the  exudation.  The  cellular  infiltration  may  ex- 
tend down  deeply  into  the  muscle,  the  fibres  of 
which  undergo  necrosis.  There  are  but  few 
lymphoid  cells  and  epithehoid  cells  in  the  sur- 
rounding tissue.  In  places  the  connective-tissue  nuclei 
and  the  endothelial  cells  of  blood-vessels  and  lymphatics 
have  large  vesicular  nuclei  with  but  little  chromatin. 
The  nuclei  become  increased  in  number,  and  no   nu- 


FIG.  2303.-Section  of  Lung  ol  Horse  (Natural  Size),  Showing  Nodules 
and  Cicatrices.  Tbe  lobules  are  more  prominent  than  is  natural. 
(Kitt.) 
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clear  figures  are  found,  but  occasionally  there  are 
"biscuit-shaped  nuclei.  The  process  is  one  of  degen- 
erative  direct  nuclear  division,  and  not  a  true  proht- 


FiG.  2304.— Section  of  Chronic  Lobular  Glanders  Pneumonia  from  Lung  ol  Horse 
Showing  a  Large  Bronchus  in  the  Centre  Filled  with  Exudation.  In  addition 
to  exudation  and  hemorrhage  in  the  alveoli  there  is  marked  connectiTe-tissue 
formation. 


eration  of  cells.  The  smaller  vesicles  and  pustules 
show  the  same  condition,  but  in  these  the  process  is  con- 
fined to  the  dermis.  The  blood-vessels  in  the  lesions  and 
in  tlieir  vicinity  are  often  found  thrombosed.  The  thrombi 
may  be  composed  of  cells,  the  nuclei  of  which  show  the 
fragmentation  which  is  so  common  a  feature.  Nothing 
can  be  seen  of  the  lymphatics  where  the  process  is  most 
intense,  but  a  study  of  the  surrounding  cedematous  tissue 
shows  that  the  same  condition  can  be  found  liere  whicli 
is  so  common  in  the  horse.  Both  the  smaller  and  the 
larger  lymphatics  lying  in  a  tissue  which  shows  no  lesion 
beyond  a  slight  cellular  exudation  and  the  separation  of 
the  fibres  due  to  the  oedema,  may  be  filled  with  masses 
of  cells  and  nuclear  detritus  (Fig.  2307).  In  some  cases 
the  process  extends  through  the  wall,  and  a  small  abscess 
may  be  formed  of  which  the  lymphatic  is  the  centre. 
Fig.  2306  shows  such  an  area.  The  space  in  the  centre 
represents  the  vessel  from  which  the  exudation  has  fallen 
in  the  preparation  of  the  specimen. 

The  lesions  in  the  mucous  membranes  are  similar  to 
those  in  the  skin,  with  the  exception  that  there  is  a  great 
d(!al  more  extensive  proliferation  of  the  fixed  cells.  I 
have  not  had  an  opportunity  to  examine  any  of  the  dis- 
tinct nodules  formed  in  the  mucous  mrmbrane,  nor  have 
I  examined  any  of  the  chronic  lesions.  In  the  acute  cases, 
in  which  swelling  of  the  mucous  membrane  is  the  most 
marked  characteristic,  there  is  a  dense  accumulation  of 
lymphoid  and  epithelioid  cells  in  tliis  membrane.  Poly- 
nuclear  leucocytes  are  numerous,  both  diffusely  scattered 
among  the  other  cells  and  in  small  masses  chiefly  on  the 
surface.  However,  the  individual  accumulations  of  these 
leucocytes  are  never  so  large  here  as  tliey  are  in  the  other 
tissues.  Many  of  them,  especially  those  scattered  dif- 
fusely, have  normal  nuclei,  but  in  most  of  them  the 
nuclei  are  fragmented.  The  epithehum  is  for  the  most 
part  destroyed,  only  fragments  of  it  remaining.  The 
participation  of  the  connective-tissue  cells  in  the  process 
is  shown  in  the  horse  by  the  enormous  radiating  cica- 


trices formed  in  the  healing  (Fig.  3298).  It  is  difficult 
to  explain  these  differences  in  the  character  of  the  proc- 
ess in  the  mucous  membrane  except  by  the  assumption 
that  in  the  mucous  membrane  there  is  a  com- 
paratively free  opportunity  for  the  escape  of  the 
exudation,  carrying  with  it  both  the  bacilli  and 
the  toxic  products. 

The  lesions  in  the  testicles  consist  in  the  pres- 
ence of  small  foci  of  suppuration  in  the  tu- 
nica, rarely  in  the  testicle  itself.  In  the  other 
viscera  the  lesions  are  unimportant.  One  case 
of  death  from  acute  meningitis  in  man  is  re- 
ported by  Tedeschi,  the  infection  of  the  menin- 
ges having  taken  place,  most  probably,  by  way 
of  the  blood.  Abscesses  have  been  described 
in  the  liver  in  several  cases  in  man,  but  they 
are  more  common  in  animals,  particularly  in  the 
guinea-pig.  Several  cases  also  of  abscesses  of 
the  bone  marrow  have  been  reported,  and  in 
the  Tedeschi  case  of  meningitis  there  was  osteo- 
myelitis  of  the  tibia  following  an  abscess.  I 
have  not  found  any  descriptions  of  cases  of 
acute  nephritis,  and  in  the  kidneys  of  the  human 
cases  examined  by  me  the  degenerative  lesions 
were  slight.  Nor  are  there  any  of  the  focal 
necroses  in  the  liver  which  are  so  frequently 
found  in  other  infections.  There  is  some  swell- 
ing of  the  spleen  in  the  acute  cases,  but  the 
lesions  are  confined  to  hypersemia.  In  the  lymph 
nodes  there  may  be  abscesses  and  foci  of  leuco- 
cytic  infiltration. 

The  relation  of  the  bacilli  to  the  lesions  is  ob- 
vious. The  bacilli  are  always  present,  but  in 
variable  numbers.  In  some  cases  they  may  be 
numerous,  and  in  others  they  are  found  only 
after  long  search.  They  are  difficult  to  find  in 
sections,  for  there  is  no  distinctive  stain  for 
them,  and  they  are  colored  less  deeply  than  the 
fragments  of  nuclei.  They  are  found  in  the 
exudation  and  not  in  the  surrounding  tissue. 
They  are  always  associated  with  the  products  of  the 
disease,  and  the  free  discharge  of  these  products  from 
the  affected  mucous  surfaces  gives  every  possibility  of 
the  extension  of  the  Infection.     When  the  bacilli  enter 


^'?,\  ^,^,T?.'^''"°'i  of, tth  Unruptured  Pustule  in  the  Skin  of  Face  from 
ThP  n?h»r  .iif.'i'f'^i™'''^!?  *"  .^f*"-  The  homy  layer  is  still  intact. 
MngTd'^iSlh^i  SuSol'"^  "^^  °''<^™«'' *''<^ '''^'^  ^'■^™™^^ 

the  tissues  they  may  or  may  not  produce  a  lesion  at 
the  point  of  entrance.  In  Wright's  case  there  was  an 
intense  inflammation  of    the  thumb   where  the  infec- 
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tion  took  place,  and  this  was  followed  by  gangrene. 
In  one  of  Kiittner's  cases  in  which  the  infection  took 
place  in  the  foot,  there  was  a  large  ulcer  on  the  heel.  In 
other  cases  there  has  been  no  local  lesion  at  the  probable 


Fig.  2306.— Section  of  the  Human  Skin  in  the  Vicinity  of  an  Area  of  Infiltration 
and  Pustule  Formation  Showing  a  Lymphatic  Filled  with  Cellular  and  Nu- 
clear Detritus.    SUght  cellular  infiltration  in  the  surrounding  tissue. 


point  of  infection,  or  else  it  was  of  an  insignificant  char- 
acter. The  bacilli  rapidly  enter  into  the  lymphatic  cir- 
culation and  into  the  blood.  From  the  blood  they  may 
be  deposited  in  various  tissues,  and  in  many  cases  they 
remain  in  the  blood  or  are  again  introduced  into 
it,  and  so  give  rise  to  septicaemia.  They  have 
repeatedly  been  found  in  the  blood  in  acute 
cases  in  both  animals  and  man.  They  may  be 
found  in  cultures,  on  microscopic  examination, 
and  by  inoculating  other  animals  with  the  blood. 
The  situation  of  the  lesions  points  to  blood  in- 
fection, but  the  bacilli,  probably  generally  dis- 
tributed, find  in  but  few  tissues  suitable  con- 
ditions for  growth.  There  are  great  differences 
in  this  respect  in  different  animals.  Thus  the 
testicles  which  are  constantly  affected  in  the 
guinea-pig  are  rarely  affected  in  the  horse,  and 
still  more  rarely  in  man.  Abscesses  in  the  mus- 
cles, frequent  in  man,  do  not  occur  in  the  horse. 
There  seems  to  be  an  equal  tendency  in  all  ani- 
mals to  affections  of  the  lungs,  skin,  and  mu- 
cous membranes  of  the  nose.  There  is  little 
probability  that  the  lesions  in  the  nose  come 
from  surface  infection.  They  are  almost  con- 
stantly present  even  in  cases  in  which  the  infec- 
tion surely  was  from  other  surfaces.  Wherever 
the  lesions  are  produced  by  the  bacilli  they  tend 
to  extend  further  by  means  of  the  lymphatics. 
This  is  seen  particularly  in  the  skin  and  also  in 
the  diffuse  lesions  in  the  lungs.  The  general 
character  of  the  lesions  is  the  same  in  all  ani- 
mals. The  bacilli  produce  a  rapid  and  abundant 
exudation  of  polynuclear  leucocytes.  These 
form  the  central  focus.  Around  these  foci  there 
will  be  found  evidences  of  intense  congestion, 
of  hemorrhage,  and  of  fibrinous  and  serous  ex- 
udation. These  changes  will  be  found  to  be 
less  marked  in  the  mucous  membrane.     The  ba- 


cilli are  found  in  greatest  numbers  or  exclusively  in  the 
central  mass  of  leucocytes.  Destruction  of  the  leuco- 
cytes and  of  the  tissue  containing  them  rapidly  follows. 
The  cells  are  fragmented  and  the  nuclei  converted  into 
masses  of  nuclear  detritus.  The  broken-up  chro- 
matin has  a  peculiar  way  of  flowing  together 
and  forms  large  irregular  clumps.  In  some 
cases  a  single  well-preserved  leucocyte  is  found 
in  the  central  exudation.  Lymphoid  cells  may 
be  found  in  the  surrounding  tissue,  but  none 
in  the  centre.  There  is  no  other  infectious  proc- 
ess which  produces  such  complete  destruction 
and  disintegration  of  the  exudation  cells.  In 
certain  cases  in  which  the  bacilli  are  less  virulent 
or  the  tissues  more  resistant  or  in  which  un- 
known favoring  conditions  are  present,  there 
is  a  marked  reaction  of  the  surrounding  tissues 
leading  to  the  formation  of  an  encircling  band 
of  granulation  tissue  and  afterward  of  connect- 
ive tissue.  In  the  mucous  membranes  the  tissue 
reaction  is  more  marked  than  in  either  the  lungs 
or  the  skin. 

Mixed  infections  occur,  but  they  are  not  the 
rule.  Streptococci  have  been  most  frequently 
found  as  the  accompanying  organism. 

The  way  in  which  the  bacteria  infect  the  sur- 
roundings is  apparent  from  the  situation  of 
the  lesions.  Everything  that  the  horse  touches, 
everything  in  his  vicinity  may  become  contami- 
nated and  a  conveyer  of  the  organism.  The 
abundant  discharge  from  the  nose,  which  by 
the  snorting  of  the  animal  may  be  thrown  a 
considerable  distance,  contains  the  bacilli  in 
large  numbers.  The  abundant  discharge  from 
the  skin  ulcers  contains  them.  Thej^  are  con- 
tained in  the  urine  even  when  there  is  no  lesion 
in  the  kidney,  and  they  pass  through  the  vessels 
of  the  placenta.  The  skin  becomes  contaminated 
either  from  the  ulcers  or  from  the  nasal  dis- 
charge. The  harness,  especially  the  bridle  or  hal- 
ter, the  stall,  the  litter,  the  food,  the  drinking-vessels  all 
become  infected.  There  is  little  doubt  that  many  cases  of 
infection  in  horses  take  place  from  the  public  drinking 
fountain.     The  water  becomes  infected  from  a  horse  with 


Fig.  2307.— Section  through  a  Small  Abscess  In  the  Dermis  which  has  Formed 
Around  a  Lymphatic.  The  space  in  the  centre  represent*  the  lymphatic  from 
which  the  contents  have  been  lost. 
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nasal  discharge,  and  a  horse  drinking  shortly  afterward 
from  the  same  fountain  will  almost  surely  be  infected. 
Close  contact  of  the  horses  favors  infection.  Thus  horses 
in  a  pasture  where  they  are  mouthing  each  other  and 
where  the  food  is  infected  are  more  apt  to  acquire  the  dis- 
ease from  one  another  than  are  horses  in  a  well -managed 
stable.  Not  only  the  acute  but  the  chronic  cases  are  a 
source  of  infection.  Chronic  cases  which  show  no  evi- 
dence of  the  disease  and  which  have  only  a  few  nodules 
in  the  lung  are  often  the  sources  for  infection.  Nocard 
relates  cases  in  which  the  disease  persisted  in  stables, 
and  the  source  was  discovered  only  by  the  use  of  mal- 
lein.  Infection  in  the  horse  takes  place  most  usually 
from  the  intestinal  canal.  It  may  be  conveyed  either  in 
the  food  or  in  the  drink.  Nocard  gave  twenty  horses 
water  to  drink  in  which  he  had  mixed  a  pure  culture  of  the 
bacilli.  All  acquired  the  disease,  reacted  to  mallein,  and 
at  autopsy  showed  in  the  lungs  the  small  acute  lesions  on 
which  he  lays  so  much  stress.  Infection  generally  takes 
place  from  small  lesions  in  the  mouth,  which  are  very 
generally  present  and  which  are  due  to  the  coarse  fodder. 
It  may  also  take  place  from  lower  down  in  the  intestinal 
canal.  Infection  by  the  respiratory  tract  is  rare.  Babes 
caused  guinea-pigs  to  breathe  dust  mixed  with  a  dried 
culture,  and  succeeded  in  producing  infection  in  two  out 
of  four  cases.  Nocard  found  that  when  virulent  cultures 
were  mixed  with  dust,  dried,  and  injected  into  the  peri- 
toneal cavity  of  the  guinea-pig  there  was  no  result. 
Cadeac  injected  a  pure  culture  directly  into  the  trachea 
of  an  ass  without  producing  infection.  Infection  through 
the  uninjured  skin  probably  does  not  take  place  in  natu- 
ral conditions.  Both  Babes  and  Nocard  succeeded  in  in- 
fecting guinea-pigs  by  rubbing  the  skin  with  pure  cul- 
tures mixed  with  vaseline,  but  Nocard  was  not  able  to 
infect  the  ass  in  this  way. 

The  disease  in  man  is  almost  confined  to  those  con- 
cerned in  the  care  of  horses,  as  coachmen,  stablemen,  etc. 
It  is  curious  that  more  cases  are  not  found  in  women,  in 
view  of  the  way  in  which  they  sometimes  lavish  caresses 
on  a  favorite  horse.  I  have  found  but  t^vo  cases  in  which 
infection  has  taken  place  from  man  to  man :  one  the  well- 
known  case  of  Aufrecht  {infection  from  autopsy),  and  a 
case  reported  by  Zowadski "  in  which  a  physician  in- 
fected himself  in  opening  a  supposed  pyfemic  abscess  of 
the  leg.  Both  physician  and  patient  died  of  glanders. 
The  mode  of  infection  seems  in  a  number  of  cases  to  be 
from  small  wounds  of  the  skin  which  become  contami- 
nated with  the  virus.  There  have  been  several  cases  in 
which  the  infection  took  place  from  the  conjunctiva 
which  had  become  contaminated  by  the  snorting  of  a 
glandered  horse.  In  many  cases  the  mode  of  infection 
is  unknown,  and  even  in  a  number  of  cases  in  which,  from 
the  situation  of  the  first  lesions  noticed,  tlie  infection 
seems  to  have  taken  place  from  the  skin,  it  is  not  certain 
that  the  skin  lesions  were  not  secondary. 

Diagnosis. — A  careful  study  of  the  phenomena  of  a  case 
of  acute  glanders  in  man,  from  the  beginning  to  the  termi- 
nal pustular  eruption  of  the  skin,  will  generally  enable  us 
to  make  a  diagnosis  with  some  certainty.  The  diagnosis 
should  always  be  made  and  can  be  made  with  certainty 
by  the  examination  of  the  products  of  the  disease.  The 
microscopic  examination  of  the  pus  from  an  abscess  in 
the  muscles  of  an  extremity,  showing  the  complete  de- 
struction of  cells  and  nuclei,  together  with  the  presence 
of  bacilli  resembling  glanders  bacilli  morphologically,  is 
almost  sufficient  to  make  the  diagnosis.  Certainty  can 
be  reached  by  cidture  of  the  suspected  material  and  by 
inoculation  of  a  guinea-pig.  In  one  of  the  acute  cases 
seen  here  in  Boston,  the  diagnosis  was  made  from  the 
microscopical  and  bacteriological  examination  of  the 
sputum.  Early  in  the  disease  when  the  symptoms  may 
simulate  typhoid  fever,  acute  articular  rheumatism,  or 
some  other  acute  infection,  the  diagnosis  cannot  be  made. 
The  disease  so  rarely  appears  except  in  those  conceiiicd 
with  the  care  of  horses  that  the  occupation  should  be 
carefully  considered.     When  the  lesions  are  established 

and  when  it  is  possible  to  examine  their  products, 

whether  they  are  abscess  contents,  lung  expectoration, 
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or  nasal  discharge,— the  diagnosis  can  and  should  be 
made  by  bacteriological  examination  and  animal  inocu- 
lation. In  those  cases  in  wliich  there  is  an  abundant 
pustular  eruption  the  disease  may  present  some  similar- 
ity to  variola.  It  can  be  distinguished  from  this  by  the 
character  of  the  pustules  (the  almost  universal  absence 
of  the  umbilication ;  the  varying  size ;  the  accompanying 
bullfB  with  frequently  hemorrhagic  contents ;  the  subcu- 
taneous abscesses,  the  loss  of  epidermis  without  actual 
suppuration ;  and  the  grouping  of  the  pustules,  in  glan- 
ders). Very  little  is  known  of  the  use  of  mallein  in  man. 
Bonome  "  reports  a  chronic  case  (in  a  man  and  of  three 
years'  duration)  in  which  mallein  was  given  as  a  thera- 
peutic agent  and  in  which  recovery  took  place.  It  pro- 
duced a  violent  reaction.  It  has  not  been  used  suffi- 
ciently to  determine  its  value  as  a  diagnostic  agent  in 
the  case  of  human  beings. 

In  horses  there  is  little  difficulty  in  making  the  diag- 
nosis when  the  disease  is  established,  and  in  cases  of 
doubt  the  careful  administration  of  mallein  will  settle 
the  diagnosis. 

Treatment. — The  treatment  of  glanders  in  man  should 
be  directed  to  the  relief  of  the  conditions.  Abscesses  and 
ulcers  should  be  treated  surgically.  There  is  no  reason 
to  believe  that  the  course  of  the  disease  can  be  influenced 
by  the  internal  administration  of  drugs.  Mercurial  prep- 
arations have  been  used  and  they  are  recommended  by 
Koranyi.  All  medication  has  been  used  with  the  great- 
est effect  in  chronic  cases,  and  in  estimating  the  results 
of  treatment  it  must  be  remembered  that  a  large  percen- 
tage of  these  cases  recover  independently  of  treatment. 
There  should  be  no  attempt  at  treatment  of  animals,  but 
they  should  be  killed  when  the  diagnosis  is  made,  or,  in 
case  the  necessary  knowledge  for  making  this  is  not  avail- 
able, when  the  disease  is  suspected. 

With  our  present  knowledge  of  the  bacteriology  and 
pathology  of  the  disease,  the  sources  and  modes  of  infec- 
tion, there  should  be  no  excuse  for  the  existence  of  the 
disease.  No  disease  could  be  more  easily  stamped  out. 
The  Equida3  are  the  sole  source  of  infection.  The  disease 
is  easily  recognized  by  the  mallein  test,  which  should  be 
made  in  all  suspected  cases.  If  there  is  a  suspicious  case 
in  a  stable,  and  this  case  gives  a  positive  reaction,  all  the 
animals  in  the  stable  should  be  tested.  It  may  happen 
that  a  chronic  case  with  slight  lesions  located  in  the  lungs, 
and  giving  rise  to  no  suspicious  symptoms,  can  be  a  con- 
stant source  for  spreading  infection.  Puljlic  drinking- 
fountains  undoubtedly  assist  in  the  extension  of  the  dis- 
ease. W.  T.  Councilman. 
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GLAUCOMA. — The  narae  of  this  affection  of  the  eye 
has  been  bestowed  upon  it  on  account  of  a  greenish  ap- 
pearance (yAai/cof)  of  the  pupil,  which,  although  present 
only  in  rare  cases,  may  be  observed  as  one  of  its  symp- 
toms. This  name  is  a  misnomer.  It  is,  however,  gener- 
ally adhered  to.  More  recent  names,  which  were  adapted 
to  special  theories  regarding  the  character  of  the  affec- 
tion— as,  for  instance,  ophthalmia  arthritica,  choroiditis 
serosa,  etc. — have  never  been  universally  adopted. 

Pathology. — The  chief  characteristics  of  glaucoma 
are  a  slowly  or  rapidly  progressing  diminution  of  the 
acuitj'  of  vision,  combined  with  an  occasional  or  contin- 
ued increase  of  the  intra-ocular  pressure,  and  an  exca- 
vation of  the  optic-nerve  papilla.  Around  these  chief 
symptoms  and  conditions  we  find  gi-ouped  a  number  of 
other  symptoms  which  characterize  the  different  varieties 
of  the  disease.  These  varieties  are  known  as  glaucoma 
simplex  aciitum,  ghmcoma  simplex  chronicum,  glaucoma 
inflainrmatm-ium  aci.ifiim,  glaucoma  i nfla in nuitoriiim  cliron- 
icum.  When  any  one  of  these  forms  of  glaucoma  occurs 
in  an  eye  which  has  not  previously  been  affected  in  a 
manner  such  as  to  cause  the  development  of  glaucoma, 
we  speak  of  the  glaucoma  as  being  prima r y  .  when,  on 
the  other  hand,  a  previously  diseased  eye  is,  in  conse- 
quence of  this  former  disease,  attacked  by  glaucoma,  we 
call  it  a  secondary  glaucoma.  We  can  furthermore,  as  a 
rule,  recognize  three  stages  in  the  development  of  all 
forms  of  glaucoma,  the  first  of  which  is  called  the  pro- 
dromal stage,  the  second  that  of  glaucoma  emlutvm,  and 
the  last  that  of  glaucoma  absohitum. 

What  are  usually  described  as  the  prodromes  of  glauco- 
ma are  observed  in  a  large  majority  of  the  cases,  and  are 
in  reality  a  series  of  slight  attacks  of  acute  glaucoma. 
This  prodromal  stage  may  last  for  many  mouths,  or  even 
for  years,  until  the  attacks  and  their  consequences  be- 
come more  serious.  The  prodromal  attacks  are  not  equal 
either  in  duration  or  in  degi'ee;  yet  they  are  not  serious 
enough,  as  a  rule,  to  cause  cupping  of  the  optic  disc,  nor 
to  reduce  the  visual  acuity  lastingly.  On  the  other  hand, 
their  early  recognition  is  of  grave  importance  to  the  pa- 
tient, as  the  disease  in  these  early  stages  is  more  tractable 
than  later  on.  The  symptoms  which  characterize  this 
prodromal  stage  are  the  following :  There  is  an  appear- 
ance of  a  mist  before  the  eye  or  eyes,  and  this  mistiness 
may  change  in  density.  Rainbow  colors  are  seen,  espe- 
cially in  the  shape  of  a  ring  around  a  candle  flame. 
These  rainbow -color  rings  do  not  touch  the  flame,  but 
are  separated  from  it  by  a  dark  space.  The  range  of 
accommodation  is  reduced,  and  the  eye  appears  prema- 
turely presbyopic.  This  symptom  is  probably  due  to 
the  hyperemia  of  the  ciliary  body.  In  some  cases  the 
eye  becomes  myopic,  which  fact  can  be  explained  only 
by  the  assumption  that  the  crystalline  lens  i'«  toto  is 
pressed  forward  toward  the  cornea,  and  that,  in  spite  of 
the  fact  that  in  this  manner  the  zonule  of  Zinu  is  stretched , 


the  temple.  There  is  an  increase  of  the  intraocular  pres- 
sure, which  will  manifest  itself  by  an  increase  in  the  de- 
gree of  tension  of  the  eyeball;   this  increased  tension 


FIG.  2308. 


and  that  an  applanation  of  the  lens  is  taking  place. 
There  is  pain,  which  may  be  slight  or  even  excruciating, 
and  which  is  located  in  and  around  the  eye,  and  m  the 
forehead,  the  eyebrows,  the  cheek  bones,  the  nose,  and 
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varying  from  a  barely  perceptible  to  a  stony  hardness. 
The  intra-ocular  pressure  is  tested  by  directing  the  pa- 
tient to  look  downward,  then  gently  laying  the  tips  of 
the  forefingers  upon  the  upper  lid,  and  alternately  press- 
ing them  upon  the  eyeball,  as  we  do  when  we  are  search- 
ing for  fluctuation  elsewhere.  By  comparing  the  amount 
of  impression  we  are  able  to  make  on  a  diseased  eyeball 
with  that  which  we  can  produce  on  its_  healthy  fellow, 
or  on  the  healthy  eye  of  a  third  person,  we  can  form  an 
estimate  of  the  increase  of  intra-ocular  tension  in  the 
given  case.  According  to  the  degree  of  hardness,  we 
speak  of  it  as +  T.  (tension)  +  T,, +T,,  and +  T3.  Sev- 
eral instruments  (tonometers)  have  been  invented  to  give 
an  exact  measurement,  but  they  do  not  seem  to  be  alto- 
gether reliable. 

The  prodromal  stage  passes  over  into  that  of  the  glau- 
coma emlutum  as  soon  as  .the  visual  acuity  is  lastingly  re- 
duced. 

The  Glaucoma  simplex  aeutum  is,  if  ever,  very  rarely 
observed.     It  would  seem  to  have  existed  in  a  few  cases 


FIG.  asio. 

in  which  sight  was  lost  within  a  few  hours  without  any 
inflammatory  symptoms,  and  with  barely  increased  press- 
ure. 

Olaucoma  simplex  ehronicum  is  characterized  by  the 
fact  that  externally  the  eye  shows  no  marked  signs  of  dis- 
ease. The  cornea,  anterior  chamber,  iris,  and  pupil  ap- 
pear normal.  The  main  symptoms  ai'e :  the  loss  of  vis- 
ion, the  excavation  of  the  optic  papilla,  and  the  increase 
of  the  intra-ocular  pressure.  The  latter  symptom  may, 
however,  be  imperceptible,  or  it  may  be  present  only  at 

times. 

An  increase  of  the  intra-ocular  pressure  is  generally  ac- 
cepted to  be  the  cause  of  the  glaucomatous  excavation 
of  the  optic  papilla.  The  normal  optic  papilla  has  a 
central  depression  (physiological  excavation)  which  may, 
in  rare  cases,  reach  so  far  toward  the  periphery  of  the 
optic  papilla  that  at  first  sight  it  will  strike  the  observer 
as  a  glaucomatous  excavation.  I  have  seen  several  cases 
in  which  the  absence  of  all  other  symptoms  alone  con- 
vinced me  of  the  fact  that  I  was  not  dealing  with  a 
chronic  glaucoma.  Such  a  physiological  excavation 
may  have  a  sloping  or  a  sharp  edge,  and  may  appear 
quite  deep,  yet  it  can  never  reach  farther  back  than  the 
anterior  surface  of  the  normal  lamina  cribrosa.  In  our 
judgment  of  the  width  as  well  as  of  the  depth  of  such  a 
physiological  excavation  we  must  take  into  consideration 
the  fact  that  the  optic  nerve  fibres,  after  they  have  passed 
through  the  lamina  cribrosa,  lose  their  marrow,  become 
non-medullated,  and  are  then  diaphanous.  Thus,  a 
physiological  excavation  of  the  optic  papilla  is  likely  to 
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appear  much  larger  than  it  actually  is.  The  illustrations, 
Pigs.  2308,  2309,  2310,  and  2311,  will  give  a  more  palpa- 
ble illustration  of  this  fact.     They  are  taken  from  speci- 


FIG.  2311. 

mens  of  a  very  short  (hypermetropic)  eye.  Fig.  2308  is 
a  transverse  section  taken  from  the  optic  nerve  just  be- 
hind the  lamina  cribrosa.  Fig.  2809  is  taken  from  near 
the  anterior  surface  of  the  lamina  cribrosa,  and  Fig.  2310 
just  from  the  anterior  aspect  of  the  lamina  cribrosa. 
Fig.  2311  is  a  longitudinal  section  of  the  optic  nerve  en- 
trance of  the  same  eye. 

The  eye  from  which  these  specimens  were  taken  prob- 
ably showed  during  life  an  apparently  very  large  physi- 
ological excavation,  while  the  central  (actual)  excava- 
tion, caused  by  the  manner  in  which  the  nerve  fibres  pass 
over  into  the  retina,  is  only  very  slight.  The  condition 
illustrated  by  these  drawings  is  chiefly  found  in  hyper- 
metropic eyes,  while  in  myopic  eyes  the  double-con- 
toured nerve  fibres  reach  farther  forward  and  end  in  a 
straight,  or  even  slightly  convex,  line. 

If  we  now  compare  with  this  physiological  excavation 
the  typical  glaucomatous  excavation  (see  Fig.  2312),  we 
find  that  here  we  have  to  deal  with  an  actual  and  deep 
hollowing  out  of  the  optic  papilla. 

"We  furthermore  see,  in  this  figure,  that  the  actual  ex- 
cavation has  for  its  floor  a  thin  layer  of  atrophic  nerve 
fibres  and  the  compressed  lamina  cribrosa.  The  nerve- 
fibre  layer  and  the  lamina  cribrosa  are  together  pressed 
out  of  the  sclerotic,  and  behind  it  into  the  trunk  of  the 
optic  nerve.  The  walls  of  the  excavation  are  also  lined 
with  a  very  thin  layer  of  atrophic  nerve  fibres.  These 
fibres  follow  very  closely  in  their  course  the  indentations 


Fia.  3312.— Glaucomatous  Excavation. 

and  projections  of  the  surrounding  scleral  tissue,  and 
finally  pass  over  into  the  atrophied  nerve-fibre  layer  of 
the  retina. 

From  the  foregoing  we  understand  that  the  physiolog- 
ical excavation  in  the  normal  eye  may  appear  as  having 

362 


a  sharp  edge,  but  usually  it  has  none,  and  cannot,  for  ob- 
vious reasons,  reach  to  the  periphery  of  the  optic  papilla ; 
that  the  typical  glaucomatous  excavation,  however,  has 
always  a  sharp  edge,  and  can  reach  to  the  very  periphery 
of  the  optic  paisiila  (when  all  nerve  fibres  are  destroyed), 
and  always  comes  very  close  to  it.  Moreover,  in  the 
typical  glaucomatous  excavation  the  lamina  cribrosa  is 
pressed  backward  and  out  of  its  normal  position.  It  can, 
therefore,  not  well  be  confounded  with  a  simple  atrophic 
excavation,  since  this  is  always  very  shallow,  and  the 
lamina  cribrosa  is  found  in  its  normal  position  and  of  nor- 
mal appearance. 

By  the  aid  of  these  anatomical  facts  we  shall  now  eas- 
ily understand  the  ophthalmoscopic  picture  of  a  glauco- 
matous excavation  (see  Fig.  2313). 

The  most  striking  phenomena  of  a  glaucomatous  exca- 
vation pertain  to  the  retinal  blood-vessels.  Just  before 
reaching  the  optic-nerve  papilla  these  blood-vessels  are 
seen  to  pass  over  a  yellowish  ring,  which  corresponds 
neither  to  the  normal  scleral  nor  to  the  normal  connective- 
tissue  ring  as  seen  around  the  normal  optic  papilla.  On 
the  inner  margin  of  this  yellow  ring  the  blood-vessels 
are  seen  to  bend  inward,  then  they  disappear  partially  or 
altogether,  and  reappear  dimly  in  the  depth  of  the  exca- 
vation, but  in  a  parallactic  displacement.  If  the  exca- 
vation is  very  deep,  it  may  be  impossible  to  see  those 
vessels  which  are  located  in  the  floor,  while  those  which 
occupy  the  retinal  portion  are  distinct,  and  vice  versa. 


Fig.  2313.— Glaucomatous  Excavation  as  Seen  with  the  Ophthalmo- 
scope. (From  Edward  von  Jaeger.)  a.  a,  Arteries ;  v,  u,  veins ;  K. 
points,  on  the  border  of  the  papilla,  where  the  vessels  make  a  sharp 
bend ;  Fp  portions  of  blood-vessels  lying  In  the  excavation ;  M, 
border  of  the  excavation ;  Z,  surrounding  yellow  zone. 

The  depth  of  the  excavation  may  thus  be  approximately 
measured  by  means  of  the  glasses  necessary  to  see  the 
two  portions  distinctly. 

The  optic  nerve  forming  the  bottom  of  the  excavation 
appears  punctated.  It  has  usually  a  white  appearance  in 
the  centre,  where  it  is  directly  illuminated,  while  the 
parts  which  are  only  indirectly  illuminated  appear  bluish 
or  greenish.  By  moving  the  mirror  slightly  the  view 
may  be  changed  in  such  a  manner  as  to  make  a  formerly 
greenish  part  appear  whiter.  The  punctation  is  probably 
produced  by  the  fact  that  the  meshes  of  the  anterior  sur- 
face of  the  lamina  cribrosa  are  visible  on  account  of  the 
atrophy  of  the  nerve  fibres. 

The  .yellowish  ring  around  the  optic  papilla,  or  at  least 
what  IS  left  of  It.  IS  caused  by  an  atrophic  condition  of 
the  choroid,  which  is  iindoubtedlv  due  to  the  stretching 
of  this  membrane  during  the  development  of  the  exca 
vation,  and  is  not  due,  as  some  authors  maintain,  to  a 
chronic  choroiditis. 

A  further  vascular  symptom  is  the  spontaneous  pulsa- 
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tion  of  the  retinal  arteries.  This  is  but  rarely  seen  in 
recent  cases.  It  can  frequently  be  produced  by  pressure 
on  the  eyeballs. 

The  gradual  loss  of  sight  (central  visual  acuity  and 
visvial  tield)  is  in  a  general  way  in  proportion  to  the  size 
and  extent  of  the  excavation  of  the  optic  papilla  and  the 
consequent  atrophy  of  the  optic  nerve  fibres.  Neverthe- 
less, a  number  of  cases  have  been  observed  and  reported 
in  vcliich  an  apparentl}'  large  and  deep  e.xcjnution  had 
not  yet  become  associated  with  a  great  loss  of  vision.  In 
some  cases  the  central  or  paracentral  vision  will  be  de- 
stroyed before  the  periphery  seems  to  be  materially  al- 
tered, and  in  other  cases  the  loss  of  vision  at  first  aii'ects 
the  peripheral  vision  alone.  The  contraction  of  the  vis- 
ual field  begins  frequently  on  the  nasal  side,  and  gradu 
ally  extends  upward  and  downward,  so  that  in  some  eases 
at  a  certain  stage  a  perfect  hemianopia  has  been  obser\'e(l. 
Gradually  the  visual  field  grows  smaller  and  smaller.  It 
often  has  the  shape  of  an  ellipse  with  the  point  of  fixa- 
tion lying  in  the  nasal  focal  point.  This  form  of  contrac- 
tion of  the  visual  field  is  pre-eminently  found  in  glau- 
coma, while  an  actually  conoentiical  limitation  of  the 
visual  field  is  usually  due  to  diseases  of  the  optic  nerve 
alone,  or  to  retinitis  pigmentosa  with  subsequent  atrophy 
of  the  optic  nerve. 

All  these  symptoms  are  accompanied  by  a  gradual  dim- 
inution of  the  light  sense.  The  color  sense  is  usually 
well  preserved,  even  when  the  visual  field  is  reduced  to 
almost  nothing. 

The  loss  of  vision  and  the  reduction  of  the  light  sense 
are  the  symptoms  of  glaucoma  simplex  which  usually 
bring  the  patient  to  seek  relief.  General Ij'  one  eye  is 
then  already  found  to  be  badly  affected,  while  the  trou- 
ble is  beginning  in  the  second  eye. 

Glaucoma  Inflammatovium  Acutum. — The  attack  of 
acute  inflammatory  glaucoma  comes  on  suddenly,  and 
probably  more  frequently  during  the  night  than  in  the 
daytime.  The  pain,  which  is  the  most  prominent  symp- 
tom of  this  form  of  glaucoma,  is  often  fairly  excruciating. 
It  is  seated  in  the  eyeball,  the  eyebrow,  the  forehead,  and 
temple,  and  it  may  extend  even  to  the  occipital  region. 
It  may  be  combined,  furthermore,  with  nausea  and  vom- 
iting. There  is  usually  a'  considerable  secretion  of  tears 
and  of  watery  fluid  from  the  nose,  and  photophobia  is 
likely  to  be  present.  These  symptoms  are,  moreover,  ac- 
companied by  some  cedema  of  the  eyelids,  and  especially 
of  the  upper  one.  Ayres  has  seen  a  case  which  was  ush- 
ered in  by  intense  chemosis.  When  the  lids  aie  separat- 
ed the  con  juntival  blood-vessels  are  found  to  be  consider- 
ably injected,  and  the  bulbar  conjunctiva  to  be  slightly 
chemotic.  The  episcleral  vessels  around  the  cornea,  too, 
are  hypersemic,  and  form  a  reddish-blue  ring  around  the 
corneo-scleral  margin.  The  anterior  ciliary  veins  are  dis- 
tended and  tortuous. 

The  cornea  has  a  dead  appearance,  like  glass  which  has 
been  breathed  upon.  Under  oblique  illumination  its  sur- 
face appears  irregular,  as  if  pricked  with  a  needle,  and 
there  may  be  slight  deposits  of  fibrin  on  Descemet's 
membrane.  If  the  cornea  is  touched  with  the  end  of  a 
probe,  a  feather,  or  a  thin  roll  of  tissue  paper,  it  is  found 
to  be  almost  anaesthetic,  and  the  reflex  contraction  of  the 
orbicularis  muscle  of  the  eyelids  follows  the  insult  long 
after  it  does  so  in  a  healthy  eye.  This  anaesthesia  may 
be  noticeable  over  the  whole  area  of  the  cornea  or  only 
in  portions  of  it.  By  palpation  the  eye  is  found  to  be 
hard.  This  sudden  increase  of  the  intraocular  pressure 
is  the  cause  of  the  dimness  as  well  as  of  the  anaesthesia  of 
the  cornea. 

The  anterior  chamber  is  shallow,  the  ins  and  crystal- 
line lens  being  pressed  forward  toward  the  cornea.  The 
pupil  is  wide,  and  reacts  but  very  slightly  under  the 
stimulus  of  light.     There  may  be  some  posterior  syne- 

When  the  attempt  is  made  to  get  an  ophthalmoscopic 
view  of  the  interior  of  the  eyeball,  it  is  often  barely  pos- 
sible to  see  a  reddish  reflex,  but  no  details  of  the  fundus. 
This  is  due  as  well  to  the  dimness  of  the  cornea  as  to  a 
diffuse  opacity  of  the  vitreous  body. 


Sight  is  considerably  reduced,  and  it  may  be  dimin- 
ished to  the  bare  perception  of  light.  This  symptom  is 
most  probably  due  to  the  pressure  exerted  upon  the  optic 
nerve  fibres,  the  retina,  and  the  retinal  blood-vessels,  and 
to  the  resulting  pai'aly.sis  of  the  nervous  elements  and 
ischwmia  of  the  retina.  That  this  is  the  correct  explana- 
tion of  the  symptoms  seems  to  be  proven  by  the  pulsa- 
tion of  the  retinal  arteries,  the  systole  of  the  heart  alone 
being  able  to  overcome  the  intra-ocular  pressure  to  some 


I'IG.  2314.— Chronic  Inflammatory  Glaucoma.    (After  Schmidt.) 

extent,  and  by  the  fact  that  a  release  of  the  pressure  by 
operation  will  restore  sight.  The  dimness  of  the  cornea 
and  the  vitreous  body,  moreover,  help  to  reduce  the 
vision. 

The  attack  of  acute  inflammatory  glaucoma  may  last 
from  a  few  hours  to  several  weeks,  and  sight  may  again 
considerably  improve  as  the  attack  passes  over.  Never- 
theless, the  eye,  although  it  ma}'  look  so,  is  no  longer  in 
the  same  condition  as  before  the  attack,  and  every  new 
attack  will  leave  it  in  a  worse  state.  Repetitions  of  the 
attack  are  the  rule.  In  the  intervals  between  the  attacks 
the  anterior  chamber  remains  usually  shallow,  the  move- 
ments of  the  iris  are  restricted,  and  the  tension  remains 
somewhat  increased.  In  other  cases  the  acute  stage 
passes  directly  over  into  the  chronic  one.  When  all  these 
symptoms  are  less  marked,  the  affection  is  called  glauco- 
ma siibacutum. 

There  is,  furthermore,  a  limited  number  of  cases  of 
acute  glaucoma  on  record  in  which  sight  was  absolutely 
destroyed  during  the  first  attack,  and  in  the  course  of  a 
few  hours.  These  cases  have  been  given  the  name  of 
glaucoma  fulminans  (von  Graefe). 

Glaucoma  Inflammatorium  Ghronicuvi. — In  the  chronic 
inflammatory  form,  which  may  follow  an  acute  attack  or 
begin  with  a  chronic  character,  all  of  the  glaucomatous 
symptoms  are  slowly  developed,  and  the  external  inflam- 
matory signs  are  less  marked  than  in  the  acute  form. 
The  injection  of  the  conjunctiva  is  there,  but  there  is  no 
oedema  of  this  membrane,  nor  of  the  eyelids.  The  epi- 
scleral blood-vessels,  and  especially  the  anterior  ciliary 
veins,  are  plainly  visible  and  tortuous  (see  Pig,  2314). 
There  is  a  marked  injection  of  the  deeper-seated  blood- 
vessels around  the  corneo-scleral  margin,  and  in  the  later 
stages  the  sclerotic  tissue  has  a  peculiar  leaden  appear- 
ance. The  cornea  may  be  perfectly  clear,  or  it  is  slightly 
hazj^  and  it  often  shows  minute  superficial  or  even  deeper 
points  of  \ilceration.  The  anterior  chamber  is  shallow 
and  becomes  more  and  more  so  as  the  disease  advances ; 
and  the  pupil,  which  is  at  first  of  medium  size  and  act- 
ing sluggishly,  soon  xmdergoes  an  increasing  degree  of 
dilatation  and  becomes  immovable.  The  iris  tissue,  at 
first  swollen  and  discolored,  will  be  found,  at  a  later  date, 
attenuated,  and  undergoes  a  slow  process  of  atrophy. 
The  intra-ocular  pressure  is  increased  above  the  normal, 
and  there  is  a  gradually  increasing  excavation  of  the 
optic  papilla  with  a  consequent  atrophy  of  the  optic 
nerve  fibres. 

The  patients  suffer  at  times  from  considerable  pain 
and  neuralgia,  especially  at  night.  The  visual  acuity, 
the  visual  field,  and  the  light  sense  are  gradually  more 
and  more  reduced.  This  is  the  more  noticeable  after  each 
exacerbation  of  the  process. 

The  chronic  inflammatory  glaucoma  seems  to  be  the 
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most  frequent  form  in  which  this  disease  is  observed. 
We  must  state  here  that  the  acute  inflammatory,  as  well 
as  the  chronic  inflammatory,  variety  may  be  preceded  by 
a  simple  chronic  glaucoma. 

When  the  sight,  through  the  effects  produced  by  the 
glaucoma  in  one  of  its  different  forms,  has  been  perfectly 
abolished,  or  at  least  to  such  a  degree  that  merely  the 
perception  of  light  is  retained,  we  speak  of  the  condition 
as  glaucoma  absolutum.  The  progress  of  the  disease, 
however,  does  not  end  here,  and  a  further  glaucomatous 
degeneration  of  the  eyeball  takes  place.  In  some  cases 
the  eye  is  only  at  times  painful  and  shows  but  slight  ex- 
ternail  alterations,  and  the  media  remain  for  a  long  period 
in  such  a  condition  that  an  ophthalmoscopic  examination 
can  easily  be  made.  In  most  cases,  however,  the  inci-eas- 
ing  malnutrition  leads  to  the  formation  of  glaucomatous 
cataract.  The  anterior  chamber  becomes  so  shallow  that 
the  anterior  lens  capsule  almost  touches  the  posterior  sur- 
face of  the  cornea,  or  actually  does  so.  The  eye  remains 
painful,  and  the  pain  is  at  times  very  considerably  ex- 
aggerated. Gradually  ulceration  of  the  cornea  and  the 
formation  of  scleral  or  corneal  staphylomata  may  take 
place.  The  ulceration  may  lead  to  perforation  and  sub- 
sequent shrinking  of  the  eyeball.  All  these  symptoms 
may  be  accompanied  by  very  annoying  photopsise. 

In  the  foregoing  we  have  considered  what  is  designated 
as  primary  glaucoma.  We  come  now  to  the  forms  of 
secondary  glaucoma. 

Secondary  glaucoma  may  appear  in  the  shape  of  a  sim- 
ple or  inflammatory  glaucoma.  It  has  been  observed  to 
follow  various  diseases  of  the  eyeball.  It  may  follow  a 
difEuse  or  sclerosing  keratitis,  vesicular  (bullous)  kerati- 
tis, or  that  form  which  is  known  as  ribbon-shaped  kera- 
titis ;  yet  it  is  more  frequently  observed  in  cases  of  ante- 
rior synechia,  with  or  without  leucoma  of  the  cornea. 

Serous  iritis  and  irido-choroiditis  are  apt  to  cause  glau- 
comatous symptoms.  Glaucoma  may  furthermore  fol- 
low a  plastic  iritis  when  it  has  led  to  the  formation  of 
posterior  synechise,  and  especially  when  a  total  circular 
synechia  has  been  formed,  whether  this  has  led  to  the 
seclusion  of  the  pupil  alone,  or  to  seclusion  combined 
with  occlusion  of  the  pupil.  But  an  occlusion  of  the 
pupil  alone  (which  can,  for  instance,  follow  an  opemtion 
for  cataract  extraction)  may  also  be  sufficient  cause  for 
the  production  of  glaucoma. 

Dislocation  of  the  crystalline  lens,  or  a  too  rapid  swell- 
ing of  the  leus  substance  after  the  operation  of  discis- 
sion or  after  an  injury  to  the  lens  capsule,  may  lead  to 
glaucoma.  This  is  one  of  the  bad  results  which  often 
followed  the  old  method  of  couching  cataractous  lenses. 

Serous  choroiditis,  although  leading  more  frequently 
to  detachment  of  the  retina,  may  give  rise  to  glaucoma. 

The  most  important  one  among  the  diseases  of  the  reti- 
na which  may  be  followed  by  glaucoma  is  the  hemor- 
rhagic retinitis  {glaucoma  hn'niorrhujicmii).  In  fact, 
hemorrhages  into  the  retina  from  any'  cause  may  lead  to 
hemorrhagic  glaucoma.  The  pathological  substrata  are 
some  form  of  disease  of  the  blood-vessel  walls,  an  inabil- 
ity of  the  filtration  channels  to  carry  off  the  corpuscular 
elements  of  the  blood,  and  a  consequent  blocking  up  of 
these  channels.  Glaucoma  has  been  furthermore  ob- 
served in  cases  of  pigmentary  retinitis  and  of  atrophy  of 
the  optic  nerve.  In  these  cases  the  occurrence  of  glau- 
coma was,  however,  probably  a  coincidence  only,  and  it 
would  seem  to  have  been  a  primary  glaucoma,  not  a 
secondary  one. 

Collins,  Keyser,  Buller,  Knapp,  and  the  writei-  have 
had  occasion  to  see  glaucoma  follow  cataract  extrarlions 
and  needle  operations.  In  these  cases  the  lens  capsule 
or  the  vitreous  body,  with  or  without  some  part  of  the 
iris,  was  found  to  have  blocked  the  filtration  an^le. 

Secondary  glaucoma  is  apt,  furthermore,  to ''occur  in 
eyes  suffering  from  staphyloma,  and  the  increase  of  press- 
ure then  helps  to  the  further  increase  of  the  staph v- 
loma. 

All  intra-ocular  tumors  are  likely  to  cause  a  glaucoma- 
tous condition  of  the  eye  during  their  growth. 

Hydrophthalmus   congenitus  (cornea  globosa;   buph- 
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thalmus;    keratoglobus)  must  probably  be  regarded  as 
intra-uterine  glaucoma. 

Ayres  saw  a  case  of  glaucoma  caused  by  a  very  large 
nasal  polypus.  A  cure  was  effected  by  the  removal  of 
this  tumor. 

The  instillation  of  any  and  all  mydriatics,  even  of  one 
as  weak  as  euphthalmin,  may,  under  favorable  circum- 
stances, bring  about  an  attack  of  acute  glaucoma. 

Diagnosis. — The  differential  diagnosis  between  glau- 
coma simplex  chronicum  and  amblyopia  caused  by  a  sim- 
ple atrophy  of  tlie  optic  nerve  may  be  sometimes  rather 
difficult,  especially  since  there  are  cases  of  simple  glau- 
coma in  which  there  is  no  appreciable  increase  of  the  intra- 
ocular tension,  and  they  may  come  under  observation 
when  as  yet  there  is  only  a  partial  excavation  of  the  op- 
tic papilla.  This  difficulty  is  to  be  met  onl3-  by  repeated 
careful  examinations,  until  one  of  the  necessary  symp- 
toms is  marked  enough  to  make  the  diagnosis  secui-e. 
In  this  connection  I  may  mention  that  the  yellowish  halo 
around  the  optic  papilla  which  is  characteristic  of  glau- 
coma, though  little  marked,  seems  to  be  but  seldom 
wanting,  and  may  therefore  help  in  making  the  diagno- 
sis. Furthermore,  a  simple  atrophy  of  the  optic  nerve 
may  at  a  comparatively  early  stage  lead  to  diminution 
of  the  color  sense,  while  glaucoma  does  not  seem  to  in- 
terfere often  with  the  color  perception. 

The  diagnosis  of  an  acute  primary  inflammatory  glau- 
coma may  appear  plain  from  the  condition  of  the  ej'e 
when  it  comes  under  observation ;  yd  the  same  general 
condition  might  also  be  a  secondary  one  and  due  to  an 
intra-ocular  tumor.  Here  the  position  of  the  defect  in 
the  visual  field,  the  usual  absence  of  the  perception  of 
rainbow  rings,  and  the  gradual  and  continuous  loss  of 
vision  which  is  likely  to  have  preceded  the  glaucomatous 
condition  under  consideration,  may  help  to  the  diagnosis 
of  an  intraocular  tumor,  even  if  it  cannot  be  otherwise 
demonstrated.  To  distinguish  between  a  hemorrhagic 
and  a  primary  acute  glaucoma  will  hardly  be  possible, 
except  in  cases  in  which  the  retinal  hemoiThages  had 
obscured  vision  very  materially,  or  in  which  the  observer 
has  had  occasion  to  see  the  occurrence  of  such  hemor- 
rhages previous  to  the  glaucomatous  attack.  The  acute 
glaucoma  might,  furthermore,  be  confounded  with  serous 
iritis.  Yet,  the  deposits  on  Descemet's  membrane  which 
are  so  marked  in  this  affection,  the  depth  of  the  anterior 
chamber,  and  the  low  degree  of  injection  of  the  visible 
external  blood-vessels  (there  may  be  none  at  all)  will 
usually  make  it  possible  to  exclude  a  primary  glaucoma 
in  such  cases. 

Glaucomatous,  as  well  as  any  other  complicated,  cata- 
ract may,  of  course,  by  a  careless  observer,  be  taken  for 
an  uncomplicated  cataract. 

The  primary  chronic  inflammatory  glaucoma  cannot 
well  be  confounded  with  any  other  eye  affection. 

Glaucoma  is  observed  in  about  one  per  cent,  of  all  eye 
patients.  It  seems  to  be  a  little  more  prevalent  among 
females  than  among  males.  It  has  been  seen  to  occur  in 
chddren  as  well  as  in  old  age.  Yet  the  majority  of  the 
cases  are  observed  after  the  fiftieth  year  of  life  has  been 
reached,  and  it  is  veiy "seldom  seen  I'lefoi-e  the  twentieth 
Although  glaucoma  may  at  first  attack  only  one  eye,  it 
is  the  rule  that  it  will  sooner  or  later  attack  the  fellow- 
eye.  In  this  connection  we  may  state  that  the  attack  in 
the  second  eye  seems  to  be  apt  to  make  its  appearance 
.soon  attei'  the  first  one  is  operated  upon. 

In  Ihe  relative  frequency  of  their  occurrence  the 
chronic  inflammatory  glaucoma  takes  the  flrst  the 
chrome  simple  glaucoma  the  second,  the  acute  inflamma- 
tory glaucmna  the  third,  and  the  (doubtful)  acute  simple 
glaucoma  the  last  p  ace.  The  disease  is  almost  confined 
^Xr,"."^.!  7',"i  hyperopia  or  hypermetropic  astig- 
matism, although  It  IS  found  also  occasionally  to  appetr 

ZZI-^fr,  '^'?-  ^T\  ''"*^™'^  maintain  that  there  is  an 
mheiited  tendency  to  glaucoma  in  some  families. 

be  brnn'^1  /?r  f  *"  tendency  to  glaucoma,  an  attack  may 
be  brought  on  by  an  extraordinary  straining  of  the  eves 
by  menta  distiu-bances,  by  excesses  of  various  kinds  by 
various  diseases,  by  the  stopping  of  habitual  secretions^ 
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especially  of  the  menstrual  flow  In  the  climacteric  period 
in  females,  and,  as  stated,  by  the  instillation  of  a  mydri- 
atic into  the  conjunctival  sac. 

Before  considering  the  nature  of  this  disease  we  will 
next  see  what  data  the  anatomical  examination  of  eyes 
afllicted  with  glaucoma  gives  us  to  build  our  theories 
upon. 

Pathological  Anatomy. — The  most  interesting  part 
of  a  glaucomatous  eye  has  been  for  a  long  time  the  optic- 
nerve  papilla,  with  its  excavation.  In  a  case  which  is 
not  very  far  advanced,  we  find  a  comparatively  shallow 
excavation,  which  is  deepest  usually  in  the  centre,  some- 
times at  one  side  (especially  the  temporal  one).  The  bot- 
tom of  this  excavation  lies  behind  the  level  of  the  cho- 
roid, and  consists  of  a  thin  layer  of  nerve  fibres.  Nerve 
fibres  are,  furthermore,  seen  to  line  the  walls  of  the 
excavation,  and  to  join  the  retina  at  a  more  or  less  acute 
angle.  The  retinal  blood-vessels  lie  within  this  nerve- 
fibre  layer,  and  come,  according  to  the  stage  of  the  dis- 
ease, more  or  less  close  to  the  edge  of  the  excavation. 
The  fibres  of  the  lamina  cribrosa  appear  pressed  closely 
together,  so  as  to  render  this  membrane  thinner  than  in 
the  normal  eye,  and  the  whole  lamina  is  bulged  out- 
ward. Its  choroidal  portion  is  no  longer  in  distinct  con- 
nection with  the  choroid.  The  small  blood-vessels  found 
in  the  normal  eye  in  this  region  are  reduced  in  numbers 
or  wanting  altogether,  and  the  nerve  fibres  are  atrophied. 
The  retinal  veins  are  usually  hyperssmic.  All  these  con- 
ditions are  considerably  exaggerated  in  an  advanced  case 
like  the  one  from  which  Fig.  2313  was  taken,  yet  I  have 
never  seen  a  glaucomatous  excavation  whicli  had  not, 
though  ever  so  thin,  a  lining  layer  of  nerve  fibres. 

The  portions  of  the  choroid  and  the  retina  which  sur- 
round the  excavation  are  drawn  to  some  extent  down  into 
It  and  toward  its  axis,  and  the  choroid  is,  even  in  the  more 
recent  cases,  very  thin  and  atrophic.  It  lacks  blood-ves- 
sels, especially  capillaries,  its  pigment  cells  have,  in  a 
certain  measure,  or  altogether,  disappeared,  and  the  pig- 
ment molecules  are  found  lying  in  the  adjoining  tissue 
of  the  sclerotic.  This  condition  is  undoubtedly  the  ana- 
tomical explanation  of  the  glaucomatous  halo.  In  some 
cases  small  foci  of  infiltration  are  found  in  this  portion 
of  the  choroid. 

The  choroid  in  general  shows  an  anaemic  condition  of 
the  capillary  layer ;  while  the  vense  vorticosse  are  usually 
choked  with  blood.  Atrophic  patches  are  sometimes 
found  in  its  periphery. 

The  retinal  nerve-fibre  layer  in  very  advanced  cases  is 
atrophied,  and  the  blood-vessels  of  this  membrane  are 
partially  or  altogether  obliterated. 

In  more  recent  time  (Knies)  the  interest  of  the  exami- 
nation has  been  centred  especially  on  the  condition  of  the 
iris  angle.  We  find  here,  although  not  at  all  invariably, 
an  adhesion  between  the  periphery  of  the  iris  and  the 
posterior  surface  of  the  cornea.  Thus  the  spaces  which 
in  the  normal  human  eye  lie  between  the  fibres  of  the 
ligamentum  pectinatum,  and  correspond  with  the  canal 
of  Fontana,  are  partially  or  totally  obliterated.  In  recent 
cases  the  tissue  surrounding  Leber's  venous  plexus  (cor- 
neo-scleral  tissue)  is  infiltrated  with  round  cells,  and  the 
periphery  of  the  iris,  being  pressed  forward,  comes  in  con- 
tact with  Descemet's  membrane,  the  endothelial  coat  of 
which  begins  to  proliferate.  In  this  way  a  small  amount 
of  new  connective  tissue  is  formed  between  Descemet's 
membrane  and  the  periphery  of  the  iris,  and  tliis  glues 
the  two  together,  thus  causing  the  obhteration  of  the 
spaces  of  Fontana  (see  Fig.  3315). 

It  is  doubtful  whether  this  agglutination  of  the  iris  to 
Descemet's  membrane  is  due  alone  to  the  increased  intra- 
ocular pressure,  or  to  the  direct  pressure  (Weber,  Brai- 
ley)  of  the  swollen  and  hypersemic  ciliary  bodies.  Ac- 
cording to  Brailey,  the  blood-vessels  of  the  ciliary  region 
are  found  to  be  considerably  dilated,  and  their  walls  are 
reduced  in  thickness.  Later  on,  the  ciliary  bodies  and 
muscles  are  found  to  be  thin  and  atrophic,  and  the  smaller 
blood-vessels  are  obliterated.  Leber's  plexus  is  found 
patent  or  closed.  In  other  cases  the  iris  angle  is  found 
to  be  quite  large  and  not  blocked  by  iris  tissue.     In  such 


cases  the  filtration  channels  are  filled  with  cell  detritus 
and  fibrin,  and  thus  a  stoppage  results. 

Clusco  stated  that  the  sclerotic  coat  is  always  thicker  in 
glaucomatous  eyes,  and  especially  near  the  entrance  of 
the  optic  nerve.  Weichselbaum  and  others  found  the 
e|iiscleral  veins  filled  with  blood,  and  dilated  and  sur- 
rounded by  foci  of  round  cells.  In  some  cases  a  prolifer- 
ation of  the  endothelial  coat  of  the  vense  verticosse  has 
been  observed. 

Ulrich  examined  pieces  of  the  iris  which  he  had  excised 
from  glaucomatous  eyes  when  making  an  iridectomy. 
He  found  the  tissue  of  the  iris  atrophied  and  thin,  and 
lacking  cellular  elements.     The  blood-vessels  were  par- 


FiG.  2315.— Adhesion  of  Periphery  of  the  Iris  to  Descemet's  Mem- 
brane, causing  Dilatation  and  Immobllit.y  of  the  Pupil,  and  Oblitera- 
tion of  the  Iris  Angle. 

tially  dilated,  and  the  thickness  of  tlieir  walls  was  con- 
siderably reduced — a  part  of  them  (especially  of  the 
smaller  ones)  were  totally  obliterated. 

In  some  cases  the  vitreous  body  has  been  found  de- 
tached.    The  cornea  is  usually  (Edematous. 

It  will  be  seen  from  the  foregoing  remarks  that  our 
knowledge  of  the  pathological  anatomy  of  glaucoma  is 
as  yet  very  meagre.  This  is  the  more  astonishing,  as  a 
great  many  able  workers  have  devoted  considerable  study 
to  this  interesting,  and  as  yet  mysterious,  disease.  Glau- 
coma, or  at  least  a  similar  condition,  has  been  experi- 
mentally produced  in  animals  by  ligating  the  venae  vorti- 
cosse, by  burning  the  corneo-scleral  margin  (Schoeler), 
and  by  injecting  oil  into  the  anterior  chamber  (Weber). 

It  is  therefore  evident  that  even  to  this  day.it  has  been 
impossible  to  find  a  common  cause  for  all  the  different 
forms  of  affections  which  produce  the  increase  of  intra- 
ocular pressure,  as  well  as  the  gradual  destruction  of 
vision,  combined  with  an  excavation  of  the  optic  nerve, 
— in  brief,  for  the  disease  which  we  call  glaucoma.  Con- 
sequently, it  is  not  to  be  wondered  at  that  the  number 
of  theories  constructed  for  the  explanation  of  the  nature 
and  seat  of  glaucoma  is  legion.  These  theories  may  be 
classed  under  three  heads :  those  which  make  the  Increase 
of  the  intra-ocular  pressure  the  main  feature ;  the  theories 
which  deal  with  the  disease  as  originally  due  to  a  strange 
affection  of  the  optic  nerve;  and,  finally,  those  which 
seek  the  cause  in  an  inflammation  of  the  choroid. 

Theories  put  Fobwaed  in  Explanation  op  the 
Disease. — The  theories  making  the  increased  intra-ocular 
pressure  the  main  feature  attribute  it  to  a  hypersecretion 
into  the  vitreous  body,  consequent  upon  an  active  but 
somewhat  atypical  inflammatory  process  in  the  choroid ; 
or  they  consider  it  due  to  an  irritation  of  the  secretory 
nerves ;  or  the  increase  in  pressure  is  thought  to  be  the 
result  of  reduced  facilities  of  excretion  from  the  eyeball, 
or  of  stasis  of  the  venous  blood  (passive  hypersecretion, 
Mauthner). 

Von  Graefe  thought  that  glaucoma  was  a  choroiditis  or 
an  irido-choroiditis,  with  diffuse  imbibition  of  the  vitre- 
ous body — processes  which  would  lead  to  an  increase  in 
volume  of  the  vitreous  body,  and  consequently  to  in- 
creased intra-ocular  pressure.  Later  on,  he  thought  this 
choroiditis  to  be  due  to  an  irritation  of  the  secretory 
nerves.  Arlt  and  Sattler  adhere  to  the  former  theory. 
The  latter  found  inflammatory  changes  in  the  choroid, 
but  his  description  of  these  changes  is  such  that  it  seems 
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hardly  possible  to  attribute  a  disease  of  the  character  of 
glaucoma  to  so  slight  a  cause.  If  this  explanation  were 
correct,  why,  it  may  be  asked,  is  not  a  glaucoma  pro- 
duced in  every  case,  or  at  least  in  the  majority  of  cases, 
by  an  exudative  choroiditis? 

The  neurotic  theory  has  been  put  forth  by  Donders. 
He  says  that  in  glaucoma  chronicum  simplex  we  have  do 
signs  of  an  inflammatory  character,  and,  furthermore,  the 
increase  of  pressure  has  always  preceded  the  inflamma- 
tory symptoms  where  they  exist.  The  cause  of  the  in- 
creased pressure  must,  therefore,  lie  in  the  irritation  of 
secretory  nerves.  Von  Gfraefe,  as  stated  before,  partially 
adopted  tliis  theory;  but  he  characterized  even  the  glau- 
coma chronicum  simplex  as  an  inflammatory  condition. 
Schnabel,  who  also  supports  the  neurotic  theory,  refuses 
to  acknowledge  the  inflammatory  character  of  any  foim 
of  glaucoma.  He  claims  tliat  the  glaucomatous  ophthal- 
mia is  simply  a  neuralgia  of  the  sensory  nerves,  while  the 
increased  pressure  is  due  to  a  neuralgia  of  the  secretory 
nerves  of  the  e3'e.  Glaucomatous  ophthalmia,  then,  and 
anomaly  of  pressure,  spring  from  the  same  root. 

The  cause  of  the  secretory  neurosis  is  found  in  the  atro- 
phy of  the  ciliary  processes  and  the  consequent  enlarge- 
ment of  the  diameter  of  the  circle  formed  by  these  proc- 
esses, which  enlargement  causes  an  increased  tension  of 
the  suspensory  ligament  of  the  crystalline  lens. 

The  intra-ocular  irritation  of  the  secretoiy  nerves  lies, 
therefore,  in  the  anterior  part  of  the  eyeball,  the  iris,  and 
the  ciliary  body  (Donders,  Schnabel,  Roeder),  and  is  a 
reflex  neurosis. 

It  might,  however,  with  the  same  right  be  claimed  that 
it  is  an  extra-ocular  affection  whicli  brings  about  such  a 
reflex  neurosis,  and  thus  Hutchinson  and  Schmidt-Rim- 
pler  have  considered  a  neuralgia  of  the  trigeminus  nerve 
as  the  cause  of  glaucoma.  Mooren  finds  the  cause  in 
affections  of  the  brain  or  spinal  medulla. 

Weill  has  formulated  and  elaborated  a  theory  in  which 
he  tries  to  prove  that  all  the  symptoms  of  glaucoma  are 
due  to  irritation  of  the  sympatlietic  nerve. 

Tlie  most  plausible  theories  yet  advanced  are  those 
which  refer  the  cause  of  glaucoma  to  mechanical  obstruc- 
tions to  the  drainage  of  the  fluids  from  the  eyeball,  either 
by  obliteration  of  the  lymphatic  channels  in  the  iris  angle 
and,  perhaps,  in  the  optic  nerve,  or  by  obstruction  of  the 
reflux  of  the  venous  blood  from  the  eyeball.  Such  ob- 
structions must  undoubtedly  cause  an  increase  of  intra- 
ocular pressure,  if  at  the  same  time  the  aiflux  remains  the 
same. 

The  present  status  of  our  knowledge  of  the  course  of 
tlie  nutritive  fluids  of  the  eyeball  is  chiefly  due  to  the  la- 
bors of  Knies.  He  found  that  the  fluids  "are  secreted  by 
the  choroid,  ciliary  body,  and  iris.  The  fluids  coming 
from  the  chorio-capillary  layer  take  their  course  through 
the  retina  into  the  vitreous  body,  then  forward  toward 
the  crystalline  lens.  While  a  portion  of  these  fluids  now 
penetrates  the  equatorial  portion  of  the  lens,  the  larger 
quantity  goes  through  the  suspensory  ligament  and 
around  and  through  (Ulrich)  the  iris  into  the  anterior 
chamber.  The  aqueous  humor  is  secreted  by  the  anterior 
portion  of  the  ciliary  body  and  the  iris.  In  the  normal 
eye  no  fluid  is  secreted  through  the  cornea  (Leber)  or  if 
any  is  secreted,  the  quantity  is  very  small.  The  way 'by 
which  the  largest  portion  of  the  aqueous  humor  leaves 
the  eyeball  is  through  the  iris  angle;  here  it  goes  partial- 
ly mto  Leber's  venous  plexus  and  partially  into  the 
lymph  canals  of  the  conjunctival  and  episcleral  tissue 
and  of  Tenon's  space. 

It  seems,  therefoi-c,  evident  that  an  obstruclion  of  the 
excretory  canals  will  cause  glaucoma.  Such  an  obstruc- 
tion may  be  due  to  an  inflammation  in  the  iris  angle 
which,  as  we  saw,  brings  about  an  actual  adhesion  be- 
tween Descemet's  membrane  and  the  periphery  of  the 
iris,  with  or  without  obliterarion  of  Leber's  venous  plex- 
us (Knies) ;  or  it  may  be  due  to  entanglement  of  cell  de- 
tritus in  the  meshes  of  the  ligamentum  pectinatum-  or 
finally,  it  may  be  due  simply  to  the  swelling  of  the'cili- 
ary  processes,  which  will  press  the  periphery  of  the  iris 
against  the  corneo-acleral  tissue  (Priestley-Smith,  Brailey, 
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Weber).  According  to  Priestley -Smitli  the  size  of  the 
lens  is,  so  to  speak,  too  large  for  the  eye  in  most  cases. 
Thus  accommodative  strain  may  crowd  the  iris  periphery 
against  the  cornea.  Furthermore,  the  obstruction  may 
be  caused  by  the  atrophy  of  the  iris  tissue  and  the  conse- 
quent obliteration  of  the  channel  by  which,  in  the  nor- 
mal eye,  fluids  pass  directly  through  the  iris  (Ulrich). 
Some  authors  speak  of  an  obliteration  of  the  lymph  ca- 
nals near  and  in  the  optic-nerve  entrance  as  the  partial 
cause  of  glaucoma.  Gifford  has  shown  that  there  is  a 
current  backward  in  the  lymph  spaces  accompanying  the 
central  retinal  vessels. 

The  obstruction  of  the  reflux  of  the  venous  blood  from 
the  eyeball  may  be  due  to  an  increased  rigidity  of  the  scle- 
rotic (Stellwag,  Arit);  to  inflammation  and  consequent 
increased  thickness  of  the  sclerotic  (Cusco) ;  to  fatty  de- 
generation of  the  sclerotic  (Coccius),  all  of  which  patho- 
logical changes  will  tend  to  compress  the  venous  blood- 
vessels. Magni  finds  that  the  ciliary  nerves  are  atrophic 
in  cases  of  glaucoma.  This  atrophy  of  the  ciliary 
nerves  causes  shrinking  of  the  vitreous  body  and  sclerot- 
ic, and  stasis  in  the  venous  blood-vessels.  This  stasis, 
according  to  others,  may  be  due  to  an  infiltration  of  the 
tissue  surrounding  the  veins,  or  to  a  proliferation  of  their 
endothelial  coat. 

All  of  these  theories  take  glaucoma  to  be  a  disease  due 
to  a  reduction  of  the  area  of  the  channels  of  excretion, 
and  they  consider  all  other  symptoms  of  tlie  disease,  in- 
cluding inflammatory  attacks,  ana'sthesia  of  the  cornea, 
and  excavation  of  the  optic  papilla,  to  be  directly  depen- 
dent on  the  increased  intra-ocular  pressure. 

Most  recently  Schoen  has  advanced  a  new  theory  of 
glaucoma,  which  also  refers  the  cause  of  the  disease  to 
mechanical  conditions  of  the  eyeball.  Although  it  does 
not  strictly  belong  among  the  "pressure  theories, "  it  may 
find  its  place  here.  He  says  that  an  overstrain  of  the 
accommodation  is  the  etiological  momentum  in  the  de- 
velopment of  all  cases  of  primary  glaucoma.  This  may 
act  in  two  ways:  by  pulling  the  sheaths  of  the  optic 
nerve  forward  (thus  causing  excavation),  and  by  pressing 
the  crystalline  lens  forward  (thus  producing  glaucoma- 
tous increase  of  pressure).  As  long  as  all  the  fibres  of 
the  ciliary  muscles  act,  glaucoma  simplex  will  follow 
this  overstrain.  When  the  inner  fibres  of  the  ciliary 
muscles  become  insufficient  as  compared  with  the  outer 
ones,  the  lens  is  pushed  forward,  and  glaucoma,  vrith 
increased  pressure,  is  the  result.  The  two  modes  can  act 
combinedly  in  various  ways.  The  pathological  changes 
found  in  the  ciliary  body  are  due  to  subsequent  inflam- 
mation. 

The  theories  which  consider  glaucoma  due  to  an  affec- 
tion of  the  optic  nerve  were  inaugurated  by  Jaeger.  He 
sees  the  direct  cause  of  the  disease  in  changes  in  the  ring 
of  blood-vessels  which  bring  blood  to  the  portion  of  the 
sclerotic  surrounding  the  optic-nerve  entrance  to  the 
lamina  cribrosa,  and  to  the  optic  papilla  (Haller's  ring) 
He  denies  that  the  increased  intra-ocular  pressure  is  char- 
acteristic of  the  glaucomatous  process,  although  it  is  an 
important  symptom.  Schnabel  and  Klein  support  this 
theory. 

The  theories  which  take  glaucoma  to  be  the  result  of  a 
choroiditis,  and  assume  that  this  choroiditis  alone  (with- 
out increase  of  pressure)  Axould  lead  to  the  loss  of  func- 
tion and  excavation  of  the  optic  pajiilla,  have  found  their 
most  urgent  advocate  recently  in  Slauthner.  He  says- 
Glau«.ma  is  an  inflammatory  process  in  the  system  of 
the  ci  lary  blood- vessels. -a  process  which  may  concern 
the  whole  area  of  this  system,  or  leave  some  portions  of 
It  tree ;  an  inflaiiimatory  process  which  (^xHh  the  excep- 
fZ^JlZ  r  «'"  1  °!  the  glaucomatous  halo)  is  distinct 
n.Thv  fl?  f^  *u'  lack  of  formed  elements  in  its  products, 
fn  thP^tii  ?  -"^'^  of  inducing  a  rapid  atrophic  process 
Wnprl  wff.  '^^'°'^'^^d.  This  inflammation  is  often  com- 
bined with  an  increase  of  the  intra-ocular  pressure.  This 
fu'^TZf  ^/^«\"'?  inflammation  concerns  only  the 

cho  od    hu  'irr!.*r°'""^''y^^*'^™«  "^at  go  to  the 

hoioid,  but  IS  hardly  wanting  whenever  the  area  of 

the  anterior  cihary  arteries  and  long  posterior  ciliary  arte- 
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ries  (ciliary  body,  iris,  and  cornea)  is  attaclicd ;  in  tliis  lat- 
ter case  the  fluid  secreted  into  tlie  vitreous  body  is  exuded 
from  the  inflamed  ciliary  body  (Brailey).  The  increased 
intra-ocular  pressure  is  not  a  constant  symptom,  and  it  is 
not  the  source  of  the  functional  trouble.  This  latter  is 
caused  by  the  fact  that  the  inflammatory  process  of  the 
choroid  exerts  its  action  upon  the  neighboring  layer  of 
the  retina  (the  rods  and  cones)  while  the  ailection  of  the 
optic  papilla,  characteristic  of  glaucoma  and  due  to  the 
inflammation  in  the  area  of  the  arterial  scleral  ring,  plays 
only  a  secondary  or  final  role  in  the  total  ruin  of  vision. 

When  the  glaucomatous  inflammation  suddenly  at- 
tacks tlie  area  of  the  long  posterior  and  anterioi'  ciliary 
arteries  (a  kind  of  kerato-irido-cyclitis),  we  have  the  acute 
inflammatory  glaucoma.  The  disturbance  of  vision  is 
only  proportionate  to  the  dimness  of  the  media;  the 
function  of  the  retina  does  not  suffer  from  the  sudden  in- 
crease of  the  intra-ocular  pressure.  In  exceptional  cases 
the  uveitis,  which  is  the  glaucoma,  will  suddenly  attack 
the  wliole  area  of  the  ciliary  blood-vessels ;  the  attack, 
then,  of  course,  includes  the  choroid.  The  function  of 
the  rods  and  cones  ma}'  be  thus  suddenly  (and  usually 
forever)  destroyed  by  the  exudation ;  this  is  the  case  in 
glaucoma  f ulminans ;  or  these  organs  may  at  least  suffer 
considerably  and  lastingly;  this  is  the  case  in  glaucoma 
acutum  iuflammatorium. 

Whenever  the  inflammatory  process  creeps  slowly  and 
in  a  chronic  manner  from  in  front  backward,  or  iiice 
versa,  we  have  the  glaucoma  chronicum  inflammatorium. 
In  the  former  case  the  excavation  will  be  developed  at  a 
late  period  only,  while  in  the  latter  case  the  excavation 
will  exist  before  any  inflammatory  changes  appear  in  the 
anterior  portion  of  the  eyeball. 

When  the  affection  is  a  chronic  choroiditis  posterior, 
we  have  the  glaucoma  chronicum  simplex ;  and  the  glau- 
coma acutum  simplex  is  that  rare  form  in  which  this  pos- 
terior choroiditis  appears  acutely;  a  form  of  glaucoma, 
however,  which  is  very  soon  followed  by  the  anterior 
choroiditis  in  such  a  manner  that  the  painless  increase  of 
intra-ocular  pressure  and  blindness  are  soon  succeeded  by 
inflammatory  changes  in  the;  anterior  portion  of  the  eye- 
ball. 

The  writer  may  here  state  that  it  seems  to  him  impos- 
sible to  adopt  such  a  theory,  as  the  choroiditis  on  wliich 
it  hinges  does  not  seem  to  exist.  Careful  examinations 
of  many  glaucomatous  eyeballs  have  not  revealed  the 
presence  of  inflammatory  changes  in  the  choroid  which 
would  be  important  enough  to  be  taken  as  a  cause  of  the 
series  of  symptoms  constituting  the  disease  which  we 
call  glaucoma.  It  seems  to  the  writer  that  the  theories 
which  seek  the  cause  of  glaucoma  in  a  mechanical  ob- 
struction of  the  outlets  of  blood  and  lymph  fluids  from 
the  eyeball  are  the  most  plausible  ones,  and  there  can, 
it  seems,  be  no  doubt  but  that  a  number  of  different  in- 
fluences may  bring  about  such  an  obstruction.  That  the 
once  increased  pressure  can  easily  cause  an  excavation  of 
the  optic  papilla  in  hyperopic  eyes,  at  least,  seems  to  be 
plain  from  Figs.  2308,  2309,  2310,  and  2811. 

In  more  recent  years  Richey  and  a  number  of  followers 
have  again  brought  forward  an  older  theory,  according 
to  which  glaucoma  is  said  to  be  the  result  of  uric-acid  di- 
athesis, and  they  seem  to  have  strengthened  their  views 
by  numerous  observations  of  improvements  and  cures  by 
careful  treatment  of  the  lithsemia. 

Prognosis. — The  prognosis  of  glaucoma,  unless  its 
progress  is  interfered  with  by  therapeutical  or  operative 
measures,  is  absolutely  bad. 

Treatment.— In  the  medical  treatment  of  glaucoma 
an  important  step  forward  has  been  made  since  the  my- 
otics, and  especially  the  sulphate  of  eserine  (physostig- 
mine,  Laqueur)  and  the  muriate  of  pilocarpine  have  been 
found  to  reduce  the  intra-ocular  pressure.  The  va,lue  of 
these  remedies  in  glaucoma  is,  however,  a  rather  limited 
one.  They  do  not  and  cannot  cure  glaucoma,  but  by 
their  tension-diminishing  influence  they  act  beneficially 
during  the  prodromal  stage,  and  they  may  well  serve  to 
stave  off  a  threatening  attack  of  glaucoma.  By  the  forc- 
ible contraction  of  the  sphincter  pupillse,  induced  by  the 


action  of  these  remedies,  the  periphery  of  the  iris  is,  as 
long  as  this  is  yet  possible,  pulled  away  from  the  liga- 
mentum  peetinatum  and  thus  its  obstruction  may  be 
partially  or  even  totally  abolished  for  the  time  being. 
These  remedies  are,  furthermore,  of  value  l)efore  and 
after  an  operation  for  this  disease.  When  instilled  into 
the  eye  they  generally  also  ease  the  pain  of  an  inflamma- 
tory attack. 

A  cure  of  glaucoma  or,  at  least,  an  arrest  of  the  proc- 
ess, is  to  be  accomplished  only  by  operative  measures. 
Among  these  the  iridectomy  (von  Graefe)  as  yet  holds 
the  first  place.  Its  value  is  greatest  in  the  acute  inflam- 
matory and  then  in  the  chronic  inflammatory  forms, 
least  in  the  chronic  simple  glaucoma.  An  early  iridec- 
tomy in  a  case  of  acute  inflammatory  glaucoma  is  likely 
to  bring  vision  again  up  to  the  normal.  If  performed  at 
a  later  stage  it  may  not  be  able  to  restore  moi'e  than  a 
part,  or  even  nothing,  of  the  lost  vision.  In  the  chronic 
inflammatory  form  tlie  iridectomy  usually  restores  a  pait 
of  the  lost  vision  ;  the  quantity  of  this,  however,  depends 
very  much  upon  what  pathological  changes  the  optic  pa- 
pilla and  the  nerve  fibres  had  already  undergone  at  the 
time  of  the  operation.  In  the  chronic  simple  glaucoma 
the  iridectomy  generally  arrests  the  progress  of  the  dis- 
ease, and  may  produce  an  improvement  of  vision,  al- 
though it  does  so  but  rarely.  On  general  principles  we 
may  state  that  the  earlier  the  operation  is  performed  the 
greater  may  we  expect  its  effect  to  be. 

It  is  as  yet  an  unsettled  question  why  an  iridectomy 
will  lastingly  reduce  the  intra-ocular  pressure,  although 
the  fact  is  undoubted.  It  seems  to  be  most  likely  that 
the  explanation  lies  in  the  fact  that  the  removal  of  a 
piece  of  iris  tissue  not  only  lessens  the  quantity  of  the 
blood-vessels,  and,  therefore,  of  blood  within  the  eye- 
ball, but  also  takes  away  a  part  of  the  obstacle  to  the 
draining  of  the  fluids  from  the  anterior  chamber.  It  has 
been  stated  by  Exner  that  a  direct  communication  be- 
tween the  arteries  and  veins,  without  intervening  capil- 
lary network,  would  take  place  in  the  parts  of  the  iris 
directly  wounded  by  the  iridectomy.  The  writer,  when 
reporting  his  studies  on  the  process  of  healing  after  an 
iridectomy,  had  occasion  to  state  that  he  had  never  been 
able  to  see  such  a  condition.  Arlt,  in  his  recent  book  on 
glaucoma,  takes  pains  to  say  that  the  writer's  statements 
in  regard  to  this  question  are  of  no  value,  since  he  had 
not  injected  the  blood-vessels.  The  writer's  paper  on 
the  question,  however,  states  plainly  that  he  injected 
most  of  the  animals  experimented  upon  with  Berlin  blue, 
and  for  the  truth  of  the  matter  it  is  necessary  to  state  here 
again  that  he  was,  and  is  to  this  day,  unable,  to  verify 
Exner's  observations. 

A  number  of  authors  maintain  that  the  sear  in  the 
corneo-scleral  tissue  is  of  more  importance  even  than  the 
excision  of  a  piece  of  iris  tissue  (Wecker),  and  they  con- 
sider this  scar  a  means  of  continued  filtration  qf  fluids 
from  the  anterior  chamber.  No  direct  proof  for  this 
opinion  has  thus  far  been  given,  but  there  is  no  doubt 
that  sear-tissue,  when  consolidated,  is,  as  a  rule,  more 
compact  than  normal  tissue.  It  would,  therefore,  seem 
that  we  have  a  right  to  expect  an  effect  just  opposite  to 
the  one  here  given  as  an  explanation  of  the  action  of  an 
iridectomy  in  glaucoma. 

Whatever  the  explanation  of  the  healing  influence  of 
an  iridectomy  in  glaucoma  may  be,  one  thing  is  certain, 
that  we  have  occasion  to  see  cases  in  which  a  typically 
and  lege-artem  performed  iridectomy  has  not  been  able  to 
stay  the  progress  of  glaucoma,  as  well  as  cases  in  which 
a  very  imperfect  operation  has  had  the  desired  effect. 
This  would  seem  to  show  that  science  will  some  day  find 
a  procedure  which  will  supersede  the  empirical  operation 
of  iridectomy  for  glaucoma.  At  present,  however,  it  is 
as  yet  the  safest  and  the  most  satisfactory  measure  in  our 
hands. 

Based  on  the  theory  that  the  corneo-scleral  or  scleral 
incision  necessary  to  perform  an  iridectomy  was  the  main 
feature  of  this  operation  in  glaucoma,  and  that  the  excis- 
ion of  a  piece  of  ills  tissue  was  wholly  unimportant  to 
the  end  in -view,  besides,  of  course,  having  other  dis- 
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agreeable  features  (Quaglino,  Weaker,  and  others),  simple 
sclerotomy,  and  either  anterior  sclerotomy  or  posterior 
sclerotomy  have  been  proposed  and  introduced  in  place  of 
iridectomy.  The  efforts  which  have  been  made  to  super- 
sede the  iridectomy  by  the  sclerotomy  have,  however, 
failed.  This  failure  is  not  only  due  to  the  danger  arismg 
from  prolapse  or  from  incarceration  of  the  periphery  of 
the  iris  in  the  corneo-scleral  wound,  but  also  to  the  fact 
that  the  combined  experience  of  many  observers  has 
shown  that  this  operation  is  insufficient,  and  especially  so 
in  the  inflammatory  forms  of  glaucoma.  It  may  be  per- 
formed with  more  success  in  chronic  simple  glaucoma, 
and  in  cases  in  which  an  iridectomy  has  not  been  able  to 
cut  short  the  progress  of  the  disease  altogether,  and  in 
which  a  second  iridectomy  has  by  some  authors  been  ad- 
vocated. It  may,  furthermore,  be  considered  of  value  in 
cases  of  glaucoma  absolutura,  when  the  pathological 
changes  of  the  iris  tissue  no  longer  allow  of  the  perform- 
ance of  an  ii'idectomy. 

Several  authois  have  tried  to  replace  iridectomy  by  an 
operation  which  aims  at  cutting  the  ciliary  muscle  (Han- 
cock) or  the  tendinous  portion  at  its  insertion  into  the 
corneo-scleral  tissue.  These  procedures  seem  not  only  to 
be  of  doubtful  value,  but  also  to  be  fraught  with  danger 
from  subsequent  sympathetic  ophthalmia.  The  latter 
objection  has,  however,  also  been  urged  against  scler- 
otomy. The  most  recent  procedure  is  excision  of  the  su- 
perior cervical  sympathetic  ganglion  as  introduced  by 
Jonnesco.  This  "operation  is  still  sub  judice,  having  its 
ardent  admirers  as  well  as  enemies.  A  careful  critical 
paper  on  the  subject  by  Ziehe  and  Axenfeld  says  that  in 
all  cases  of  glaucoma  in  which  our  present  therapeutic 
measures  have  not  sufficed,  the  extirpation  of  the  cervi- 
cal sympathetic  is  a  justifiable  and  advisable  experi- 
ment, although  it  does  by  no  means  afford  help  in  every 
instance. 

Aside  from  the  operation,  the  general  condition  of  a 
patient  suffering  from  glaucoma  ought  to  be  attended  to. 
He  ought  to  be  especially  restrained  from  everything 
which  may  in  his  case  be  apt  to  act  as  an  occasional 
cause  for  a  glaucomatous  attack.  If  there  is — and  this 
is  the  rule — an  error  of  refraction  or  accommodation,  or 
of  both,  it  must  be  corrected.  In  fact  it  is  claimed  that 
careful  attention  to  refractive  errors  as  practised  in 
this  country  has  reduced  the  number  of  cases  of  glau- 
coma. 

G-laucoma  not  always  being  easy  to  recognize,  it  will 
be  always  well  to  examine  carefully,  with  regard  to  the 
possible  presence  of  this  disease,  every  patient  who  comes 
to  his  physician  complaining  of,  and  seeking  relief  from, 
neuralgia  of  the  eye  and  head,  combined  with  obscura- 
tions of  sight  and  with  nausea.  Adolf  Alt. 

GLECHOMA.     See  Labiato'. 

GLEN     ALPINE     MINERAL    SPRINGS.— El    Dorado 

County,  California.  Back  in  the  mountain  fastnesses  at 
a  distance  of  seven  miles  from  Lake  Sahoe,  and  at  an 
elevation  of  6,700  feet  above  the  sea-level,  are  Gilmore's 
Glen  Alpine  Mineral  Springs  and  Health  Resort.  The 
wild,  rugged  gorge  in  which  they  are  situated  runs  back 
from  Sahoe  a  distance  of  some  ten  miles.  It  is  diversified 
throughout  its  length  with  varied  scenes  of  beauty  and 
grandeur,  and  terminates  abruptly  in  a  glacial  amphi- 
theatre. The  region  is  rich  in  exquisite  flowers  and 
ferns.  "  Those  dimpling  lakes,  with  the  wild  beauty  of 
their  surroundings  are  sufHcient  to  enthrall  the  heart  of 
him  who  visits  them ;  but  if  he  be  devoted  to  the  rod  and 
reel  he  will  find  an  additional  charm  in  the  swarms  of 
speckled  beauties  which  sport  in  the  clear  depths  and 
rise  to  the  glancing  fly." 

This  region  has  been  oiiencd  to  the  public  with  great 
labor  and  expense  by  the;  construction  of  a  wagon  road 
as  far  as  Glen  Alpine  Springs,  and  mountain  trails  to  all 
the  lakes,  including  a  patli  for  the  ascent  of  Mount  Sal- 
lac,  which  rears  its  head  10,000  feet  above  the  level  of 
the  sea,  and  commands  a  wide  and  magnificent  view  of 
the  distant  peaks  and  numerous  lakes.     Good  accommo- 
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dations  for  guests  will  now  be  found  at  Glen  Alpine 
Springs.     Analysis  by  Dr.  Anderson : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  cbloilde 21.17 

Sodium  carbonate 32.75 

Potassium  carbonate "^^^Si 

Magnesium  carbonate 9.9b 

Calcium  carbonate 45-09 

Calcium  sulphate *-10 

Ferrous  carbonate 1-™ 

Alumina 1-™ 

Borates T''???/, 

Silica 2.50 

Organic  matter Trace. 

Total  solids 118.80 

Free  carbonic  acid  gas,  13K.36  cubic  incbes. 
Temperature  of  water,  39.6°  F. 

The  water  is  very  palatable  and  sparkling.  Its  action 
is  gently  aperient  and  diuretic,  and  the  water  is  useful 
in  dyspepsia  and  torpidity  of  the  bowels  as  well  as  in 
renal  and  cystic  disorders.  It  contains  sufficient  iron  to 
give  it  important  properties  as  a  ferruginous  tonic. 

James  K.  Crook. 

GLEN  ALPINE  SPRINGS.— Sevier  County,  Tenn. 

Post-Opfice. — Newport,  Cocke  County.     Hotel. 

Access. — ViS  Southern  Railroad  to  Newport,  Cocke 
County,  thence  by  stage  12  miles  west  to  springs. 

These  springs  are  hjcated  in  a  mountainous  region, 
3,000  feet  above  the  sea-level.  The  usual  charming 
scenery  and  exhilarating  climate  of  the  East  Tennessee 
mountain  district  will  be  found  here.  The  springs  are 
four  in  number,  and  jield  about  sixty  gallons  each  per 
hour.  No  analysis  has  been  made,  but  the  water  is  said 
to  be  chalybeate  and  very  serviceable  in  debilitated  and 
ansemic  states,  especially  those  arising  from  disorders  of 
digestion  and  assimilation.  Hay-fever  patients  are  said 
to  improve  rapidly  as  a  result  of  a  sojourn  at  these  springs. 
The  improvements  at  the  resort  are  by  no  means  elaborate 
at  present,  but  the  location  offers  many  attractions  dur- 
ing the  summer  months  to  persons  not  afraid  to  grow 
strong  by  roughing  it.  James  K.  Crook. 

GLEN  SPRINGS.— Schuyler  County,  New  York. 

Post-Officb. — Watkins.     Hotel  and  sanitarium. 

Access. — Watkins  is  situated  on  the  Northern  Central 
Railroad,  between  Elraira  and  Rochester.  This  road  (a 
division  of  the  Pennsylvania  system)  runs  from  Rochester 
to  Baltimore,  Philadelphia,  and  Washington.  It  connects 
at  Rochester  with  the  New  York  Central,  West  Shore, 
Michigan  Central  and  other  railroads,  at  Canandaigua 
with  the  Auburn  branch  of  the  New  York  Central,  and 
at  Elniira  with  the  Erie  and  the  Delaware,  Lackawanna 
and  Western  Railroad.  The  Fall  Brook  Railroad  also 
has  a  depot  one  mile  and  a  half  from  Watkins.  This 
beautiful  and  modern  health  resort  and  watering-place 
stands  upon  a  broad  plateau  300  feet  above  Seneca  Lake, 
whose  winding  course  It  overlooks  for  nearly  thirty  miles. 
It  is  surrounded  by  pine  forests  and  backed' by  an  amphi- 
theatre of  hills  rising  in  regular  terraces  to  nearly  1,500 
feet.  At  the  foot  of  the  hill,  less  than  a  quarter  of  a  mile 
away,  lies  the  village  of  Watkins,  with  its  churches, 
shady  streets,  and  lovely  homes,  while  the  entrance  to 
the  famous  Watkins  Glen  and  the  landing  of  the  Sen- 
eca Lake  steamers  are  both  within  seven  minutes'  easy 
walking  distance.  Seneca  Lake  is  one  of  the  most  re- 
markable bodies  of  water  known.  It  is  fed  by  deep 
springs,  and  has  been  frozen  over  only  twice  during  the 
last  century.  For  beauty  of  scenery  and  richness  of 
coloring  It  has  no  superior,  its  shores  are  grand  and 
picturesque,  the  sides  thickly  wooded  in  places,  in  others 
covered  with  fruit  orchards  and  vineyards.  This  great 
body  of  water,  neariy  forty  miles  long  and  from  two  to 
tour  miles  in  width,  exerts  an  unquestioned  modifying 
influence  on  the  atmosphere,  tempering  it  in  winter  and 
cooling  and  freshening  it  in  summer.  A  remarkable 
teature  of  this  region  is  the  great  number  of  its  sunny 
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days  during  the  fall,  winter,  and  spring.  The  record  for 
365  days  has  shown  that  there  were  only  55  cloudy  days, 
and  17  of  those  were  in  May.  These  features  tend  to 
make  the  location  a  very  desirable  winter  as  well  as  sum- 
mer resort.  The  Glen  Springs  Park  comprises  sixty  acres 
of  woodland  and  lawn,  about  equally  divided,  and  one 
can  wander  for  miles  over  well-built  walks,  obtaining 
from  almost  every  point  grand  and  beautiful  vistas  of 
lawn,  lake,  forest,  and  glen.  Within  the  park  are  bowl- 
ing-alleys, tennis  courts,  croquet  grounds,  and  golf  links. 
Pleasant  drives  abound  in  every  direction,  while  to  those 
who  prefer  the  water  the  fine,  large  steamers  of  the  Seneca 
Lake  Navigation  Company,  plying  six  times  a  day  be- 
tween Geneva  and  Watkins,  afford  every  comfort  and 
luxury.  Good  fishing  is  found  in  Seneca  Lake,  and 
within  easy  driving  distance  over  good  roads  one  can 
reach  Keuka,  Lamoka,  Cayuta,  and  Little  Lakes,  all 
famous  fishing  resorts.  The  main  building  of  the  Glen 
Springs  sanitarium,  heated  by  steam  and  lighted  by 
electricity  and  gas,  consists  of  four  stories  and  a  base- 
ment, constructed  in  a  substantial  manner  of  brick  and 
stone.  The  annex,  a  new  building,  has  accommodations 
for  one  hundred  guests.  The  two  buildings  are  connected 
by  a  wide  corridor  enclosed  in  glass  and  heated  in  cold 
weather  by  steam.  It  affords  ample  space  for  exercise, 
and  forms  an  excellent  solarium  during  the  winter 
months.  These  buildings  are  provided  with  all  modern 
comforts  and  luxuries.  On  the  grounds  thei-e  are  several 
large  mineral  springs  which  are  used  for  drinking  and 
bathing.  The  following  analyses  of  the  first  four  springs 
were  made  by  Prof.  S.  A.  Lattimore,  of  the  University 
of  Rochester.  The  fifth  spring  was  analyzed  by  Prof. 
Charles  F.  Chandler. 

Seneca  Spring — Calcic. 

One  United  States  Gallon  contains: 
Sonas.  Grains. 

Calcium  carbonate 9-90 

Calcium  sulphate -47 

Magnesium  carbonate ».10 

Sodium  chloride 12 

Silica "< 

Iron  oxide Trace. 

Total l^-fiB 

The  water  is  entirely  free  from  organic  matter.  This 
spring  is  situated  two  hundred  feet  higher  than  the  build- 
ings. It  flows  about  4,000  gallons  of  water  per  hour, 
and  is  used  in  the  buildings  for  general  domestic  pur- 
poses. 

Vulcan  Spring— Alkaline-Saline,  Chalybeate. 
One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  carbonate 39.80 

Magnesium  carbonate ii-o' 

Iron  carbonate iJoSi 

Sodium  cMoride i    ^^ 

Alumina A™"®' 

SiUca Trace. 

Total 192-10 

Carbonic  acid  gas,  large  quantities. 

This  is  a  clear,  sparkling  water,  and  issues  from  the 
rocks  at  a  depth  of  100  feet.  It  resembles  the  waters  of 
Kissingen,  and  has  diuretic,  tonic,  mildly  aperient,  and 
slightly  alterative  properties. 

Salubeia  Spring — Muriated-Saline. 
One  united  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  chloride l?6-28 

Calcium  carbonate •' —     "-^^ 

Magnesium  carbonate -"p 

Silica ^'^™- 

Total 216.01 

Vol.  IV.— 34 


This  spring  issues  from  the  rock  at  a  depth  of  250  feet, 
and  resembles  the  class  known  in  Germany  as  muriated 
(chloride  of  sodium)  alkaline  springs.  It  is  somewhat 
similar  to  the  waters  of  Vichy,  Sachingen,  and  Bilin,  but 
is  more  like  those  of  Kissingen,  Homburg,  and  Wies- 
baden. The  water  has  a  stimulating  efliect  upon  the 
mucous  membrane  of  the  stomach  and  bowels  and  in- 
creases the  flow  of  gastric  juice  and  bile  and  promotes 
digestion  and  absorption.  It  has  about  the  proper  quan- 
tity of  sodium  chloride  favorably  to  influence  the  process 
of  osmosis.     In  large  doses  it  is  purgative. 

Neptune  Spuing — Saline,  Calcic,  Iodo-bromated. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  cbloride 3,499.08 

Magnesium  chloride 63.5.67 

Sodium  chloride 6,368.33 

Sodium  iodide Trace. 

Sodium  bromide Trace. 

Iron  and  alumina Trace. 

Total 10,503.08 

This  water  constitutes  a  strong  brine.  It  is  quite  re- 
markable for  its  large  proportion  of  calcium  chloride  and 
its  total  freedom  from  calcium  sulphate  (gypsum).  In 
its  principal  ingredients  it  resembles  the  brine  springs  of 
Michigan  and  the  springs  of  Nauheim,  Rehme,  and  Jaxt- 
felt.  It  may  be  classed  as  an  iodo-bromated  saline  spring, 
and  while  not  adapted  for  drinking  purposes,  is  of  great 
value  for  bathing.  By  charging  the  water  with  carbonic 
acid  gas  it  becomes  verj'  similar  to  the  Nauheim  waters, 
and  the  treatment  of  glandular  and  rheumatic  troubles, 
gout,  lumbago,  and  sciatica,  as  well  as  the  Schott  metliod 
in  chronic  diseases  of  the  heart,  is  carried  out  at  Glen 
Springs.  This  water  is  also  employed  in  the  electro- 
chemical and  electro-vapor  baths,  douches,  sprays,  etc. 
The  spring  is  said  to  have  its  origin  about  1,700  feet  be- 
low the  surface  of  the  earth. 

Deer  Lick  Spring — Alkaline,  Saline,  Chaltbbatb. 

One  United  States  Gallon  Contains  : 
Solids.  Grains. 

Sodium  chloride '. 114.75 

Potassium  chloride .23 

Sodium  bromide .59 

Sodium  iodide .04 

Potassium  sulphate Traces. 

Lithium  bicarbonate Traces. 

Ammonium  bicarbonate 1.08 

Iron  bicarbonate 1.73 

Calcium  bicarbonate 41-77 

Magnesium  bicarbonate 19.38 

Alumina -34 

Sodium  phosphate Traces. 

Silica M 

Total 180.45 

This  water  is  clear  and  sparkling,  without  odor,  and 
with  a  slightly  astringent,  mildly  saline  taste.  Contain- 
ing, as  it  does,  besides  chloride  of  sodium  and  iron, 
the  rare  ingredients  of  iodine  and  bromine  (in  combina- 
tion), it  may  be  ranked  as  a  ferro-iodo-bromo-muriated  ' 
spring.  It  is  also  rich  in  carbonic  acid  gas.  It  resembles 
in  many  respects  the  waters  of  Kreuznaeh,  Hall,  Duerk- 
heim,  and  Krauenheit.  It  is  an  excellent  drinking-water 
and,  unlike  many  of  the  foreign  iodo-bromated  waters, 
may  be  taken  as  it  flows  without  dilution.  The  Deer 
Lick  water  possesses  tonic,  alterative,  diuretic,  and  mildly 
aperient  properties.  Tissue  metabolism  is  promoted  and 
the  red  globules  of  the  blood  are  increased.  Its  physio- 
logical action  fits  it  for  use  in  ansemia,  neurasthenia, 
chronic  renal  diseases,  glycosuria,  and  chronic  diseases 
of  the  uterus.  James  K.  Crook. 

GLEN  SUMMIT  SPRINGS.  —  Post-Oppicb.  —  Glen 
Summit,  Luzerne  County,  Pennsylvania.     Hotel. 

Access.— Via  Lehigh  Valley  Railroad,  about  150  miles 
from  New  York  and  135  miles  from  Philadelphia. 

This  attractive  summer  resort  is  on  the  summit  of  the 
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Nescopic  Mountain,  2,000  feet  above  tide- water.  The 
romantic  scenery  of  the  surrounding  country  and  its  easy 
accessibility,  coupled  with  an  excellent  modern  hotel 
furnished  with  all  the  recent  improvements,  have  of  late 
years  served  to  bring  the  place  into  well-deserved 
prominence.  The  charming  surroundings  and  pure,  in- 
vigorating mountain  air  offer  an  enticing  refuge  from 
the  toils  and  cares  of  city  life  during  the  hot  weather. 
Numerous  cases  are  cited  of  the  apparent  complete  arrest 
of  incipient  lung  disease  after  a  few  weeks  spent  here. 
The  springs  about  Glen  Summit  are  of  the  ascending 
variety,  welling  up  along  the  lines  of  jointing  in  the 
Catskill  formation  from  far  down  in  the  subterranean 
recesses  below.  The  temperature  of  the  water  is  acquired 
from  the  rocks  at  depths  sufficient  to  be  beyond  the  in- 
fluence of  surface  temperatures,  and  is  cold  enough  to 
cause  an  unpleasant  chill  to  the  hands  when  submerged 
for  a  few  seconds.  An  examination,  however,  will  show 
that  these  waters  owe  their  value  rather  to  their  purity 
and  palatability  than  to  their  chemical  ingredients.  The 
following  analysis  was  made  by  Prof.  W.  H.  Dean, 
chemist,  of  Wilkesbarre,  in  1896; 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  chloride 0.23 

Calcium  sulphate 20 

Calcium  carbonate 20 

Silica 11 

Iron  oxide  and  alumina 03 

Tree  ammonia  1 

Nitrogen  as  nitrates     I  00 

Nitrogen  as  nitrites      | 

Albuminoid  ammonia  1 

Loss  on  ignition 33 

Total 1.10 

This  shows  a  very  pure  and  valuable  water  for  domestic 
uses.  Among  other  excellent  pure-water  springs  in  the 
neighborhood  are  the  "  Great  Indian  "  Spring,  yielding 
over  4,000  gallons  hourly  (if  supplies  the  hotel);  the 
"Twin"  Springs,  the  "Bear"  Spring,  and  the  "Counter- 
feiter's" Spring.  There  are  also  other  springs  which 
have  not  been  named.  James  K.  Crook. 

GLENN  SPRING.— Tipton  County,  Tennessee. 

Post-Oppicb.— Atoka.     Cottages. 

Access.— Via  Chesapeake,  Ohio,  and  Southwestern 
Railroad  (Mississippi  Valley  route)  to  Atoka;  thence  seven 
miles  to  springs. 

This  spring  is  situated  under  the  shadow  of  Chickasaw 
Hills.  It  has  quite  an  ancient  reputation  in  Western 
Tennessee  in  the  treatment  of  liver,  kidney,  and  digestive 
disturbances.  The  spring  is  surrounded  by  a  magnificent 
grove  of  trees,  which  lends  a  romantic  charm  to  the 
neighborhood.  It  yields  about  ninety  gallons  of  water 
per  hour.  The  following  analysis  was  made  in  1880  by 
W.  S.  Lupton,  analytical  chemist: 


One  United  States  Gallon  Contains: 
Solids. 

Sodium  carbonate 

Calcium  carbonate. 


Grains. 
.  1.58 
9.64 


Magnesium  carbonate ......',,..'.    710 


Potassium  carbonat 


.05 


Iron  carbonate 54 

Potassium  sulphate \ , .>^ 

Calcium  phosphate m 

Sodium  cblorlde V» 

s"i<^'' ::':::::::;:.::;:::::::  \m 


Total 

Carbonii'  acid  gas,  14.64  cubic  inches. 


a  1. 73 


This  is  a  very  good  antacid  and  mild  diuretic  water 
with  ferruginous  properties.  James  K.  Crook. 

GLENN  SPRINGS.-Spartanburg  County,  South  Caro- 

Post-Opfice. -Glenn  Springs.     Hotel  and  cottages. 
AccE8S.--From  Spartanburg,  a  distance  of  12  miles  by 
the  Glenn  Springs  Railroad ;  double  daily  service. 
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These  springs  are  located  in  a  charming  section  of  the 
country,  broken  by  granite  and  sandstone  hills.  The 
elevation  is  about  1,000  feet  above  the  sea-level.  Many 
improvements  have  recently  been  added,  the  hotel  having 
been  greatly  enlarged  and  comfortable  cottages  built. 
Many  additional  improvements  are  under  way,  and  when 
completed  Glenn  Springs  will  bid  fair  to  compete  with 
the  leading  spas  of  the  country.  The  following  analysis 
of  the  Glenn  Springs  water  was  made  in  1880  by  C.  U. 
Shepherd,  Jr. : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Magnesium  carbonate 3.32 

Calcium  sulphate 91.50 

Sodium  chloride 2.21 

Potassium  chloride 52 


Total 97.55 

This  analysis  is  probably  incomplete.  We  are  informed 
that  a  more  recent  partial  examination  of  the  water 
showed  the  presence  of  lithia  in  considerable  quantities. 
The  water  has  been  in  use  many  years.  Numerous  well- 
known  physicians  of  South  Carolina  attest  to  its  virtues, 
especially  in  disorders  of  the  alimentary  tract,  dyspepsia, 
diarrhcea,  dysentery,  hemorrhoids,  etc.  It  is  said  to  be 
very  useful  in  functional  uterine  affections,  dysmenor- 
rhoea,  amenorrhcea,  leucorrhoea,  etc.,  as  well  as  in  torpid- 
ity of  the  liver  and  biliousness.  James  K.  Crook. 

GLENOLA  SPRINGS.— (Formerly  Wayland  Springs) 
Nottoway  County,  Virginia. 

Post-Office. — Jennings  Ordinary.  No  accommoda- 
tions at  present.  These  springs  are  located  in  a  fine  un- 
dulating stretch  of  country,  half  a  mile  from  Jennings 
Ordinary,  on  the  Southern  Railroad,  and  six  miles  from 
Burkeville  Junction  on  the  Norfolk  and  Western  Rail- 
road. The  location  is  about  500  feet  above  the  sea-level, 
and  the  climatic  conditions  are  of  a  very  desirable 
character.  The  average  summer  temperature  range  is  77° 
P.,  winter  38°  F.  The  temperature  of  the  water  is  48° 
F.  There  are  several  springs  in  the  neighborhood,  only 
one  of  which  has  been  chemically  examined.  The 
following  analysis  was  made  by  Prof.  M.  B.  Hardin,  of 
the  Virginia  Military  Institute : 

One  United  States  Gallon  Contains  : 


Solids. 

Sodium  carbonate 

Lithium  carbonate..^ . . 
Magnesium  carbonate . 

Calcium  carbonate 

Strontium  carbonate . . . 
Iron  carbonate . 


Grains. 

o..te 

01 

26 

70 

03 

Manganese  carbonate Traces 

Potassium  sulphate o5 

Potassium  chloride 'qq 

Sodium  chloride '34 

Sodium  iodide Tnir.pQ 

Sodium  nitrate imLes. 

Sodium  phosphate of 

Aluminum  phosphate '04 

Ammonium  nitrate Trnooo 

«ili/.a  77^ 


Silica, 

Aluminum  silicate 


20 


Calcium  fluoride  (suspended). .'.'. Tmre 

Titanium  dioxide....: ?r®' 

Organic  matter .. 

Carbonic  acid  in  the  bicarboiiates 


.71 


Total 5  gg 

Carbonic  acid  gas,  6.65  cubic  Inches. 

This  water  is  distinguished  by  the  presence,  in  small 
but  perceptible  quantities,  of  the  iodide  of  sodium.  It 
may  be  ranked  as  an  iodic-alkaline-carbonated  water. 
vp!fr  ^.I'l"^^-^'"'!"'''''^''*  thirty-eight  gallons  per  hour  the 
TZ^IZS.^-  ^1°''"  "'  discovery,  in  1883,  it  has  been 
extensively  used  in  cases  of  rheumatism,  dyspepsia  and 

^a  he'iUlTr"     l"""  ^°^^"°°  °«*^''«  '=^«<'"«'^t  Xntages 
as  a  health  resort.  j^^^^  ^   ^.^.^^^ 

Pos?K?  SPRINGS.-Garfield  County,  Colorado, 

orfdon'n^T,     ■~^''°''''??'^  ^P'™S«-     Hotels;  The  Col- 
orado and  numerous  smaller  hotels. 
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Access — Vi&  the  Denver  and  Rio  Grande  and  the  Colo- 
rado Midland  branch  of  the  Atchison,  Topeka  and  Santa 
Fe  Railroad.  (For  climatic  and  topographical  features 
of  Glenwood  Springs,  vide  vol.  iii.,  p.  323.) 

The  following  analysis  of  the  waters  at  Glenwood 
Springs  was  made  bv  Prof.  Charles  F.  Chandler  of  New 
York. 

YA.MPA  Spring — Muriated,  Saline,  Sdlphureted. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 1,089.83 

Magnesium  chloride 13.09 

sodium  bromide .56 

Sodium  Iodide Trace. 

Calcium  Huoride Trace. 

Potassium  sulphate 24.04 

Calcium  sulphate 93.38 

Lithium  hlcarbonate .22 

Masrnesium  bicarbonate 13.55 

Calcium  bicarbonate 24.37 

Iron  bicarbonate Trace. 

Sodium  phosphate Trace. 

Sodium  biborate Trace. 

Aluminum Trace. 

Silica 1.97 

Organic  matter  Trace. 

Total 1,260.01 

Carbonic  acid  gas  is  copiously  discharged  from  the 
springs.  Sulphureted  hydrogen  is  discharged  in  percep- 
tible quantity. 

The  temperature  of  the  Yampa,  the  largest  spring  of 
the  group,  as  taken  by  the  writer  late  in  October,  was 
134.6°  F.,  and  of  the  "Chicken-broth"  or  "Cocktail" 
spring,  136.4°  F.  The  specific  gravity  of  the  former 
when  cooled  down  to  83°  F.  was  1.013,  and  of  the  latter 
a  trifle  less.  .  .  That  the  waters  here  are  strongly  im- 
pregnated with  sulphureted  hydrogen  is  amply  attested 
by  the  heavy  deposit  of  sulphur  crystals  on  stones  seen 
in  the  springs,  and  on  the  surrounding  sandstone  walls. 
In  the  Yampa  Spring  the  gas  is  in  sufficient  quantity  to 
impart  a  decided  bluish  tinge  to  the  water,  rendering  it 
slightly  opalescent.  The  atmosphere  immediately  sur- 
rounding the  springs  is  heavily  charged  with  the  escap- 
ing vapor.  .  .  The  waters  of  the  springs  in  flowing 
into  the  great  swimming-pool  are  cooled  to  some  extent 
by  contact  with  the  air  and  by  evaporation,  but  the  tem- 
perature is  further  lowered  by  an  artificial  cold-water 
geyser  near  the  western  end  of  the  basin,  supplied  from 
a  nearby  mountain  reservoir.  An  average  temperature 
of  93°  to  98°  F.  is  thus  maintained,  and  bathing  may  be 
indulged  in  the  year  round.  Another  interesting  and 
unique  feature  of  Glenwood  Springs  should  not  pass 
unnoticed.  Across  the  Grand  River  from  the  Hotel  Col- 
orado, and  two  or  three  hundred  yards  upstream,  is  the 
entrance  to  a  cave  which  extends  for  a  considerable  dis- 
tance under  the  mountain.  This  cave  has  a  natural  tem- 
perature rangmg  from  105°  to  110°  F.,  and  the  atmosphere 
is  saturated  at  all  times  with  the  vapor  of  water  strong- 
ly impregnated  with  sulphur  like  that  at  the  springs. 
After  one  has  remained  for  a  few  minutes  in  the  cave 
the  surface  of  the  body  becomes  bedewed  with  a  profuse 
perspiration.  Advantage  has  been  taken  of  this  ready- 
made  Russian -bath  vapor  chamber,  and  a  bath-house 
with  the  requisite  adjimots  has  been  constructed  at  its 
entrance.  The  cave  itself  is  lighted  by  electricity,  and 
attendants  are  on  hand  to  supply  the  wants  of  bathers 
either  in  the  caverns  or  in  the  private  rooms. 

As  we  have  thus  seen,  the  waters  at  Glenwood,  besides 
being  saline  and  sulphureted,  are  highly  thermal.  Fuller 
data  concerning  their  exact  remedial  value  are  desirable. 
During  the  writer's  sojourn  at  the  springs  a  considerable 
number  of  persons,  some  of  them  from  distant  points, 
were  using  the  baths,  but  they  were  for  the  most  part 
acting  under  their  own  guidance  and  were  not  under 
medical  observation.  As  far  as  could  be  learned,  how- 
ever, the  evidence  is  strongly  in  favor  of  the  utility  of 
the  baths  in  cases  of  chronic  rheumatism,  gout,  cutaneous 
and  renal  diseases.  ...  In  common  with  all  hot  baths, 
these  waters  are  contraindicated  in  fatty  degeneration  of 


any  important  structure,  in  atheroma,  aneurism,  or 
structural  heart  trouble,  and  in  the  predisposition  to 
pulmonary,  cerebral,  gastric,  or  intestinal  hemorrhage. 

James  K.  Orook. 

GLIOMA. — The  glioma  is  a  tumor  consisting  of  prolif- 
erated neuroglia  (the  supporting  tissue  of  the  central 
nervous  system)  and  of  fjlood-vessels  which  are  accom- 
panied by  a  small  amount  of  connective  tissue.  As  the 
neuroglia  cells  are  derived  histogenetically  from  the  epi- 
thelium lining  the  neural  canal,  the  glioma  is  a  tumor  of 
which  the  essential  or  characteristic  part  is  of  ectodermic 
origin. 

Tlie  glioma  is  found  exclusively  in  the  central  nervous 
system  of  which  it  forms  the  commonest  tumor.  It  oc- 
curs most  frequently  in  the  cerebrum,  although  the  cere- 
bellum is  also  a  favorite  site ;  it  is  found  less  commonly 
in  the  spinal  cord.  In  the  cerebrum  it  is  often  limited 
to  the  white  matter  and  adjoining  central  ganglia,  or  it 
may  arise  from  the  latter  and  extend  to  the  neighboring 
parts.  Sometimes  it  reaches  across  the  median  line  from 
one  hemisphere  to  the  other.  It  is  more  common  in  early 
than  in  adult  life. 

As  a  rule  gliomata  are  solitary,  but  cases  of  multiple 
tumors  have  been  reported.  Although  the  new  growth 
generally  appears  well  defined,  the  periphery  is  rarely 
sharply  limited  because  a  glioma  is  not  surrounded  by  a 
capsule  but  tends  to  spread  by  infiltration  of  the  adjoin- 
ing brain  tissue ;  it  does  not  simply  shove  it  back.  By 
invasion  of  portions  of  convolutions  it  may  enlarge  them 
and  render  them  denser  or  softer  than  normal.  Gliomata 
do  not,  except  possibly  in  rare  cases  (authorities  differ), 
extend  through  the  meninges  or  affect  the  bones  of  the 
skull,  although  they  may  set  up  a  localized  adhesive 
meningitis  over  the  tumor.  A  zone  of  softening  and  of 
oedematous  swelling  often  occurs  for  a  greater  or  less 
extent  around  the  growth. 

In  general  a  glioma  of  the  brain  is  round.  It  varies 
ordinarily  in  size  from  a  pea  to  a  walnut,  but  in  excep- 
tional eases  may  be  as  large  as  an  orange.  In  the  spinal 
cord  a  tubular  form  is  more  common,  probably  on  ac- 
count of  the  pressure  exerted  by  the  narrow  canal  in 
which  the  cord  lies. 

The  color  of  a  glioma  generally  docs  not  differ  greatly 
from  the  white  matter  of  the  brain;  it  usually  appeals 
gray  or  yellowish-gray  and  rather  translucent ;  but  the 
more  cellular  forms  may  have  a  pinkish  or  reddish-gray 
or  even  dark  red  color  from  the  numerous  blood-vessels 
present.  Degenerations,  necrosis,  and  hemorrhages  often 
cause  marked  changes  in  color,  at  least  within  the  areas 
affected. 

The  consistence  varies  between  hard  and  soft,  depend- 
ing chiefly  on  the  number  of  cells  and  the  amount  of  in- 
tercellular substance  present  in  a  given  tumor,  but  oedema 
may  also  play  an  important  part. 

Two  chief  Varieties  of  gliomata  are  recognized,  depend- 
ing on  the  consistence  of  the  growth ;  these  are  the  liard 
and  the  soft  gliomata,  but  these  descriptive  terms  really 
represent  only  the  extremes  of  consistence,  and  all  inter- 
mediate degrees  occur.  The  term  myxoglioma  has  in  the 
past  been  applied  to  an  oedematous  glioma,  but  is  mani- 
festly incorrect  because  mucin  has  not  been  demonstrated 
to  be  present.  A  ghoma  containing  numerous  blood- 
vessels is  sometimes  called  glioma  teleangiectodes. 

Secondary  degenerations  and  necrosis  are  very  com- 
mon, as  shown  by  yellow  areas  and  by  cysts  of  softening ; 
the  latter  may  occupy  a  large  part  of  the  original 
growth;  they  may  contain  a  clear,  cloudy,  or  dark 
brown  fluid.  In  consequence  of  the  numerous  blood- 
vessels present,  especially  in  the  more  rapidly  growing 
gliomata,  large  and  small  hemorrhages  are  not  infre- 
quent; occasionally  snch  a  heraoi-rhage  may  be  the  cause 
of  sudden  death.  As  such  vascular  forms  usually  are 
soft,  a  large  part  of  the  tumor  may  be  destroyed,  so  that 
careful  and  even  microscopic  examination  may  be  re- 
quired to  determine  the  origin  of  the  hemorrhage. 

A  glioma  is  essentially  a  benign  growth ;  it  does  not 
give  rise  to  metastases,  but  is  dangerous  partly  on  ac- 
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Fig.  3316.— From  a  Section  ol  a  Fairly 
Hard  Glioma  of  the  Small-Celled, 
Usually  Inflltratlng  Type.  The  flb- 
rillse  generally  correspond  in  size  to 
those  of  the  normal  neuroglia. 


count  of  the  pressure  it  exerts,  partly  from  the  destruc- 
tion of  the  nervous  tissue  which  it  intiltrates. 
Histologically  the  picture  presented  by  gliomata  varies 

greatly.  In  those  of 
which  the  structure 
most  resembles  normal 
neuroglia  the  tumor  tis- 
sue consists  of  round  or 
oval  vesicular  nuclei 
surrounded  by  a  slight 
amount  of  protoplasm 
and  of  chemically  diifei'- 
entiiited  flbrillfe  which 
are  not  processes  of  the 
cells  but  are  an  inter- 
cellular fibrillar  sub- 
stance. Several  methods 
for  staining  them  have 
been  published.  As  in 
normal  neuroglia  tissue, 
these  fibrillse  do  not  start 
from  or  end  in  the  cells 
to  which  they  owe  their 
origin,  but  simply  touch  or  adhere  to  the  surface  of  the 
protoplasm  in  passing.  They  are  generally  straight  or 
moderately  curved,  solid,  smooth,  and  of  uniform  size, 
although  the  separate  fibrillse  vary  considerably  in  thick- 
ness ;  they  do  not  branch  or  anastomose.  This  type  of 
glioma  (Pig.  2316)  is  particularly  prone  to  infiltrate  the 
surrounding  nervous  tissue.  The  peripheral  limit  of  its 
growth  is  even 
more  difficult  to 
recognize  under 
the  microscope 
than  in  the  fresh 
condition.  More- 
over, this  type  of 
glioma  closely  re- 
sembles the  sec- 
ondary growth  of 
neuroglia  tissue 
{gliosis)  which 
takes  place  when 
nervous  tissue  is 
gradually  de- 
stroyed, and  also 
always  forms  to 
some  extent 
around  gliomata. 
It  bears  the  same 
relation  to  gliosis 
that  in  the  mesenchymal  tissue  a  fibroma  does  to  the 
fibrous  or  scar  tissue  formed  in  the  liver  and  other  or- 
gans under  analogous  conditions.  There  is  this  point 
to  aid  in  the  recognition  of  a  gliosis;  the  form  of  the 
part  affected  is  preserved  in  its  normal  relations,  but 
shrunken  in  size. 

The  density  of  this  form  of  glioma  depends  chiefly  on 
the  relation  between  the  cells  and  the  flbrillse ;   the  more 

fibrillse  the  greater  the 
density.      In    one   case 
studied  the  tumor  (Fig. 
3317)  was  very  discrete 
in  outline  and  dense  to 
the    touch ;    microscopi- 
cally  it   contained   few 
nuclei  and  great  numbers 
of   very   coarse    flbrillie 
which    could    easily  be 
distinguished   from   the 
fine  fibrillfe  of  the  gliosis 
surrounding  the  growth. 
In  the  cellular  forms 
of  gliomata  (which  cor- 
respond to  the  sarcomata 
FIG.  3318.  — A  Large-Celled  Glioma,    of  mesenchvmal  oriein) 
The  cells  are  often  multinucleated,    ^i,       :       nf   thp  r.,.lla  in 
some  have  protoplasmic  processes;      ,        ;  .H„  <-His>  in 

the  neuroglia  flbrillse  are  delicate.      the   different  tumors 


Fig.  2317.— From  a  Dense,  Sharply  Circum- 
scribed Glioma  Containing  Few  Cells  and 
many  very  Coarse  Fibrillse. 


Fie 


2319.— From  a  Glioma  Probably  of 
Ependymal  Origin.  A  clump  of  cells 
fused  together  and  containing  in  their 
protoplasm  differentially  staining 
dots  similar  to  those  described  by  Wei- 
gert  a«  occurring  In  the  inner  edge  of 
ependymal  cells  and  In  the  protoplasm 
of  groups  of  epithelial  cells  lying  near 
the  neural  canal. 


varies  greatly ;  large-  and  small-celled  varieties  are  rec- 
ognized. Whether  differentiated  fibrillse  are  always 
produced  by  these  rapidly  growing  gliomata  is  still  an 
unsettled  question.  In 
a  large-celled  variety 
examined,  in  which 
mitotic  figures  were 
numerous,  differenti- 
ated fibrillse  were  fair- 
ly abundant  in  places 
(Fig.  3318). 

To  the  above  well- 
recognized  types  of 
gliomata  another  vari- 
ety, never  before  de- 
scribed, must  be  added. 
It  is  as  yet  an  unsettled 
question  whether  the 
ependymal  cells  lining 
the  ventricles  of  the 
brain  and  the  neural 
canal  of  the  cord  pro- 
duce neuroglia  fibril- 
lse ;  the  relation  of  the 
ependymal  cells  to  the 
neuroglia  cells  in  post- 
embrj'onic  life  is  there- 
fore undecided.  Weigert,  however,  has  called  attention 
to  one  peculiarity  of  ependymal  cells :  they  each  contain 
in  the  edge  of  the  protoplasm  lining  the  canal  a  small 
cluster  of  dots  which  stain  by  the  differential  methods 
for  neuroglia  fibres.  In  the  cord  just  outside  of  the 
neural  canal  are  often  seen  small  clumps  of  epithelial 

cells  in  whose  protoplasm 
similar  differentiated  dots 
appear.  A  very  vascular 
tumor  4x5x3  cm.,  which 
hung  from  the  roof  of  the 
fourth  ventricle  of  the 
brain,  was  composed  of 
cells  arranged  for  the  most 
part  in  clumps.  The  pro- 
toplasm of  the  cells  was 
fused  together;  the  nu- 
clei, often  six  to  a  dozen 
or  more  in  number,  were 
arranged  chiefly  at  the 
periphery.  In  the  central 
part  of  nearly  every  one 
of  these  compound  cells 
was  a  group  of  differen- 
tially staining  dots  lining  a  light  staining  circle  in  the 
protoplasm  (Pig.  3319).  Sometimes  two  or  three  clumps 
of  dots  were  present.  Similar  groups  of  dots  were  found 
within  single  cells  (Fig.  3320).  There  were  also  present 
in  the  tumor  numerous  small  and  large  cysts  (Fig.  3331) 
lined  with  epithelial  cells  in  whose  inner  border  occurred 
similar  groups  of  dots.  The  so-called  dots  were  not  al- 
ways round,  but  often  appeared  as  short  rods.  Outside 
of  the  cells  and  cysts  was 
a  fine  network  of  fine 
fibrillse  which  stained  dif- 
ferentially. This  tumor 
would  certainly  suggest 
an  origin  from  ependymal 
cells  and  the  other  cells 
mentioned  above  as  occur- 
ring outside  of  the  neural 
canal.  It  would  also  favor 
the  view  that  at  least  some 
gliomata  have  their  origin 
in  congenital  defects  of 
development. 

Gliomata  of  the  retina 
have  not  been  discussed 
because  no  one  has  yet 
shown  by  modern  differ- 
ential stains  that  they  oc- 


FiG.  2320.— (From  same  tumor  as 
that  shown  In  Fig.  2319.)  A  Sin- 
gle Cell  Containing  Similar  Dots. 


Fig.  2321.— (From  same  tumor  as 
that  shown  in  Fig.  2319.)  The 
Bottom  of  a  Small  Cyst  Showing 
the  Dots  in  the  Surface  ol  Cells 
which  do  not  Appear  In  the  Sec- 
tion. 
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cur.  The  term  gliosarcoma  has  been  commonly  applied 
to  cellular  gliomata;  it  can  properly  be  applied  only  to 
a  mixed  tumor  composed  of  rapidlj^  prolifei'ating  neu- 
roglia and  mesenchymal  tissues;  it  is  extremely  doubt- 
ful if  such  a  tumor  occurs.  Another  term  that  should 
be  given  up  is  iwtiroglioma.  It  should  be  applied  to  a 
new  formation  both  of  neuroglia  tissue  and  of  nerve 
cells.  No  evidence  has  yet  been  brought  forward  to 
prove  that  nerve  cells  in  the  central  nervous  system  ever 
proliferate  to  form  tumors.  Nerve  cells  and  nerve 
fibres  often  occur  in  gliomata  in  consequence  of  hav 
ing  been  surrounded  by  the  new  growtli.  In  certain 
large-celled  gliomata  some  of  the  cells  have  protoplas 
mic  processes  and  more  or  less  resemble  nerve  cells, 
but  they  do  not  possess  axis-cylinder  processes  or  Nissl- 
granules;  consequently  they  caimot  be  regarded  as  nerve 
cells. 

The  relation  of  glioma  to  syringomyelia  will  be  dis- 
cussed under  the  latter  heading. 

For  the  modern  views  on  neui'oglia  tissue  the  reader  is 
referred  to  Weigert's  monograph,  "Die  Neuroglia,"  1895. 
For  a  summing  up  of  the  neuroglia  question  to  date, 
for  the  various  differential  stains  for  neuroglia  fibres,  and 
for  complete  bibliography  see  Huber,  "Studies  on  the 
Neuroglia,"  American  Journal  of  Anatomy,  1901,  vol.  i., 
p.  45.     Consult  also  the  article  on  Neuroglia. 

F.  B.  Mallory. 

GLOSSY  SKIN.     See  Hand  and  Fingers,  etc. 

GLOTTIS,  (EDEMA  OF.     Bee  Laryngitis,  (Edematmis. 

GLOVES,  USE  OF,  IN  SURGERY.— Gloves  have  oc- 
casionally been  used  by  surgeons  at  operations  in  order 
to  protect  the  hand  of  the  operator  from  foul  discharges ; 
but  their  general  use  to  protect  the  patient  from  infec- 
tive material  introduced  by  tlie  operator's  fingers,  has 
been  developed  in  the  last  five  years.  The  reason  for 
this  is  the  universally  admitted  fact  that  it  is  very  diffi- 
cult perfectly  to  sterilize  the  human  hand.  A  secondary 
advantage  of  gloves  lies  in  the  saving  of  time  and  epi- 
dermis to  the  surgeon. 

Various  materials  have  been  used  to  make  surgical 
gloves.  Wash-leather  was  one  of  the  first,  rubber  cloth 
another;  but  as  any  thick  glove  is  certain  to  make  the 
fingers  clumsy  and  blunt  the  sense  of  touch,  such  mate- 
rials were  found  to  be  unsatisfactory.  Gloves  made  of 
Lisle  thread,  and  thin  gloves  of  pure  rubber  liave  proved 
to  be  the  most  satisfactory,  and  these  will  alone  be  con- 
sidered in  detail. 

Each  material  has  its  advantages.  The  cotton  glove 
is  cheaper  than  rubber,  is  more  durable,  is  less  easily 
torn,  and  is  not  slippery,  a  great  advantage  in  some  cir- 
cumstances, as  in  tying  ligatures,  or  in  holding  a  slippery 
loop  of  intestine.  Blood-smeared  tools  and  fingers  are 
slippery,  and  rubber  increases  this,  while  cotton  does 
away  with  it. 

On  the  other  hand,  the  rubber  gloves  have  certam 
advantages.  Rubber  is  not  porous,  and  hence  no  infec- 
tive material  can  pass  from  the  fingers  to  the  wound 
through  the  glove  if  it  is  not  pricked  or  torn.  The  tac- 
tile sense  is  better  preserved  through  a  thin  rubber  glove 
than  through  a  thin  cotton  one.  The  very  slippermess 
of  the  rubber  may  be  an  advantage,  as  in  thrusting  the 
hand  into  the  abdominal  cavity.  The  chief  point  ot 
difference  however,  is  the  porosity  of  the  cloth  and  the 
imporosity  of  the  rubber.  This  makes  the  cotton  more 
comfortable  to  wear,  since  the  perspiration  is  not  in- 
creased The  protection  of  the  patient  from  infection  is 
probably  less  perfect  with  the  cotton  gloves,  especially 
if  much  fluid  is  used  by  the  operator,  or  the  operation 
requires  much  handling  of  wet  tissues.  In  the  ordinary 
dry  operation,  if  the  surgeon  keeps  his  hands  on  the  in- 
struments and  out  of  the  wound  as  much  as  possible, 
the  risk  of  infection  must  be  a  minimal  one.  If  the  cot- 
ton gloves  become  soiled  they  can  be  changed  in  a  mo- 
ment for  others.  In  this  way  the  risk  of  infection  can 
be  made  still  smaller. 


Attempts  have  been  made  to  render  cotton  gloves  im- 
pervious to  moisture  by  soaking  them  in  various  oils  and 
other  substances.  The  best  results  are  obtained  by  use 
of  a  ten-per-cent.  solution,  in  xylol,  of  paraffin  of  a  low 
melting  point.  The  gloves  should  be  first  dried  in  an 
oven,  then  immersed  in  pure  xylol,  and  then  for  fifteen 
minutes  in  the  paraffin  solution.  They  are  then  taken 
out,  dried,  and  sterilized  by  dry  heat  or  steam.  When 
soiled  Lhey  may  be  washed  with  soap  and  water,  dried, 
and  again  paraffined  and  sterilized.  If  cotton  gloves  are 
to  be  worn  it  is  better  to  render  the  hands  as  nearly 
sterile  as  possible,  before  drawing  them  on,  if  the  opera- 
tion is  such  that  the  fingers  must  become  wet. 

Opinion  is  divided  on  the  necessity  of  sterilization  of 
the  hands  before  operation,  if  rubber  gloves  are  to  be 
used.  Theoretically  this  is  not  necessary,  unless  the 
glove  is  pricked  or  torn.  In  that  ease  a  new  glove 
should  be  put  on,  or  a  thin  rubber  finger  cot  should  be 
pulled  on  the  affected  finger.  Some  surgeons  say  that 
infection  may  take  place  in  this  way,  and  that  therefore 
the  hands  should  be  disinfected  before  the  operation. 
Even  if  this  is  done  in  a  thorough  manner,  the  gloves 
cause  such  an  increase  of  perspiration,  lliat  the  hands  are 
certainly  not  sterile  at  the  close  of  an  operation,  no  mat- 
ter what  tlieir  condition  may  liave  been  at  its  beginning. 
McBurney  therefore  advocates  washing  the  hands  simply 
with  soap  and  water,  drying  them,  and  rubbing  them 
witli  sterilized  starch  powder,  to  facilitate  the  putting 
on  of  the  gloves.  By  avoiding  the  use  ot  irritating  anti- 
septic solutions,  he  says  he  is  able  to  keep  the  skin  of  his 
hands  in  good  condition,  and  thus  to  feel  as  well  through 
the  glove  finger,  as  he  could  do  without  a  glove  if  tlie 
skin  of  his  fingers  was  harsh  and  rough. 

The  sterilization  of  rubber  gloves  is  not  so  simple  as 
that  of  the  cotton  ones,  but  it  need  by  no  means  be  so 
complicated  as  some  of  the  directions  imply.  A  simple 
and  efficient  method  is  as  follows:  Wash  the  gloves  in- 
side and  outside  with  soap,  hot  water,  and  a  little  am- 
monia. Boil  them  for  fifteen  minutes  in  a  one-per-cent. 
soda  solution,  taking  care  that  they  do  not  come  into 
contact  with  any  metal  while  in  the  sterilizer.  Remove 
the  gloves  with  sterile  forceps  and  lay  them  in  a  sterile 
towel,  which  is  then  to  be  wrapped  around  them.  It  is 
not  necessary  to  fill  the  glove  fingers  with  gauze,  nor  to 
attempt  to  dry  the  inside  of  the  gloves,  as  this  necessi- 
tates some  handling.  If  the  hands  are  dry  and  are  cov- 
ered with  sterile  powder,  the  gloves  can  be  drawn  on 
without  dilSculty.  This  Is  a  much  better  method  than 
to  fill  the  gloves  with  sterile  water  before  putting  them 
on.  Water  and  perspiration  will  then  continue  to  drip 
from  the  wrists  at  intervals  during  the  operation,  and 
the  wound  may  in  this  way  become  contaminated. 

A  more  complicated  way  in  which  to  sterilize  the 
gloves,  but  one  by  which  they  are  kept  perfectly  dry,  is 
the  following :  Wash  the  gloves  on  both  sides  with  a 
one-per-cent.  sodium-carbonate  solution,  rinse  them  in 
sterile  water,  and  drj'  them  over  a  flame.  Dust  them 
with  sterile  soapstone  powder,  wrap  them  in  gauze  or 
a  towel,  and  sterilize  them  for  two  hours  in  a  formalin 
oven. 

There  is  uo  difficulty  in  having  absolutely  sterile  cloth- 
ing, water,  sponges,  towels,  ligatures,  sutures,  instru- 
ments, and  other  utensils.  The  air  and  floor  probably 
never  cause  infection.  The  skin  of  the  patient  must 
rarely  do  so,  or  stitch  abscesses  would  be  more  common. 
The  hands  of  the  surgeon  must  therefore  be  held  respon- 
sible for  nearly  all  of  the  infection  which  arises  in  clean 
operative  cases.  In  regard  to  the  use  of  gloves  McBur- 
ney naively  remarks :  "  Those  surgeons  who  already  with 
naked  hands  have  entirely  satisfactory  results  certainly 
do  not  need  rubber  gloves.  But  I  am  sure  that  they  will 
be  useful  to  those  who  too  frequently  meet  with  imper- 
fect results."  The  extent  to  which  gloves  have  been 
taken  up  by  the  younger  men  as  a  routine  surgical  pro- 
cedure in  their  operations,  is  a  sufficient  proof  that  their 
use  will  in  a  few  years  be  recognized  everywhere  as  a 
precaution  which  few  careful  surgeons  will  care  to  dis- 
regard. Edward  Milton  Foote. 
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GLUCIN  is  the  sodium  salt  of  amido-triazin-sulfonic 
acid,  and  is  obtained  by  the  action  of  fatty  aldeliydes  on 
the  dye-stuff  chrysoidin,  with  conversion  of  the  conden- 
sation products  into  their  mono-  and  di-sulfonic  acids. 
Like  saccharin,  glucin  is  used  as  a  sweetening  agent  in 
diabetes ;  but,  while  it  is  less  sweet  than  saccharin,  its 
taste  is  more  like  that  of  sugar.  One  part  is  equivalent 
to  about  one  hundred  parts  of  cane  sugar.  It  is  said  not 
to  interfere  with  the  digestive  functions. 

W.  A.  Basteclo. 

GLUTOID  CAPSULES  are  gelatin  capsules  wliich  have 
been  hardened  in  formalin.  They  are  made  in  three 
grades,  capable  of  resisting  the  action  of  the  gastric 
juice  for  from  one  and  a  half  to  twelve  hours,  and  were 
introduced  by  Sahli  for  the  conveyance  of  drugs  which 
it  is  desired  not  to  have  set  free  in  the  stomach.  As  a 
stomach  test,  Promme  proposes  the  following :  Potassium 
iodide  is  administered  in  these  capsules,  and  if  the  iodide 
reaction  in  the  sali\-a  occurs  within  three  and  one-half  to 
five  liours  there  is  good  gastric  motility  and  normal  pan- 
creatic digestion.  The  capsules  arc  said  to  disintegrate 
readily  in  the  pancreatic  juice,  but  no  statement  is  made 
as  to  the  effect  of  the  formaldehyde  set  free. 

W.  A.  Bastedo. 

GLUTOL,  formacoll,  formaldehj'de-gelatin,  or  glyco- 
form,  is  an  odorless,  coarse  brownish-white  powder,  made 
by  dissolving  500  gm.  of  gelatin  or  isinglass  in  water, 
adding  twenty-five  drops  of  formalin,  and  reducing  to 
dryness  in  formaldehyde  ^apor.  It  is  stable,  indifferent, 
not  liquefied  or  changed  by  heat  or  moisture,  and  can  be 
sterilized.  It  is  not  of  itself  antiseptic,  but,  though 
tough  and  insoluble,  it  sets  formaldehyde  free  and  is  ab- 
sorbed when  applied  to  raw  animal  tissues.  It  is  said 
not  to  allow  the  formation  of  granulations,  and  to  form  a 
very  hard  clean  scab.  This,  of  course,  must  be  watched 
lest  it  retain  the  secretions  from  the  wound,  or  allow  the 
collection  of  pus.  In  incised  and  lacerated  wounds  and 
abscesses,  Poote  (Vanderbilt  Clinic,  New  York)  has  not 
succeeded  in  getting  primary  union,  and  the  dressings 
were  followed  by  pain  lasting  several  hours,  yet  he  con- 
siders it  of  much  value.  He  uses  it  in  the  following 
manner :  the  skin  is  cleansed  with  soap  and  water,  tur- 
pentine, ether  and  bichloride,  cocaine  is  injected,  a  free 
incision  is  made,  and  pus  and  sloughing  tissues  are  cu- 
retted away.  The  wound  is  then  filled  with  glutei  and 
a  dry  dressing  applied.  The  glutol  is  soon  absorbed  so 
that  the  surfaces  of  tlie  wound  are  not  kept  apart  as  by 
gauze  packing.  No  di'ain  is  necessary,  as  the  powder 
allows  drainage  by  capillary  action.  It  has  not  power 
to  kill  pus  germs,  but  will  control  their  development. 
Schleich,  its  introducer,  Keen,  Da  Costa,  and  many  other 
foreign  and  American  surgeons  have  found  it  a  valuable 
succedaneum  for  iodoform.  Schleich  sprinkles  it  over 
the  surface  line  of  sutures  when  operating. 

TK  A.  Bastedo. 

GLYCERIN.— Glycerin  (CHbOs)  is,  chemically,  an  al- 
cohol—propenjlic  alcohol  (C3H6(OH)3),  and  results  from 
the  decomposition  of  natural  fats  by  alkalies.  The 
United  States  Pharmacopceia  recognizes  under  the  title 
Gli/rerinum,  Glycerin,  "a  liquid  obtained  by  the  decom- 
position of  vegetable  or  animal  fats  or  fixed  oils,  and 
containing  not  less  than  ninety-five  per  cent,  of  absolute 
glycerin."  Glycerin  can  be  obtained  as  a  by-product  in 
the  making  of  lead  plaster  or  of  soap,  but  is  derived  in 
purest  condition  by  acting  on  fats  with  water  at  a  high 
temperature,  under  pressure.  Under  those  conditions  the 
fats  break  up  into  glyceiin  and  fatty  acids.  Glycerin  so 
prepared  is  known  as  distilled  glycerin,  and  the  famous 
Price's  glycerin  is  of  such  kind.  Glycerin  appears  as  "a 
clear,  colorless  liquid,  of  a  thick,  syrupy  consistence, 
oily  to  the  touch,  odorless,  very  sweet  and  slightly  wai'm 
to  the  taste.  When  exposed  to  the  air,  it  slowly  abstracts 
moisture.  Specific  gravity:  not  less  than  1.250  at  15° 
0.  (59°  P.).  Soluble,  in  all  propoi-tions,  in  water  or  al- 
cohol ;  also  soluble  in  a  mixture  of  3  parts  of  alcohol  and 
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1  part  of  ether,  but  insoluble  in  ether,  chloroform,  car- 
bon disulphide,  benzin,  benzol,  and  fixed  or  volatile  oils  " 
(U.  S.  P.).  On  heating,  glycerin  undergoes  some  de- 
composition: boils  at  339°  P.,  and  finally  is  wholly  de- 
composed and  dissipated. 

In  its  medicinal  relations  glycerin  is  unique,  because 
of  the  following  combination  of  qualities:  It  is  at  once 
viscid,  non-volatilizable,  unalterable  on  exposure,  anti- 
septic yet  non- poisonous,  and  has  an  unusual  range  of 
solvent  powers,  dissolving  bromine,  iodine,  sulphur  io- 
dide, the  fixed  alkalies,  lime,  tannic  and  other  vegetable 
acids,  many  vegetable  organic  principles,  such  as  salicin 
and  santonin,  sugar,  gum,  and  pepsin,  and  very  many 
inorganic  salts.  Physiologically  glycerin,  in  concentrated 
condition,  is  somewhat  irritant  to  very  sensitive  parts, 
probably  because  of  abstraction  of  water  from  the  tissues ; 
but  upon  ordinary  surfaces  it  is  perfectly  bland.  Swal- 
lowed by  the  human  subject  in  quantities  of  an  ounce  or 
more,  glycerin  produces  no  other  effect  than  a  very  mildly 
laxative  action;  but  experimentally  administered  to  the 
lower  animals  it  proves  toxic,  producing  tetanus  in  the 
frog,  apparently  from  direct  action  upon  the  muscular 
tissue  (Amidon:  Archives  of  Medicine,  October,  1881),  and 
varied  signs  of  nervous  derangement  in  rabbits  and  dogs, 
even  to  death  by  conjoint  failure  of  respiration  and  heart 
action. 

The  uses  of  glycerin  are,  pharmaceutically,  as  a  solv- 
ent, preservative,  and  sweet-tasting  viscid  addition  to 
fluid  preparations,  or  pill  masses ;  and  surgically,  as  an 
antiseptic,  bland,  and  unalterable  viscid  application  to 
wound  surfaces  and  sores.  Medically,  glycerin  has  been 
used  as  a  laxative  in  cases  of  hemorrhoids,  as  a  pre- 
ventive of  flatulency,  pyrosis,  and  the  fermentation  of 
the  ingesta  in  the  alimentary  canal  (Ringer  and  Murrell), 
and  as  a  harmless  sweetening  addition  to  foods  in  cases 
of  diabetes  mellitus.  A  reputation  which  the  substance 
once  enjoyed,  of  tending  directly  to  oppose  the  morbid 
process  of  diabetes,  is  now  no  longer  credited.  Glycerin 
may  be  given  internally  in  quantities  varying  from  a 
teaspoonful  to  a  tablespoonful. 

The  United  States  Pharmacopoeia  makes  ofiicial  Sap- 
positoria  Glycerini,  Suppositories  of  Glycerin.  These 
suppositories  are  compounded  of  glycerin,  with  a  little 
sodium  carbonate  and  stearic  acid,  and  each  suppository 
contains  6  gm.  (about  gr.  xciij.)  of  glycerin.  They  are 
used  for  the  relief  of  constipation,  but  should  not  be  em- 
ployed habitually,  for  fear  of  irritating  the  bowel. 

Certain  solutions  of  substances  in  glycerin  constitute 
pharmacopceial  preparations  called  Olycerites. 

Edward  Curtis. 

GLYCOSOLVOL  is  a  diabetic  remedy  made  by  the 
action  of  oxypropionic  acid  on  peptone,  and  by  the  action 
of  sodium  theobromine  upon  the  zymogen  of  trypsin. 

TF.  A.  Bastedo. 

GLYCYRRHIZIN.    See  Licm-ice. 

GODBOLD  MINERAL  WELL.— Post  Office.— Sum- 
mit, Pike  County,  Mississippi.  Hotels  and  boarding- 
houses  in  Summit. 

Access.— Via  Illinois  Central  Railroad  to  Summit, 
thence  a  few  minutes'  walk  to  the  well.  This  well-known 
chalybeate  well  is  located  in  the  suburbs  of  Summit,  a 
village  108  miles  northwest  of  New  Orleans  and  75  miles 
south  of  Jackson.  The  location  is  420  feet  above  tide- 
water. The  well  has  a  depth  of  eighteen  feet  and  a 
diameter  of  four  feet.  The  supply  of  water  is  unlimited. 
The  foUowmg  analysis  was  made  by  J.  H.  Laster,  chem- 
ist, of  New  Oi-lcans : 

One  United  States  Gallon  Contains  : 

Solids.  flniin<i 

Iron  protochlorlde 11  & 

Calcium  sulphate Tra^o 

Sodium  chloride "f^ 

Calcium  carbonate Tra^'o 

Silica ^T^^- 

Loss '........!!!..!!. 84 

'^°^^ 13.99 
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The  ■water  is  said  to  possess  much  value  in  the  treat- 
ment of  diarrhcea  and  dysentery  and  in  disorders  of  the 
liver  and  kidneys.  It  is  bottled  and  sold,  but  many  per- 
sons visit  the  well  in  person  for  the  purpose  of  drinking 
its  waters.  The  water  is  almost  a  pure  chalybeate,  the 
remaining  ingredients  being  practically  inert. 

James  K.  Crook, 

GOERBERSDORF— This  place  is  mentioned  chiefly 
because  it  is  the  locality  in  which  the  renowned  Brehmer 
Sanatorium — the  oldest  in  existence,  founded  in  1854 — is 


strengthen  the  heart,  and  methodic  hill-climbing  the  best 
means  for  obtaining  this  result.  For  this  purpose,  in  the 
park  of  about  300  acres  surrounding  the  sanatorium,  he 
constructed  over  nine  miles  of  footpaths  of  gentle  ascent, 
with  frequent  benches  and  pavilions  for  resting.  Meas- 
ured walks  of  measured  steepness  constituted  at  that 
time  a  fundamental  principle  of  his  treatment,  and  only 
the  febrile  cases  and  those  with  some  contraindicating 
complication  were  exempt.  The  otlier  sanatoria  have 
modified  this  plan,  and  place  the  emphasis  upon  the  Ruhe- 
luft-Kur,  rest  in  the  open  air.     This  method  is  followed, 


Fig.  2322.— Brehmer's  Sanatorium  at  Goerbersdorf. 


situated.  The  village  of  Goerbersdorf  is  located  in  the 
Southeastern  part  of  Germany,  in  the  province  of  Silesia, 
at  an  altitude  of  1,840  feet. '  It  is  in  the  valley  of  the 
Steine,  which  runs  from  northwest  to  southeast,  and  is 
sheltered  by  densely  wooded  heights.  The  climate  is 
not  unlike  that  of  the  Adirondacks,  for  example,  its  main 
features  consisting  of  "  atmospheric  purity,  freedom  from 
dust,  dryness  of  soil,  shelter  against  strong  wind,  and 
abundant  sunshine. "  Its  altitude  is  not  sufficient  to  give 
it  the  character  of  an  Alpine  climate,  though  in  a  general 
sense  it  is  a  mountain  climate.  The  season  is  an  all-the- 
year-round  one. 

Here,  nearly  fifty  years  ago,  Brehmer  founded  his 
famous  sanatorium,  the  parent  of  all  the  others.  Begun 
in  a  small  way,  it  now  consists  of  large  and  handsome 
buildings  with  several  detached  villas,  surrounded  by 
very  extensive  grounds.  Meeting  with  much  opposition 
at  first,  Brehmer,  before  he  died  in  1889,  had  the  satisfac- 
tion of  seeing  his  method  adopted  more  or  less  closely 
in  all  systematic  attempts  to  cure  phthisis ;  other  sanatoria 
established  on  the  principles  laid  down  by  him;  and 
more  favorable  results  than  had  ever  before  been  obtamed 
in  the  treatment  of  the  disease.  To-day  the  Brehmer 
hygienic-dietetic  treatment,  with  perhaps  some  modifica- 
tions, is  the  best  we  have,  when  weighed  by  results.      ^ 

Brehmer's  theory  of  the  underlying  cause  of  phthisis 
was  a  disproportion  between  the  heart  and  lungs,  the 
latter  relatively  voluminous,  the  former  small,  with  thin, 
flabby,  feeble  walls.  Consequently  he  considered  that 
the  most   important  object    in  the   treatment  was    to 


to  be  sure,  at  Gorbersdorf,  but  not  to  the  extent  that  it 
is  at  Falkenstein  and  Hohenhonnef .  At  these  latter  it  is 
the  striking  feature  of  the  treatment. 

The  sanatorium  building  is  a  large  gothic  structure  of 
brick,  of  very  imposing  appearance,  in  the  midst  of  a  beau- 
tiful garden ;  and  besides  the  old  and  the  new  Kurliaus 
there  are  three  annexes  or  villas.  The  internal  arrange- 
ments are  very  extensive,  consisting  of  a  winter  garden, 
conversation  and  reading  rooms,  large  dining  halls,  vari- 
ous reception  rooms,  an  imposing  gothic  staircase,  and 
bedchambers hygienically  arianged.  One  notices  various 
suggestive  maxims  painted  on  the  walls,  like  the  follow- 
ing :  "  Wolle  nur  eins,  und  das  wolle  von  Herzen  "  (Desire 
but  one  thing  and  that  with  all  the  heart).  "  Die  lohn- 
endste  Arbeit  f  tlr  einen  Kranke  ist :  gesund  zu  werden  " 
(The  labor  which  best  repays  a  sick  man  is  to  get  well). 

Besides  the  sanatorium  proper,  there  are  two  detached 
buildings  of  plainer  construction,  where  patients  are  re- 
ceived at  a  reduced  price.  There  is  also  a  chemical  and 
bacteriological  laboratory,  a  meteorological  observatory, 
and  a  medical  library.  The  clientage  comes  from  Ger- 
many, Russia,  Hungary,  Poland;  and  I  found  two  pa- 
tients from  America.  The  supervision  of  the  patient]s 
life  is  most  exact  and  continuous ;  every  two  weeks  he  is 
examined  anew  by  the  physician  in  charge,  and  is  always 
under  the  observation  of  one  or  another  of  the  physicians, 
all  of  whom,  except  the  director,  take  their  meals  with 
the  patients.  Each  is  individualized  in  his  treatment. 
As  an  illustration  of  the  painstaking  care,  I  noticed  in 
the  little  reading  library  certain  starred  books,  and  on 
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inquiry  I  found  that  tliey  were  of  a  ratlier  exciting  nature 
and  were  forbidden  to  those  of  nervous  temperament  as 
liliely  to  produce  a  rise  of  temperature  or  some  other  un- 
favorable symptom.  There  are  five  meals  a  day,  rein- 
forced by  milk.  Kefir  is  prepared  on  the  premises  in 
large  quantities  and  is  much  used,  especially  in  gastro- 
intestinal troubles  and  in  conjunction  with  alcoholic 
drinks  for  night  sweats.  Most  of  the  patients  use  wine 
or  beer.  In  fever  milk  is  the  principal  diet,  and  as  much 
as  three  litres  in  twenty-four  hours  is  given  a  patient. 

Hydrotherapeutics,  as  in  the  other  sanatoria,  is  an 
important  adjunct  of  the  treatment  in  the  form  of  simple 
bathing  with  acidulated  water,  the  wet  pack  with  mas- 
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sage,  and  cold  douches.  I  was  interested  in  watching  the 
method  of  giving  the  latter.  In  a  room  adjoining  the 
douche  sits  a  physician  at  a  table,  with  a  watch  provided 
with  a  second  hand,  and  with  the  names  of  those  for 
whom  the  bath  is  prescribed.  The  attendant  informs  the 
physician  through  a  speaking  tube  wlien  tlie  patient  is 
ready,  and  the  doctor  turns  on  the  water  (w)iich  he  alone 
manipulates)  for  the  specified  number  of  seconds,  as  in- 
dicated in  his  list.  When  the  douching  is  completed,  the 
attendant,  throws  a  blanket  about  the  patient  and  rubs 
him  down.  Only  the  stronger  and  convalescent  patients 
are  allowed  this  douche. 

The  sputum  is  deposited  in  shallow  cuspidors  contain- 
ing sawdust,  scattered  about  the  building.  Each  patient 
also  has  a  Dettweiler  pocket  spit-cup.  The  sputum  is 
destroyed  by  burning. 

A  few  minutes'  walk  from  the  Brehmer  establishment 
brings  one  to  Dr.  Rompler's  sanatorium,  which  is  also 
extensive,  accommodating  about  one  hundred  patients. 
Although  not  so  imposing  as  Brehmer's,  it  is  equally 
comfortable  and  complete,  and,  on  account  of  the  ligliter 
character  of  the  arcliitecture,  gives  one  a  very  pleasing 
and  cheerful  impression.  In  common  with  the  other 
sanatoria,  it  possesses  a  fine  winter  garden,  which  is 
practically  a  great  conservatory  affording  an  extensive 
and  beautiful  view  even  to  the  horizon,  and  is  the  favorite 
lounging  place  for  the  inmates  when  the  weather  forbids 
outdoor  life.  The  "  Liegehalle  "  is  in  the  second-story 
balcony  with  a  glass  roof,  which  seemed  to  me  preferable 
to  tliose  on  the  ground  floor.  The  extensive  park  is 
laid  out  with  pleasant  paths  of  varying  grades  (some 
protected)  extending  up  to  the  richly  wooded  mountain- 
side, with  seats,  terraces,  and  pavilions,  which  afford 
comfortable  and  picturesque  resting  places.  The  method 
of  treatment  Is  similar  to  that  of  the  larger  establishment ; 
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it  comprises  abundant  alimentation,  outdoor  air  (rest  in 
the  reclining  chairs  and  walking  in  the  paths  of  gentle 
ascent)  and  hydrotherapeutics. 

Dr.  ROmpler's  personality  is  most  pleasing,  which 
doubtless  has  much  to  do  with  the  success  he  attains. 
He  is  a  great  lover  of  nature  and  inspires  his  patients 
with  his  enthusiasm  for  outdoor  life.  In  a  few  words  he 
well  sums  up  the  conditions  of  cure :  "  Upon  the  ability 
of  the  organism  to  redst  depends  finally  the  possibility 
of  cure.  To  increase  this  power  of  resistance  through 
gradual  blunting  of  the  susceptibility  to  irritation  (hard- 
ening); through  the  improvement  of  the  nutrition  and 
quality  of  the  blood ;  and,  finally,  through  the  avoidance 
of  hurtful  influences  and  through 
instruction  and  training  for  future 
guidance,  is  the  principal  prob- 
lem of  the  phlhisiotherapeutist. " 

The  third  sanatorium  at  Goer- 
bersdorf is  that  of  Dr.  Weicker, 
which  is  a  small  one,  and,  as  Dr. 
Weicker  says,  on  the  plan  of  a 
home  rather  than  on  that  of  a  large 
institution,  he  and  his  wife  living 
in  the  institution  with  his  pa- 
tients; and  the  method  is  essen- 
tially tliat  of  the  others.  It  was 
originally  founded  by  the  Grafin 
Pilckler,  under  whose  name  it 
still  stands.  Dr.  Weicker  also  has 
charge  of  a  people's  large  sana- 
torium in  Goerbersdorf,  consisting 
of  seven  villas,  which  received 
256  persons  during  the  year  1896. 
It  was  established  for  working 
people  who  are  members  of  the 
so-called  insurance  societj'  for  the 
disabled  and  aged;  the  expense 
being  defrayed  by  the  society, 
which  allows  each  member  a  cer- 
tain sum.  The  insurance  societies 
of  Germany  of  this  nature  are  find- 
ing it  to  their  interest  to  send 
their  consumptive  membeis  to 
such  an  Institution  and  have  a  certain  proportion  of  them 
returned  to  their  usual  avocation,  rather  than  support 
them  indefinitely  as  invalids.  Of  185  persons  who  were 
dismissed  in  1896,  70.3  per  cent,  were  capable  of  resum- 
ing their  work;  and  for  the  three  j-ears  from  1894  to 
1896  inclusive,  of  those  communicated  with  who  were 
dismissed  in  these  respective  years  as  capable  of  re- 
suming their  work,  60,  71,  and  89  per  cent,  respectively, 
still  remained  so  at  the  beginning  of  189T;  so  that  from 
an  economic  point  of  view  this  plan  of  people's  sana- 
toria is  a  profitable  venture  for  the  insurance  societies. 

Goerbersdorf  is  reached  either  via  Breslau  and  Fried- 
land,  or  from  the  station  of  Dittersbach  on  the  Silesian 
Mountain  railway.  Either  from  Friedland  or  Dittersbach 
one  has  to  ride  four  or  five  miles  to  the  sanatoria.  As  to 
the  results  obtained  at  Brehmer's  sanatorium,  of  75,032 
parients  treated  from  1876  to  1886,  26.6  per  cent,  were 
reported  "  cured  and  almost  cured, "  of  the  first,  second, 
and  tliird  stages  of  the  disease  collectively. 

Edward  0.  Otis. 

GOITRE.— (Synonyms:  Brorwlwcele,  Stfuma,  Derby- 
shire Neck,  Eropf  [Ger.].)  German  writers  apply  the 
term  "struma"  solely  to  enlargements  of  the  thyroid 
gland.  Among  English  writers  the  word  has  a  double 
meaning.  It  is  used  to  indicate  not  only  disease  of  the 
thyroid  gland  but  also  a  tuberculous  condition  of  the 
lymph  nodes.     Hence  its  use  may  lead  to  confusion. 

The  word  "  goitre "  is  probably  a  corruption  of  the 
Latin  "guttur,"  the  throat.  Like  many  terms  of  popu- 
lar origin  it  cannot  be  defined  satisfactorily  in  scientific 
language.  It  is  used  rather  loosely.  It  seems  best  to 
apply  the  term  goitre  to  all  enlargements  of  the  thyroid 
gland.  WOlfler,  Orth,  Kaufmann,  and  Ziegler  use  the 
word  in  this  sense.     Virchow,  Murray,  and  Ewald  at- 
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tempt  to  restrict  it  to  the  benign  thyroid  tumors.  If  tlie 
use  of  the  word  is  to  be  limited  at  all  it  would  be  better 
to  designate  as  goitre  that  form  only  of  thyroid  tumor 
which  occurs  endemically  or  epidemically  in  certain 
regions  of  the  world. 

Historical  Note. — The  occurrence  of  endemic  goitre 
is  known  to  antedate  the  Christian  era.  That  the  disease 
abounded  among  the  Alps  was  well  recognized  by  the 
ancients.  Juvenal  asks — "  Qiiis  tmiiidiun  t/uttur  minitur 
in  Alpibvs?  "  References  to  goitre  by  Greek  and  Roman 
physicians  are  few  and  indefinite.  Paracelsus,  who  stud- 
ied endemic  goitre  in  the  Duchy  of  Salzburg,  was  the 
first  medical  writer  to  treat  of  the  subject  in  a  satisfac- 
tory manner.  In  his  work,  which  was  based  on  personal 
observations,  he  indicated  the  relation  of  goitre  to  cretin- 
ism. Scientific  inquiry  in  regard  to  goitre,  according  to 
Hirsch,  may  be  said  to  date  from  the  work  of  Malacarne, 
published  toward  the  close  of  the  eighteenth  century. 

Knowledge  of  the  pathological  anatomy  of  thyroid 
tumors  began  with  the  studies  of  Ecker,  Frerichs,  and 
Rokitansky.  A  little  later  Forster's  monograph  on  the 
malignant  tumors  of  the  thyroid  appeared.  In  1867  Vir- 
chow  published  his  classical  description  of  the  anatomical 
forms  of  goitre.  Wolfler  in  1883  finished  his  monu- 
mental work  on  the  development  and  structure  of  thy- 
roid tumors.  Clinical  knowledge  of  the  subject  has  been 
greatly  advanced  by  the  work  and  writings  of  Lilcke, 
Kocher,  Ewald,  Berry,  and  Murray. 

In  America,  the  first  and  only  attempt  at  a  systematic 
study  of  the  distribution  of  goitre  was  made  by  Benjamin 
Barton,  professor  in  the  Medical  School  of  the  University 
of  Pennsylvania,  and  was  issued  in  1800.  The  mono- 
graph was  entitled  "  A  Memoir  Concerning  the  Disease 
of  Goitre  as  it  Prevails  in  Different  Parts  of  North  Amer- 
ica." W.  Gibson  in  1830  published  an  able  essay  which 
included  a  study  of  the  morbid  anatomy  and  means  of 
diagnosis  of  thyroid  tumors. 

In  Dr.  Osier's  paper  on  cretinism  published  in  1893  he 
showed  that  endemic  goitre  no  longer  exists  in  those 
regions  where,  early  in  the  last  century,  it  prevailed 
extensively.  The  endemic  disease  has  been  studied  in 
Michigan  by  Dock,  and  among  the  North  American 
Indians  by  Munson. 

Anatomy. — The  thyroid  (glnndula  thyreoidea)  is  a 
ductless  gland,  which  consists  of  two  lateral  lobes  con- 
nected by  a  middle  portion,  varying  markedly  in  size, 
called  the  isthmus.  The  thyroid  gland  lies  in  front  of 
the  larynx  and  trachea,  and  is  bound  to  them  by  fibrous 
bands  so  that  it  follows  the  movements  of  these  organs 
in  deglutition.  The  outer  margins  of  the  lateral  lobes  are 
anterior  to  the  common  carotid  arteries.  Sometimes  a 
slender  pyramidal  process  {lobus  pyramidalis)  projects 
upward  from  the  middle  of  the  isthmus  to  the  hyoid 
bone.  The  lateral  lobes  {lohus  dexter  et  sinister)  measure 
5  to  7  cm.  in  length,  3  to  4  cm.  in  breadth,  and  1.5-3.5 
cm.  in  thickness.  The  weight  of  the  entire  gland  varies 
between  80  and  60  gm.  (Orth).  Weibgen  found  that  the 
most  active  growth  occurs  between  the  eleventh  and 
twentieth  years.  The  average  weight  between  the  sixth 
and  tenth  years  was  11.9  gm.,  between  the  eleventh  and 
twentieth  years  36. 7  gm .  The  thyroid  is  slightly  heavier 
in  men  than  in  women.  It  is  relatively  larger  in  the 
young  than  in  adults. 

Although  a  portion  of  the  lateral  lobes  is  developed 
from  the  fourth  branchial  clefts,  the  greater  part  of  the 
gland  arises  as  a  diverticulum  of  the  pharynx. 

In  the  embryo  the  thyroid  body  consists  of  solid  nests 
and  strands  of  epithelial  cells.  Later  these  solid  masses 
become  converted  into  closed  vesicles  filled  with  colloid 
and  lined  with  a  single  layer  of  cylindrical  or  cuboidal 

wolfler  holds  that  small  nodules  of  embryonic  tissue 
are  normally  present  in  the  developed  gland,  and  furnish 
the  congenital  Anlage,  in  the  sense  in  which  Cohnheim 
used  that  term,  for  the  development  of  tumors.  It  is 
fully  as  probable,  however,  that  these  embryonic  re- 
mains which  Wolfler  describes  are  in  reality  small  ade- 


His  has  described  what  he  considers  to  be  the  rudi- 
ments of  an  excretory  duct  (ductus  thyreoglossus)  which 
extends  from  the  thyroid  to  the  tongue;  and  opens  at 
the  site  of  the  foramen  ca'cum.  The  finding  of  accessory 
thyroid  tumors  in  the  root  of  the  tongue  is  certainly  in 
support  of  this  view,  although  Kanthack  was  not  able 
to  confirm  the  observations  of  His. 

The  thyroid  vesicles  range  from  0.045  mm.  to  1  mm. 
in  diameter.  The  epithelial  cells  vary  in  size  and  shape. 
Sometimes  in  young  individuals  they  have  a  cylindrical 
form,  but  usually  they  are  cuboidal.  Low,  flat  cells, 
according  to  E.  Schmid,  are  seen  chiefly  in  old  age.  On 
fresh  examination  colloid  droplets  and  a  varying  number 
of  fine  and  coarse  granules  can  be  demonstrated  within 
the  cells.  The  granules  are  most  abundant  near  the  free 
margin  of  the  cell. 

The  viscid,  homogeneous  colloid  substance  present  in 
the  vesicles  usually  appears  vacuolated  in  hardened  spec- 
imens (see  Pig.  3334).  It  takes  nearly  the  same  color 
with  eosin  as  do  the  red  blood  corpuscles.  Ernst  has 
shown  that  colloid  can  be  distinguished  from  hyalin  by 
staining  more  deeply  with  fuchsin  when  treated  with 
Van  Gieson's  mixture. 

The  origin  of  colloid  has  not  been  fully  determined. 
It  is  probably  a  secretion  of  the  epithelial  cells.  These 
have  the  characteristics  of  secreting  cells.  Virchow  be- 
lieves that  the  cells  secrete  a  clear  fluid  into  the  vesicles, 
and  that  the  colloid  is  formed  from  the  fluid.  Many 
histologists  and  physiologists  hold  to  the  view  of  Frerichs 
that  colloid  is  formed  within  the  cells  or  is  the  product 
of  a  specific  transformation  of  the  cells.  They  regard 
the  process  as  partly  secretory  and  partly  degenerative. 
Reinbach  holds  that  colloid  in  normal  glands  is  a  secre- 
tion, but  the  colloid  in  goitres  is  formed  by  the  degener- 
ation of  the  cells.  He  adduces  little  evidence  in  support 
of  the  latter  hypothesis,  and  Miiller  is  probably  right  in 
regarding  the  colloid  substance  of  both  normal  and  goi- 
trous thyroids  as  a  secretion  and  not  a  degeneration. 

How  the  thyroid  secretion  enters  the  circulation  is  not 
known.  The  explanation  of  Biondi  and  Schmid  that 
rupture  of  the  vesicles  occurs  as  a  physiological  event 
and  thereby  the  colloid  escapes  into  the  lymphatics  is 


Fig.  2324.— Accessory  Thyroid  Tumor  from  Root  of  Tongue.  The 
vesicles  are  flUed  with  colloid  and  lined  with  low  epitheUum. 
(X41diam.) 

improbable.  The  existence,  between  the  epithelial  cells, 
of  ducts  communicating  with  the  lymphatics,  as  described 
by  Hiirthle,  is  doubtful. 

A  number  of  histologists  have  described  colloid  within 
the  lymphatics  of  the  thyroid,  and  Podack  found  it  in 
lymphatics  outside  of  the  thyroid.     The  observation  by 
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Zielinska  of  colloid  in  the  capillaries,  veins,  and  even  in 
the  arteries  of  the  thyroid  and  by  vonEbner  in  the  vessels 
of  the  larynx,  would  seem  to  show  that  this  supposed 
demonstration  of  colloid  within  vessels  is  due  to  an  arte- 
fact possibly  produced  in  removing  the  organ  or  In  the 
process  of  hardening.  It  may  be  coagulated  blood  serum 
which  sometimes  simulates  colloid  in  appearance.  I 
have  recently  studied  a  specimen  of  syphilis  of  the  testi- 
cle in  which  the  veins  were  filled  with  a  homogeneous 
hyaline  material  which  presented  exactly  the  appearance 
of  the  colloid  of  the  thyroid.  Fine  projections  of  the 
hyaline  material  attached  it  to  the  walls  of  the  vessels 
which  gave  the  fes- 
tooned border  seen 
in  thyroid  vesicles. 
This  observation  sug- 
gests that  the  lack  of 
apposition  between 
the  epithelium  of  the 
thyroid  vesicles  and 
the  colloid  mass  is 
not  due  to  the  pres- 
ence of  a  clear  se- 
cretion between  the 
epithelium  and  the 
colloid  mass,  but  to 
a  retraction  of  the 
latter. 

The  morphology  of 
the  epithelial  cells 
and  their  relation  to 
the  abundant  capil- 
lary network  rather 
favor  the  view  that 
the  thyroid  secretion 
passes  without  the 
intervention  of  lym- 
phatics directly  into 
the  circulating  blood. 
The  thyroid  is  an 
extremely  vascular 
organ.  Mayer  esti- 
mated that  it  receives 
almost  as  much  blood 
as  the  forearm,  S5m- 
m  e  r  i  n  g  calculated 
that  the  size  of  the 
thyroid  arteries  was 
relatively  eight  times 
greater  than  those  of 
the  brain.  Both  the  arteries  and  the  veins  form  large 
anastomoses  upon  the  surface  of  the  organ. 

Home  in  1892,  working  under  von  Recklinghausen, 
described  bud-like  projections  composed  of  proliferated 
endothelial  cells  on  the  inner  wall  of  the  arteries  of  goi- 
trous thyroids.  M.  B.  Schmidt  found  similar  cell  buds 
quite  regularly  in  the  small  arteries  of  the  healthy  thy- 
roid at  all  ages.  They  may  involve  the  media  as  well  as 
the  intima.  The  significance  of  these  nodules  is  not 
known.  Ricker  has  suggested  that  they  represent  a  tem- 
porary infolding  of  the  wall  and  thus  offer  a  morpholog- 
ical explanation  for  the  great  variations  in  the  blood 
content  of  the  gland.  Years  ago  the  idea  was  advanced 
that  the  thyroid  was,  in  a  certain  sense,  a  safety  reservoir 
to  prevent  an  excessive  flow  of  blood  to  the  brain. 

Accessory  thyroids  (glandnhi'  tliyreoidae  accessorim)  are 
not  rare.  They  may  occur  anywhere  from  the  root  of 
the  tongue  to  the  middle  of  the  thorax,  but  they  are  most 
frequently  found  in  the  neighborhood  of  the  hyoid  bone. 
Zuckerkandl  found  them  anterior  to  the  hyoid  bone  in 
fifty -seven  out  of  two  hundred  cases. 

Streckeisen  distinguishes  between  the  median  and  the 
lateral  accessory  thyroids.  The  former  he  divides  into 
four  groups:  (\)  the  prehyoid  ^thich  lie  superior  to  the 
mylohyoid  muscle ;  (3)  the  suprahyoid  which  lie  between 
or  within  the  geniohyoid  ;  (3)  the  epihyoid  which  lie  above 
the  geniohyoid ;  (4)  the  infrahyoid  which  lie  in  the  hol- 
low or  even  in  the  substance  of  the  hyoid  bone.     The 


Fig.  2325.  -  Section  Through  a  Parathyroid  ol  Man.  It  Is  contiguous  to  the  thyroid 
gland.  The  difference  In  structure  between  thyroid  and  parathyroid  tissue  is  well 
shown.    (X85dlam.) 


lateral  accessory  thyroids  are  usually  found  in  the  neigh- 
borhood of  the  greater  cornua  of  the  hyoid. 

W61fler  has  observed  accessory  thyroids  on  the  ascend- 
ing aorta  in  children.  In  dogs  they  are  commonly  found 
in  this  situation.  Plana  states  that  aortic  accessory  thy- 
roids were  present  m  sixty -six  per  cent,  of  the  dogs  ex- 
amined.    In  cats  accessory  thyroids  are  rare. 

Pakathyroid  Glands  (Olandulm  pa/rathyreoidem).— 
These  bodies  were  described  first  by  Sandstroem  in  1880. 
They  are  composed  of  solid  masses  of  epithelial  cells,  and 
do  not  contain  colloid.  The  parathyroids  in  man  have 
been  studied  by  Welsh,  of  Edinburgh.     As  a  rule,  there 

are  two  parathyroids 
on  each  side.  Some- 
times the  distribution 
is  irregular,  so  that 
one  or  more  may  be 
overlooked.  Two 
glands  may  be  inti- 
mately connected  so 
that  they  appear,  on 
superficial  examina- 
tion, as  one  gland. 
They  vary  in  size, 
but  most  commonly 
measure  about  6x3 
Xl.5  mm.  I  have 
seen  them  1  cm.  in 
length,  and  Welsh 
states  that  they  may 
measure  1.5  cm. 
They  are  thin,  oval 
bodies  which  are 
moulded  to  the  form 
of  adjacent  struc- 
tures. Their  charac- 
teristic color  is  yel- 
low, admixed  with 
red  and  brown.  The 
yellow  hue  is  due  to 
clusters  of  fat  cells 
lying  between  the 
masses  of  epithelial 
cells.  This  adipose 
tissue  within  the 
gland  is  well  shown 
in  Fig.  2325.  The 
two  parathyroids,  ac- 
cording to  Welsh, 
have  a  constant  po- 
sition in  relation  to  each  other.  Welsh  designates  them 
as  the  posterior'  superior  and  the  anterior  inferior.  The 
posterior  superior  parathyroid  lies  on  the  posterior  wall 
of  the  pharynx  or  oesophagus  at  the  level  of  the  in- 
ferior border  of  the  cricoid  cartilage,  just  internal  to 
the  posterior  margin  of  the  lateral  thyroid  lobe.  The 
j)osition  of  the  anterior  inferior  parathyroid  is  less  con- 
stant. The  parathyroids  differ  from  the  thyroids  de- 
velopmentally.      They  are  formed  earlier. 

Physiology. — The  thyroid  secretes  a  material  which  is 
essential  to  the  well-being  of  the  body.  Notkin's  view 
that  the  thyroid  serves  to  collect  some  toxic  substance 
from  the  blood  is  interesting  but  improbable.  The  in- 
ternal secretion  into  the  blood  appears  to  be  specially 
concerned  in  producing  metabolic  changes  in  the  central 
nervous  system.  In  1856  Schifi  showed  that  complete 
extirpation  of  the  thyroid  in  dogs  resulted  in  the  death 
of  the  animal.  Some,  however,  recover,  and  in  1899 
Katzenstein  concluded  as  a  result  of  his  experiments  that 
the  thyroid  is  not  essential  to  life.  He  probably  over- 
looked the  accessory  thyroids  that  are  so  common,  as  Sul- 
tan (AreMvfur  klinische  OUrurgie,  1901,  vol.  Ixii.,  p.  620) 
found  that  total  extirpation  of  the  thyroid  tissue  always 
produces  severe,  characteristic,  disease  phenomena,  and 
leads  to  a  fatal  issue. 

If,  in  the  dog,  one  lobe  be  removed,  although  no  symp- 
toms supervene,  the  other  undergoes  a  compensatory 
hypertrophy.     This  was  pointed  out  by  Wagner.     The 
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remaining  lobf  does  not  always  enlarge,  so,  as  Halsted 
says,  the  microscope  must  be  the  criterion  of  hypertro- 
phy. The  microscopical  changes  have  been  described  by 
Horsley  and  Halsted.  The  vesicles  enlarge.  Their  lin- 
ing membrane  becomes  folded  and  branched.  The  epi- 
thelium assumes  a  cylindrical  form,  and  the  colloid  dis- 
appears. Beresowsky  removed  five-sixths  of  the  thyroid 
In  dogs.  In  addition  to  compensatory  hypertrophy  he 
observed  actual  regeneration  with  new  formation  of  ves- 
icles. 

Edmunds  found  that  if  one  parathyroid  be  left  in  the 
animal  the  other  parathjToids  and  the  entire  thyroid 
might  be  removed,  and  yet  the  dog  would  live  and  no 
apparent  ill  effects  follow.  The  parathyroid  that  is  left 
shows  signs  of  active  growth,  but  it  does  not  develop 
into  thyroid  tissue.  This  overtlirows  the  old  view  of 
Gley  that  the  parathyroids  are  Immature  thyroids.  Ed- 
munds observed  that  compensatory  hypertrophy  of  the 
thyroid  took  place  when  the  thyroid  was  left  intact, 
if  all  the  parathyroids  were  removed.  Excision  of  a 
portion  of  the  superior  laryngeal  and  vasosympathetic 
nerves  on  one  side  and  of  the  lateral  thyroid  lobe  on  the 
other  side  leads  to  great  hypertrophy  of  the  remaining 
lobe.  It  may  weigh  three  or  four  times  as  much  as  nor- 
mal. The  Increase  in  size  is  largely  due  to  a  growth 
of  thyroid  tissue  between  the  vesicles  (Edmunds). 

The  experiments  of  Vassale  and  of  Moussu  show  that 
the  thyroid  and  the  parathyroid  are  different  organs.  It 
is  probable,  however,  that  they  are  functional!}'  asso- 
ciated. The  removal  of  the  former  produces  trophic  dis- 
turbances resembling  those  of  myxa'dema  in  man,  and 
removal  of  the  latter  produces  convulsive  disorders  and 
death. 

Levin's  work  seems  to  indicate  that  the  thyroid  secre- 
tion acts  upon  mucin.  He  demonstrated  that  an  intra- 
venous injection  of  mucin  which  is  fatal  to  animals  de- 
prived of  their  thyroids  gives  rise  to  no  untoward  effect 
in  healthy  animals. 

The  colloid  substance  of  the  thyroid  gland  has  great 
physiological  power.  It  contains  phosphorus,  and  yet 
is  not  a  nucleoproteid,  neither  is  it  alHed  to  mucin.  It 
belongs  to  the  glycoproteids.  The  singular  feature 
about  colloid  is  that  it  contains  iodine.  This  notable 
discovery  was  made  by  Baumann  who  isolated  a  sub- 
stance to  which  he  gave  the  name  iodothyrin,  and  which 
Hutchinson  showed  is  found  in  the  colloid  substance. 
It  contains  all  of  the  phosphorus  and  the  greater  part 
of  the  iodine.  Oswald,  in  1899,  obtained  from  the  com- 
plex iodothyrin  the  simpler  body  thyreoglobulin,  which 
de  Cyon  and  Oswald  (Pfliiger's  ArcMv,  1901,  vol.  Ixxxviii. , 
p.  199)  claim  is  the  active  principle  of  the  thyroid  secre- 
tion. Baumann  estimates  that  every  gram  of  the  thy- 
roid of  man  contains  1  mgm.  of  iodine.  Gideon  Wells  has 
shown  that  the  human  thyroids  obtained  in  Chicago  con- 
tain four  times  as  much  iodine  as  the  glands  of  individ- 
uals living  in  the  goitrous  regions  of  Germany.  The 
thyroid  of  newly-born  children  is  free  from  iodine.  The 
accessory  thyroids  may  be  richer  in  iodine  than  the  thy- 
roid gland  proper  (Gley,  Mendel). 

Geographical  Distribution  of  Endemic  Goitre. 
—In  certain  districts,  widely  scattered  over  the  globe,  a 
goodly  proportion  of  the  inhabitants  are  affected  with 
enlargement  of  the  thyroid.  This  peculiar  form  of  thy- 
roid tumor  is  known  as  endemic  goitre. 

Early  in  the  last  centuiy  the  disease  prevailed  in  New 
England  and  in  New  York  State.  Dorr,  writing  in  1806, 
mentioned  a  number  of  New  England  towns  m  which 
goitre  was  very  common.  In  1893  Osier  reported  that 
the  disease  no  longer  existed  in  these  towns.  In  many 
towns  of  Vermont  it  was  especially  prevalent.  Dorr 
states  that  in  Chester  one-half  of  the  inhabitants  were 
affected.  Osier  found  that  goitre  is  now  rare  in  Ala- 
bama, although  it  was  common  in  1854,  and  it  is  also  m- 
teresting  to  note  that  the  disease  has  gradually  disap- 
peared from  those  parts  of  Virginia  where  it  was  formerly 
endemic.  Barton  states  that  in  1798  bronchocele  pre- 
vailed to  such  an  extent  in  Pittsburg  that  out  of  fifteen 
hundred  inhabitants  no  less  than  one  hundred  and  fifty 


had  the  disease.  The  number  of  cases  gradually  de- 
clined, and  in  1835  Denny  wrote  that  no  new  cases  had 
occurred  since  1806. 

As  both  Hirsch  and  Osier  complain  that  they  have 
been  able  to  learn  nothing  of  the  occurrence  of  endemic 
goitre  in  Massachusetts,  I  have  made  inquiries  of  physi- 
cians in  various  parts  of  the  State,  especially  of  those 
connected  with  the  hospitals  for  the  insane.  I  have  not 
been  able  to  discover  a  single  focus  of  the  disease  in  the 
State. 

Dock  has  found  that  goitre  prevails  in  all  parts  of 
Michigan,  but  particularly  in  the  northern  section.  The 
southern  portion  of  the  lower  peninsula  also  contains 
many  cases.  Dock  asserts  that  the  disease  exists  in  parts 
of  Oliio  and  Indiana,  and  still  more  in  the  States  border- 
ing on  Lakes  Michigan,  Superior,  and  Huron. 

In  1895  Munson  published  his  observations  on  the  oc- 
currence of  endemic  goitre  among  the  Indians  of  the 
United  States.  A  century  before  Barton  called  attention 
to  the  frequency  of  the  disease  among  the  Indians  of 
New  York  State.  Munson  found  goitre  most  prevalent 
in  the  southern  part  of  Montana.  It  is  common  on  the 
single  reservation  in  Wyoming,  and  on  the  reservations 
of  Utah,  Idaho,  and  Colorado,  situated  on  the  western 
slope  of  the  Rocky  Mountains.  It  abounds  in  the  west- 
ern portion  of  the  Dakotas,  especially  in  the  region  of 
the  Black  Hills.  The  district  examined  includes  a  total 
of  18,183  Indians,  made  up  of  various  tribes,  and  from 
this  number  were  reported  764  cases  of  goitre,  which  is 
over  four  per  cent.  Munson  states  that  the  disease  is 
frequently  seen  among  the  Chlppewas  of  Minnesota,  and 
is  especially  prevalent  among  the  Menominees  of  eastern 
Wisconsin.  "  With  the  exception  of  a  single  reservation 
in  Southern  California,  goitre  is  unknown  throughout 
Washington,  Oregon,  western  Utah  and  Idaho,  Cali- 
fornia, Arizona,  and  New  Mexico,  although  this  region 
contains  a  comparatively  dense  Indian  population." 

In  the  Province  of  Quebec  (Osier)  and  the  Island  of 
Montreal  ( Adarai)  endemic  goitre  occurs.  It  is  still  more 
common  near  Lake  Ontario  in  the  Province  of  Ontario. 
Osier  mentions  the  extraordinary  prevalence  of  this  affec- 
tion in  the  Kingston  Insane  Asylum,  where  in  1893  there 
were  288  cases  of  goitre  among  600  patients. 

In  England  endemic  goitre  is  especially  common  among 
the  Derbyshire  Hills,  hence  the  name  Derbyshire  Neck. 
It  exists  in  the  Pennine  range  in  the  North.  Morris  in 
1895  stated  that  he  Iiad  seen  fifty  cases  among  a  popula- 
tion of  two  thousand  in  the  Chiltern  Hills.  The  greatest 
centres  in  Scotland  are  in  the  Lowlands  and  in  and 
around  the  Lothian  Hills  (M'Kenzle). 

A  glance  at  the  map  prepared  by  Bircher  shows  in  a 
striking  manner  the  association  of  the  disease  with  the 
mountainous  countries  of  Europe.  In  Switzerland  it  is 
very  prevalent.  Bircher  found  that  in  some  parts  of 
the  cantons  of  Freiburg  and  Berne  eighty  or  ninety  per 
cent,  of  the  recruits  were  goitrous.  In  Italy  the  disease 
is  common  on  the  southern  side  of  the  Alps.  It  also  ex- 
ists in  Savoy,  in  the  Black  Forest,  and  in  Styria.  The 
departments  of  Prance  chiefly  affected  are  those  occupy- 
ing the  regions  of  the  Alps,  the  Pyrenees,  the  Central' 
Plateau,  the  Jura,  and  the  Vosges.  The  disease  has 
diminished  in  Prance,  especially  during  the  last  fifty 
years,  yet  it  is  estimated  that  there  are  now  between 
375,000  and  400,000  goitrous  people  in  that  country 
(Mayet).  The  distribution  of  the  disease  throughout 
Europe  is  much  the  same  as  it  was  several  centuries  ago. 

In  Asia  endemic  goitre  exists  in  the  Himalayas,  in  the 
hilly  districts  of  China,  and  in  Siberia. 

A  great  zone  of  goitre  begins  in  Mexico  and  extends 
with  increasing  intensity  through  Central  America  and 
South  America  as  far  as  Chili,  and  "  forms  a  region  of 
the  disease  worthy  to  be  named  besides  those  of  the 
Alps  and  the  Himalayas  "  (Hirsch). 

Etiology  op  Endejiic  Goitre. — Goitre  is  said  to  oc- 
cur in  endemic,  epidemic,  and  sporadic  forms.  The 
term  "  sporadic  "  in  this  connection  is  unfortunate  and 
misleading.  It  implies  that  the  cause  of  the  scattered 
cases  of  thyroid  enlargement  which  are  found    every- 
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where  is  the  same  as  that  of  endemic  goitre.  Like  otlier 
glandular  organs  the  thyroid  may  be  the  seat  of  a  vari- 
ety of  new  growths.  The  etiology  of  these  tumors  will 
probably  remain  obscure  until  more  light  lias  been 
thrown  on  the  formation  of  tumors  in  general.  In  Mas- 
sachusetts endemic  goitre  does  not  exist,  and  yet  I  have 
been  able  to  collect  in  Boston  over  fifty  specimens  of 
th3a-oid  tumors  which  liave  been  removed  during  the  past 
few  years.  These  would  he  classified  as  "  sporadic  "  cases, 
and  yet  the  evidence  is  all  opposed  to  the  view  that  they 
were  caused  by  the  same  agent  that  produces  the  en- 
demic disease. 

The  cause  of  endemic  goitre  is  not  known.  There 
seems  to  be  little  doubt  that  it  is  an  infectious  disease ; 
but  the  contagium  mmim  has  not  been  discovered. 

Epidemic  outbreaks  of  goitre  may  occur.  With  rare 
exceptions  they  have  developed  in  districts  where  en- 
demic goitre  existed.  Nearly  all  the  cases  have  been 
observed  in  France.  The  epidemics  have  always  been 
sharply  localized.  Most  of  them  have  been  in  barracks 
or  boarding-schools.  At  Clermont-Ferrand  fifty  of  the 
seminary  pupils  were  attacked  within  a  few  days. 

St.  Lager  in  1868  stated  that  he  could  number  no  less 
than  378  autliors  and  43  different  views  of  the  causation 
of  the  disease. 

The  geological  formation  has  been  held  by  some  recent 
writers  to  be  of  importance  in  the  genesis  of  the  malady. 
Bircher  concluded,  as  a  result  of  careful  study,  that  it 
occurred  only  upon  the  marine  deposits,  especially  of  the 
Palaeozoic,  Triassic,  and  Tertiary  periods.  He  lield  that 
volcanic  rocks,  the  crystalline  rocks  of  the  Archaean  group, 
chalky  sediments,  and  those  of  the  Jurassic  formation,  as 
well  as  all  fresh-water  deposits,  were  free  from  goitre. 
Kocher  in  1889  pointed  out  that  it  existed  on  the  rocks 
exempted  by  Bircher,  and  Dock  has  shown  that  in  Amer- 
ica goitre  is  found  on  the  Laurentian,  the  drift,  and  many 
intermediate  formations. 

For  a  detailed  account  of  the  various  theories  and  the 
evidence  adduced  in  support  of  them  Hirsch's  "Hand- 
book of  Geographical  and  Historical  Pathology  "  should 
be  consulted.  His  conclusion  is  so  reasonable  and  so 
well  stated  that  I  give  it  in  full :  "  The  absence  of  results 
to  all  these  inquiries  about  the  genesis  of  goitre  and  cre- 
tinism— inquiries  which  have  extended  to  every  influence 
perceptible  to  the  senses  that  could  be  brought  into  the 
consideration  of  the  question  before  us — warrants,  I  will 
not  say  compels,  the  conclusion  that  in  these  diseases  we 
have  to  do  with  a  specific  agent,  a  veritable  morbid  poison, 
and  that  endemic  goitre  and  cretinism  ham  to  be  reckoned 
among  the  infectious  diseases.  This  doctrine  finds  a  cer- 
tain support  in  two  things;  on  the  one  hand  the  fluctua- 
tions in  the  amount  of  the  sickness,  which  we  have  had 
frequently  occasion  to  notice,  and  for  which  there  is  no 
sufficient  explanation  to  he  found  in  the  states  of  the 
atmosphere  or  of  the  soil  or  of  hygiene ;  on  the  other 
hand,  the  epidemic  outbreaks  of  goitre,  for  which  the 
theory  of  infection,  as  Saillard,  Viry  and  Richard,  Thi- 
baud,  and  other  French  military  surgeons  have  recog- 
nized and  said,  is  hitherto  the  only  one  that  affords  an 
.  explanation,  and  an  explanation  that  accords  most  nearly 
with  the  facts  of  the  case. " 

The  infectious  agent  is  probably  conveyed  through  the 
drinking-water.  The  water  of  certain  wells  is  known  to 
cause  goitre,  and  there  are  some  in  Switzerland  whose 
water  Kocher  found  had  invariably  produced  goitre  in 
the  children  who  drank  of  it.  The  water  is  rendered 
harmless  by  boiling.  There  are  noted  goitre  wells  in 
Europe  to  which  young  men  wishing  to  avoid  enlistment 
resort.  In  a  few  weeks  goitres  develop  which  are  large 
enough  to  exempt  them  from  military  service. 

Dock  noted  that  a  very  large  proportion  of  all  the  cases 
in  Michigan  had  used  well-water.  In  Ludingtou  goitre 
became  much  less  frequent  when  lake- water  was  substi- 
tuted for  well-water.  Singularly  enough,  according  to 
a  statement  made  by  Dr.  Hurd,  the  reverse  is  true  at  the 
Kingston  Insane  Asylum,  Ontario.  There,  the  patients 
developed  goitre  when  the  water  of  the  River  St.  Law- 
rence was  substituted  for  well-water. 
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Numerous  attempts  have  been  made  to  show  a  causal 
relation  between  certain  micro-organisms  and  goitre. 
Klebs  detected  some  minute  animal  or  vegetable  struc- 
tures, which  he  called  "  naviculse  "  from  their  shape,  in 
the  water  of  goitrous  wells.  Rildel  was  not  able  to  find 
these  peculiar  organisms.  Bircher  found  diatoms  and 
other  micro-organisms  in  water  from  districts  where 
goitre  is  prevalent. 

Kocher  discovered  that  water  from  goitrous  wells  is 
characterized  by  the  large  number  of  bacteria  it  contains. 
Tavel  compared  goitre-water  with  that  of  wells  known 
to  be  harmless.  Both  were  pure  upon  chemical  analysis, 
but  the  former  contained  more  bacteria.  One  bacillus 
isolated  from  two  goitrous  waters  produced  hypertrophy 
of  the  thyroid  when  inoculated  into  guinea-pigs.  Ex- 
periments with  this  bacterium  upon  dogs  yielded  nega- 
tive results.  Lustig  and  Carle  claim  that  a  bacillus  with 
definite  characteristics  is  constantly  present  in  water 
known  to  induce  "goitre. 

Grasset  in  1898  described  a  hsematozoon,  somewhat 
similar  to  the  parasite  of  malaria,  in  the  blood  of  goitrous 
individuals.  M'Kenzie  has  not  been  able  to  confirm 
Grasset's  observations. 

Adami  thinks  that  if  micro-organisms  cause  the  malady 
they  do  so  indirectly,  by  forming  injurious  products  in 
the  water.  The  disease  would  then  be  regarded  not  as 
an  infection  but  as  an  intoxication. 

Endemic  goitre  is  more  common  in  women  than  in  men. 
In  England  the  proportion  is  from  7  to  1,  to  44  to  1 
(Murray).  It  usually  develops  at  or  before  puberty. 
Hausleutner  said  that  it  rarely,  if  ever,  occurred  after  the 
fortieth  year ;  but  we  now  know  that  cases  may  occur  in 
older  people. 

In  goitrous  localities  the  lower  animals  are  frequently 
affected,  especially  dogs  and  horses.  Dock  saw  in  a 
short  time  one  day  in  Calumet,  Michigan,  six  goitrous 
horses. 

Congestion. — Vascular  disturbances  of  the  thyroid 
are  favored  by  the  richness  of  its  blood  supply.  A 
transient  enlargement  occurs  under  u,  variety  of  condi- 
tions. There  seems  to  be  a  definite  connection  between 
the  sexual  functions  and  the  thyroid  gland.  Prof. 
Milnes  Gaskell  has  shown  that  in  the  primitive  verte- 
brate— the  human  progenitor — the  sexual  organs  lay  in 
intimate  relation  with  the  thyroid.  Freund's  careful  in- 
vestigations would  seem  to  prove  that  a  physiological 
enlargement  occurs  during  menstruation  and  pregnancy. 
Transient  swelling  i*s  also  a  consequence  of  parturition. 
Lange  examined  over  three  hundred  pregnant  women 
and  confirmed  Freund's  observations.  He  does  not  agree 
with  Freund,  however,  that  the  swelling  is  due  simply 
to  congestion.  As  reduction  followed  the  administration 
of  thyroid  extract  Lange  maintains  that  the  condition  is 
due  to  a  hypertrophy  of  the  glandular  elements. 

It  is  also  claimed  that  defloration  is  accompanied  by  an 
enlargement  of  the  thyroid.  If  this  be  true  there  is  a 
scientific  basis  for  the  ancient  custom,*  still  followed  in 
the  East,  of  testing  a  bride's  virginity  by  measuring  the 
circumference  of  her  neck  before  and  "after  the  marriage- 
night. 

Sexual  excitement  in  women  and  in  animals  is  said  to 
produce  an  engorgement  of  the  thyroid.  I  have  been 
told  of  a  case  in  which  a  physician  measured  his  wife's 
neck  immediately  after  coitus  and  found  a  definite  in- 
crease in  the  size  of  the  thyroid.  Berry  says  that  one  of 
his  patients  insisted  that  sexual  excitement  was  always 
followed  by  temporary  enlargement  of  his  goitre,  usually 
sufficient  to  cause  dyspna?a. 

In  giris  enlargement  of  the  thyroid  is  common  at  pu- 
berty. SchOnlein,  Friedreich,  and  Heidenreich  described 
it  as  a  special  type  of  goitre,  the  strwma  antemenstrnalis. 
The  swelling  is  probably  due  to  hypercemia  or  conges- 
tion. A  connection  seems  to  exist  between  thyroid  en- 
largement and  chlorosis.  Ewald  in  Beriin,  a  non- 
goitrous  locality,  has  been  struck  with  the  frequency  of 
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goitre  in  clilorotic  girls.  Capitau  has  called  attention  to 
this  association.  He  thinks  chlorosis  is  sometimes  de- 
pendent upon  abnormalities  in  the  thyroid  gland.  Hayem 
in  thirty-five  subjects  of  chlorosis  examined  within  a 
short  time  found  goitre  twenty -nine  times. 

A  case  of  acute  enlargement  of  tlie  thyroid  in  mumps 
has  come  under  my  notice.  The  patient  was  a  student 
in  the  Harvard  Medical  School.  A  few  days  after  the 
onset  of  tlie  disease  a  swelling  of  the  thyroid  was  ob- 
served, which  continued  to  increase  for  several  days. 
The  gland  was  neither  painful  nor  tender.  There  was 
slight  dyspnoja.  It  remained  enlarged  for  about  two 
weeks.  The  case  appears  unique.  There  is  no  reference 
to  this  comphcation  of  mumps  in  the  "Index  Catalogue 
of  the  Surgeon-General's  Library.'' 

Alfred  Stengel  recently  reported  an  interesting  case  of 
acute  non-inflammator)'  thyroid  enlargement.  It  was 
probably  the  result  of  congestion. 

Hyperteophy. — When  a  portion  of  the  thyroid  is  re- 
moved the  remainder  undergoes  a  compensatory  hyper- 
trophy. This  type  of  hypertrophy  is  known  to  occur  in 
man  and  it  has  been  produced  experimentally  in  animals 
by  Ribbert,  and  Beresowsk}'.  Berry  relates  a  case  in 
which  symptoms  of  cachexia  thyreopriva,  which  ap- 
peared after  a  supposed  complete  thyroidectomy,  disap- 
peared upon  the  development  of  a  small  tumor  at  the 
site  of  the  operation.  Either  a  bit  of  the  goitre,  fortu- 
nately not  removed,  or  an  accessory  thyroid,  had  under- 
gone compensatory  liypertrophy  and  assumed  the  func- 
tion of  the  normal  thyroid. 

It  is  possible  that  many  of  the  thyi'oid  enlargements  in 
which  the  histological  structure  resembles  that  of  the 
adult  normal  gland,  and  which  I  class  as  simple  adenomas, 
are,  in  reality,  examples  of  hypertrophy,  Wolfler  has 
attempted  to  separate  the  hypertrophies  from  the  simple 
adenomas.  Tlie  ioruiex  {Uypertrophia  parenchymatom  et 
hypertrophia  gehitimsa  Wolfler)  are  produced  by  an  in- 
crease or  enlargement  of  the  normal  vesicles  or  an  in- 
crease in  their  contents,  the  latter  (adenoma  gelatinosum), 
he  holds,  are  developed  from  embryonic  remains.  But 
as  different  writers  (Birch-Hirschfeld,  Orth,  Weichsel- 
baum,  and  Kaufmann)  have  stated,  this  distinction  is  not 
practical. 

Congenital  Goitre.— In  goitrous  districts  congenital 
thyroid  enlargement  is  frequent.  Among  642  cases  of 
goitre  in  children  at  Berne,  Demme  found  58  in  which 
the  disease  was  congenital.  Usually  the  goitre  is  small, 
Virchow  pointed  out  that  it  might  readily  be  overlooked 
owing  to  its  high  situation  in  the  neck.  It  frequently 
lies  in  close  relation  with  the  hyoid  bone  and  may  extend 
behind  the  pharynx  and  cause  severe  dyspnoea  or  even 
suffocation.  Congenital  goitre  is  not  uncommonly  asso- 
ciated with  enlargement  of  the  thymus  (Virchow,  Bednar). 

The  tumor  may  be  very  large.  Hecker  reported  a  case 
in  which  the  goitre  in  a  child  who  died  at  birth  from 
asphyxia  weighed  41.6  gm.  Probably  the  largest  con- 
genital goitre  on  record  is  the  one  cited  by  Demme,  which 
weighed  103  gm.  In  the  museum  of  St.  Bartholomew's 
Hospital  is  a  huge  congenital  goitre.  A  photograph  of 
the  specimen  appears  in  Mr.  James  Berry's  recent  work 
"Diseases  of  the  Thyroid  Gland." 

Thyroid  tumors  have  been  found  in  embryos.  Danyau 
described  one  in  a  foetus  of  five  and  a  half  months.  It 
formed  a  mass  the  size  of  a  hen's  egg  and  weighed_46 
gm.  The  normal  weight  of  a  thyroid  at  this  period 
never  exceeds  1  gm. 

Congenital  goitre  is  rare  in  regions  free  from  the  en- 
demic disease.  Abt  lately  observed  a  case  in  Chicago. 
The  child  died  at  birth.  The  tumor  was  the  size  of  a 
walnut  and  involved  the  entire  gland. 

Congenital  goitres  may  have  the  structure  of  a  normal 
foetal  thyroid  and  are  then  regarded  as  examples  of  hy- 
pertrophy (Spiegelberg,  FrObelius,  WOlfler).  Colloid 
cysts  sometimes  of  large  size  have  been  observed.  Con- 
genital goitres  are  found  in  animals  also  (cattle,  horses, 
goats,  sheep,  and  dogs).  For  a  comparative  study  the 
monograph  of  Pflug  should  be  consulted. 

Large  goitres  may  offer  a  mechanical  obstruction  to 


the  delivery  of  the  child  or  they  may  cause  face  presen- 
tation. 

Benign  Tumors — Classification. — Virchow 's  division 
of  benign  goitres  into  tlic  following  anatomical  varieties 
is  usually  adopted :  hyperplastic,  fibrous,  colloid,  cystic, 
and  vascular.  This  classification  is  based  entirely  on  the 
macroscopic  appearances.  WOlfler  attempts  to  classify 
them  according  to  their  mode  of  origin.     His  explanation 


Fig.  232B.— Simple  Adenoma  of  tbe  Thyroid,    f  X  61  diam.) 

of  the  mode  of  origin  of  the  different  types  of  thyroid 
tumors,  however,  is  not  convincing,  and  is  largely  hy- 
pothetical. The  genesis  of  thyroid  tumors  will  probably 
remain  obscure  until  the  general  laws  governing  the  for- 
mation of  tumors  are  understood. 

As  a  classification  is  needed  for  the  study  and  diagno- 
sis of  thyroid  tumors,  and  as  neither  system  at  present  in 
use  is  satisfactory — Virchow 's,  because  it  deals  only  with 
the  naked-eye  variations,  and  Wolfier's,  because  it  is 
complicated  and  artificial — the  attempt  has  been  made  to 
arrange  these  tumors  into  groups  according  to  their  his- 
tological structure.  To  this  end  I  have  read  the  objec- 
tive descriptions  of  thyroid  tumors  given  in  the  litera- 
ture and  have  personally  examined  many  specimens.* 

There  are  three  primary  types  of  benign  adenomatous 
thyroid  tumors.  AH  of  these  would  be  classed  by  Vir- 
chow as  hyperplastic  or  parenchymatous  goitres.  They 
can  be  diagnosed  with  certainty  only  by  microscopical 
examination. 

1.  Simple  adenoma. 

2.  Fcetal  adenoma. 

3.  Papuliferous  adenoma. 

The  vast  majority  of  all  cases  are  of  the  first  type. 
The  third  is  the  most  rare. 

Simple  adenoma  (Fig.  2326). — It  is  composed  of  vesicles 
of  various  size  filled  with  colloid.  The  structure  resem- 
bles closely  that  of  the  normal  adult  thyroid.  The  epi- 
thelium lining  the  vesicles  may  be  low  and  flat  (Fig. 
2324)  or  it  may  be  cuboidal  (Pig'.  2326).  In  the  interve- 
sicular  tissue  similar  cells  are  sometimes  seen  arranged  in 
solid  masses  or  forming  small  rosettes.  These  are  prob- 
ably areas  of  undeveloped  thyroid  tissue. 

The  simple  adenoma  may  be  confined  to  one  lobe,  or 
it  may  appear  as  a  diffuse  growth  involving  the  entire 
gland  or  form  a  distinctly  encapsulated  tumor.  Although 
usually  single,  multiple  simple  adenomas  do  occur  (Fig. 
3327).     The  consistence  is   moderately  firm.     The  cut 

*  I  am  indebted  to  Dr.  W.  F.  Whitney,  curator  ol  the  Warren  Mu- 
seum ol  Harvard  University,  Dr.  J.  H.  WriRht,  director  of  the  Clinico- 
Pathological  Laboratory  of  the  Massachusetts  General  Hospital,  and 
Dr.  F.  T.  Fulton,  pathologist  to  the  Rhode  Island  Hospital,  tor  the  use 
ol  their  collections. 
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surface  is  usually  smooth  and  homogeneous,   reddish- 
brown  to  reddish-yellow. 

Secondary    changes    are    common.     The  colloid  fre- 
quently becomes  increased  in  amount.     The  walls  of  ad- 
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Fig.  2337.— Multiple  Simple  Adenomas  ol  the  Thyroid  Gland, 
ural  size.) 
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joining  distended  vesicles  rupture  or  are  atrophied  by 
pressure,  and.  cysts  ai-e  formed.  Thus  the  tumor  be- 
comes changed  into  a  colloid  goitre  (Fig.  2328).     With 


Flo.  2328.--Colloid  &oitre.  The  vesicles  are  greatly  distended  with 
colloid  forming  small  cysts ;  the  largest  are  0.5  cm.  in  size  The 
colloid  in  some  ol  the  cysts  is  tinged  with  blood.    (Natural  size.) 

continued  production  of  colloid  these  cysts  may  reach  a 
large  size,  and  the  tumor  is  then  spoken  of  as  a  cystic 
goitre.     The  cysts  may  be  single  or  multiple.     Their  con- 
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tents  are  frequently  tinged  with  blood  or  contain  modified 
blood  pigment.  I  cannot  agree  with  Bradley,  however, 
that  the  cysts  are  usually  hemorrhagic  in  origin.  Miil- 
ler  states  that  in  the  colloid  goitre  the  capillaries  are 


Fifi.  2329.— Fibrous  Goitre  which  has  Undergone  Central  Softening. 
The  cyst  measures  5  em.  In  diameter,  and  has  a  shaggy  lining  com- 
posed of  necrotic  tissue.    (Warren  Museum,  No.  9721.)     (Eeduced.) 

diminished  in  number.  The  intima  of  the  arteries  is 
usually  thickened  and  the  elastic  tissue  is  degenerated 
(Jores). 

The  stroma  varies  greatly  in  amount.  It  may  form 
broad  areas  or  bands  of  fibrous  tissue,  or  the  tumor  may 
be  largely  converted  into  fibrous  tissue  and  form  a.  fibrous 
goitre.  The  vesicles  are  shrunken  and  separated  by  wide 
areas  of  -fibrous  tissue  (Fig.  2330).  The  overgrowth  of 
fibrous  tissue  is  probably  secondary  to  the  degeneration 
and  atrophy  of  the  glandular  tissue.  This  fibrous  tissue, 
usually  dense  and  sclerotic,  is  prone  to  undergo  hyaline 
degeneration.     Gutknecht  pointed  out  that  large  cysts 
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^«;»^t?r;,7/"'AT  Goitre.    It  is  composed  of  dense  hyaline  connec- 
(X  86  diam  )  atrophied  vesicles  containing  colloid  are  seen. 

'^ri'i'?'^*™'^^  formed  by  the  softening  of  this  degener- 
ated hbrous  tissue.  A  good  example  of  a  fibrous  goitre 
that  has  undergone  central  softening  is  contained  in  the 
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Warren  Museum  (Fig.  2li39).     This  unilocular  cyst  meas- 
ures 5  cm.  in  diameter.     Its  wall,  which  is  1.5  cm.  in 


Fig.  2331.— Foetal  Adenoma  of  the  Thyroid.  The  cells  are  arranged 
in  solid  masses  and  in  circles  surrounding  small  spaces.  No  colloid. 
Stroma  very  vascular.    Cx  85  diam.) 

greatest  thickness,  is  formed  of  dense,  hyaline  fibrous 
tissue.  Fig.  3330  is  a  section  of  the  wall.  These  cysts 
of  softening  usually  contain  a  turbid  fluid  composed  of 
cellular  and  fatty  detritus,  broken-down  red  blood  cor- 
puscles, polynuclear  leucocytes,  blood  pigment,  calcium 
oxalate,  and  cholesterin  crystals. 

Lime  salts  are  commonly  deposited  in  the  walls  of  old 
cysts.  Large  calcified  plates  may  form.  I  have  seen 
a  cyst  about  5  cm.  in  diameter  the  wall  of  which  was 
entirely  calcified.     Bone  has  been  found  in  the  same  sit- 


FiG.  2333.— Papilllterous  Adenoma  of  the  Thyroid.  Branching  proc- 
esses, consisting  of  a  connective-tissue  framework  covered  with 
columnar  epithelium,  lying  within  a  cyst.    (X  73  diam.) 

nation.  Llicke  reported  two  cases  in  which  there  was 
typical  bone  formation  with  bone  corpuscles  and  medul- 
lary spaces. 

Extensive  amyloid  infiltration  of  the  vessels  has  been 
observed  by  Friedreich,  Virchow,  and  others.  The  en- 
tire tumor  may  assume  a  waxy  appearance,  hence  the 
term  waxy  goitre  applied  by  Beckmann, 

Fatal  Adenoma  (Fig.  2331).— The  structure  resembles 


that  of  the  foetal  thyroid.     The  cells  are  arranged  in 
solid  columns  and  in  circles  surrounding  small  spaces. 


Fig.  2333.- 


-Papilliferous  Adenoma  Developing  from  the  Wall  of  a 
Thyroid  Cyst.    (Natural  size.) 


There  may  be  a  few  vesicles,  but  there  is  little  if  any 
colloid.  Occasionally  the  tumor  is  not  sharply  circum- 
scribed, but  usually  it  is  provided  with  a  definite  cap- 
sule. The  stroma  is  generally  scanty,  but  is  sometimes 
moderately  abundant,  and  may  be  the  seat  of  a  mucoid 
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Fig.  2334.— Papuliferous   Adeno-cystoma  Successtully   Removed  by 
Dr.  F.  B.  Lund  at  the  Boston  City  Hospital.     (Eeduced  in  size.) 

degeneration  {Adenoma  onyxomatosmn,  WOlfler).  In  size 
foetal  adenomas  vary  from  a  few  millimetres  to  four  or 
more   centimetres,    and  are  usually  multiple,    grayish- 
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■wliite  or  reddish  in  color,  and  of  soft  consistence.  Often 
tliey  are  very  vascular.  They  generally  develop  at  the 
time  of  puberty  (WOlfler). 

Papuliferous  Adenoma  (Fig.  2333). — There  are  two 
types:  (a)  the  papilliferous  adenoma  which  develops 
from  the  walls  of  old  cysts;  (J)  the  true  cystoma  which 
closely  resembles  the  papilliferous  adeno-cystoma  of  the 
ovary.  This  important  class  of  thyroid  tumors  lies  on 
the  border-line  between  the  benign  and  the  malignant 
growths. 

Wolfler  was  the  first  to  study  them  carefully;  but 
all  his  cases  were  examples  of  papilliferous  epithelial  in- 
growths from  the  walls  of  preformed  cysts.  Such  a 
tumor  is  pictured  in  Fig.  2333.  The  second  type  of 
papilliferous  growth  is  shown  in  Fig.  2335.  It  is  a  very 
rare  form.  I  have  not  found  it  described  in  the  litera- 
ture. My  collection  includes  two  cases,  which  are  quite 
similar  in  appearance.  The  one  photographed  in  Fig, 
2334  was  successfully  removed  by  Dr.  F.  B.  Lund  at  the 
Boston  City  Hospital.  It  was  surrounded  by  a  fibrous 
capsule.     It  will  be  described  by  Dr.  H.  C.  Low  in  the 


FIG.  23a5.-7PapllHterou9  Adeno-cystoma.     (Natural  size.)    There  are  dendritic  insrowths 
into  cystic  spaces.    The  appearance  ol  the  tumor  before  removal  Is  shown  in  Fig?  3334. 


Medical  and  Surgical  Reports  of  the  Boston  City  Hospi- 
tal, 1901.  Dr.  Low  has  searched  through  the  museums 
of  the  London  hospitals,  which  are  rich  in  thyroid 
tumors,  but  has  not  found  a  single  example  of  this  type. 
The  papilliferous  tumors  consist  of  branching  processes 
lying  within  a  definite  cyst  or  cystic  spaces.     The  growth 


is  composed  of  delicate  connective-tissue  stalks  covered 
with  cuboidal  or  columnar  epithelium.  There  is  rarely 
anj'  colloid  formation,  but  occasionally  a  vesicle  is  seen 
containing  colloid.  The  stroma  may  undergo  mucoid 
degeneration.  Sometimes  the  tumors  assume  malignant 
properties  and  invade  the  surrounding  tissues.  In  a 
papilliferous  growth  which  developed  on  the  inner  wall 
of  a  cyst  (Fig.  2333)  I  have  seen  numerous  mitotic  figures. 
Just  as  the  fibrous  wall  of  ovarian  cysts  frequently  pre- 
vents the  extension  of  adenocystoma  into  the  peritoneal 
cavity,  so  in  this  thyroid  tumor  the  wall  of  dense  fibrous 
tissue  acted  as  a  barrier  to  prevent  the  infiltration  of  the 
neighboring  structures. 

The  coalescence  of  simple  colloid  cysts  may  give  rise 
on  naked-eye  examination  to  the  false  impression  of  pap- 
illiferous intracystic  growths. 

Goitres  have  frequently  a  rich  blood  supply.  Foetal 
adenomas  are  especially  vascular.  The  term  wtaeular 
goitre  is  frequently  used.  I  agree  with  James  Berry  that 
the  term  is  a  bad  one  and  should  not  be  employed.  He 
says;  "If  it  be  intended  to  signify  a  goitre  composed 
mainly  of  blood-vessels,  then  it  is  a 
name  for  what  probably  does  not 
exist,  for  there  is  no  evidence  of 
the  existence  of  any  such  goitre." 

Morbid  Anatomy. — The  size  of 
thyroid  tumors  varies  from  small 
nodules,  1  cm.  or  less  in  size,*  to 
masses  as  large  as  a  man's  head 
(Alibert,  Keser).  Such  monstrous 
enlargements  are,  however,  very 
rare,  and  probably  are  seen  only  in 
regions  where  the  endemic  disease 
abounds.  In  this  country  the  en- 
demic goitres  are  of  small  size  and' 
would  attract  little  attention  in 
Switzerland.  The  thyroid  tumors 
that  I  have  examined  in  Massachu- 
setts have  rarely  measured  more 
than  8  cm.  in  diameter.  The  tumor 
depicted  in  Figs.  2334  and  2335  is 
one  of  the  largest  in  my  series. 
The  tumors  generally  occur  singly, 
but  they  may  be  multiple.  There 
is  not  uncommonly  a  diffuse  en- 
largement of  the  entire  thyroid, 
but  usually  one  lobe  is  affected. 
The  right  is  more  frequently  in- 
volved. Brunet  seeks  to  explain 
this  predisposition  on  the  ground 
that  the  venous  outflow  is  normally 
more  impeded  from  the  right  lobe 
than  from  the  isthmus  or  left  lobe. 
Tumors  from  the  isthmus  are  rare. 
A  photograph  of  a  specimen  in  the 
AVarreu  Museum  is  shown  in  Fig. 
2336. 

The  thyroid  growths  which  de- 
velop anteriorljr  are  visible  on  in- 
spection even  when  they  are  of 
small  size.  Tumors  growing  pos- 
teriorly from  the  lateral  horns  may 
produce  pressure  symptoms  before 
their  existence  has  been  discovered. 
They  may  form  retro-mopliageal 
goitres  which  frequently  escape  de- 
tection. 

Adami  performed  an  autopsy  on 
a  woman  who  died  quite  suddenly 
from  dyspnoea.     She  had   suffered 
from  previous  paroxysmal  attacks 
„        ,  ^,    ,  „  supposed  to  be  asthmatic.     Adami 

tound  that  the  trouble  was  due  to  a  localized  enlarge- 
ment of  the  thyroid. 
Large  tumors  sometimes  fill  up  the  space  between  the 
•  I  haye  seen  a  discrete   nodule,  with  the  structure  of  a  frptal 
?e1»asTn'?mr;onTc'?esl'"°'-^  ^*^«-    ^^^^ou^^^^^l 


384 


REFERENCE   HANDBOOK  OP  THE   MEDICAL  SCIENCES. 


Goitre. 
Goitre. 


chin  and  the  sternum.  Huge  pendulous  goitres  have 
been  described  which  projected  over  the  front  of  the 
sternum  to  below  the  level  of  the  xiphoid  cartilage,  and 
instances  are  on  record  of  goitres  that  have  reached  as 
low  as  the  waist  (Alibert).  In  a  case  published  by  P. 
Bruns  the  weight  of  the  tumor  produced  lordosis  in  the 
cervical  and  kyphosis  in  the  thoracic  region  of  the  spine. 
The  tumor  measured  70  cm.  in  greatest  circumference. 
These  enormous  goitres  are  probably  always  cystic.  The 
pendulous  goitres  are  connected  with  the  thyroid  by  a 
band  of  parenchymatous  or  connective  tissue  which  car- 
ries blood-vessels. 

Tumors  developing  from  the  tip  of  a  lateral  lobe  may 
appear  in  the  submaxillary  region  near  the  angle  of  the 
jaw.  The  nature  of  these  mibmaxillary  goitres  and  their 
connection  with  the  thyroid  has  often  remained  unrecog- 
nized. Tumors  of  the  isthmus  lie  in  the  median  line  in 
front  of  the  trachea.  Those  arising  from  a  lateral  lobe 
by  pushing  the  trachea  to  one  side  may  also  take  up  a 
position  in  the  middle  of  the  neck. 

The  substernal  and  intrathoracic  goitres  form  an  im- 
portant class.  They  are  usually  connected  with  the 
lower  part  of  tJie  lateral  lobes  or  the  isthmus.  Some  thy- 
roid tumors  grow  down  behind  the  sternum  into  the  an- 
terior mediastinum.  The  substernal  goitre  is  the  goitre 
plongeant  of  the  French.  They  are  a  very  dangerous 
class  of  tumors.  Owing  to  their  situation  they  frequently 
cause  severe  dyspncea  by  pressure  on  the  trachea. 
Sometimes  they  become  visible  only  during  expiration, 
sometimes  they  lie  entirely  behind  the  sternum.  A  pecul- 
iar form  of  substernal  tumor  is  the  "  wandering  goitre  " 
described  by  WOlfler.  The  tumor  in  his  case  did  not  rise 
,  and  fall  during  respiration,  but  at  times  it  actually 
changed  its  position.  It  was  a  small  tumor,  and  when 
it  migrated  into  the  thorax  it  could  be  neither  seen  nor 
felt,  but  it  produced  severe  dyspnoea  by  pressure  on  the 
trachea  and  circulatory  disturbances  by  pressure  on  the 
right  innominate  vein.  Renter  had  a  somewhat  similar 
case.  The  tumor  developed  from  the  right  lateral  lobe. 
Upon  coughing  it  rose  above  the  sternum. 

McWhinnie  described  a  goitre  which  descended  behind 
the  sternum  as  low  as  the  bifurcation  of  the  trachea. 
Retrosternal  goitres,  as  a  rule,  however,  do  not  extend 
so  deeply  Into  the  thorax  and  are  not  so  large  as  those 
that  grow  beneath  the  clavicle.  The  latter  may  attain 
an  enormous  size  and  greatly  compress  the  lung.  Dit- 
trich  found  a  large  thyroid  cyst  nearly  filling  the  right 
pleural  cavity.  Above  the  cyst  was  thyroid  tissue. 
The  right  lobe  of  the  thyroid  gland  was  missing. 

These  intrathoracic  growths  arise  as  follows .  1.  Thy- 
roid tumors  may  grow  downward  into  the  chest.  2. 
Tumors  may  develop  from  thyroids  which  are  situated 
abnormally  low  in  the  neck.  Kocher  has  introduced  the 
term  "  thyreoptosis  "  for  a  condition  analogous  to  other 
splanchnoptoses.  3.  Tumors  may  arise  from  congenital 
prolongations  downward  of  the  thyroid  gland  (Kronlein). 
4.  Tumors  may  develop  from  accessory  thyroids. 

The  first  mode  of  origin  is  the  most  common  (Braun). 
Usually  a  parenchymatous  pedicle,  it  may  be  a  thin  one, 
connects  the  tumor  with  the  thyroid  gland.  The  con- 
necting band  may  disappear  or  become  converted  into 
fibrous  tissue.  Then  the  genesis  of  the  tumor  cannot  be 
determined.  It  seems  wise,  however,  as  Wolfler  says, 
to  classify  all  thyroid  tumors  which  are  not  connected 
with  the  main  thyroid,  without  regard  to  their  genesis, 
as  accessory  goitres.  No  suspicion  may  be  held  that  a 
tumor  from  the  pleural  cavity  is  thyroidal  in  nature  until 
microscopic  examination  has  been  made.  Virchow  cites 
such  a  case.  These  accessory  thyroid  tumors  situated 
within  the  pleural  cavity  are  of  course  rare.  Osier  and 
F.  A.  Packard  have  reported  cases.  Reference  has  al- 
ready been  made  to  Dittrich's  famous  case. 

Accesory  thyroid  tumors  of  the  neck  may  develop  from 
any  of  the  accessory  thyroid  glands  which  are  so  com- 
mon in  the  neighborhood  of  the  main  thyroid.  They 
are  usually  found  near  the  hyoid.  Rokitansky  and  Sir 
James  Paget  first  described  them  in  the  middle  of  the 
last  century.  One  case  has  come  under  my  notice  in  the 
Vol.  IV.— 25 


post-mortem  room  of  the  Boston  City  Hospital.  It  was 
a  simple  adenoma  measuring  2.5x2x1.5  cm.  situated 
above  and  to  the  left  of  the  thyroid  and  1  cm.  from  it. 
There  is  no  other  case  in  the  pathological  records  of  the 
hospital.  Pollard  found  a  papuliferous  adenoma  of  an 
accessory  thyroid  of  the  neck. 

Intralaryngeal  thyroid  tumors  are  very  rare;  Paltauf 
reported  a  case  in  1891.  The  tumor  was  situated  under 
the  right  vocal  cord.     On  post-mortem  examination  it 


Pig.  2338.— Tumor  of  the  Isthmus  of  the  Thyroid.  It  extends  up- 
ward as  far  as  the  lower  border  of  the  thyroid  cartilage.  (Warren 
Museum,  No.  7,747.)     (Slightly  reduced.) 

was  found  to  be  composed  of  thyroid  tissue  and  to  be 
connected  with  the  thyroid  gland.  Baurowicz  in  1898 
collected  eight  cases  in  which  tumors  composed  of  thy- 
roid tissue  had  been  observed  within  the  larynx  and 
trachea,  and  added  one  of  his  own.  He  thinks  these 
tumors  arise  from  the  thyroid  and  are  enabled  to  grow 
into  the  trachea  owing  to  a  congenital  defect  in  the 
wall.  Bruns,  however,  has  described  a  tracheal  tumor 
which  originated  from  an  accessory  thyroid  in  this 
situation. 

Accessory  thyroid  tumors  occur  in  the  base  of  the 
tongue.  I  have  collected  eleven  cases  from  the  litera- 
ture,* and  there  is  an  unrecorded  case  in  the  Warren  Mu- 
seum. It  is  a  nodule  1.5  cm.  in  size,  and  was  removed 
by  Dr.  S.  J.  Mixter.  In  1892  Dr.  J.  C.  Warren  presented 
a  case  before  the  American  Surgical  Association.  These 
tumors  have  also  been  studied  by  Butlin,  Wolf,  and 
AVatson.  They  are  usually  3  to  3  cm.  in  diameter. 
Nearly  all  the  cases  have  been  in  women.  In  Wolf's 
case  the  tumor  produced  great  dysphagia. 

Symptomatology  and  Diagnosis. — It  is  usually  not 
difficult  to  determine  whether  or  not  a  tumor  of  the  neck 
is  connected  with  the  thyroid.  The  thyroid  is  closely 
bound  to  the  larynx,  and  moves  with  it  during  degluti- 
tion. It  must  be  remembered  that  any  tumor  or  swell- 
ing connected  with  the  outer  surfaces  of  the  larynx  or 
trachea  may  present  this  sign.  Berry  tells  us  that  a 
lipoma  attached  to  the  thyroid  cartilage  was  mistaken  by 
Sir  Morell  Mackenzie  for  a  thyroid  cyst.     It  moved  with 

*Thel3en  (Albany  Medical  Annals,  October,  1901)  reported  a 
case  of  a  tumor  at  the  root  of  the  tongue  which  he  regarded  as  an  ac- 
cessory thyroid.  It  cannot,  however,  be  included  in  the  list  as  the 
structure  of  the  tumor  was  not  determined. 
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the  larynx.     Tumors  thus  simulating  growths  of  the 
thyroid  are,  however,  very  i-are. 

A  very  large  goitre  may  fail  to  move  during  degluti- 
tion. Either  the  bulk  of  the  tumor  may  prevent  the 
movements  of  the  larynx  or  the  tumor  may  become 
united  to  neighboring  structures  so  that  its  position  is 
fixed.  The  latter  is  frequently  the  case  with  malignant 
neoplasms. 

The  shaking  or  tilting  of  large  thyroid  tumoi'S  during . 
deglutition  is  stated  by  Berry  to  be  almost  as  valuable  a 
sign  as  the  rising  of  the  tumor. 

Dr.  Osier  reported  a  case  of  lymphosarcoma  of  the 
deep  cervical  glands  which  involved  the  thyroid  and 
simulated  goitre. 

A  tumor  of  the  thyroid  usually  displaces  the  sterno- 
mastoid  muscle  outwai'd  and  forward,  while  other  tumors 
of  the  neck  which  might  be  mistaken  for  goitre  gener- 
ally push  this  muscle  to  the  inner  side  (Berry). 

The  position  of  the  carotid  artery  is  an  important  aid 
in  diagnosis.  Bronchoceles  push  the  artery  backward 
and  outward.     The  reason  is  plain.     The  thyroid  gland 


Fig.  2337.— Trachea  Displaced  and  Compressed  by  a  Tumor  of  the 
Left  Lobe  of  the  Thyroid.  (Warren  Museum,  No.  7,979.)  (Slightly 
reduced.) 

is  situated  to  the  inner  side  and  slightly  anterior  to  the 
carotid  sheath.  Mr.  Jonathan  Hutchinson,  in  a  recent 
clinical  lecture  on  a  case  of  tumor  of  the  neck,  laid  special 
stress  upon  the  position  of  the  carotid,  which  was  in 
front  of  the  growth,  in  distinguishing  it  from  goitre. 

The  internal  jugular  frequently  is  carried  forward  and 
may  lie  in  front  of  a  thyroid  tumor.  The  carotid  artery 
and  jugular  vein  thus  become  widely  separated.  The 
position  of  the  jugular  is  due  to  the  traction  of  the  veins 
which  pass  to  it  from  the  thyroidal  plexus  (Lucke). 

Pulsation  transmitted  to  the  tumor  from  the  carotid 
artery  has  led  to  the  mistaken  diagnosis  of  aneurism. 
G-uttmann  stated  that  in  the  goitres  of  Graves'  disease 
there  is  an  arterial  murmur  over  the  tumor  which  is  not 
present  in  other  forms  of  goitre.  George  Dock  says  he 
has  not  seen  a  case  of  simple  goitre  in  which  there  was 
a  murmur.  James  Berry,  however,  reports  cases  in 
which  loud  murmurs  were  audible  over  the  tumor,  and 
further  states  that  a  well-marked  bruit  is  not  uncommon. 

The  consistence  of  benign  thyroid  tumors  varies 
greatly.  The  simple  adenomas  are  usually  soft.  Tense 
cysts  and  fibrous  goitres  may  be  very  hard,  and  goitres 
infiltrated  with  lime  salts  are,  of  course,  hardest  of  all. 
Beck  has  called  attention  to  the  Roentgen  rays  as  a  means 
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of  diagnosing  calcified  goitres.  In  dealing  with  suspected 
cystic  growths,  tapping  gives  the  surest  means  of  diag- 
nosis. Strict  attention  should  be  paid  to  asepsis,  and 
care  taken  to  avoid  blood-vessels. 

Pressure  on  the  large  veins  of  the  neck  produces  ob- 
struction to  the  venous  circulation  and  roaring  in  the 
head,  vertigo,  deafness,  etc.,  may  result.  These  symp- 
toms are  rare. 

Pressure  on  the  recurrent  laryngeal  nerve  may  lead  to 
paralysis  of  a  vocal  cord.  A  subclavicular  goitre  may 
produce  numbness  or  pain  in  the  arm  by  pressure  on  the 
brachial  plexus.  Involvement  of  the  cervical  sympa- 
thetic is  rare. 

The  trachea  is  frequently  displaced  to  one  side,  and 
lateral  compression  is  common  (Fig.  2337).  Rose  taught 
that  the  tracheal  rings  were  often  atrophied  and  softened; 
subsequent  investigators  have  failed  to  confirm  his  obser- 
vations. The  stenosis  of  the  trachea  may  be  marked. 
Extreme  lateral  flattening  gives  the  trachea  very  much 
the  shape  of  a  sword  scabbard.  The  brassy  cough  due  to 
compression  of  trachea  or  bronchus  is  well  known  and 
characteristic.  Dyspnoea  is  the  most  common  symptom 
of  goitre.  It  is  usually  the  result  of  direct  pressure  upon 
the  trachea. 

Compression  of  the  oesophagus  leading  to  dysphagia 
is  not  common.  It  occurs  especially  in  those  rare  cases 
in  which  a  prolongation  of  a  goitrous  gland  extends  be- 
hind the  pharynx  and  oesophagus,  or  between  the  trachea 
and  the  cesophagus.  I  have  seen  a  goitre  which  nearly 
encircled  the  larynx  and  trachea.  There  may  be  a 
marked  inward  bulging  of  the  pharyngeal  wall  caused 
by  the  thyroid  tumor.  Edwards  records  a  case  of  acute 
thyroid  enlargement  in  which  the  dysphagia  was  ex- 
treme and  death  partly  due  to  starvation. 

A  simple  goitre  does  not  produce  constitutional  symp- 
toms. Walter  Edmunds  states  that  cases  of  goitre  which 
present  symptoms  other  than  those  due  to  pressure  are 
really  examples  of  Graves'  disease. 

The  diagnosis  of  intrathoracic  goitre  is  very  difiicult. 
Kocher  in  his  latest  article  (Archivf.  klin.  CMr.,  1901, 
vol.  Ixiv.,  p.  454)  gives  the  following  signs: 

1.  Patients  have  a  strongly  marked  dyspnoea,  out  of 
all  proportion  to  the  relatively  small  struma  in  the  neck. 
The  dyspnoea  may  take  the  form  of  a  constant  air-hunger 
or  of  intermittent  attacks  of  suffocation. 

2.  The  trachea  is  pushed  to  one  side,  much  farther 
than  can  be  explained  by  the  tumor  of  the  neck.  Indeed, 
it  can  happen  that  the  trachea. is  pushed  to  that  side  on 
which  the  cervical  portion  of  the  thyroid  appears  en- 
larged. 

8.  The  tumor  in  the  neck  is  not  definable  below ;  on 
the  other  hand,  one  feels  a  distinct  resistance  on  pressing 
the  fingers  deep  into  the  thoracic  aperture,  and  this  re- 
sistance is  often  accompanied  by  a  heaving  pulsation. 

4.  The  portion  of  the  tumor  in  the  neck  can  neither 
be  deeply  pressed  into  the  thorax  nor  pulled  upward. 
The  trachea  and  larynx  also  are  less  easily  drawn  upward 
than  normal. 

5.  There  are  signs  of  pressure  upon  the  great  veins  of 
the  neck,  indicated  by  stasis  which  finds  no  satisfactory 
explanation  in  the  tumor  demonstrable  in  the  neck.  The 
cervical  veins  fill  from  below  if  one  empties  them  by 
pressing  the  blood  out  with  the  finger,  and  the  veins  of 
the  arm  no  longer  empty,  in  marked  cases,  when  the  arm 
IS  elevated.  Headache,  dizziness,  tinnitus,  epistaxis,  and 
loss  of  memory  may  direct  attention  to  the  stasis  in  the 
cerebral  veins. 

6.  Paresis  of  the  recurrent  laryngeal  nerve  is  not  un- 
cominon,  and  quite  often  there  is  paralysis  of  the  sym- 
pathetic of  the  same  side  with  retraction  of  the  optic 
bulb,  slight  ptosis,  a  narrow  palpebral  fissure,  and  myosis. 

Birch-Hirschfeld  found  at  a  necropsy  an  intrathoracic 
goitre  which  had  given  rise  to  the  symptoms  of  a  severe 
cardiac  neurosis. 

Dulness  on  percussion  is  rarely  elicited  over  intra- 
thoracic goitres  (Braun). 

CoMPLiCATioNS.-In  cysts  of  no  other  organ  is  there 
such  a  tendency  to  hemoi-rnage  as  in  those  of  the  thyroid 
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(Berry).  Serious  or  fatal  results  may  follow.  Dr.  Osier 
records  a  case  in  ■which  death  was  due  to  hemorrhage 
into  a  large  bronchocele.  The  cyst  had  ruptured,  and 
the  blood  had  infiltrated  the  surrounding  tissues  and  ex- 
tended beneath  the  sternum  into  the  anterior  mediastinum. 

BtipHire  of  a  cyst  into  tlie  trachea  or  larynx  may  lead 
to  sudden  death  from  suifocation. 

Inflammation  of  a  thyroid  tumor  may  occur.  The  term 
"  strumitis  "  is  applied  to  an  inflammation  of  a  goitrous 
gland,  while  "thyroiditis"  refers  to  an  inflammation  oc- 
curring in  a  normal  gland.  The  former  is  the  more  com- 
mon. The  infection  is  usually  secondary  to  primary  in- 
fection elsewhere.  Strumitis  and  thyroiditis  occur  more 
frequently  in  association  with  typhoid  fever  than  with 
any  other  disease.  Metastatic  inflammation  of  the  thy- 
roid may  take  place  in  pytemia,  puerperal  fever,  pneu- 
monia, and  other  infectious  diseases.  It  is  also  said  to 
be  associated  with  rheumatism  and  malaria. 

Tavel  made  a  bacteriological  examination  in  eighteen 
cases  of  strumitis.  All  but  three  were  secondary  infec- 
tions. Streptococcus  pyogenes  was  the  micro-organism 
most  frequently  found.  Diplococcus  lanceolatus,  Staphy- 
lococcus pyogenes.  Bacillus  typhosus,  and  Bacillus  coli 
were  also  isolated,  usually  in  pure  culture.  In  the  three 
primary  cases  no  bacteria  were  demonstrable.  Treatmen  t 
of  goitres  by  injection  has  not  infrequently  been  the 
cause  of  strumitis. 

The  inflammations  terminate  in  resolution,  abscess 
formation,  or  gangrene.  Abscess  formation  is  the  most 
common. 

Strumitis  can  be  recognized  by  the  usual  signs  and 
symptoms  of  inflammation  of  the  external  parts.  A  rapid 
increase  in  the  size  of  the  thyroid  occurs.  The  other  im- 
portant symptoms  are  dyspnoea,  dj'sphagia,  and  fever. 
Pain  is  frequently  severe.  There  is  localized  congestion 
and  oedema  of  the  surrounding  tissue,  and  the  tumor  may 
becoine  adherent  to  the  overlying  skin,  but  a  thyroid 
abscess  rarely  opens  externally. 

An  abscess  may  rupture  into  the  oesophagus,  or  more 
commonly  into  the  trachea.  Sir  James  Paget  describes  a 
case  in  which  a  large  suppurating  thyroid  cyst  burst 
into  the  pharynx  and  produced  suffocation. 

Treatment. — Some  of  the  simple  adenomas  (paren- 
chymatous and  colloid  goitres  of  authors)  can  be  cured 
by  medical  treatment.  The  most  favorable  cases  are 
those  occurring  in  the  young.  All  the  fo3tal  and  papu- 
liferous adenomas,  as  well  as  the  majority  of  simple  ade- 
nomas, require  the  surgeon's  knife  for  their  removal. 

If  the  patient  is  sufl'ering  from  an  endemic  goitre  he 
should  leave  the  affected  district.  A  residence  at  the 
seaside  is  said  to  be  most  beneficial.  In  a  locality  where 
goitre  abounds  the  drinking-water  should  be  boiled  as  a 
prophylactic  measure. 

The  medical  treatment  may  be  local,  general,  or  specific 
(organotherapy).  The  local  treatment  consists  of  the  use 
of  ointments  and  injections.  The  red  iodide  of  mercury 
ointment  is  recommended.  It  should  be  rubbed  into  the 
skin  over  the  tumor  daily  until  the  skin  is  tender.  After 
a  few  days  the  procedure  should  be  repeated.  Exposure 
of  the  skin  to  the  sun's  rays  after  the  ointment  has  been 
applied  favors  the  remedial  action. 

Some  authorities  strongly  recommend  treatment  by 
injections;  others  strongly  condemn  it.  Injections  of 
iodine  should  not  be  employed,  as  suppurative  inflam- 
mation has  frequently  followed  its  use.  Iodoform  may 
be  used,  but  strict  aseptic  precautions  should  always 
be  taken.  Mosetig-Moorhof  recommends  the  following 
emulsion:  iodoform,  1  part;  ether,  7  parts;  olive  oil,  7 
parts.  Inject  about  m  xv.  once  every  five  or  eight  days. 
Frey  treated  sixty -five  cases  by  this  method  with  no  un- 
toward results.  Nicholas  Senn  advocates  injections  of  a 
five-per-cent.  solution  of  carbolic  acid,  repeated  once  or 
twice  a  week. 

Many  internal  remedies  have  been  recommended.  Most 
of  them  are  useless.  Iodine  is  probably  the  most  valua- 
ble. It  may  be  given  as  potassium  iodide  in  doses  of  gr, 
V  -XX  or  as  tincture  of  iodine  in  doses  of  HL  v.-x.  two 
or  three  times  a  day  (Murray).     Ferrand,  Gautier,  and 


others  have  called  attention  to  the  particular  suscepti- 
bility of  goitrous  individuals  to  iodism.  Kocher  states 
that  he  has  had  a  number  of  patients  brought  to  him  with 
a  diagnosis  of  acute  thyroidismus  when  their  symptoms 
were  entirely  due  to  iodine  poisoning. 

Phosphorus  is  highly  lauded  by  Kocher.  Experimen- 
tal studies  show  that  administration  of  phosphorus  causes 
a  notable  increase  in  the  iodine  content  of  the  thyroid. 

It  is  still  an  open  question  whether  thyroid  extract 
yields  any  better  results  than  iodine.  Kocher  thinks  not. 
Bruns,  Angerer,  Murray,  and  others  obtained  striking 
results  in  some  cases.  Improvement  is  common,  cure  is 
rare.  Reinbach  fed  thymus  gland  with  almost  equal 
success.  Murray  (Ediiiburgh  Medical  Jovrnal,  1900,  vol. 
viii.,  p.  113)  administers  dry  thyroid  in  doses  of  three  or 
more  grains  two  or  three  times  a  day,  or  the  liquid  ex- 
tract in  doses  of  ti],  xv.  In  cases  in  which  operation  is 
deemed  advisable  he  recommends  treatment  by  thyroid 
extract  for  two  or  three  weeks.  The  reduction  in  size 
of  the  goitre  and  superficial  veins  makes  its  removal  less 
dilHcult. 

Treatment  of  Strumitis. — An  ice-bag  should  be  applied 
to  the  gland  in  the  early  stages  of  the  disease.  The 
bowels  should  be  cleared  by  a  dose  of  calomel.  If  an 
abscess  forms  it  should  be  incised  without  delay. 

Malignant  Tumors. — Both  primary  and  secondary 
tumors  of  the  thyroid  are  very  rare.  Cooper  in  1819 
wrote  that  cancer  of  the  thyroid  never  occurs.  Walshe 
estimated  the  frequency  of  thyroid  to  other  cancers  as 

1  to  1,000.  Tanchon  found  among  9,118  cases  of  cancer 
only  8  in  which  the  thyroid  was  involved.  Cancer  of  the 
thyroid  occurred  11  times  in  7,700  autopsies  (Chiari). 
Malignant  disease  of  the  thyroid  is  more  common  in 
goitrous  districts  than  elsewhere.  Liicke  observed  10 
cases  in  two  years  in  Berne. 

Cancer  is  more  common  than  sarcoma.  The  relative 
frequency  of  cancer  to  sarcoma,  judging  by  collected 
statistics,  is  as  three  to  one. 

Lartigau  {Am.  Joiir.  of  the  Med.  Sci.,  August,  1901) 
collected  fifty -five  cases  of  primary  sarcoma  of  the  thy- 
roid. It  is  a  disease  of  the  old  rather  than  the  young. 
Few  cases  occur  under  forty  years.  The  earliest  age 
was  eleven  years.  It  is  more  frequent  in  the  male  than 
in  the  female  (Morf). 

The  round-celled  sarcoma  is  the  most  common.  Ten 
of  the  forty  cases  collected  by  Morf  were  of  this  variety. 
Spindle-celled,  mixed-celled,  and  alveolar  sarcomas  occur. 

The  tumors  may  vary  in  size  from  a  small  nodule  1  or 

2  cm.  in  diameter  to  a  mass  the  size  of  a  child's  head. 
They  have  a  smooth  or  slightly  lobulated  contour,  and 
on  section  are  usually  pale,  smooth,  and  translucent. 
Their  consistence  is  soft  and  homogeneous.  They  are 
more  vascular  than  the  carcinomas.  In  the  majority  of 
cases  they  have  originated  in  the  right  lobe  (Lartigau). 

Sarcoma  of  the  thyroid  ordinarily  grows  more  rapidly 
than  carcinoma.  Death  usually  occurs  within  a  year 
(Lticke).  It  is  often  induced  by  compression  or  infiltra- 
tion of  the  trachea  or  oesophagus. 

iletastases  were  present  in  forty-five  per  cent,  of  the 
cases  of  sarcoma  collected  by  Morf.  The  cervical  lymph 
nodes  are  most  frequentljf  involved  in  sarcoma  as  well  as 
in  cancer.  Secondary  growths  in  the  lungs  and  bones  are 
common.  The  great  vessels  of  the  neck  may  become  in- 
filtrated. Welfler  records  a  case  in  which  the  tumor 
invaded  the  internal  jugular  and  extended  downward 
through  the  left  innominate  and  superior  vena  cava  into 
the  heart. 

About  one  hundred  and  fifty  cases  of  primary  cancer 
of  the  thyroid  have  been  recorded.  The  majority  of  these 
have  been  published  within  recent  years.  Hinterstoiser 
found  fifty  cases  in  the  records  of  Ivuiidrat's  Pathologi- 
cal Institute  at  Vienna.  In  1899  Poncet  published  forty- 
seven  cases  which  he  personally  observed  in  Lyons,  a 
city  in  which  endemic  goitre  is  commonly  seen. 

•The  size  and  appearance  of  the  carcinoma  vary  greatly. 
In  the  majority  of  cases  the  tumor  has  been  of  small  size. 
The  thyroid  gland  is  sometimes  actually  diminished  in 
size.     i5efore  the  growth  has  infiltrated  the  surrounding 
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tissues  it  may  closely  simulate  a  benigu   encapsulated 
tumor. 

Various  types  of  cancer  occur.     The  papillij'ero'us  adeno- 
cystoma may  take  on  a  low  degree  of  malignancy  and 


Fig.  2338.— Cylindrical-celled  Carcinoma  ol  the  Thyroid.    Acini  nued 
with  high  cylindrical  epithelium  ;  no  colloid  present,    (x  86  diam.) 

would  then  be  classed  as  a  cancer.     Cases  of  this  nature 
have  been  described  by  Barker  and  WOlfler. 

A  rare  but  interesting  form  is  the  cylindrical-celled 
carciTwma.  The  high  cylindrical -celled  adenomas  prob- 
ably are  always  malignant,  although  in  places  their  hls- 


FIG.  2339. -Primary  Squamous-celled  Carcinoma  of  the  Thyroid; 
margin  ol  new  growth.  The  tumor  which  lies  to  the  left  of  the 
median  line  consists  of  nests  of  squamous  cells  separated  by  large 
areas  of  dense  fibrous  stroma.  Beyond  the  tumor  the  riormal 
glandular  tissue  of  the  thyroid  has  largely  disappeared.  There  is 
marked  infiltration  with  lymphoid  cells.  One  shrunken  yesicle  filled 
with  colloid  Is  distinctly  seen.    (X  8fj  dlam.) 

tological  structure  may  not  suggest  it.  Fig.  2338  is 
from  a  cylindrical-celled  adenoma  that  invaded  the 
trachea. 

The  squamous-celled  is  also  a  rare  but  well-recognized 
form  of  primary  thyioid  carcinoma.  It  has  been  de- 
scribed by   Forester,  Lucke,  Kaufmann,   and   WOlfler. 
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Fig.  3339  is  from  a  case  that  was  examined  by  Dr.  J. 
Homer  Wright,  of  the  Massachusetts  General  Hospital. 
It  is  held  that  this  peculiar  tumor  originates  from  the 
remains  of  the  branchial  clefts  which  are  enclosed  within 
the  thyroid. 

Housell  has  collected  twelve  cases  of  benign  thyroid 
tumors  that  formed  metastases.  I  have  found  two  other 
cases  in  the  literature.  The  original  tumor  as  well  as  the 
secondary  growths  in  all  the  cases  had  the  structure  of 
simple  adenomas.  Metastases  in  the  bones  have  been  a 
constant,  occurrence,  and  they  usually  form  pulsating 
tumors.  The  first  case  was  studied  by  Cohnheim.  The 
thyroid  tumor  was  of  moderate  size,  and  there  were  me- 
tastases in  the  bones,  lungs,  and  bronchial  lymph  nodes. 
A  nodule  of  the  original  tumor  projected  into  the  lumen 
of  a  small  vein.  Riedel,  and  Oderfeld  and  Steinhaus 
{Gent.  f.  allg.  Path.  u.  path.  Anat.,  1901,  vol.  xii.,  p. 
209)  have  described  cases  in  which  the  thyroid  gland  was 
normal.  The  latter  hold  that  normal  thyroid  tissue  may 
grow  into  blood-vessels,  and  the  epithelial  cells  swept 
along  in  the  current  form  metastases  in  the  bones.     Chris- 


FiG.  2340.— Carcinoma  of  the  Thyroid  which  has  Invaded  the  Trachea 
and  Formed  a  Button-like  Nodule  which  Projects  into  the  Lumen. 
(Warren  Museum,  No.  4,892.)    (Natural  size.) 

tiani  (Jotir.  dephys.  et  path.  Aiiat.,  1901,  vol.  iii.,  p.  32) 
has  demonstrated  the  great  vitality  and  viability  of  thy- 
roid tissue. 

Symptomatology  and  Diagnosis.— Clinically  It  is 
difficult  to  distinguish  between  sarcoma  and  carcinoma. 
The  latter  usually  are  of  smaller  size  and  develop  more 
slowly. 

The  malignant  tumors  develop  rapidly.  Pain  is  an 
early  and  important  symptom.  It  is  usually  severe  and 
radiates  to  the  head  or  shoulders.  Tenderness  on  press- 
ure is  often  present.  Fever  is  the  rule.  Enlargement 
of  the  lower  cervical  lymph  nodes  is  strong  evidence  of 
the  malignant  nature  of  the  thyroid  tumor,  provided 
strumitis  can  be  ruled  out.  Immobility  of  the  tumor 
does  not  occur  until  the  capsule  of  the  thyroid  has  been 
penetrated  and  the  tissues  of  the  neck  are  infiltrated. 
Hence  it  is  a  late  sign.  Kaufmann  considers  thrombosis 
ot  the  veins  of  the  neck  one  of  the  most  reliable  signs  of 
malignant  tumors. 

Penetration  of  the  trachea  is  common.  An  elevated 
nodule,  sometimes  of  considerable  size,  is  found   pro- 
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jecting  into  the  lumen.  It  is  usually  situated  about  3 
cm.  below  the  cricoid.  Fig.  2340  is  from  a  specimen  in 
the  Warren  Museum  of  the  Harvard  jNIedical  School. 
The  patient  entered  the  Massachusetts  Hospital  suffer- 
ing from  extreme  dyspnoea,  hoai-seness,  and  some  dys- 
phagia. Dr.  Knight  examined  the  larynx  and  found 
paralysis  of  one  posterior  crico-aryteno'id  muscle,  and 
made  out  an  obstruction  of  the  trachea.  The  dyspnoea 
continued  until  death  occurred  two  days  later.  The  au- 
topsy was  performed  by  Dr.  Fitz.  A  tumor  mass  the 
size  of  a  small  lemon  connected  with  the  thyroid  was 
found.  The  growth  extended  through  the  anterior  wall 
of  the  trachea  projecting  into  the  lumen  to  such  an  ex- 
tent as  to  reduce  the  calibre  fully  two-thirds.  The  oesoph- 
agus was  so  compressed  as  barely  to  admit  the  little 
finger. 

A  peculiar  chronic  inflammation  of  the  thyroid  which 
closely  simulates  an  infiltrating  tumor  has  been  described 
and  studied  by  Riedel,  Tailhefer,  and  Berry.  A  number 
of  cases  have  been  reported  within  the  past  five  years. 

Treatment. — Early  and  radical  operation  offers  the 
only  hope  of  cure. 

Tuberculosis. — Although  rare,  tuberculosis  of  the  thy- 
roid is  move  common  than  is  generally  stated.  Chiaii 
found  the  thyroid  was  involved  at  autopsy  in  seven  out 
of  one  hundred  cases  of  tuberculosis.  Roger  and 
Gamier  {Arch.  gen.  de  mid.,  1900,  vol.  iii.,  p.  385)  assert 
that  while  tubercles  rarely  develop,  a  sclerosis  of  the 
gland  is  a  constant  feature  of  chronic  tuberculosis  of 
the  lungs  or  elsewhere. 

Syphilis. — Swelling  of  the  thyroid  is  common  in  the 
early  stages  of  syphilis.  Engel-Reimers  found  the  gland 
enlarged  in  fifty  per  cent,  of  the  cases.  Gumma  is  ex- 
tremely rare.  The  few  instances  that  have  been  recorded 
were  nearly  all  in  children,  and  usually  associated  with 
severe  visceral  manifestations  of  the  disease.  For  details 
in  regard  to  syphilis  of  the  thyroid  the  monographs  of 
Filrst  and  Kilttner  may  be  consulted. 

EcHiNOCOGCUS  Disease. — -Berry  has  collected  twenty- 
two  cases.  A  single  cyst  has  usually  been  found.  The 
tumor  when  large  may  be  very  irregular  in  shape.  The 
symptoms  are  those  of  an  ordinary  goitre.  Dyspnoea  is 
usually  present.  There  is  a  tendency  to  spontaneous 
suppuration.  Diagnosis  can  be  made  only  after  micro- 
scopical examination  of  the  cyst  contents.  The  aspira- 
tion of  a  clear,  limpid,  colorless  fluid  is  suggestive 
(Berry).  The  demonstration  of  booklets  or  scolices  con- 
firms the  diagnosis.  The  known  association  of  urticaria 
with  hydatid  led  Lannelongue  to  make  the  correct  diag- 
nosis. Perforation  into  the  trachea  has  caused  suffoca- 
tion in  a  number  of  instances.         Joseph  Hersey  Pratt. 
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GOITRE  AND  CRETINISM.— Definition.— Cretinism 
is  a  peculiar  type  of  mental  and  physical  degeneracy, 
either  congenital  or  developing  in  childhood,  due  to  ab- 
sence or  disturbance  of  the  function  of  the  thyroid  gland. 
An  individual  afflicted  with  cretinism  is  called  a  cretin. 

Etymology. — The  etymology  of  the  word  cretin  is 
shrouded  in  obscurity.  It  seems  that  the  word  origi- 
nated as  a  colloquialism  in  the  Canton  of  Wallis  in  Switz- 
erland. Esquirol  (quoted  by  Demme,  "Ueber  den  en- 
demischen  Kretinismus,"  Berne,  1840)  derives  the  term 
from  an  old  word  cretins,  an  inundation  (Ansohwem- 
mung),  and  connects  it  with  the  marshy  character  of 
many  cretin  districts.  There  is,  however,  no  proof  of 
such  a  derivation.  According  to  Pod  ere,  the  word  comes 
from  Chretien,  a  Christian,  the  term,  "bon  Chretien,"  hav- 
ing formerly  been  applied  to  the  cretin,  on  account  of  his 
contented  disposition.  Another  interpretation,  according 
to  which  the  word  is  also  derived  from  Chretien,  is  based 
upon  the  fact  that  cretins  were  popularly  believed  to  be 
elected  Christians,  and  were  considered  holy,  inasmuch 
as  they  were  supposed  to  fulfil  the  lofty  function  of 
expiating  in  their  unhappy  lot  the  sins  of  their  fellow- 
men.  Accordiug  to  Gross  ("Ueber  die  Ursachen  des  en- 
demischen  Kropfes  und  des  Kretinismus."  Inaugural 
Dissertation,  Tubingen,  1837),  the  word  comes  from 
Christiani  (spelled  Ghrestiani  by  Tertullian),  because  the 
Romans  looked  upon  the  converts  to  Christianity  as 
fools  and  imbeciles.  Celsus  also  spoke  of  the  Christians 
as  a  society  of  slaves  and  idiots.  Some  have  traced  the 
term  cretin  to  a  word  cretina,  meaning  stupid  or  silly. 
According  to  Ackermann,  cretin  comes  from  a  Romance 
word,  cretira,  a  creature.  Others  have  derived  it  from 
creta,  chalk,  on  account  of  the  chalky  complexion  of  the 
cretins.  This  derivation  finds  some  support  in  the  Ger- 
man colloquial  word  for  cretin;  viz.,  Kreidling,  from 
Kreide,  chalk. 

Nearly  every  locality  has  its  special  name  for  cretins. 
In  Austria  they  are  known  as  Trotteln  or  Gacken ;  in 
Germany,  as  Kretins  or  Kreidlings ;  in  German  Wallis,  as 
Gauche,  Tampe,  or  Nollen;  in  French  Wallis,  as  Cretins, 
or  as  Marrons,  on  account  of  the  dark  color  possessed  by 
some ;  in  Salzburg,  as  Fexen,  Trepped,  or  Trutsched ;  in 
Wurtemberg,  as  Dackel,  Dippel,  Tralle,  or  Simpel;  in  the 
Pyrenees,  as  Cajots  or  Capots;  in  Piedmont,  as  Pazzi; 
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in  Italy,  as  Gavas,  Totolas,  or  Cristiani;  iu  South  Amer- 
ica, as  Bovos  or  Tontos.  In  Latin  writings  tlie  word 
Christiani  is  generally  employed. 

Synonyms  oif  Cretinism. — The  synonyms  of  cretin- 
ism are  infantile  myxoedema,  cretinoid  idiocy ;  in  French, 
idiotic  avec  cachexie  pachydermique,  pachydermie  creti- 
noide. 

Historical.— According  to  the  Sardinian  Commis- 
sion's Report,  the  first  mention  of  a  cretin  occurs  in  the 
fifteenth  century.  Demme  (loc.  cit.)  says  that  the  first 
reliable  mention  is  in  the  writings  of  Peter  van  Foreest, 
a  Dutch  physician  who  lived  from  1522  to  1597  (P.  For- 
esti:  "Observat.  et  curat,  opera  omnia,"  Francof.).  A 
contemporaneous  reference  is  found  in  the  writings  of 
Felix  Plater  (1536-1614)  (F.  Plateri:  "Observat.  in 
hominis  affectibus  plerisque,"  Basle,  1614).  A  descrip- 
tion of  the  cretins  of  Wallis  also  occurs  in  the  writings 
of  Giosia  Scentero  (about  1574)  (quoted  by  Gross,  loc. 
cit.).  One  of  the  most  graphic  descriptions  dates  back 
to  the  eighteenth  centurj',  and  is  that  of  Horace  Benedict 
de  Saussure,  the  famous  Alpine  traveller,  and  the  first  to 
scale  Mont  Blanc  ("  Voyage  dans les  Alps,"  four  volumes, 
1779-96).  The  first  real  scientific  work  on  the  subject  is 
that  of  Ackermann  ("  Ueber  die  Kretinen,  eine  besondere 
Menschen-Abart  in  den  Alpen,"  Gotlia,  1790).  In  the 
nineteenth  century  cretinism  formed  the  theme  of  many 
writers,  and  the  literature  is  now  almost  unlimited. 
Particular  mention  should  be  made  of  the  reports  of  the 
Sardinian  and  French  Commissions,  and  of  the  article  on 
cretinism  by  Baillarger  and  Krishaber  in  the  "  Diction- 
naire  des  Sciences  medicales. "  Among  the  most  impor- 
tant articles  of  recent  date  are  those  of  Ewald,  Osier, 
Kocher,  Klebs,  and  Murray.  An  interesting  picture  of 
the  cretin  communities  in  France  is  to  be  found  in  Bal- 
zac's magnificent  novel,  "  The  Country  Doctor. " 

Distribution. — Cretinism  may  occur  in  any  part  of 
the  world,  but  there  are  certain  limited  districts  in  which 
it  is  an  endemic  disease  affecting  a  large  percentage  of 
the  population  (endemic  cretinism).  Isolated  cases  of 
the  disease  (sporadic  cretinism)  have  been  observed  in 
many  widely  separated  places  that  are  far  removed  from 
foci  of  endemicity.  It  is,  indeed,  probable  that  if  the 
characteristics  of  the  disease  were  universall}'  known, 
some  cases  would  be  found  to  exist  in  nearly  every  large 
community. 

Several  observers  have  noted  conditions  in  the  lower 
animals  suggestive  of  cretinism:  thus,  Mliller  (IFwrs- 
hurg  med.  Zeitschr.,  1860)  speaks  of  cretinoid  changes, 
particularly  of  the  bones,  in  calves;  and  Eberth  ("FOtale 
Rachitis  und  ihre  Beziehung  zu  dem  Kretinismus,"  1878), 
of  the  condition  in  calves  and  puppies. 

There  is  one  very  interesting  feature  connected  with 
the  endemicity  of  cretinism,  namely  this:  cretinism  is 
endemic  in  the  same  localities  in  which  goitre  prevails 
as  an  endemic  affection.  This,  as  we  shall  see,  is  a  fact 
of  tremendous  importance  in  the  study  of  the  pathogene- 
sis of  the  disease. 

Endemic  Distribution. — Cretinism  is  endemic  iu  cer- 
tain parts  of  Switzerland;  in  the  Valais,  Tarantaise, 
Maurienne,  and  in  the  upper  valleys  of  the  Rhone.  In 
Germany,  the  foci  are  Wiirtemberg  (3  cretins  per  1,000 
population.  Schmid,  Correspondenzbl.  d.  drUl.  Landcirer., 
1886),  the  Black  Forest,  and  Alsace ;  in  Austria,  Salzburg 
(1  to  139,  according  to  Wallmann,  Wiener  med.  Ja/tr- 
biicher,  1863,  vol.  i.,  p.  120),  Galicia,  and  the  Kiirnthner 
(1  to  110)  and  Styrian  Alps  (1  to  116);  in  France,  the 
Pyrenees,  the  Vosges,  and  the  French  Alps;  in  England, 
according  to  Murray  ("Diseases  of  the  Thyroid  Gland," 
Part  I.,  1900),  the  upper  valleys  of  the  Pennine  Range, 
the  north  of  England,  the  neighborhood  of  Allston,  Stan- 
hope, and  Kendal.  In  these  places  goitre  is  also  endemic. 
Formerly  (Morris,  Medicid  Tiiiiex.  1847,  vol.  xvii.,  p.  257), 
cretinism  was  strongly  prevalent  in  Chiselborough,  in 
Somersetshire;  but  it  has  died  out.  There  are  also  said 
to  be  foci  in  Scotland  and  in  Spain.  In  some  porlions  of 
the  Caucasus  (the  valley  of  the  Zscliomarski  and  Swane- 
tia)  (Witke,  MUncliener  medicinische  Wochensc/n-iff,  1896, 
p.   292)  cretinism  prevails  endemically.     According  to 


Kandaratski  (Congress  der  russ.  Aerzte,  1899),  goitre 
and  cretinism  are  widespread  throughout  Western  Rus- 
sia, which  has  many  marshy  districts.  In  Asia  the  dis- 
ease is  found  in  certain  parts  of  the  Himalayas,  in 
Thibet,  in  Turkestan,  and  in  Tartary.  As  to  the  occur- 
rence of  the  affection  in  Africa,  very  little  is  known. 
According  to  Blumenbach  (quoted  by  Gross,  loc.  cit.), 
the  disease  is  found  in  Madagascar.  In  South  America 
we  find  it  prevalent  in  parts  of  Brazil  and  along  the 
slopes  of  the  Cordilleras.  No  foci  of  endemic  cretinism 
exist  in  North  America  at  the  present  time  (Osier,  Amer- 
icfiit  Journal  of  the  Medical  Sciences,  1893).  Goitre  for- 
merly prevailed  in  this  country,  and  is  yet  endemic  in 
Eastern  Ontario,  where  even  the  lower  animals  suiier 
from  it.  Demme,  in  his  American  travels,  found  many 
cases  of  goitre,  especially  in  Pennsylvania,  about  Pitts- 
burg, in  the  valleys  of  the  Allegheny,  Monongahela, 
and  Ohio  rivers,  and  in  New  York ;  but  he  saw  no  cre- 
tinism. 

Endemic  cretinism  is  confined  to  certain  altitudes, 
being  most  common  between  the  elevations  of  1,300  and 
2,000  feet;  it  is  hardly  ever  found  above  the  level  of 
3,000  feet.  Its  homes  are  not  the  tops  of  the  mountains, 
but  the  dark,  sheltered  valleys  and  clefts,  through  which 
course  the  mountain  streams. 

The  occurrence  of  goitre  in  dogs,  hogs,  cats,  cattle, 
and  antelopes  has  been  demonstrated ;  but  as  to  the  exis- 
tence of  cretinism,  little  is  known,  with  the  exception  of 
the  brief  reference  made  above. 

Etiolosy  and  Pathogenesis. — As  stated  in  the  defi- 
nition, the  cause  of  cretinism  is  absence  or  disturbance 
of  the  function  of  the  thyroid  gland  (athyroidism,  dys- 
thyroidism,  hypothyroidism).  'This  applies  both  to  the 
endemic  and  to  the  sporadic  form  of  the  disease.  The 
proofs  of  the  thyroidal  theory,  as  we  may  call  it,  are  as 
follows: 

1.  The  most  constant  lesion  in  cretinism  is  that  involv- 
ing the  thyroid  gland.  In  the  case  of  the  endemic  form, 
there  is  generally  goitre;  in  the  sporadic,  the  gland  is 
either  atrophic  or  absent. 

2.  The  occurrence  of  operative  cretimntn,  that  is,  the  de- 
velopment of  the  cretinoid  state  after  the  removal  of  the 
thyroid  gland.  Klister  (quoted  iu  the  Report  of  the 
Committee  on  Myxoedema,  Transactions  of  the  Clinical 
Society,  1888,  No.  31,  Supplement)  extirpated  the  thy- 
roid gland  in  a  fourteen-year-old  boy.  Thereafter,  the 
lad's  growth  was  arrested,  so  that  he  always  retained  the 
characteristics  of  a  boy  of  that  age.  Kappeler  {ibid.) 
performed  total  thyroidectomy  in  a  boy  twelve  and  a 
half  years  old,  who  afterw  ,ird  "did  not  grow,  and  devel- 
oped some  of  the  symptoms  of  myxoedema.  Intelligence, 
however,  was  preserved.  Kocher  (ibid.)  removed  the 
entire  thyroid  from  a  child  aged  six,  with  the  result  that 
the  physical  symptoms  of  cietinism  developed,  although 
the  mental  symptoms  remained  in  abeyance.  Costengo 
{Eiv.  Ten.  di  Sc.  med.,  vol.  xx..  No.  2)  reports  a  case  of 
total  thyroidectomy  in  a  boy.  Nine  years  after  the  oper- 
ation the  patient  was  a  complete  cretin.  In  a  case  re- 
ported hy  Sulzer  {Deutsche  Zeitschnft  fiir  Cltir.,  1893)  a 
goitrous  thyroid  was  removed  from  a  "boy  twelve  and  a 
half  years  old.  Within  five  years  typical  cretinism  had 
developed.  On  the  appearance  of  a  new  thj'roid,  the 
boy  improved,  and  within  four  years  had  regained  all 
that  he  had  lost.  It  was  found  that  a  piece  of  the  gland 
had  been  left  behind,  and  that  it  did  not  begin  to  grow 
until  eight  years  after  the  operation.  Palleske  {De-utsclw 
mnhcmtsc/ie  Wochenschrift,  1895)  removed  the  thyroid 
from  a  girl  of  thirteen,  who  three  years  afterward  was  a 
typical  cretin.  Other  cases  are  reported  by  Grundler 
{Bi'itr.  ziir  klin.  Ghir.,  1883,  No.  1),  JulHard,  Lancereaux, 
and  Dolega  (cited  by  Hofmeister.  Beitracje  zurklin.  Ghir., 
1894).  Schmid  {Berliner  /din.  WocJmn'srh.,  1886,  p.  509) 
removed  the  thyroid  gland  in  toto  from  a  boy  fourteen 
years  old,  who  afterward  developed  typical  cretinism. 
He  had  absolutely  no  memory,  and  did  not  grow  after 
the  operation.  Brian  and  Sargnon  {Gaz.  ?iebdom.  de  Med. 
etde  Ghir.,  1898)  report  the  case  of  a  man  thirty  years 
old,  who  was  in  a  moderate  cretinoid  state,  and  had  a 
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goitre.     This  was  removed  by  operation;    witiiin  one 
year  later  complete  cretinism  had  developed. 

3.  Animal  ExperiTnents. — The  removal  of  the  thyroid 
gland  in  young,  growing  animals,  if  the  animals  survive 
any  lengtli  of  time,  is  generally  productive  of  an  arrest 
of  growth,  and  a  state  comparable  to  cretinism  in  man 
(Hofmeister,  loc.  cit.).  The  majority  of  animals  die  if 
the  whole  gland  is  removed,  whether  it  be  done  in  one  or 
in  two  operations.  In  some  experiments  made  by  W.  S. 
Carter  and  myself,  this  was  the  invariable  result.  Eisels- 
berg,  however  ("  Ueber  Tetanus  im  Anschlusse  an  Kropf- 
operationen,"  1890),  found  that  if  only  four-tifths  of  the 
gland  are  removed,  the  animals  survive,  and  subsequently 
develop  a  my.vwdematous  state.  It  must  be  admitted 
that  not  all  experimenters  have  been  able  to  produce  the 
same  results.  Munk,  for  example  (iSitzungsbericlite 
der  kOnigl.  preuss.  Akademie  der  Wissensch.,  1888, 
No.  40)  was  never  able  to  produce  myxoedema  or  cretin- 
ism in  apes  by  thyroidectomy.  The  animals  all  died  with 
tetanic  symptoms.  The  most  suggestive  experiments 
are  those  made  more  recently  by  Eiselsberg  (Langen- 
heck's  Archiv,  1895,  vol.  xlix.).  He  removed  the  thyroid 
from  two  lambs  when  they  were  about  a  week  old.  At 
the  end  of  six  months  they  weighed  10  and  14  kgm.,  re- 
spectively, while  the  control  animals  weighed  35  kgm. 
The  disturbances  were  general,  and  involved  the  brain 
functions  as  well  as  the  skeleton.  Similar  results  were 
obtained  in  four  goats  and  in  one  pig.  One  goat,  how- 
ever, developed  in  a  normal  manner,  probably  owing  to 
the  possession  of  an  accessory  thyroid  gland. 

4.  Therapeutic  Results. — The  use  of  thyroid-gland  ex- 
tract in  the  treatment  of  cretinism  has  brought  about  re- 
markable results.  It  is  true  that  these  have  been  more 
brilliant  in  the  case  of  sporadic,  than  in  that  of  endemic 
cretinism ;  but  it  has  not  been  systematically  tried  in  the 
latter,  and  there  are  other  factors  of  influence  in  the  de- 
velopment of  the  disease.  The  successes  obtained  are, 
however,  a  strong  confirmation  of  the  view  that  cretin- 
ism is  consequent  upon  disturbance  or  absence  of  the 
thyroid  function. 

The  relation  between  the  thyroidal  changes  and  the 
development  of  cretinism  is  not  definitely  understood. 
The  subject  involves  a  consideration  of  the  physiologic 
function  of  the  thyroid  gland,  and  that  is  not  in  place 
here.  Sufl3ce  it  to  say  that  in  the  opinion  of  most  author- 
ities the  thyroid  gland  produces  a  substance  that  acts  as 
an  antidote  or  antitoxin  to  certain  toxic  products  of  daily 
metabolism.  Where  the  neutralization  occurs  is  a  matter 
of  doubt,  some  holding  that  it  takes  place  in  the  thyroid 
gland,  and  others  that  it  takes  place  in  the  blood.  If  the 
toxins  are  not  antagonized,  they  remain  in  the  body  and 
exercise  a  deleterious  influence,  primarily  upon  the  ner- 
vous system,  but  also  on  the  skeleton  and  other  connec- 
tive tissues.  If  the  individual  is  young,  the  result  will 
be  an  arrest  of  both  physical  and  psychical  development. 

Normally  the  antitoxic  action  of  the  thyroid  gland 
begins  to  be  exercised  early  in  life— according  to  Kin- 
nicut  (Medical  Recm-d,  1893),  between  the  sixth  and  the 
eighth  mouths  of  fojtal  life.  Failure  of  development 
(aplasia),  imperfect  development  (hypopIa.sia),  and  mor- 
bid conditions  in  later  life  (such  as  atrophy ,_  fibroid 
change,  calcareous  infiltration,  acute  inflammation,  and 
goitre  in  all  its  forms),  are  the  pathologic  conditions  that 
rob  the  body  of  the  benefits  conferred  by  a  functionating 
thj'roid  gland. 

Relation  to  Myxcedema.— The  studies  of  English  physi- 
cians, particularly  Ord,  Horsley,  and  Murray,  have  con- 
clusively demonstrated  that  there  is  an  intimate  relation- 
ship between  cretinism  and  myxredema.  Etiologically, 
the  two  affections  are  identical,  in  that  their  basis  is  a 
morbid  condition  of  the  thyroid  gland;  symptoniatically, 
they  also  have  considerable  in  common.  The  differences 
which  they  present  are  due  to  the  fact  that  cretinism 
begins  in  childhood,  at  a  time  when  the  growing  system 
is  most  impressionable  to  deprivation  of  the  thyroidal 
influence ;  while  myxoedema  is  the  same  disease  develop- 
ing after  the  body  has  reached  its  growth.  Thyroid 
treatment  produces  beneficial  results  in  both. 


If  it  be  :iccept(;d  then  as  proved,  that  cretinism  is  due  to 
absence  or  disease  of  the  thyroid  body,  the  next  question 
to  arise  is,  "  AVhat  influences  bring  about  the  morbid  con- 
dition in  the  gland? "  The  cause  of  its  absence,  poor  de- 
velopment, or  goitrous  state,  in  sporadic  cretinism,  we  do 
not  definitely  know.  A  number  of  reasons  have  been 
assigned ;  consanguinity  of  the  parents,  conception  dur- 
ing alcoholic  intoxication,  fright  during  pregnancy,  tu- 
berculosis, and  a  neurotic  taint;  but  the  frequency  of 
these  conditions  compared  with  the  rarity  of  cretinism  in- 
dicates that  they  possess  little  real  importance.  A  study 
of  embryologic  pathology  may  throw  light  upon  the  sub- 
ject. In  rare  cases,  as  in  the  one  reported  by  Shields  (JSfew 
York  Medical  Journal,  1898,  vol.  ii.,  p.  476),  the  disease 
has  followed  upon  an  acute  thyroiditis,  undoubtedly  of 
infective  origin. 

In  the  case  of  endemic  cretinism,  our  knowledge  is  less 
meagre,  although  still  far  from  complete.  The  fact  that 
endemic  cretinism  and  endemic  goitre  are  in  a  large  meas- 
ure coextensive  in  distribution  suggests  a  relationsliip  be- 
tween the  two.  At  present,  this  relationship  is  interpreted 
as  being  that  of  a  common  causation :  goitre  and  cretinism, 
it  is  believed,  are  due  to  the  same  cause.  This  view  dates 
back  to  the  early  part  of  the  nineteenth  century,  and  was 
advocated  by  Fodere  ("  Traite  du  goitre  et  du  cr|tinisme, 
precede  d'un  discours  sur  I'influence  de  Fair  humide  sur 
I'entendement  humain,"  Paris,  an.  viii.,  1800),  Gross 
(loc.  cit.),  Baillarger  and  Krishaber  ("Dictionnaire  des 
Sciences  medicates,  Ire  serie,"  vol.  xxiii.),  and  Virchow. 
The  common  cause,  nearly  all  observers  agree,  is  to  be 
found  in  the  drinking-water.  Goitre  and  cretinism  al- 
ways grow  less  frequent  in  ajfected  localities  when  the 
water  supply  is  changed.  Thus,  Bircher  states  that  59 
per  cent,  of  the  school  children  of  Kapperswyl,  in  the 
Swiss  Canton  of  Aarau,  had  goitre  in  1885.  The  town 
then  made  a  change  in  the  water  supply,  obtaining  it 
from  beyond  the  Aar,  from  a  goitre-free  district;  and  the 
percentage  fell  rapidly  to  44  per  cent,  in  1886,  25  per 
cent,  in  1889,  and  about  11  per  cent,  in  1895.  In  con- 
tiguous communities,  living  under  identical  conditions 
with  the  exception  of  the  water  supplj^  goitre  and  cret- 
inism may  prevail  in  one  and  be  absent  in  the  other. 
Thus,  the  Bozel  district  in  the  Tarantaise  had,  in  1848, 
1,743  inhabitants,  of  which  900  had  goitre  and  109  were 
cretins,  and  a  number  semieretins.  The  St.  Bon  district, 
which  is  only  a  short  distance  away,  using  a  different 
water  supply,  had  no  goitre  and  no  cretinism.  Upon  the 
advice  of  the  Sardinian  Commission,  Bozel  changed  to 
the  St.  Bon  water,  with  the  result  that  in  1864  there  were 
but  39  goitres  and  only  58  cretins. 

An  active  discussion  has  been  waged  upon  the  ques- 
tion as  to  the  constituent  of  the  water  bringing  about 
goitre  and  cretinism.  It  is  known  that  only  water  from 
the  soil,  not  rain  or  snow  water,  produces  these  disorders. 
At  first,  certain  minerals — for  example,  gypsum — derived 
from  the  particular  geologic  formation  in  which  the  goitre 
streams  have  their  source,  were  believed  to  be  the  active 
agents ;  but  the  occurrence  of  endemic  goitre  in  localities 
the  waters  of  which  have  an  entirely  different  minerali- 
zation, makes  this  view  untenable.  The  favorable  in- 
fluence exercised  by  iodine  upon  goitre  led  to  the  theory 
that  the  waters  of  goitrous  districts  were  deficient  in  this 
substance.  Against  this  not  unreasonable  supposition  is 
the  fact  that  goitre  may  and  does  exist  in  valleys  the 
streams  of  which  are  rich  in  iodine — as  the  valleys  of  the 
Po,  Aosta,  and  Is6re — and  may  be  absent  where  the  water 
is  free  from  iodine. 

From  this  dilemma  an  escape  was  found  in  the  as- 
sumption that  the  efficient  agent  in  goitrogenic  waters 
was  a  contagium  vivum.  This  hypothesis  is  now  gen- 
erally adopted,  Ewald  in  particular  having  strongly  de- 
fended it ;  but  it  is  not  new,  and  was  long  ago  expressed  by 
Alexander  von  Humboldt,  Troxler,  Virchow,  and  Hirsch 
— to  be  sure,  in  pre-bacteriologic  language.  Demme  and 
Gross  had  assumed  the  existence  of  a  miasm  which  arose 
in  the  vapors  of  the  marshes.  Baillarger  and  Krishaber 
{loc.  cit.)  had  also  come  to  the  conclusion  that  the  goitro- 
genic substance  was  organic,  although  they  did  not  go 
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so  far  as  to  make  of  it  a  living  substance.  The  fact  that 
the  boiling  of  the  water  renders  it  innocuous  is  one  of  the 
strongest  arguments  in  favor  of  the  modern  theory.  What 
the  substance  is,  still  remains  a  mystery.  It  may  be  bac- 
terial, although  no  definite  organism  has  been  isolated. 
Tavei  (quoted  by  Kocher,  Deutsche  Zeitschrift  f.  klin. 
Chir.,  1892,  vol.  xxxiv.,  p.  556),  in  a  beautiful,  clear 
stream  in  a  goitrous  district,  found  thirty -three  varieties 
of  plant  life,  although  he  was  not  able  to  prove  defin- 
itely that  any  one  of  them  was  the  sought-for  cause  of 
goitre. 

Whatever  the  cause  may  be,  it  is  not  long-lived  in  the 
body.  Goitre  increases  only  as  long  as  the  infected  water 
is  drunk,  and  it  may  even  disappear  if  the  individual  after- 
ward consumes  a  pure  water.  Immunity  to  goitre  may 
exist  in  goitrous  localities.  According  to  Kocher,  per- 
sons who  pass  the  tenth  year  in  such  a  locality  without 
the  development  of  goitre,  will  usually  remain  immune. 
Whatever  the  nature  of  the  morbific  agent.  It  seems  to 
expend  itself  upon  the  thyroid  gland ;  and  in  the  end  it 
is  the  disturbance  in  the  function  of  that  organ  that  brings 
about  cretinism. 

There  are,  however,  certain  predisposing  causes : 

1.  Locality.  Endemic  goitre  occurs  especially  in  shel- 
tered, damp,  and  imperfectly  aired  valleys. 

3.  Geologic  Formation.  Goitre  and  cretinism  are  most 
common  in  sections  characterized  by  marine  sedimentary 
rocks,  particularly  those  of  the  Paleozoic  Era  (Devonian, 
Silurian,  Carboniferous,  and  Dyas),  the  Triassic,  and  the 
Tertiary.  McClelland,  in  liis  Himalayan  studies,  found 
goitre  most  common  in  places  in  which  the  soils  were 
rich  in  lime  and  magnesia,  there  being  one  goitre  in  every 
thirty-three,  and  one  cretin  in  every  thirty-two  persons. 

3.  Social  Condition.  Endemic  cretinism  prevails 
among  people  eking  out  a  meagre  existence  under  un- 
favorable conditions.  The  influence  of  such  conditions 
has  been  proved  indirectly  by  the  lessening  of  goitre  and 
cretinism  as  such  communities  become  more  alfluent  and 
more  civilized,  the  water  supply  remaining  unchanged. 
Wallmann  (Wiener  med.  Jahrb.,  1863,  vol.  i.,  p.  120)  also 
considered  despotic  government  a  factor  in  the  produc- 
tion of  cretinism.  There  was  an  opinion,  found  not  un- 
commonly in  older  writings,  that  cretins  were  the  relics 
of  an  ancient,  inferior  race  of  human  beings — an  hypoth- 
esis that  has,  of  course,  no  proof  whatever. 

4.  Consanguinity.  Inbreeding  and  consanguineous 
marriages  are  an  important  factor  in  the  perpetuation 
of  cretinism. 

5.  Heredity.  When  the  parents  are  goitrous,  even  if 
the  thyroid  disease  is  slight,  the  children  are  very  apt  to 
develop  cretinism ;  and  this  is  particularly  true,  as  indi- 
cated in  the  preceding  paragraph,  if  the  parents  are 
related. 

The  Sardinian  Commission  found  that  of  3,613  fathers 
of  cretins,  962  had  goitre,  and  51  were  cretins;  and  of 
3, 652  mothers,  1,281  were  afflicted  witli  goitre.  But  that 
heredity  is  not  of  controlling  moment  is  proved  by  the 
fact  that,  given  good  surroundings,  the  descendants  of 
g(jitrou8  parents  may  develoj)  normally,  although  they 
<lo  not  always  do  so.  Goitre  does  not,  however,  of  ne- 
cessity bring  about  endemic  cretinism;  for  in  Ontario 
goitre  is,  according  to  Osier,  quite  prevalent,  but  cretin- 
ism is  unknown.  Goitre  also  formerly  prevailed  in  Penn- 
sylvania and  New  York  (Demme,  Gross),  but  cretinism 
was  rare  or  unknown.  Regarding  Canada,  however, 
while  endemic  cretinism  does  not  occur,  sporadic  cretin- 
ism is  by  no  means  uncommon  ;  and  Macphedran  ( Canarfd 
.Jimriuil  of  Medicine  and  Surgery,  1898,  vol.  iv.,  p.  275) 
was  able  t(j  collect  no  less  than  seventeen  cases. 

Genbbal  Fbatdkes. 

Nothing  is  more  characteristic  than  the  physiognomy 
of  a  typical  cretin.  There  is,  moreover,  a  remarkable 
uniformity  in  the  appearance  of  all  persons  afflicted  with 
this  disease,  so  that  the  characteristic  individuality  of 
normal  human  beings  is  largely  obliterated.  To  such  an 
extent  is  this  the  case  that  older  writers,  as  already  men- 


tioned, considered  cretins  to  be  the  remains  of  a  degen- 
erate aboriginal  race. 

The  typical  cretin  is  short  of  stature — a  stunted,  dwarf- 
ish being,  with  a  large  head  resting  almost  upon  the 
shoulders  or  sinking  forward  upon  the  chest.  As  a  rule, 
the  hair  is  short,  coarse,  and  abundant,  though  some- 
times long  and  silken,  and  grows  well  down  over  the  low 
forehead.  The  skin  is  pale,  thick,  dry,  rough,  at  times 
scaly,  and  has  a  tendency  to  form  thick  folds  or  waddles. 
The  face  is  stupid,  expressionless,  and  repulsive.  The 
eyes  gaze  vacantly,  seldom  fixing  objects.  The  nose  is 
short  and  thick,  with  a  deep-lying  root  and  flaring  nos- 
trils. The  mouth  is  large ;  the  lips  are  thick  and  fleshy, 
and  constantly  open,  permitting  the  swollen  tongue  to 
protrude  and  the  saliva  to  drool.  The  teeth  are  few  in 
number,  large,  wide  apart,  and  badly  formed.  The  ears 
are  fleshy,  pale,  often  deformed,  and  usually  stand  out. 
Sometimes  they  are  small  and  grown  flat  to  the  head. 
A  short,  thick  neck,  at  times  deformed  by  the  presence 
of  a  goitre,  joins  the  head  to  the  thorax.  The  latter  is 
disproportionately  short,  flattened  irregularly  at  the  level 
of  the  lower  end  of  the  sternum,  and  often  scoliotic  and 
kyphotic ;  it  is  usually  smaller  in  circumference  than  is 
normal.  The  breasts  in  female  cretins  are  either  not  de- 
veloped at  all,  or  are  very  large  and  pendulous.  The 
abdomen  is  protuberant  and  inclined  to  hang  downward; 
often  a  hernia,  either  umbilical  or  inguinal,  is  present. 
Lordosis  is  common.  In  both  sexes  the  genitalia  are  usu- 
ally small  and  infantile,  with  absence  of  hair  in  the  pubic 
region,  but  in  rare  cases  the  external  organs  of  generation 
are  excessively  developed.  The  extremities  are  short, 
fleshy,  and  grooved  by  deep  furrows ;  the  feet  and  hands 
are  large;  the  nails  roughened.  Often  there  is  a  ten- 
dency to  bow-leg  or  knock-knee.  Many  cretins  cannot 
walk ;  some  cannot  even  stand  unless  supported. 

Intellectually,  the  cretin,  as  a  rule,  presents  a  degree 
of  degeneracy  that  is  on  a  par  with  that  of  his  body. 
His  wants  are  confined  to  the  most  rudimentary  desires, 
such  as  hunger  and  thirst;  and  to  these,  even,  he  gives 
expression  in  ways  that  are  intelligible  only  to  those  that 
are  constantly  about  him.  Speech  he  usually  has  not, 
and  is  able  only  to  make  monotonous,  inarticulate  noises, 
and  does  not  employ  gestures.  If  he  speaks  at  all,  his 
voice  is  shrill  and  unpleasant.  He  remains  in  all  respects 
a  helpless  child,  and  often  wears,  even  at  two-score  years 
or  more,  the  garb  of  childhood. 

In  the  foregoing  I  have  given  a  brief  sketch  of  the 
cretin  in  his  worst  estate — the  type  that  Maffei  calls 
plant-men  (Pflanzenmenschen),  on  account  of  their  purely 
vegetative  existence.  The  picture  is  not  overdrawn, 
and  characterizes  wellnigh  the  majority  of  cretins;  but 
there  are  many  in  whom  the  disease  does  not  reach  such 
a  profound  degree,  and  in  every  locality  in  which  the 
disease  is  endemic  there  are  gradations,  from  the  fully 
developed  to  the  mild  type — so  mild,  indeed,  that  only  a 
few  features  of  the  disease  remain.  These  slight  cases 
are  termed  cretinoid. 

.4(76.— Cretinism  ma}-  be  congenital;  that  is,  it  may  be 
present  at  birth.  In  such  cases  the  child  rarely  lives  any 
length  of  time;  indeed,  it  is  often  still-born.  More  fre- 
quently the  disease  develops  some  time  after  birth:  in 
the  endemic  type,  between  the  fifth  and  the  eighth 
months ;  in  the  sporadic,  after  the  second  year,  or  later. 
The  condition  usually  reaches  its  height  at  the  age  of 
fifteen  years,  and  remains  stationary  after  the  twentieth 
year.  According  to  Ord  (jNledicb-Chirurgical  Trans- 
actions, 1878),  cretinism  never  develops  in  a  child  that 
is  healthy  up  to  its  sixth  or  seventh  year.  Operative 
ci-etinism  naturally  begins  after  the  operation,  if  that  be 
done  within  the  period  of  growth.  The  duration  of  life 
IS  generally  short,  especially  in  the  sporadic  form,  in 
which  the  fourth  decade  is  rarely  attained.  In  endemic 
cretinism,  subjects  sometimes  reach  the  exceptional  age 
of  seventy,  oi-  even  one  hundred  years.  Tuberculosis 
seems  to  be  rare  in  cretins. 

<N'fJ-.— Endemic  cretinism  is  more  common  in  the  male 
sex.  In  sporadic  cretinism  there  seems  to  be  a  decided 
preponderance  of  females.     I  have  collected  from  the 
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literature  93  cases  of  the  sporadic  type.  The  se.x  was 
mentioned  in  86 ;  of  these,  48  occurred  in  females,  38  in 
males.  Osier,  iu  the  American  cases,  only  a  few  of 
which  are  included  in  my  list,  found  the  difference  in 
favor  of  the  female  sex  even  greater ;  35  females  to  23 
males. 

Features  of  the  Disease  in  Detail. 

A.  Somatic  Features. — 1.  General  Skeleton.— The 
cretin  is  almost  never  of  the  normal  stature  of  persons  of 
his  age ;  in  the  majority  of  cases  indeed,  his  height  does 
not  exceed  that  of  a  child  of  three  or  fqur  years.  MafCei 
(quoted  by  Kocher,  loc.  cit.)  found  23  out  of  25  cretins  to 
be  less  than  4.5  feet  (140  cm.)  in  height;  several  were 
even  less  than  3  feet  tall  (95  cm. ).  Macphedran  ( Canadian 
Journal  of  Medicine  and  Surgery,  1898,  vol.,  iv.,  p.  275) 
found  the  height  in  9  cretins  to  vary  from  26  to  55  inches. 
I  have  tabulated  the  heights  of  28  cretins,  ranging  from 
four  to  fifty -three  years  of  age,  and  found  the  average 
to  be  96.6  cm.  (38f  in.). 

There  is  a  disproportion  among  the  different  parts  of 
the  body.  At  times  the  arms  are  very  long;  the  hands, 
large;  the  fingers,  short;  the  nails,  broad,  flat,  short, 
and  brittle.  The  lower  limbs  are  crooked,  and  there  is 
often  a  backward  extension  of  the  knees.  The  clavicles 
are  thin,  delicate,  and  slightly  curved.  The  hair  is 
coarse,  dry,  and  abundant;  often  reddish  in  the  sporadic 
form,  and  chestnut-color  in  the  endemic.  There  is  usu- 
ally no  pubic  or  axillary  hair,  but  sometimes  a  consider- 
able hirsute  growth  is  noted  between  the  scapulas.  Fatty 
tumors  are  found  above  the  clavicles,  and  occasionally  be- 
tween the  shoulder-blades,  but  only  in  the  sporadic, 
not  in  the  endemic,  type.  Umbilical  and  inguinal  her- 
nias are  common  features.  As  already  mentioned,  the 
genitalia  are  small;  but  in  some  instances  (Friedreich, 
"  Ueber  die  Susseren  Geschlechtsorgane  der  Kretinen  in 
Iphofen,"  1828)  the  male  sexual  organ  reaches  an  enor- 
mous length,  the  testicles  being  in  proportion,  and  usually 
very  hard.  Puberty,  if  it  occurs  at  all,  is  late  in  ap- 
pearance, sometimes,  as  in  Wagner's  observation  (Medic. - 
chir.  Centralblatt,  1893,  245),  at  the  fortieth  year.  The 
cretin's  skin  is  dry,  harsh,  and  brownish  or  pale  ashen  in 
color.  The  veins  of  the  chest  are  prominent,  and  there 
is  often,  as  Bramwell  ("Atlas  of  Clinical  Medicine,"  vol. 
i.,  p.  16)  has  noted,  a  venous  mottling  of  the  legs.  Erup- 
tions are  common  in  the  sporadic  form.  The  body  tem- 
perature of  cretins  is  nearly  always  subnormal. 

Tlu.  Head.—The  head  is  unduly  large,  with  a  flat  top 
and  a  prominent  occiput.  (Bulldog -like  is  the  compari- 
,son  made  by  some  writers.)  The  circumference  is,  how- 
ever, not  so  large  as  might  be  expected  from  the  general 
appearance  of  the  head,  the  average  in  twenty  cases 
being  51  cm,  (20|  in.);  at  times  there  is  actual  micro- 
cephaly. The  fontanel  and  sutures  remain  open  very 
long,  although  sometimes  they  close  early.  The  shape 
of  the  head  varies.  It  is  usually  brachycephalic  in  en- 
demic cretinism  and  dolichocephalic  in  the  sporadic 
type.  The  head  is  often  so  heavy  that  it  cannot  be 
held  up  by  the  weak  neck  muscles.  The  forehead  is 
low,  the  supraorbital  ridges  are  prominent,  the  eyebrows 
thin,  the  eyelashes  short  and  few  in  number.  The  eye- 
lids are  swollen.  The  eyes  are  usually  open,  but 
sometimes  half  closed  from  ptosis.  Many  cretins  have 
pronounced  squint.  Lachrymation  is  common,  from  oc- 
clusion of  the  lachrymal  duct,  and  there  is  often  well- 
marked  epicanthus.  The  nose  is  retracted,  short,  and 
homely,  with  large,  flaring  nostrils.  The  upper  jaw 
is  usually  unduly  prominent,  while  the  lower  recedes. 
The  lips  are  thick  and  fleshy  (macrocheilia),  and  at  times 
there  is  a  pinkish  flush  upon  the  cheeks.  The  naso-labial 
folds  are  indistinct.  The  mouth  is  always  open,  and  the 
breath  offensive.  There  is  constant  drooling  of  saliva. 
The  tongue  is  large,  swollen,  and  in  advanced  cretinism 
protrudes  from  the  mouth  (macroglossia).  The  teeth 
appear  late,  and  the  milk  teeth  generally  persist  through- 
out life,  second  dentition  being  rare.  The  teeth  are  sub- 
ject to  early  decay,  and  are  always  badly  formed  and  of 
large  size.     The  palatal  arch  is  generally  high  and  nar- 


row. The  neck  is  short.  The  thyroid  gland  as  a  rule 
cannot  be  felt  in  spoi-adic  cretinism,  and  was  absent  at 
autopsy  in  nine  out  of  ten  cases  collected  by  Bramwell 
(loc.  cit.). 

I  have  analyzed  88  cases  of  sporadic  cretinism  recorded 
in  the  literature  with  reference  to  the  condition  of  the 
thyroid  gland.  There  was  no  thyroid  demonstrable  in 
44 ;  there  was  no  goitre,  or  the  gland  was  normal  iu  9 ; 
goitre  existed  in  7;  and  no  mention  was  made  of  the 
gland  in  27.  Osier,  in  his  cases,  a  few  of  which  are  em- 
bodied in  my  table,  found  goitre  present  in  7,  the  gland 
normal  in  12,  and  small  in  2 ;  it  was  not  felt  in  16,  and 
not  mentioned  in  20.  In  one  case  of  cretinism  on  which 
I  had  an  opportunity  to  make  the  autopsy,  the  thyroid 
gland  was  absent.  In  endemic  cretinism  the  thyroid  is 
not  only  present,  but  is,  as  a  rule,  the  seat  of  goitrous 
change.  Wagner  {loe.  cit.)  gives  the  frequency  of  goitre 
as  high  as  ninety  per  cent. ;  others  generally  find  a  lower 
percentage.  Among  20  cretins,  Bircher  found  15  with 
goitre,  the  thyroid  not  being  palpable  in  one,  and  being 
normal  in  4.  Regarding  the  statement  that  the  gland  is 
normal,  it  must  always  be  remembered  that  it  is  difficult 
to  determine  merely  by  palpation  the  condition  of  a  thy- 
roid gland.  Cretinism  is  always  worse  in  non-goitrous 
persons  than  in  those  having  goitre. 

Fleshy  lipomatous  masses  are  found  above  the  clavicles 
and  between  the  scapulae,  but  only  in  sporadic  cretinism. 
During  wasting  diseases  and  before  death,  these  tumors 
generally  atrophy. 

Circulatory  System  and  Blood. — The  heart  sounds  are 
weak ;  the  pulse  is  slow  and  feeble.  The  blood  has  not 
been  carefully  studied  in  endemic  cretinism ;  and  with 
regard  to  the  sporadic  form,  the  reports  are  also  meagre. 
Koplik  (New  York  Medical  Journal,  1898,  vol.  ii.,  p.  84), 
in  a  female  cretin  one  month  of  age,  found  the  haemoglobin 
ranging  from  85  to  53  per  cent. ;  the  red  blood  corpuscles 
numbered  4,200,000,  and  the  white  cells,  10,000.  In  an- 
other case,  an  infant  of  nine  weeks,  presenting  a  typical 
cretinoid  appearance,  the  hasmoglobiu  was  105  per  cent., 
the  red  corpuscles  numbered  3,000,000,  and  the  white 
cells  13,500.  After  a  short  treatment  with  thyroid  gland, 
the  hsemoglobin  sank  to  55  per  cent.  In  a  case  reported 
by  Mendel  (Berliner  klin.  Wbchensohrift,  1896),  the  red 
cells  were  4,700,000,  the  white  cells  30,000,  the  differen- 
tial count  showing:  polymorphonuclear  cells,  58  per 
cent. ;  lymphocytes,  33  per  cent. ;  eosinophiles,  5  per 
cent. ;  transitional  forms,  4  per  cent.  Osier  (American 
Journal  of  the  Medical  Sciences,  1893),  in  one  case,  found 
anaemia,  leucocytosis,  and  poikilocytosis ;  and  in  another, 
absence  of  leucocytosis.  Phillips  (Transactions  of  the 
Clinical  Society,  1885)  reports  finding  in  one  case  slight 
anaemia  and  no  increase  in  the  number  of  leucocytes. 
Garre  (cited  in  Virclww-Hirsch's  JaTireshericht,  1890,  341), 
in  a  female  cretin  of  twelve  years,  found  3,900,000  red 
corpuscles,  5,730  white,  and  63  per  cent,  hsemoglobin. 
In  a  female  cretin  twenty-six  years  old,  Routh  (Proceed- 
ings of  the  Medical  Society  of  Loudon,  1884,  vol.  vii.,  p. 
309)  found  the  red  cells  86  per  cent,  of  the  normal ;  the 
haemoglobin,  77  per  cent. ;  and  the  relation  of  the  white 
to  the  red  cells  as  1  to  250,  showing  a  decided  leucocyto- 
sis. From  these  blood  studies,  it  is  apparent  that  cret- 
inism— at  least,  the  sporadic  form — is  accompanied  by 
anaemia,  manifesting  itself  in  a  decided  reduction  of  the 
red  corpuscles  and  a  diminution  in  the  haemoglobin; 
sometimes  the  red  corpuscles  present  alterations  in  form. 
The  leucocytes  seem  to  be  increased  in  the  majority  of 
cases,  without  any  noteworthy  alteration  in  the  propor- 
tion of  the  different  elements;  in  some  instances,  how- 
ever, thei'e  is  no  leucocytosis.  A  thorough  study  of  the 
blood — ^both  of  its  cellular  and  of  its  liquid  elements — 
is  a  distinct  desideratum. 

Digestim  Tract. — The  drooling  of  saliva  and  the  thick, 
protuberant  tongue  have  been  mentioned.  The  appetite 
of  the  cretin  is  usually  voracious,  and  he  bolts  his  food. 
Constipation  is  generally  present.  In  extreme  types  of 
the  disease  the  bowels  are  moved  involuntarily.  In  the 
terminal  stages  diarrhoea  sets  in,  and  may  be  the  cause 
of  death. 
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Oenito-unnary  2'racr!.— The  sexual  sense  is  usually  ab- 
sent. Puberty  Is  rarely  attained ;  and  if  so,  not  before 
the  age  of  twenty-flve,  and  sometimes  as  late  as  forty. 
Menstruation,  if  it  occurs  at  all,  is  scanty  and  irregu- 
lar. Cretins  are  generally  sterile.  The  size  of  the  ex- 
ternal genitalia  varies;  as  a  rule,  they  are  infantile;  ex- 
ceptionally, as  already  mentioned,  very  large.     The  urine 


Fig.  3341.— Bartine  Mills,  a  Cretin,  about  Thirty-three  Years  Old,  formerly  in  the  Philadelphia 
Hospital.    The  man  beside  him  was  his  voluntary  caretaker  for  many  years. 

is  normal,  but  small  in  amount.  In  one  case  Ord  {Lancet, 
1893,  vol.  ii.,  p.  1113)estimatedthequantity  of  urea,  and 
found  it  to  be  0.4  per  cent.  Urinary  incontinence  is  the 
rule  in  typical  cretins. 

B.  Motor  Phenomena. — On  account  of  the  short  legs 
and  large  bodies,  the  gait  of  cretins  is  of  a  peculiar, 
grotesque,  waddling  character.  Many  can  progress  only 
by  pushing  a  chair ;  some  cannot  even  stand.  The  use 
of  the  hands  for  delicate  movements  is  limited  in  varying 
degrees.  Often  the  cretin  cannot  even  feed  himself. 
Regarding  the  reflexes,  the  statements  in  the  literature 
differ  considerably.  Some  have  found  the  tendon  re- 
flexes normal ;  others,  the  knee  jerks  increased,  and  the 
abdominal,  cremasteric,  and  other  superficial  reflexes, 
unaltered.  Mayer  {Eeiine  medicale  de  la  Stiisse  romande, 
1883,  523)  found  a  diminution  in  the  faradic  excitability 
of  the  muscles. 

C.  Sensory  Phenomena. — All  the  special  senses  are 
blunted,  ijarticularly  that  of  hearing,  complete  deafness 
being  a  common  feature.  Some  have  attributed  the  low 
intelligence  in  part  to  this  deafness.  As  to  its  cause, 
AVagner  (loc.  cit.)  suggests  that  it  is  due  to  a  myxcedem- 
atous  swelling  of  the  mucous  membrane  of  the  middle 
ear. 

Hitchmann  (  Wiener  hlin.  Wochenschrift,  1898,  6,55)  has 
made  a  study  of  the  eye  conditions  in  58  cretins.  Le- 
sions of  that  organ  were,  on  the  whole,  rare.  He  found 
epicanthus  in  12  and  myxoedema  of  the  lids  in  56. 
Chronic  catarrhal  conjunctivitis  was  common,  and  was 
either  an  accidental  condition,  or  due  to  disturbance  of 
the  tear  duct.  Eczema  of  the  lids  was  frequent.  Stra- 
bismus was  found  in  but  1  case,  senile  cataract  in  2,  and 
posterior  capsular  cataract— due  to  prolapse  of  the  retina 
— in  1.  The  retina  was  normal  in  42.  There  was  conus, 
with  a  downward  axis,  in  5  cases,  which  is  a  high  per- 
centage, as  ordinarily  this  is  found  but  27  times  in  1,000 
cases.  In  one  case  there  was  beginning  gray  degenera- 
tion; and  in  2,  increased  pigmentation  of  the  choroid  and 
retina.     Nystagmus  is  sometimes  present. 


Touch,   pain,  and   temperature  sense,  like  the   more 
highly  specialized  functions,  are  also  greatly  dulled. 

D.  Psychic  Phenomena. — I  have  already  stated  that 
cretinism  presents  all  gradations  from  the  most  profound 
amentia  and  idiocy  to  mere  feeble-mindedness,  or  even  to  a 
fair  state  of  mentality.  The  majority  of  cretins  are  dull, 
apathetic,  silent,  unteachable,  and  incapable  of  work, 
and  have  to  be  cared  for  like  in- 
fants. A  few,  particularly  in  en- 
demic cretinism,  are  able  to  do  light 
tasks,  run  errands,  etc.  Cretins,  as 
a  rule,  are  good-natured  but  jealous, 
and  are  not  emotional ;  at  times,  how- 
ever, they  have  violent  outbursts  of 
animal  fury,  or  pass  into  states  of 
deep  depression.  In  rare  instances, 
they  present  delusions  or  are  mani- 
acal; and  Kraepelin  refers  to  one 
case  in  which  paresis  existed.  Con- 
vulsions have  also  been  observed. 
In  exceptional  instances  some  one 
faculty  will  be  extraordinarily  de- 
veloped, as,  e.g.,  the  musical  mem- 
ory.    . 

Pathological    Anatomy. — The 
general  characters  of  the  skin,  hair, 
and  nails  have  been  described.     A 
peculiar  feature  to  which  I  might 
again  allude  is  the  gelatinous  infil- 
tration of  the  skin  (cachexia  pachy- 
dermica),     which     is     particularly 
marked  in  sporadic  cretinism.     Ac- 
cording to   Beach,  it  is  due  to  an 
excess  of  mucin  in  the  subcutane- 
ous tissue.     In  nearly  all  autopsies 
an  absence  of  subcutaneous  fat  has 
been  noticeable.     Fatty  tumors  are 
found  above  the  clavicles  in  spora- 
dic cretinism. 
With  regard  to  the  skeleton,  I  have  already  spoken  of 
the  shortening  of  the  bones  and  the  peculiar  external 
features  of  the  skull.     The  cause  of  the  skeletal  charac- 
teristics has  been  a  subject  of  much  dispute,  but  it  is 
now  proved  that  the  fundamental  defect  is  a  delayed 
ossification  of  the  cartilages.    There  is  a  retardation  in  the 
formation  and  growth  of  the  centres  of  ossification,  in 
the  transformation  of  the  epiphyses  into  bone,  and  in  the 
disappearance   of  the  epiphyseal  discs.     Eventually,  if 
the  individual   lives  long  enough,  ossification  may  be 
accomplished ;   but  it  is  common  to  find,  as  did  Dolega 
("BeitrSge  zur  pathol.  Anatomie  u.  allgem.  Pathologic," 
1890,  vol.  ix.,  p.  488),  in  a  cretin  twenty-eight  years  of 
age,  that  the  sutures  remain  open  and  that  the  epiphyses 
persist  in  their  cartilaginous  state.     These  facts  also  ex- 
plain why  cretins  may  continue  to  grow  until  the  third 
or  fourth  decade  of  life. 

Periosteal  osteogenesis  shows  no  constant  characters ;  it 
may  be  normal,  or  it  may  be  excessive.  Sometimes  there 
is  a  projection  of  the  periosteum  between  the  epiphysis 
and  diaphysis,  such  as  was  observed  in  Dolega's  case, 
but  this  is  not  the  rule.  Little  is  known  of  the  condition 
of  the  bone  marrow.  In  the  only  case  in  which  it  is 
mentioned— that  of  Langhans  {]'hr?ioic's  Archiv,  1892, 
138)— the  marrow  was  fatty.  The  case  was  that  of  a 
cretin  fourteen  months  old. 

In  two  fffituses  presenting  cretinoid  characteristics, 
Virchow  ("Gesammelte  Abhandlungen,"  1856,  969;  also 
in  Verhand.  d.  p)iys.-med.  Gesellschaft,  Wiirzburg,  1856, 
199)  found  synostosis  of  the  spheno-occipital  sutures 
—of  the  so-called  os  tribasilare— and  concluded  that  this 
was  an  important  feature  in  cretinism ;  one  probably  re- 
sponsible for  the  arrest  of  growth  in  the  other  parts  of  the 
skeleton.  Normally  the  sutures  of  the  os  tribasilare  do 
not  disappear  until  the  twelfth  or  thirteenth  year.  There 
is,  however,  a  general  belief  among  authorities  at  the  pres- 
ent day  that  the  disease  found  in  the  foetuses  described  by 
Virchow  was  not  a  form  of  cretinism,  but  a  condition  some- 
what analogous,  yet  different  in  its  essence,  known  as 
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c7iondrodystro}}7da  fmtalis,  about  which  more  will  be  said 
later.  In  true  cretins  there  is  no  premature  ossification 
of  the  sphenobasilar  sutures. 

The  foramina  for  the  cranial  nerves  and  blood-vessels 
are  often  small,  including  the  foramen  magnum ;  some- 
times, however,  they — especially  the  latter — may  be  of 
normal  size.  Wormian  bones  are  frequently  present 
along  the  sutures. 

In  shape  the  skull,  as  has  been  stated,  may  be  either 
dolichocephalic  or  braohycephalic.  Shortening  of  its 
base  is  one  of  the  most  constant  features  of  the  crolinic 
skull.  The  root  of  the  nose  is  depressed  and  prognath- 
ism is  marked.  Allen  (New  York  Medienl  Journal,  Feb- 
ruary 3d,  1895),  in  a  supposedly  cretinic  skull,  found  pro- 
jection of  the  occiput,  and  such  a  union  of  the  parietals 
with  that  bone  that  a  conspicuous  depression  was  formed 
between  them,  giving  rise  to  a  shape  of  the  head  called 
"  cat  head. " 

Histologically  the  osseous  changes  are  but  little  known. 
They  can  be  satisfactorily  studied  only  in  juvenile  cre- 
tins, and  autopsies  upon  them  are  rare,  Langhans  {loc. 
cit.)  found  that  in  his  case  the  cartilage  cells  were  small 
and  spindle-shaped;  in  places  they  were  abnormally  dis- 
posed, being  longitudinal  to  the  axis  of  the  rows  of  cells. 
Sometimes,  also,  the  rows  were  interrupted.  The  mar- 
row spaces  showed  irregularities,  being  often  very  large 
and  widely  separated  in  the  youngest  portions  of  the 
bones,  and  exhibiting  shortening  of  the  bony  trabecuUe. 

The  Brain. — An  interesting  pathological  change  is 
enlargement  of  the  pituitary  body,  which,  however,  is  not 
constant.  It  was  noted  by  Boyce  and  Beadles  {Journal 
of  Pathology  and  Bacteriology,  1893)  and  by  Packard  and 
Hand  {American  Journal  of  the  31e<Ucal  Sciences,  Septem- 
ber, 1901).  Langhans  {loc.  cit.)  found  the  brain  and  cord 
normal,  but  in  the  peripheral  nerves  he  observed  dilata- 
tion of  the  lymph  spaces  of  the  endoneurium  and  peri- 
neurium. The  dilated  spaces,  besides  having  fine  flbrillse, 
contained  unilocular  and  multilocular  vesicular  cells, 
which  seemed  to  have  originated  from  the  endoneurium. 
There  were  also  pecuhar  cylindrical  or  spindle-shaped, 
solid  structures,  probably  the  result  of  degeneration  of 
the  connective  tissue. 

Thyroid  Gland.— The  condition  of  the  thyroid  gland, 
to  which  allusion  has  been  made  upon  page  393,  is  of 
great  interest.  In  sporadic  cretinism  it  is  usually  absent ; 
when  present  it  is  small  and  atrophic.  In  such  cases  the 
acini  are  smaller  than  normally,  are  devoid  of  colloid, 
and  often  are  surrounded  by  thick  bands  of  fibrous  tissue. 
The  blood-vessels,  as  in  the  case  of  Packard  and  Hand 
{loo.  cit.),  may  show  advanced  calcareous  infiltration  of 
their  walls.  In  endemic  cretinism  the  gland  is  usually 
goitrous;  sometimes,  however,  the  thyroid  is  not  demon- 
strable in  the  neck,  but  at  autopsy  a  retrosternal  goitre 
or  one  behind  the  sterno-cleido-mastoid  muscle  may  be 
found. 

The  enlargement  of  the  tongue  is  usually  due  to  a 
lymphangiomatous  condition  of  the  organ.  The  viscera, 
in  general,  show  no  characteristic  changes.  Beach  found 
an  increase  in  the  fibrous  tissue ;  and  in  a  case  examined 
by  myself  the  liver  was  the  seat  of  an  enormous  number 
of  cavernous  angiomata  and  the  hepatic  cells  were  deeply 
pigmented. 

DiPFBRKNTiAL  DIAGNOSIS. — But  little  need  be  said  re- 
garding the  differential  diagnosis  of  cretinism.  The  en- 
demic form  usually  presents  no  diflaculties ;  and  the  spo- 
radic in  its  fully  developed  state  is  also  easily  recognized. 
Occasionally  it  is  necessary  to  distinguish  between  cre- 
tinism and  dioarfism  (nanosomia).  In  border-line  cases 
the  distinction  may  be  impossible ;  but  ordinarily  we  find 
that  the  dwarf  does  not  present  the  typical  skeletal 
changes  nor  the  myxoedematous  condition  of  the  skm. 
There  are  likewise  no  real  deformities:  the  large  tongue 
is  absent;  and  the  psychic  defects,  so  prominent  in  cre- 
tins, are  not  a  feature  of  dwarfism.  It  may  be  difficult 
to  distinguish  between  cretinism  and  that  form  of  idiocy 
known  as  Mongolian  idiocy.  There  are,  however,  men- 
tal differences  that  are  of  help  in  the  diagnosis.  I  he 
cretin  is  dull  and  apathetic;  the  Mongolian  idiot,  though 


stupid,  has  a  smiling  countenance,  and  is  more  or  less 
vivacious  and  observant.  The  ocdematous  condition  of 
the  skin  and  the  fatty  tumors  are  also  absent. 

Under  the  term  infantilism,  several  writers  have  de- 
scribed a  condition  of  under-development,  the  individual 
retaining  the  characteristics  of  childhood  at  a  period  when 
these  should  have  disajipeared.  The  secondary  sexual 
characters  in  particular  fail  to  develop.  Infantilism  may 
be,  and  usually  is,  general,  but  according  to  Hertoghe 
("Die  RoUeder  Schilddrtlse bei  Stillstand  und  Hemmung 
des  Wachstums  und  der  Entwicklung,"  from  the  French 
by  Spiegelberg,  Munich,  1900),  it  may  affect  single  feat- 
ures, as  the  voice,  the  hair,  the  genitalia,  etc.  Brissaud 
considers  infantilism  an  attenuated  form  of  cretinism. 

A  few  words  must  be  bestowed  upon  the  subject  of  so- 
caWeAfcetal  rickets,  which  by  some  is  considered  a  form 
of  fretal  cretinism.  Few  diseases  are  honored  with  so 
many  high-sounding  names  as  this.  Besides  being  called 
fostal  rickets,  it  is  known  as  cretinoid  dysplasia,  pseudo- 
rhachitism,  chrondritis  foetalis,  micromeha  chondro- 
malacica,  achondroplasia,  and  chondrodystrophia  fcetalis. 
Without  going  into  the  details  of  the  aifection,  which 
are  out  of  place  in  the  present  article,  the  following  state- 
ments may  be  made : 

1.  The  disease  is  not  a  form  of  rickets. 

2.  It  has  very  little  in  common  with  cretinism,  differ- 
ing from  the  latter  in  certain  essential  points: 

(fit)  In  its  period  of  development:  it  begins  during 
fcetal  life,  and  the  child  is  generally  still-born  or  dies 
earl}'.  Cretinism  rarely  begins  before  from  the  fifth  to 
the  eighth  month. 

{h)  The  thyroid  gland  is  usually  normal. 

(c)  It  may  occur  anywhere,  and  is  not  more  frequent 
in  the  foci  of  endemic  cretinism  than  in  other  places. 

{d)  Although  the  osseous  changes  present  no  funda- 
mental difference,  there  is  in  chondrodystrophia  a  sclero- 
sis of  the  diaphysis  which  is  absent  in  cretinism. 

3.  The  essential  feature  of  chondrodystrophia  foetalis  is 
a  disturbance  in  the  development  of  the  primordial  car- 
tilage, characterized  by  irregular  growth  of  the  cartilage 
cells  with  defective  formation  of  the  cellular  rows.  Re- 
garding the  cellular  prohferation  itself,  it  may  be  defi- 
cient, the  cells  being  spindle-shaped  in  their  hyaline  ma- 
trix, or  it  may  be  excessive,  or  the  cells  may  form  groups 
lying  in  a  soft,  glassy  matrix.  These  three  types  of  ab- 
normalities correspond  with  three  types  of  the  disease : 
chondrodystrophia  hypoplastica,  chondrodystrophia  hy- 
perplastica,  and  chondrodystrophia  malacica. 

4.  Periosteal  osteogenesis  is  not,  as  a  rule,  disturbed. 
Occasionally  it  is  in  excess  of  the  normal. 

5.  An  almost  constant  feature  is  the  penetration  of  a 
periosteal  process  between  the  epiphysis  and  the  diaph- 
ysis. 

6.  There  is  a  sclerosis  of  the  marrow,  especially  of  the 
ends  of  the  bones. 

7.  Ossification  of  the  sutures  of  the  os  tribasilare  is 
common,  but  not  constant. 

8.  The  dystrophy  leads  to  a  stunting  of  the  growth, 
particularly  of  the  lower  limbs ;  hence  the  middle  of  the 
body  is  not  at  the  umbilicus,  but  much  higher— near  the 
ensiform  cartilage. 

It  is  not  impossible,  however,  that  chondrodystrophia, 
although  anatomically  differing  from  cretinism,  may  like 
the  latter  be  due  to  hypothyroidism. 

Treatment. — The  treatment  of  endemic  cretinism  is 
primarily  a  matter  of  broad  public  hygiene  and  sanita- 
tion. As  the  drinking-water  is  chiefly  at  fault,  the  first 
effort  should  be  directed  to  its  improvement.  Whenever 
possible,  water  should  be  secured  from  a  goitre-free  dis- 
trict, the  advantages  accruing  from  such  a  change  being 
truly  remarkable.  To  one  famous  instance  of  the  kind — 
that  of  Bozel— I  have  referred  on  page  391.  When  an 
entirely  new  water  supply  is  unobtainable,  an  attempt 
should  be  made— of  course,  this  is  then  not  a  matter  for 
municipal  performance,  but  of  household  initiative— to 
provide  cistern  water,  which,  it  has  been  shown,  is  not 
goitrogenic,  and,  hence,  not  cretinogenic.  Sedimentation 
of  the  water  seems  also  to  rob  it,  to  a  large  extent,  of  its 
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noxious  properties;  but  boiling  is  the  surest  way  to  ren- 
der it  innocuous.  In  addition  to  giving  attention  to  tlie 
water  supply,  amelioration  of  the  general  social  conditions 
of  the  afflicted  community  must  be  sought,  by  preventing 
intermarriage,  diversifying  the  industries,  shortening  the 
hours  of  work,  improving  the  food  supply,  widening  the 
streets,  and  modernizing  the  sewage  system. 

In  sporadic  cretinism  remarkable  results  have  been 
achieved  by  the  so-called  substitution  treatment,  i.e.,  the 
substitution  for  the  deficiency  in  the  activity  of  the  thy- 
roid gland  of  either  the  gland  itself,  obtained  from  ani- 
mals, or  preparations  made  from  it.  It  is  unnecessary  to 
dwell  upon  the  development  of  this  treatment,  although 
it  forms  an  interesting  chapter  in  the  history  of  medicine. 
The  father  of  it,  as  at  present  practised,  isG.  R.  Murray,  of 
Newcastle-on-Tyne ;  although  the  value  of  the  gland  in 
the  treatment  of  conditions  dependent  upon  absence  or  dis- 
ease of  the  thyroid  body  had  previously  been  recognized 
both  by  Bircher  and  by  Horsley.  They,  however,  had 
recommended  the  implantation  of  the  gland — a  method  not 
devoid  of  danger.  At  the  present  day  numerous  prepa- 
rations of  the  thyroid  are  on  the  market.  Some  represent 
the  gland  in  a  dried  state — the  so-called  desiccated  thy- 
roid; others  are  glycerin  or  ethereal  extracts  in  liquid 
or  solid  form.  As  a  rule,  the  gland  from  the  sheep  or 
the  calf  is  employed,  but  that  of  the  hog  also  seems  to 
be  efficacious.  Attempts  have  been  made  to  isolate  the 
active  principle  and  to  use  it  instead  of  the  extractor  the 
gland  itself.  Different  investigators,  however,  have 
isolated  different  substances,  each  claiming  that  his  is 
the  active"  principle;  thus,  there  are  Baumann's  thy- 
roiodin,  Notkin's  thyreoprotein,  Prankel's  thyroanti- 
toxin,  and  Hutchinson's  colloid.  The  active  principle 
seems  to  contain  iodine. 

The  dose  of  thyroid  is  more  or  less  arbitrary  and  varies 
with  the  preparation.  It  is  well  to  begin  with  small 
doses  (for  example,  a  minim  of  the  liquid  or  a  grain  (0,06 
gram)  of  the  solid  extract  nightly),  increasing  the  dose 
with  care.  The  younger  the  cretin,  the  more  brilliant 
are  the  results ;  but  there  is  no  period,  except,  perhaps, 
extreme  old  age,  at  which  it  is  not  wise  and  proper  to 
make  a  trial  of  the  reitiedy. 

Under  the  treatment  a  wonderful  change  comes  over 
the  entire  system  of  the  individual.  There  is  a  growth  in 
height  and  a  diminution  in  the  general  bidk  of  the  body ; 
a  disappearance  of  the  oedema  of  the  skin,  of  the  swelling 
of  the  tongue,  and  of  the  fatty  tumors ;  a  rise  in  body  tem- 
perature; an  improvement  in  the  condition  of  the  bowels ; 
and  a  very  striking  increase  in  the  intelligence.  There 
is  in  the  beginning,  as  pointed  out  by  Thomson  (British 
Medical  Journal,  1893,  vol.  ii. ,  p.  677),  a  slight  tendency  to 
muscular  debility,  connected  with  the  tremendous  change 
in  bodily  metabolism;  but  this  soon  disappears. 

If  the  thyroid  medication  is  too  active,  symptoms  of 
intoxication— so-called  hyperthyroidism— may  develop. 
These  are  tachycardia,  pains  in  the  hmbs  and  elsewhere, 
slight  fever,  and  diarrhoea. 

Under  thyroid  treatment  the  diet  should  receive  some 
attention.  The  use  of  meat  should  be  restricted,  and  the 
food  should  be  largely  vegetarian  in  charactei-. 

A  number  of  cretins  that  were  under  thyroid  treatment 
have  succumbed  with  astonishing  rapidity  to  infectious 
diseases,  such  as  diphtheria,  typhoid  fever,  etc.  Whether 
the  thyroid  medication  had  in  any  way  lessened  the  pa- 
tients' resistance  to  these  is  a  fair  question,  but  one 
which  cannot  as  yet  he  definitely  answered.  The  benefits 
obtained  from  the  treatment  so  far  outweigh  any  possi- 
ble disadvantages  that  the  latter  need  scarcelv  be  eiven 
a  thought.  ^        ^ 

In  order  that  the  beneficial  effects  of  the  thyroid  treat- 
ment may  not  be  lost,  it  is  necessary  to  continue  the  ad- 
ministration of  the  drug  throughout  the  palient's  life 
The  lowest  efficient  dose  should  be  determined,  and  then 
kept  up  uninterruptedly. 

Specific  medication  w'ith  thyroid  gland,  which  1ms  been 
of  such  signal  benefit  in  spoVadic:  cretinism,  has,  so  far 
not  met  with  striking  success  in  the  endemic  form.  The 
reasons  for  this  are  manifold.     In   the  first  place,  the 
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method  has  not  been  tried  upon  any  large  scale;  sec- 
ondly, the  causes  underlying  the  endemic  cretinism  con- 
tinue; and  thirdly,  the  majority  of  cretins  were  at  a 
comparatively  advanced  age  when  the  treatment  was 
begun.  It  would  seem  advisable  to  administer  the  sub- 
stance in  a  more  or  less  routine  way,  as  is  done  with 
quinine,  for  instance,  in  malarious  districts,  and  thereby 
to  aid  the  hygienic  factors  which  have  been  mentioned. 
In  any  case  the  earliest  manifestations  of  the  cretinoid 
condition  should  be  a  spur  to  the  use  of  thyroid  prepara- 
tions. Unfortunately,  the  state  of  civilization  in  cretin 
and  goitre  communities  is,  as  a  rule,  so  low  that  the  peo- 
ple are  slow  to  accept  benefits,  even  if  they  do  not 
actively  resist  them.  To  them  applies  the  saying  of 
Goethe:  "Die  Menschen  wollen  zu  ihrem  Glilcke  ge- 
zwungen  sein. '' 

I  have  referred  to  border-line  cases  that  seem  to  bridge 
the  chasm  between  idiocy  and  cretinism,  and  between 
dwarfism  and  cretinism.  In  them,  as  well  as  in  infantil- 
ism, it  is  proper  to  make  a  test  of  thyroid  treatment.  A 
beneficial  effect  is  proof  that  in  the  given  case  some  of 
the  elements  of  cretinism  were  present. 

David,  Biesman. 

GOITRE,  EXOPHTHALMIC.     See  the  Appendix. 

GOITRE.  (SURGICAL.)— In  the  treatment  of  goitre, 
surgical  measures  may  become  necessary,  because  inter- 
nal medication  has  failed  to  stop  the  growth  of  the  tumor 
or  to  relieve  dyspnoea  or  other  severe  symptoms ;  or  an 
operation  may  be  resorted  to,  merely  to  free  the  patient 
from  a  disfiguring  tumor. 

External  applications  have  little  effect  upon  a  goitre. 
The  reports  of  success  from  the  application  of  iodine  in 
some  form  or  other,  or  from  the  use  of  electricity,  have 
been  too  few  and  too  scattered  to  count  for  much. 

Injection.—Many  surgeons  have  reported  excellent  re- 
sults from  the  treatment  of  goitre  by  injection,  but  on 
the  other  hand  not  a  few  deaths  have  been  reported,  so 
that  one  should  be  careful  in  advocating  the  use  of  in- 
jections. Since  the  perfection  of  the  operative  treatment, 
and  the  greatly  diminished  mortality  of  the  operations 
performed  for  goitre  in  the  last  few  years,  the  field  for 
injection  has  been  much  limited.  There  will  still  be  in- 
stances, no  doubt,  in  which  patients  will  absolutely  refuse 
an  operation,  or  in  which  on  some  other  account  a  surgeon 
will  be  justified  in  injectmg  a  goitre  with  iodme  or  iodo- 
form; but  such  injection  should  be  made  with  a  clear 
understanding  of  its  danger,  and,  it  is  hardly  necessary 
to  add,  under  strict  aseptic  precautions.  Even  then  there 
is  danger  from  hemorrhage  and  embolism. 

Besides  the  tincture  of  iodine  which  has  been  most 
generally  employed  for  injection,  carbolic  acid,  alcohol 
arsenic,  and  ergotin  have  been  tried,  but  they  are  less 
effective  than  iodine,  and  do  not  decrease  the  danger  of 
this  method  of  treatment.  Iodoform  is  the  only  substi- 
tute which  has  found  many  friends.  It  should  be  mixed 
with  ether  and  olive  oil  in  the  proportions  of  1  part  of 
iodoform  to  7  parts  each  of  ether  and  oil  When  the 
mixture  turns  brown  it  contains  free  iodine,  and  should 
be  discarded. 

To  lessen  the  risk  of  hemorrhage,  the  hollow  needle 
should  be  separately  introduced.  When  it  is  seen  that 
no  blood  escapes  from  it,  the  syringe  should  be  attached, 
and  ten  or  fifteen  drops  of  the  chosen  mixture  slowly  in- 
lected,  -The  resulting  pain  is  sometimes  very  great,  but 
lasts  only  for  a  few  moments.  The  effect  upon  the  gland 
is  more  or  less  marked  according  to  circumstances.  There 
may  be  an  initial  swelling,  followed  in  a  few  days  by 
more  or  less  shrinking.  Usually  ten  or  twenty  treatments 
will  be  required.  These  may  occur  at  intervals  of  three 
days  or  more  according  to  the  amount  of  reaction.  Par- 
enchymatous goitre  is  best  suited  to  treatment  by  iniec- 
tTlfft"^  1*^'?  1'  "'^  ^yP*'  °f  the  disease  which  is  i^ost 
cPssfn  th/r  ""^T?^  '^f^ii<^s.  If  the  treatment  is  suc- 
cessful, there  will  m  a  few  days  be  a  distinct  shrinking 

c.  mbleWp^PP^'^'i^  *°.*^''  'y'  ^"d  finger,  and  alsf 
capable  of  demonstration  by  measurements  of  the  neck. 
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Operation. — Many  operations  have  been  advocated  for 
the  relief  of  goitre.  Three  of  them  have  proved  their 
worth  and  may  be  spolveu  of  as  classical.  They  are  par- 
tial resection,  enucleation,  and  ligation  of  the  thyroid 
arteries. 

Removal  of  the  vs'hole  gland  was  formerly  jsractised, 
but  has  been  pretty  nearly  given  up  on  account  of  the 
fact  that  acute  or  chronic  "  cachexia  thyreopriva "  fol- 
lows in  twenty-five  per  cent,  of  the  cases.  The  acute 
form  of  this  trouble  is  marked  by  tetanic  symptoms  which 
may  terminate  in  speedy  death.  In  the  more  chronic  form 
surgical  myxcedema  develops,  and  this  too  may  increase 
in  severity  till  the  patient  succumbs.  Hence  total  thy- 
roidectomy, except  for  malignant  disease,  may  be  con- 
sidered an  unjustifiable  operation.  Partial  resection  is 
rarely  followed  by  symptoms  of  tetanus,  and  when  they 
do  occur  they  are  light  and  usually  transitory. 

Before  any  operation  is  performed  upon  a  goitre,  the 
patient  should  be  prepared  with  all  possible  care.  The 
difficulty  of  carrying  out  perfect  asepsis  so  near  to  the 
mouth,  the  proximity  of  the  tumor  to  important  vessels 
and  nerves,  and  above  all  the  risk  of  sudden  and  severe 
hemorrhage,  make  the  operations  upon  the  gland  much 
more  serious  than  they  appear  at  first  sight  to  be.  True, 
the  mortality  is  small  when  a  single  surgeon  operates 
upon  a  long  series  of  patients,  Kocher,  for  example,  hav- 
ing reported  a  mortality  of  much  less  than  one  per  cent. ; 
but  under  ordinary  circumstances  a  mortality  of  five  per 
cent,  may  be  expected. 

Olioice  of  an  AncestheUc. — Some  surgeons  advocate  the 
use  of  ether,  some  of  chloroform,  and  some  prefer  to  use 
cocaine  or  some  other  local  ansesthetic.  The  last  plan 
possesses  one  advantage,  namely,  that  the  patient  by 
speaking  can.  demonstrate  that  the  recurrent  laryngeal 
nerve  is  not  injured.  A  local  ansesthetic  should  be  chosen 
in  cases  of  goitre  accompanied  by  severe  dyspnoea. 

Incision. — A  transverse  incision  is  now  generally  pre- 
ferred, as  it  well  exposes  the  tumor,  and  leaves  a  scar  in 
the  direction  of  the  wrinkles  of  the  neck,  and  therefore 
not  a  conspicuous  one.  In  case  of  a  very  large  or  deep- 
seated  swelling,  Kocher  employs  an  angular  incision, 
extending  transversely  on  the  level  of  the  thyroid  carti- 
lage, from  the  sterno-mastoid  muscle  to  the  median  line, 
and  then  bending  downward  to  the  sternum  if  necessary. 
This  incision  avoids  the  complete  division  of  the  sterno- 
laryngeal  muscles. 

Partial  Resection. — When  the  skin  incision  has  been 
made,  and  all  superficial  veins  have  been  divided  between 
ligatures,  the  muscles  which  lie  in  the  way  must  be  divid- 
ed or  drawn  to  one  side,  and  the  superficial  fascia  which 
overlies  the  true  capsule  of  the  gland  must  be  divided  and 
retracted.  Beginning  then  with  the  upper  and  lower  poles 
of  the  gland  the  surgeon  carefully  separates  it  from  the 
surrounding  tissues,  placing  ligatures  around  arteries 
and  veins,  and  gradually  dislocating  the  gland— as  fast  as 
it  is  freed— toward  the  median  line.  It  is  very  impor- 
tant that  every  vessel  should  be  clearly  seen  before  it  is 
clamped  or  ligated.  If  this  rule  is  followed,  the  recur- 
rent laryngeal  nerve,  which  is  closely  associated  with 
the  inferior  thyroid  artery,  will  not  be  injured.  Sudden 
hemorrhage  should  be  controlled  by  compression,  not  by 
hasty  clamping.  The  gland  is  often  intimately  attached 
to  the  trachea,  and  it  is  therefore  better  to  leave  a  small 
portion  of  it  behind,  rather  than  to  risk  injury  to  the  nerve 
by  too  violent  attempts  at  removal.  Hemorrhage  from 
the  substance  of  the  gland,  either  where  the  isthmus  is 
divided  or  elsewhere,  may  be  controlled  by  cauterization 
or  by  ligature.  The  divided  muscles  are  to  be  sutured. 
If  the  wound  is  deep,  it  should  be  drained  for  a  couple 
of  days. 

The  amount  of  gland  tissue  to  be  left  depends  a  good 
deal  on  the  shape  of  the  goitre.  If  only  one  side  of  the 
gland  is  affected,  the  other  is  naturally  left.  If  both  sides 
require  removal,  enough  gland  tissue  should  be  left 
to  equal  in  bulk  at  least  one-fifth  of  a  normal  gland. 
This  tissue  should  be  left  at  the  poles  of  the  gland,  pref- 
erably about  the  inferior  thyroid  arteries,  so  as  to  reduce 
the  risk  of  injuring  the  recurrent  laryngeals. 


Enucleation. — If  a  goitre  is  due  to  tlie  development  of 
distinct  nodules  within  the  thyroid  gland,  these  may  be 
(nucleated.  The  ease  with  which  this  procedure  may 
be  carried  out  depends  largely  on  how  free  these  nodules 
are.  Sometimes  they  may  be  shelled  out  from  the  sur- 
rounding gland  tissue,  almost  as  readily  as  non-inflamed 
tuberculous  glands  from  their  fibrous  coverings.  At 
other  times  the  enucleation,  on  account  of  close  attach- 
ment of  the  nodules,  becomes  virtually  a  partial  resection. 
In  such  cases  bleeding  may  be  verj-  troublesome,  while 
on  account  of  the  depth  of  tlie  holes  which  remain 
infection  is  more  likely  to  follow  in  any  case  of  enuclea- 
tion than  in  a  partial  resection.  Moreover,  recurrence  of 
the  goitre  is  said  to  be  more  frequent  after  enucleation 
than  after  partial  resection.  Previous  treatment  by 
injection  makes  enucleation  very  difficult.  There  is  little 
danger  of  injury  to  the  nerves  or  jugular  veins  during 
enucleation.  The  skin  incision  is  the  same  as  that  for 
partial  resection. 

Ligation  of  the  Thyroid  Arteries. — By  the  ligation  of 
the  thyroid  arteries  a  certain  amount  of  atrophy  of  a 
goitre  may  be  accomplished.  The  superior  artery  is 
easily  found  through  an  incision  along  the  median  border 
of  the  sterno-mastoid  muscle.  The  inferior  may  also  be 
reached  through  this  incision ;  but  an  easier  method  is  to 
make  a  transverse  incision  situated  far  enough  backward 
to  allow  the  sterno-mastoid  muscle  to  be  drawn  forward 
out  of  the  way.  The  thyroid  axis  can  be  reached  in  this 
manner,  and  the  inferior  thyroid  separated  and  tied  near 
its  origin. 

Exothyropexy. — Jaboulay  and  a  few  other  surgeons 
have  succeeded  in  bringing  about  atrophy  of  a  goitre  by 
dissecting  the  enlarged  gland  sufiieiently  free  to  allow  it 
to  be  brought  into  the  wound,  there  to  remain  until  heal- 
ing by  granulation  shall  have  taken  place — i.e.,  for  from 
three  to  eight  weeks.  Of  the  first  sixty -five  patients  so 
operated  upon  four  died,  so  that  the  operation  is  not 
without  danger,  and  on  account  of  its  other  obvious  dis- 
advantages it  has  not  been  generally  taken  up. 

The  two  operations,  therefore,  which  are  most  valuable 
are  enucleation  and  partial  resection ;  the  former  for  iso- 
lated cysts  and  solid  tumors,  and  the  latter  for  diffuse  and 
adherent  goitres  and  all  rapidly  growing  ones,  since  it 
best  provides  against  recurrence. 

Edward  Milton,  Foote. 

GOLD. — So  far  as  determined,  the  action  of  gold  upon 
the  animal  system  resembles  that  of  mercury  more  nearly 
than  that  of  any  other  of  the  well-known  heavy  metals. 
Locally,  soluble  gold  salts  are  powerfully  irritant,  and, 
constitutionally,  gold  compounds  affect  nutrition.  In 
therapeutic  doses  they  tend,  like  mercurials,  to  improve 
nutritive  tone,  but  in  poisonous  quantities  to  derange  it, 
with  the  development  of  stomatitis  and  gastro-enteritis, 
and,  in  continued  dosage,  of  emaciation  and  progressive 
general  enfeeblement.  Gold  has  the  common  reputation 
of  being  a  nerve  tonic,  especially  in  cases  of  nervous 
derangement  in  the  genital  apparatus,  particulariy  the 
ovaries.  Therapeutically,  it  has  been  used  in  ovarian 
inflammation  and  irritation,  in  amenorrhoea,  in  loss  of 
virility,  and  in  various  conditions  of  impaired  nerve 
power,  and  also  as  a  substitute  for,  or  adjuvant  of,  mer- 
cury in  the  treatment  of  constitutional  syphilis. 

In  none  of  these  applications  can  gold  be  considered 
a  medicine  of  first-rate,  nor  possibly  even  of  second-rate 
power.  The  sole  compound  of  gold  official  in  the  United 
States  Pharmacopceia  is  that  entitled  Auri  et  Sodii  CKlo- 
ridum,  Gold  and  Sodium  Chloride.  This  is  "  a  mixture 
of  equal  parts,  by  weight,  of  dry  gold  chloride  and  sodium 
chloride  "  (U.  S.  P.).  The  compound  is  easily  obtained 
by  mixing  in  proper  proportion  solutions  of  the  two  salts 
and  evaporating  to  dryness.  It  crystallizes  in  elongated 
prisms,  but  is  commonly  found  as  "an  orange-yellow 
powder,  odorless,  having  a  saline  and  metallic  taste,  and 
slightly  dehquescent  in  damp  air"  (U.  S.  P.).  The  com- 
pound is  freely  soluble  in  water,  and  the  solution  has  a 
slightly  acid  reaction.  This  preparation  is  locally  irritant 
even  to  causticity,  and  constitutionally  exerts  the  virtues 
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of  gold  as  already  set  forth.     The  dose  is  about  0.005  gm. 
(about  gr.  y^  three  times  a  day,  in  lozenge  or  pill. 

Edward  Curtis. 

GOLDTHREAD.— CoPTis.  The  rhizome  of  Coptis  tri- 
foliaih.)  Salisb.  (fam.  Rnnuncvlacea).  This  plant  is  a 
pretty  little  evergreen  bog-plant,  with  long,  bright-yel- 
low, thread-like  rhizomes ;  bright-green  and  shining  ter- 
nate  leaves,  and  white,  solitary,  star-shaped  flowers.  It 
grows  rather  abundantly  in  the  cold  bogs  of  America, 
Europe,  and  Asia.  The  whole  plant  is  generally  collected, 
although  the  rhizome  is  undoubtedly  the  most  efficient 
part.  The  description  of  the  plant  given  above  is  suffi- 
cient for  the  drug,  which  has  an  intensely  bitter  taste, 
but  no  odor.  The  color,  taste,  and  medicinal  value  of 
goldthread  are  due  to  a  salt  of  the  alkaloid  berberine, 
which  it  contains  in  considerable  quantity.  A  second 
alkaloid,  coptine,  is  described  by  Gross  as  also  present, 
but  does  not  affect  the  medical  properties  of  the  former. 

Goldthread  is  a  simple  bitter.  It  is  frequently  used 
in  the  country  as  a  mouth  wash  for  aphthous  and  herpetic 
ulcerations,  etc.  The  ordinary  dose  is  1  to  4  gm.  (gr. 
XV. -Ix.). 

The  root  of  Guptis  Teeta  Wallieh,  of  Asia,  is  a  classic 
remedy  for  sore  eyes,  and  still  used  in  the  Orient.  Its 
properties  are  similar  to  those  of  goldthread. 

W.  P.  BolUs. 

GONORRHCEA. — Gonorrhoea,  blennorrhoea,  or  clap  is 
a  contagious,  inflammatory  disease  of  the  urethral  mu- 
cous membrane,  of  venereal  origin,  and  having  as  its 
cause  a  well-identified  micro-organism,  the  gonococcus 
of  Neisser. 

This  micro-organism  was  first  isolated  by  Albert  Neis- 
ser, in  1879,  and  has  since  been  indubitably  demonstrated 
to  be  the  pathological  principle  of  gonorrhoea. 

It  is  a  somewhat  oval  micrococcus,  usually  taking  the 
diplococcic  form,  the  individual  coccus  not  being  spheri- 
cal but  flattened  on  the  side  toward  its  neighbor,  appear- 
ing more  like  a  discoid  formation  than  a  true  sphere ;  the 
individual  cocci  having,  according  to  Haab,  a  diameter 
of  0.4  to  0.6  ji.  They  form  in  clusters,  never  in  chains, 
this  being  due  to  the  method  of  division ;  as  a  separation 
in  one  diameter  is  followed  by  the  next  in  a  direction 
perpendicular  to  the  first.  In  this  manner  are  formed 
groups  or  clusters  of  four,  eight,  sixteen,  etc.,  and  not 
long  chains  Increasing  in  length  by  fission  In  the  same 
direction.  They  are  usually  attached  to  epithelial  cells 
and  pus  corpuscles,  and  are  found  free  in  the  fluid  only 
when  present  in  great  numbers.  The  gonococcus  may 
be  cultivated,  probably  the  best  medium  for  this  purpose 
being  liydrocele  or  chest  serum  in  neutral  agar  in  the 
proportion  of  one  to  three.  The  medium  should  always 
be  alkaline  in  reaction,  and  kept  at  a  temperature  of 
about  36°  C. 

The  period  of  incubation  of  a  gonorrhoea,  i.e.,  from 
the  time  of  inoculation  to  the  appearance  of  the  first 
symptoms,  varies  from  three  to  seven  days;  and  though 
occasionally  a  somewhat  longer  period  elapses,  an  incu- 
bation extending  over  more  than  fourteen  days  is  ex- 
tremely rare,  if  it  ever  occurs. 

The  attention  of  the  jiatient  is  usually  first  attracted  by 
a  slight  pricking  or  itching  of  the  meatus,  and  on  exami- 
nation he  finds  the  orifice  somewhat  reddened,  the  lips 
may  be  stuck  together,  and  a  drop  of  viscid  orseraipuru- 
lent  fluid  squeezed  out.  The  discharge  rapidly  increases 
and  becomes  purulent,  and  the  act  of  urination  gives  rise 
to  a  certain  amount  of  smarting.  At  the  end  of  the  first 
or  beginning  of  the  second  week  this  discharge  appears 
as  a  thick,  green  pus,  which  flows  copiously  from  the 
meatus  night  and  day,  and  so  freely  as  to  soil  the  cloth- 
ing and  genitals  of  the  patient,  the  color  of  the  discharge 
changing  to  a  bright  yellow  on  drying.  Other  symp- 
toms of  the  inflammatory  condition  also  appear.  The 
meatus  and  surrounding  parts  are  swollen,  and  the  en- 
tire urethra  in  the  pendulous  portion  is  tender  on  press- 
ure, and  may  be  felt  fi-om  the  outside  to  be  thickened 
and  indurated.     Sharp  pains  occur  spontaneously,  and 


are  especially  severe  during  erections.  These  latter  are 
more  frequent  during  the  early  morning  hours  in  bed, 
and  are  extremely  distressing  to  the  patient,  the  penis 
being  curved  downward,  owing  to  the  diminished  elas- 
ticity of  the  urethra  (chordee).  The  urethral  mucous 
membrane  is  swollen  and  the  stream  of  urine  small  and 
split  up.  The  passage  of  urine  is  extremely  painful, 
causing  an  intense  burning  along  the  urethra. 

This  aggravation  of  the  symptoms  usually  continues 
into  the  third  week,  the  inflammatory  process  having  by 
this  time  extended  to  the  bulb  of  the  urethra.  In  addi- 
tion to  the  other  symptoms  a  feeling  of  weight,  heat,  and 
fulness  is  felt  in  the  perineum.  During  this  inflammatory 
period  the  patient  also  experiences  a  feeling  of  general 
malaise  with  slight  feverishness,  which,  together  with 
the  mental  distress,  causes  him  to  be  greatly  depressed. 

About  the  end  of  the  third  week,  in  typical  cases  of 
acute  anterior  gonorrhoea,  a  rapid  improvement  occurs. 
The  inflammatory  and  subjective  symptoms  diminish; 
the  secretion,  though  still  profuse,  becomes  thinner,  later 
diminishes  in  amoimt,  and  finally  is  present  only  as  a 
small  drop  in  the  morning  on  rising,  disappearing  en- 
tirely about  the  sixth  or  seventh  week  after  infection. 

While  this  description  may  be  considered  fairly  typical, 
by  far  the  greater  number  of  cases  do  not  end  so  happily. 
The  inflammatorjr  process  overcoming  the  resistance  of 
the  compressor  uj-ethrse  muscle  invades  the  deeper  ure- 
thra, and  a  new  set  of  symptoms  develop,  while  the 
difficulty  of  effecting  a  cure  is  increased.  Owing  to 
the  close  anatomical  relation  with  the  prostate,  seminal 
vesicles,  and  epididymides,  the  disease  is  apt  to  involve 
any  of  these  organs  and  disagreeable  complications  en- 
sue. At  times  the  invasion  of  the  posterior  urethra  is 
acute,  and  is  announced  by  the  desire  to  urinate  fre- 
quently and  with  extreme  urgency,  which  may  become 
exceedingly  distressing  to  the  patient.  The  tenesmus 
may  be  almost  constant  and  is  not  relieved  by  urina- 
tion ;  while  a  few  drops  of  blood  may  appear  at  the  end 
of  urination,  which  always  alarms  the  patient  but  is 
of  no  serious  importance.  In  subacute  cases  this  tenes- 
mus is  less  constant,  being  present  only  when  there  is  a 
certain  amount  of  urine  in  the  bladder;  the  patient  will 
experience  a  sudden  desire  to  urinate  and  is  often  unable 
to  avoid  wetting  his  clothing  At  this  time  smarting  or 
burning  sensations,  or  lancinating  pains,  are  experienced 
in  the  deep  urethra,  and  they  are  increased  by  the  acts  of 
defecation  and  micturition.  Nocturnal  emissions  are  apt 
to  be  frequent,  and  are  accompanied  by  pain  in  the  deep 
urethra.  These  are  due  to  tlie  inflammatory  condition 
of  the  caput  gallinaginis,  and  are  almost  positive  evi- 
dence that  the  deep  urethra  has  become  involved. 

The  secretion  is  similar  to  that  of  anterior  urethritis 
(muco-purulent).  The  patient  is  usually  much  depressed, 
complexion  sallow,  a  slight  amount  of  fever  is  present, 
and  there  is  loss  of  appetite  with  obstinate  constipation. 

In  some  cases,  however,  all  these  symptoms  may  be 
greatly  intensified.  Not  only  may  the  prepuce  become 
oedema  tons  but  also  the  entire  body  of  the  penis  may 
undergo  enlargement  thi-ough  lymphangitis.  At  the 
same  time  there  is  likely  to  be  an  extremely  abundant  se- 
cretion, sometimes  mixed  with  blood  and  containing  large 
numbers  of  gonococci,  which  are  also  found  in  the  free 
fluid.  Extreme  sexual  irritation  and  chordee  are  present, 
and  there  is  fever  due  to  implication  of  the  general  sys- 
tem. 

On  the  other  hand,  the  infection  maybe  subacute  from 
the  start.  The  period  of  incubation  and  the  stage  of 
prcjdroraes  last  longer,  the  inflammation  is  less  intense, 
and  general  symptoms  may  be  entirely  absent.  While 
the  secretion  always  contains  pus,  it  is  more  gelatinous- 
and  does  not  become  more  than  muco-purulent  In  these 
cases.  Gonococci  are  present  usually  in  the  flat  epithelial 
cells.  This  condition  is  extremely  insidious  and  is  al- 
most certain  to  involve  the  ]iosterior  urethra,  causing 
chi-onic  posterior  urethritis  and  prostatitis. 

DiAONOSTS.— The  history  of  a  definite  exposure,  a  pe- 
riod of  incubation,  together  with  the  subjective  symp- 
toms, render  the   diagnosis  of  a  gonorrhoeal  urethritis 
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comparatively  easy.  At  the  same  time  tlierc  exist  seve- 
ral forms  of  urethral  inflammation  which  closely  resemble 
it,  particularly  at  the  outset;  so  that  it  becomes  exceed- 
ingly important,  as  regards  both  the  prognosis  and  the 
treatment,  to  determine  dotinitely  the  true  character  of 
the  disease  as  early  as  possible.  The  true  nature  of 
the  disease  can  be  determined  by  the  presence  or  ab- 
sence of  the  gonococcus  in  the  secretions,  by  means  of 
the  microscope. 

An  examination  of  a  fresh  specimen  of  gonorrhooal  pus, 
under  a  high-power  oil-immersion  lens,  will  demonstrate 
the  presence  of  gonococci  in  some  of  the  pus  and  epithe- 
lial cells  in  the  form  of  small  clusters  of  minute  refi-active 
bodies  having  movements  of  oscillation  and  rotation;  but 
in  order  to  examine  these  satisfactorily  the  use  of  some 
staining  agent  becomes  necessary.  Fortunately,  the  gon- 
ococcus has  a  well-marked  affinity  for  all  of  the  basic 
aniline  dyes,  and  is  very  easily  stained  with  simple  solu- 
tions of  fuchsin,  methyl  violet,  gentian  violet,  or  methyl 
blue. 

A  good  working  method  is  to  place  a  small  drop  of 
the  suspected  pus  on  a  clean  microscopic  slide,  and  with 
another  slide  spread  this  out  into  a  thin  film  as  evenly  as 
possible.  This  is  allowed  to  dry  thoroughly,  and  is  then 
covei'ed  with  a  strong  solution  of  anj'  basic  aniline  color 
which  is  allowed  to  remain  for  about  one  minute,  when  it 
is  washed  off  with  cold  water  and  a  thin  cover-glass 
placed  over  the  stained  specimen,  which  can  be  immedi- 
ately examined  under  the  microscope,  or  may  be  mounted 
in  Canada  balsam  as  a  permanent  specimen. 

The  microscope  should  be  provided  with  a  high-power 
lens  (one-twelfth  oil  immersion)  and  the  Abbe  condenser. 

A  method  of  double  staining  is  recommended  by 
Weiss ;  this  is  sometimes  useful,  as  it  colors  the  microbes 
in  a  different  manner  from  the  neighboring  tissues.  A 
saturated  solution  of  fuchsin  and  thionin  and  a  two-per- 
cent, solution  of  carbolic  acid  in  water  ai"e  mixed  in  the 
proportion  of  one  to  four.  The  specimen  is  stained  with 
this  for  half  a  minute  and  then  rinsed  with  water.  The 
gonococci  appear  blue,  the  protoplasm  of  the  pus  cells 
red,  the  nuclei  bluish-red,  the  epithelia  deep  red,  and  their 
nuclei  reddish-blue. 

As  the  gonococcus  is  closely  simulated  by  several  other 
micro-organisms,  it  is  sometimes  necessary  to  differenti- 
ate it  from  these.  Perhaps  the  easiest  way  of  accom- 
plishing this  is  by  means  of  the  staining  method  of  Gram, 
which  depends  on  the  fact  that  gonococci  do  not  stain  with 
iodine.  Heiman  gives  the  following  method  of  making 
the  Gram  test:  "To  10  c.c.  of  water  add  2  c.c.  of  aniline 
oil,  shake  well,  and  filter  through  moist  filter  paper.  To 
the  clear  aniline  water  obtained  add  1  c.c.  of  ninety-seven- 
per-cent.  alcohol  and  1  c.c.  of  a  concentrated  alcoholic 
gentian- violet  solution.  This  is  about  the  quantity  re- 
quired for  ordinary  staining.  After  passing  the  cover- 
glass  quickly  through  the  flame,  it  is  then  placed  in  this 
solution  for  from  two  to  three  minutes.  Gram  next 
states  that  the  cover-glass  may  be  washed  in  alcohol  or 
not,  as  preferred.  I  prefer  to  drain  off  the  excess  on  fil- 
ter paper  without  washing  in  alcohol.  The  cover-glass 
is  then  placed  for  five  minutes  in  Gram's  solution  of 
iodine,  which  consists  of  iodine,  1  part ;  iodide  of  potas- 
sium, 2  parts ;  water,  300  parts ;  immediately  afterward 
it  is  to  be  placed  in  alcohol  (97  percent.)  in  order  to  wash 
out  all  the  coloring  matter.  It  is  sometimes  advisable  to 
renew  the  alcohol. 

"  Now  wash  the  cover-glass  well  with  water  and  place 
it  in  a  Bismarck  brown  solution  1  part,  water  5  parts, 
for  one  or  two  minutes,  then  wash  in  water  and  mount 
in  balsam." 

The  difliculty  in  regard  to  this  method  of  differentia- 
tion is  that  it  furnishes  only  proof  of  a  negative  charac- 
ter; as  by  its  use  the  gonococci  disappear  from  the  field, 
while  other  forms  of  bacteria  resembling  them  are  stained 
by  the  iodine  and  remain. 

Pkognosis.— The  idea  so  prevalent  among  the  laity, 
and  also  unfortunately  among  a  large  number  of  the 
medical  profession,  that  gonorrhoea  is  a  comparatively 
unimportant  disease  and  unworthy  of  very  serious  con- 


sideration, is  erroneous  in  the  extreme  and  cannot  be 
too  vigorously  combated.  For  although  it  rarely  results 
fatally  in  itself,  its  complications  not  infrequently  end  in 
sterility,  Ihe  loss  of  an  important  joint,  permanent  dam- 
age to  the  kidney,  or  even  death  itself. 

The  fact  also  that  the  germ  may  linger  for  years  in  the 
urethra  of  the  unsuspecting  victim,  eventually  to  con- 
taminate an  innocent  wife,  bringing  in  its  train  those  ter- 
rible ovarian  ditliculties  which  it  is  so  capable  of  produc- 
ing, is  alone  suflicient  to  class  it  among  the  most  serious 
maladies  of  the  human  race. 

In  regard  to  the  duration  of  the  discharge,  it  is  impos- 
sible to  give  a  definite  prognosis ;  though  it  may  be  said 
that  an  individual  who  recovers  in  from  four  to  six  weeks 
may  be  considered  exceedingly  fortunate. 

Treatment. — The  discovery  of  the  gonococcus  as  the 
etiological  factor  in  gonorrhoea  has  naturally  revolution- 
ized the  ti'catment  of  the  disease,  although  many  of  the 
old  remedies  which  had  formerly  been  used  purely  em- 
pirically possess  a  bactericidal  action  and  are  useful  in 
the  modern  methods  of  treatment. 

To  begin  with,  the  diagnosis  of  a  true  gonoirhoea  hav- 
ing been  made,  the  patient  should  be  instructed  to  avoid 
all  factors  which  aflect  the  disease  unfavorably;  and  he 
should  also  be  advised  in  regard  to  his  manner  of  living 
during  the  attack.  Most  important  is  it  that  he  should 
be  informed  of  the  contagious  properties  of  the  discharge, 
and  of  the  danger  of  infecting  either  his  own  eyes  or  the 
eyes  of  those  with  whom  he  may  be  brought  into  familiar 
contact.  This  is  a  very  real  danger,  particularly  as  pa- 
tients are  apt  to  grow  careless  as  the  disease  progresses ; 
indeed,  not  infrequently  both  eyes  become  involved,  and 
sometimes  the  final  result  is  a  total  loss  of  sight.  The 
discharge,  usually  profuse,  should  be  received  on  a 
pledget  of  absorbent  cotton,  which  may  be  tucked  into 
the  prepuce,  or  placed  in  a  small  bag,  which  is  tied  over 
the  penis  behind  the  corona  glandis.  Many  drug  stores 
sell  a  contrivance  known  as  the  gonorrhoeal  apron,  which 
consists  of  a  small  bag  about  six  inches  long  by  four  wide, 
which  is  fastened  about  the  waist  by  tapes,  and  the  penis 
is  introduced  into  it  through  a  hole  on  the  side  next  to 
the  body.  This  is  filled  with  absorbent  cotton,  which  is 
removed  and  destroyed  from  time  to  time  as  it  becomes 
soiled.  A  buttoned  llap  on  the  front  side  of  the  bag  allows 
the  penis  to  be  freed  for  purposes  of  urination.  The 
soiled  cotton  should  be  burned  and  the  hands  thoroughly 
washed  with  soap  and  water  after  touching  the  penis  or 
soiled  cotton. 

The  most  favorable  condition  for  a  patient  during  the 
acute  period  is  that  afforded  b}'  rest  in  bed ;  but  unfor- 
tunately this  will  rarely  be  submitted  to.  A  patient  who 
could  readily  be  induced  to  remain  in  bed  with  a  simple 
sore  throat  will  stubbornly  resist  such  a  course  in  case  of 
a  gonorrhoea  which  causes  him  far  more  inconvenience ; 
he  feels  that  by  remaining  about  he  avoids  the  suspicion 
of  his  friends.  At  all  events,  all  forms  of  violent  exer- 
cise should  be  avoided,  as  also  should  sexual  excitement, 
which  exerts  a  most  pernicious  effect.  The  swelling  and 
infiammatory  condition  of  the  penis  may  be  somewhat 
obviated  by  soaking  the  penis  in  water  as  hot  as  the  pa- 
tient can  bear,  a  procedure  which  will  also  relieve  the 
dysuria,  the  urine  being  passed  while  the  penis  is  still  im- 
mersed. This  dysuria,  which  at  times  is  very  distressing, 
is  caused  by  the  dilatation  of  the  inflamed  urethra  by  the 
stream  of  urine,  and  also  by  the  acid  character  of  the  urine 
itself,  which  acidity  should  be  overcome  by  drinking  co- 
piously of  water,  or  still  lithia  waters,  or  of  strong  lem- 
onade. The  addition  of  citrate  of  potassium  to  the  water 
is  also  beneficial.  3^  Potassii  citratis,  §  i. ;  aquae  destil., 
I  iv.  M.  et  Sig. .  A  teaspoonful  in  a  full  glass  of  water 
four  times  a  day. 

If  the  dysuria  be  very  severe,  a  drachm  of  a  two-per- 
cent, solution  of  cocaine  may  be  injected  into  the  urethra, 
rubbing  it  backward  to  the  deeper  urethra  with  the  fin- 
ger underneath  the  penis,  a  few  minutes  before  urinat- 
ing. 

In  regard  to  the  diet  of  the  patient,  it  should  be  simple 
and  easily  digested ;  he  should  avoid  hearty  and  rich  foods. 
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and  especially  asparagus,  tomatoes,  and  rhubarb.  Alcohol 
should  be  entirely  interdicted  in  any  form,  and  this  pro- 
hibition should  likewise  extend  to  carbonated  waters, 
ginger  ale,  and  the  like. 

Smoking  in  moderation  is  not  injurious. 

It  is  especially  important  that  the  bowels  should  be 
kept  open,  and  a  laxative  dose  of  some  of  the  saline 
aperients  every  morning  before  breakfast  is  usually  bene- 
ficial. 

In  weak  and  run-down  individuals  a  tonic  may  be  of 
service ;  and  in  such  cases  the  diet  should  not  be  reduced. 

Internal  Remedies.— The  employment  of  internal  reme- 
dies in  the  treatment  of  gonorrheal  urethritis  with  any 
idea  of  afEecting  the  course  of  the  disease  is  worse  than 
useless :  they  are  frequently  productive  of  digestive  dis- 
orders which  are  as  serious  as  is  the  disease  for  which  they 
are  administered.  Among  such  remedies  may  be  men- 
tioned cubebs,  copaiba,  sandal-wood  oil,  oil  of  turpentine, 
etc.,  drugs  which  have  been  handed  down  by  an  effete 
empiricism,  and  the  administration  of  which  may  be  fol- 
lowed by  a  complete  anorexia,  vomiting,  diarrhoBa,  cuta- 
neous cry  themata,  and  chronic  gastritis.  As  gonorrhoea  is 
a  local  process  we  cannot  expect,  except  in  a  very  round- 
about way,  to  influence  its  cure  by  the  use  of  internal 
remedies.  At  the  same  time,  certain  urinary  antiseptics 
are  beneficial  in  preventing  the  decomposition  of  the 
urine,  and  also,  by  rendering  the  urine  antiseptic,  they 
may  prevent  the  extension  of  the  disease  backward  into 
the  posterior  urethra,  and  they  certainly  tend  to  prevent 
the  occurrence  of  an  ascending  pyelo-nephritis.  Among 
these  drugs  may  be  classed  the  salicylates,  salol,  salicy- 
late of  soda,  etc. ,  liltewise  methyl  blue ;  and,  above  all, 
urotropin,  by  far  the  most  valuable  urinary  antiseptic 
which  we  at  present  possess.  The  dose  of  this  latter 
drug  is  from  five  to  ten  grains  four  times  a  day.  This 
acts  by  liberating  formaldehyde  in  the  urine,  and  is  of 
great  value  in  all  suppurative  diseases  of  the  genito-uri- 
nary  tract. 

Local  IVeatment. — As  gonorrhoea  is  caused  by  a  micro- 
organism which  exerts  its  influence  upon  a  localized  por- 
tion of  the  body  and  cannot  in  any  sense  be  considered  a 
general  disease,  local  treatment  would  appear  to  be  the 
most  rational  method  of  dealing  with  it,  and  as  a  matter 
of  fact  it  has  given  by  far  the  best  clinical  results. 

One  of  the  oldest  and  best-known  forms  of  applying 
this  local  treatment  is  by  means  of  urethral  injections, 
and  it  is  the  plan  which  is  most  frequently  chosen,  being 
especially  advantageous,  as  it  can  be  used  by  the  patient 
himself.  The  method  of  using  injections  is  by  means  of 
a  piston  urethral  syringe,  which  should  be  made  of  either 
hard  rubber  or  glass,  with  a  well-fitting  piston,  a  conical 
point,  and  a  capacity  of  from  two  to  three  drachms. 

In  administering  these  injections  upon  his  own  person 
the  patient  should  first  fill  the  syringe  by  immersing  the 
point  in  the  fluid  and  drawing  up  the  piston,  all  the  air 
being  excluded  by  holding  the  syringe  with  the  point  up- 
ward and  gently  pressing  upon  the  piston  until  the  fluid 
oozes  out.  The  penis  should  be  held  in  the  left  hand  with 
the  glans  between  the  forefinger  and  the  thumb,  which 
support  it  from  beneath  so  that  when  they  are  brought 
together  the  meatus  is  compressed  and  the  injected  fluid 
is  held  in  the  urethra  as  long  as  is  desired,  after  the  re- 
moval of  the  syringe.  The  syringe  should  be  held  be- 
tween the  thumb  and  middle  finger  of  the  right  hand. 


Fig.  3342.— Piston  Urethral  Syringe. 

while  the  forefinger  manipulates  the  piston.  The  conical 
point  is  inserted  into  the  meatus  and  wedged  sufficiently 
firmly  to  prevent  the  escape  of  fluid  alongside  the  syringe 
the  piston  being  pressed  steadily  home  until  the  uretlira 
is  fully  distended.      The  thumb  and  finger  of  the  left 
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hand  then  compress  the  meatus,  retaining  the  fluid  in  the 
urethra. 

The  patient  should  always  urinate  just  before  injecting, 
to  prevent  the  discharge  being  washed  backward  by  the 
injection  as  well  as  to  present  a  clean  surface  for  the 
medicated  fluid  to  act  upon. 

The  necessary  essentials  of  a  remedial  solution  suitable 
for  use  in  such  injections  are  that  it  should  contain  some 
antiseptic  capable  of  destroying  the  gonococcus,  but  not 
of  sufficient'  strength  to  injure  the  mucous  membrane. 
It  should  be  composed  of  ingredients  which  are  com- 
pletely soluble  and  should  not  be  a  mixture  containing 
powders  which  may  clog  up  the  ducts  of  the  urethral 
glands  and  so  cause  the  formation  of  small  follicular  ab- 
scesses. It  is  desirable  that  the  fluid  injected  should  also 
have  an  astringent  action  and  should  not  be  of  sufficient 
strength  to  cause  the  patient  undue  suffering. 

In  acute  inflammations  only  very  mild  antiseptic  injec- 
tions should  be  used,  but  they  should  be  administered 
more  frequently  than  is  necessary  after  the  discharge  has 
become  chronic. 

As  every  known  substance  has  been  used  at  one  time 
or  anotiier  as  the  basis  of  an  infallible  urethral  injection, 
it  is  possible  here  to  indicate  onlj'  a  few  of  the  medica- 
ments which  have  proved  serviceable  in  my  hands : 

Potassium  permanganate  in  aqueous  solution  varying 
in  strength  from  1  to4,000  to  1  to  1,000;  nitrate  of  silver 
of  the  same  strength ;  the  bichloride  of  mercury,  1  to  30,- 
000,  and,  finally,  the  dioxide  of  hydrogen,  1  to  4. 

Comparatively  recently  a  new  set  of  silver  salts  have 
been  produced  which  have  proved  exceedingly  valuable, 
possessing  a  marked  bactericidal  action  and  good  pene- 
trating power,  and  at  the  same  time  causing  less  pain 
than  the  silver  nitrate.-  These  are:  protargol  in  watery 
solution  of  0.5  to  2  per  cent. ;  albargin,  .05  to  0.3  per 
cent;  argentamin,  argonin,  icthargol,  and  others  which 
have  given  exceedingly  good  results. 

In  the  latter  stages  of  the  disease  when  the  discharge 
has  become  watery  and  the  gonococci  have  disappeared, 
injections  of  a  purely  astringent  character  may  prove  of 
service.  The  sulphates  or  acetates  of  lead,  zinc,  or  alu- 
minum, or  the  vegetable  astringents,  hydrastis,  krameria, 
rose-water,  etc.,  may  be  used  alone  or  in  combination. 
The  injection  Brou,  which  has  acquired  a  wide  repu- 
tation among  the  laity,  will  serve  as  a  type  of  this  class 
of  injection;  it  has  the  following  composition: 

IJ  Zincl  sulphat gr.  xv. 

Plumbi  acetat gr.  xxx. 

Ext.  kramerise  fluidse, 

Tinet.  opii aa  3  iij. 

Aqute q.s.    ad  ?  vi. 

M. 

Abortive  Injections.  In  attempts  to  abort  a  gonorrhoea 
at  the  very  outset  of  the  disease,  exceedingly  strong  in- 
jections are  sometimes  used,  as  silver  nitrate  gr.  xx.-xl. 
to  the  ounce.  As  a  rule,  if  not  always,  these  prove  in- 
eflBcacious ;  they  are  exceedingly  painful,  and  are  not  to 
be  recommended. 

When  the  patient  can  come  to  the  surgeon  at  least 
once  a  day,  the  continuous  irrigation  of  the  urethra  with 
large  quantities  of  fluid  has  proved  a  very  successful 
method  of  treatment.  An  irrigator  containing  from  two 
to  four  quarts  of  medicated  solution  is  hung  at  an  eleva- 
tion ;  from  this  leads  a  rubber  tubing,  at  the  end  of  which 
is  a  glass  or  hard-rubber  urethral  nozzle.  The  patient 
stands  up  close  to  the  edge  of  a  sink  or  sits  on  the  edge  of  a 
chair  with  a  basin  in  front  of  him.  The  nozzle  is  pressed 
into  the  meatus,  and  the  fluid  turned  on  gradually  until 
the  urethra  is  filled,  when  a  portion  of  the  fluid  is  al- 
lowed to  escape  by  the  side  of  the  nozzle,  and  circulation 
through  the  urethra  is  kept  up  in  this  way  until  the  irri- 
gator is  emptied.  A  good  form  of  nozzle  for  this  pur- 
pose IS  known  as  Kiefer's,  and  consists  of  two  hard- 
rubber  tubes  which  come  together  in  a  conical  point  so 
that  when  the  nozzle  is  held  firmly  in  the  meatus  and  the 
urethra  is  filled,  fluid  running  through  one  of  the  tubes 
will  flow  out  of  the  other.     It  must  be  remembered  that 
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the  fluid  will  take  the  shortest  way  out,  so  that  after  the 
urethra  has  been  distended  with  fluid,  although  the  fluid 
continues  to  run  from  the  outlet  tube,  the  instrument  fails 
to  wash  out  the  urethra  unless  it  is  so  raanipidated  that 
the  outlet  is  occasionally  stopped  with 
the  finger  which  a,llows  the  urethra  to 
balloon  up ;  then  the  finger  is  removed 
and  tlie  fluid  again  permitted  to  run 
from  the  outlet  tube. 

This  tube  can  also  be  used  to  advan- 
tage ill  irrigations  in  which  the  bladder 
is  filled  without  the  use  of  the  catheter. 
The  finger  being  held  steadily  on  the 
outlet  tube,  and  the  patient  being  re- 
quested to  relax  the  sphincter  muscles, 
the  fluid  will  in  most  instances  readily 
flow  back  into  the  bladder.  This  pro- 
cedure should  not  be  insisted  upon  too  strongly.  If  the 
sphincter  resists  very  forcibly,  too  much  pressure  should 
not  be  used,  but  frequently  after  one  or  two  trials  the 
surgeon  will  experience  no  difficulty  in  filling  the  blad- 
der with  ease  in  this  manner  in  patients  in  whom  at 
first  it  was  found  impossible  to  wash  out  the  bladder 
in  this  way.  The  solutions  used  in  this  procedure  are 
similar  to  those  used  in  urethral  injections,  viz.,  the 
permanganate  of  potassium  (fi-om  1  to  6,000  to  1  to 
1,000),  nitrate  of  silver,  bichloride  of  mercury,  pi'otar- 
gol,  etc. 

PosTBKiOR  Urbtheitis  — While  this  has  been  consid- 
ered one  of  the  complications  of  gonorrhoea,  it  occurs 
so  frequently  that  it  may  be  said  practically  to  constitute 
a  constant  symptom  of  the  disease.  At  about  the  end  of 
the  third  week  the  patient  experiences  a  sense  of  heat 
and  heaviness  in  the  perineal  region  with  an  increase  in 
the  frequency  of  urination ;  it  may  be  necessary  to  uri- 
nate every  few  minutes,  and  the  act  is  often  associated 
with  considerable  pain  and  occasionally  with  the  passage 
of  a  few  drops  of  blood.  There  is  usually  considerable 
urgency,  the  patient  having  to  urinate  instantly  when 
the  desire  seizes  him,  without  previous  warning.  Erec- 
tions and  painful  nocturnal  emissions  are  apt  to  occur; 
they  are  caused  by  the  irritation  of  the  inflammatory 
process. 

On  the  other  hand,  the  invasion  of  the  posterior  urethra 
may  be  exceedingly  insidious  and  give  almost  no  symp- 
toms of  its  occurrence.  In  some  cases  a  rectal  examina- 
tion will  show  a  tenderness  over  the  posterior  urethra 
without  prostatic  enlargement. 

To  ascertain  definitely  whether  the  posterior  urethra 
has  become  involved,  perhaps  the  best  method  is  one  de- 
vised by  Sir  Henry  Thompson,  and  known  as  the  "  two- 
glass  test."  In  this  test  the  first  portion  of  the  urine  is 
passed  into  a  clean  glass,  and  the  second  into  another. 
The  compressor  urethrse  muscle  being  stronger  than  the 
internal  sphincter  of  the  bladder,  the  pus  resulting  from 
a  suppurative  inflammation  in  the  posterior  urethra, 
which  lies  between  the  two,  is  unable  to  overcome  the 
firm  resistance  of  the  compressor,  and  therefore  flows 
backward  into  the  bladder  and  contaminates  the  urine 
within  it,  so  that  if  anterior  urethritis  alone  exists,  the 
first  portion  of  the  urine  will  be  cloudy,  owing  to  the  fact 
that  it  contains  the  washings  of  the  anterior  urethra, 
whereas  the  second  portion  will  be  clear,  the  first  portion 
having  washed  the  urethra  clean.  In  posterior  urethritis, 
however,  both  portions  of  the  urine  will  be  cloudy,  be- 
cause the  pus  formed  in  the  posterior  urethra  has  flowed 
back  into  the  bladder  and  clouded  the  urine  contamed  m 
it.  Unless  suppuration  of  the  bladder  or  kidneys  exasts, 
this  test  is  entirely  satisfactory. 

When  posterior  urethritis  develops  the  irrigations 
should  be  allowed  to  go  back  into  the  bladder.  The  in- 
tense pain  and  frequency  of  urination  may  be  controlled 
by  suppositories  of  opium,  and  by  an  occasional  local  ap- 
plication of  the  nitrate  of  silver.  A  few  drops  of  a  solution 
of  from  five  to  ten  grains  to  the  ounce  being  introduced 
by  means  of  Ultzmann's  syringe,  will  be  found  exceed- 
ingly useful  in  stopping  the  tenesmus,  or  a  two-per-cent. 
solution  of  protargol  may  be  introduced  in  the  same 
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manner.  To  control  the  temporary  increase  in  the  tenes- 
mus an  injection  of  ten  minims  of  a  four-per  cent,  co- 
caine solution  will  often  be  found  very  efCective. 

CojiPLicATiONB. — As  the  urethra  is  in  close  proximity 
to  various  organs,  complications  occur  with  a  greater  or 
less  degree  of  frequency,  and  are  often  much  more  im- 
portant and  serious  in  their  results  than  the  original  in- 
flammation. Lack  of  space,  however,  prevents  more 
than  a  casual  mention  of  these. 

Balanitis  is  an  inflammatory  condition  of  the  mucous 
membrane  of  the  glans  penis  which  is  apt  to  occur  when 
the  discharge  is  profuse.  The  patient  should  wash  the 
penis  three  or  four  times  daily  with  warm  water  and  cas- 
tile  soap,  drawing  back  the  prepuce,  and  he  should  also 
allow  the  organ  to  soak  for  some  time  in  an  antiseptic  so- 
lution, 

Phimosis,  a  condition  in  which  the  preputial  orifice  is 
too  small  to  allow  the  retraction  of  the  foreskin  over  the 
glans,  also  sometimes  occurs,  promoting  balanitis,  which 
should  be  treated  as  before,  a  syringe  with  a  long  point 
being  used  to  introduce  the  washes  under  the  prepuce. 

Epididymitis. — About  fifteen  per  cent,  of  all  cases  of 
gonorrhea  are  complicated  by  the  extension  of  the  in- 
flammatory process  to  tlie  epididymis;  it  occurs  only 
after  the  gonorrhojal  process  has  attacked  the  posterior 
urethra.  The  extension  of  the  disease  may  be  marked 
by  a  chill  and  rise  of  temperature  followed  by  pain  in 
the  testicle  and  cord,  often  very  severe,  and  a  rapid 
swelling  of  the  epididymis.  This  usually  remains  sta- 
tionary for  several  days,  and  then  finally  subsides,  often 
leaving,  in  the  head  of  the  epididymis,  a  nodule  which  re- 
mains permanently.  This  condition  is  serious,  inasmuch 
as  it  frequently  blocks  the  vas  deferens,  and  when  it  oc- 
curs on  both  sides  it  may  render  the  victim  sterile.  Dur- 
ing the  acute  attack  the  patient  should  rest  in  bed,  and 
to  this  he  readily  assents.  The  application  of  poultices, 
painting  the  tumor  with  a  ten-per-cent.  solution  of  silver 
nitrate,  or  lightly  brushing  it  with  the  white-hot  cautery, 
care  being  taken  not  to  burn  the  skin,  are  all  useful  in 
quieting  the  inflammation.  The  addition  of  a  handful  of 
flne-cut  tobacco  to  the  poultices  is  considered  of  value  by 
many  practitioners. 

Folliculitis.— The  minute  glands  of  the  urethra  fre- 
quently become  inflamed,  forming  small  round  tumors 
which  open  spontaneously  through  the  skin  or  occasion- 
ally into  the  urethra.  They  should  be  treated  by  hot 
apphcations  or  by  the  inunction  of  mercurial  ointment; 
or,  if  suppuration  occurs,  they  should  be  opened  and  the 
cavity  washed  out  with  an  antiseptic  and  packed  with 
gauze. 

Gowperitis. — The  glands  of  Cowper  may  be  infected  in 
the  same  way,  and  the  treatment  is  the  same  as  for  fol- 
liculitis. 

Prostatitis.— The  prostate  gland  may  also  become  in- 
volved during  the  course  of  an  acute  posterior  urethritis. 
The  inflammatory  process  may  be  either  follicular  or 
diffuse.  In  follicular  prostatitis  the  diagnosis  is  exceed- 
ingly diflacult  as  the  symptoms  are  identical  with  those 
of  posterior  urethritis.  Examination  by  the  rectum  usu- 
ally indicates  small  points  of  induration  and  tenderness 
on  pressure.  When  the  inflammation  is  diffuse,  however, 
the  symptoms  are  much  more  characteristic.  In  addition 
to  the  frequency  of  urination,  perineal  pain,  and  tenes- 
mus, there  is  a  feeling  of  fulness  in  the  rectum,  with  pain 
on  defecation,  and  occasionally  ribbon-shaped  fseces  are 
passed.  The  finger  in  the  rectum  detects  a  throbbing, 
hot,  tender  tumor,  the  prostate,  which  may  attain  the 
size  of  an  orange.     Fever  is  usually  present. 

As  a  rule,  resolution  takes  place  under  treatment,  but 
suppuration  may  occur.  In  the  latter  event  the  patient 
will  have  a  chill  and  there  will  be  a  marked  rise  of  tem- 
perature ;  occasionally,  also  fluctuation  can  be  felt  in  the 
tumor  through  the  rectum.  If  not  treated  surgically  the 
abscess  may  burst  into  the  urethra  or  the  rectum,  or 
through  the  perineum.  At  times  it  will  open  into  both 
urethra  and  rectum,  leaving  the  patient  with  the  horrible 
condition  of  recto-vesical  fistula;  or  the  pus  may  burrow 
between  the  layers  of  the  pelvic   fascia,  and  so  cause 
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septicsemia  and  death.  The  treatment  of  this  condition 
is  by  hot  rectal  enemata,  the  application  of  leeches  to 
the  perineum,  and  hot  sitz  baths  three  or  four  times  daily, 
the  vesical  tenesmus  being  relieved  and  controlled  by  the 
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Fig.  3344.— Otis  Urethrometer.    A,  Widely  open ;  B, 


use  of  opium.  When  suppuration  takes  place  the  pus 
should  be  evacuated  through  a  perineal  incision  and 
drainage  established. 

Vesiculitis. — Inflammation  of  the  seminal  vesicles  oc- 
curs with  greater  frequency  than  has  until  recently  been 
supposed.  The  symptoms  are  a  feeling  of  weight  and 
throbbing  pain  at  the  neck  of  the  bladder,  sexual  hyper- 
sesthesia,  priapism,  and  seminal  emissions.  Exploration 
by  way  of  the  rectum  reveals  the  fact  that  the  vesicles 
are  tender  and  swollen.  Treatment  is  the  same  as  for 
prostatitis. 

Cystitis. — The  gonorrhceal  process  rarely  attacks  the 
bladder  proper,  the  inflammatory  process  being  usually 
limited  to  the  neck  alone.  "When  such  an  extension  does 
take  place,  however,  the  results  may  be  of  a  serious  char- 
acter. The  cystitis,  for  example,  may  become  chronic, 
or  the  inflammation  may  invade  the  connective  tissue 
and  muscular  layers  (parenchymatous  cystitis),  rendering 
the  patient  permanently  disabled.  After  the  acute  symp- 
toms have  passed  off,  the  bladder  may  be  washed  with 
only  the  mildest  solutions,  as  boric  acid  in  saturated  solu- 
tion, nitrate  of  silver,  or  potassium  permanganate  1  to 
6,000.  At  the  same  time  urotropin  should  be  adminis- 
tered internally. 

Pyelitis. — This  is  a  rare  complication  of  gonorrhoea, 
but  occasionally  it  does  occur  and  may  result  in  the  loss  of 
the  kidney,  though  as  a  rule  recovery  iinally  takes  place. 
The  diagnosis  can  be  made  only  with  the  microscope. 
Treatment :  rest  in  bed,  dry  cups,  hot  fomentations  and 
poultices  over  the  region  of  the  kidney,  and  the  adminis- 
tration of  diuretics  and  urinary  antiseptics. 

Gonorrheal  Bheumatism. — During  the  course  of  a  gon- 
orrhoea one  or  more  joints  may  be  affected  and  should  be 
treated  by  the  usual  methods  employed  in  synovitis.  In 
rare  instances  the  peritoneum,  pericardium,  or  other  dis- 
tant organs  may  be  invaded.  For  a  detailed  account  of  this 
complication  consult  the  article  on  Oorwrrliceal  Arthritis. 

Chronic  Gonorrhcea. — When  the  discharge  has 
lasted  for  a  period  longer  than  two  months  its  continu- 
ance is  due  to  the  presence  of  some  pathological  condi- 
tion in  the  urethra.  As  a  rule,  this  will  be  found  in  the 
presence  of  stricture,  a  contraction  of  the  meatus,  or  in 
localized  infiltrated  granular  patches  which  fail  to  heal. 
The  role  which  the  gonococcus  plays  in  the  production 
of  these  infiltrations  has  been  disputed,  but  in  all  proba- 
bility it  penetrates  the  deeper  tissues  and  is  the  direct 
cause  of  the  inflammatory  deposit  which  subsequently 

becomes  organized  cicatricial   tissue,     ^t-—-^ ...u.-.i, 

encroach  so  little  upon  the  cal- 
ibre of  the  canal  as  not  to  in- 
terfere in  the  slightest  degree 
with  its  physiological  func- 
tions are  at  the  same  time  per- 
fectly capable  of  indefinitely 
continuing  a  discharge  once 
established,  and  are  exceed- 
ingly apt  to  be  overlooked  by 
the  surgeon.     In  a  minority  of  cases  of  chronic  gonor 


Strictures  which 


tion  of  the  tubercle  bacillus.  The  discharge  may  be 
exceedingly  profuse,  or  it  may  be  so  slight  as  to  remain 
unnoticed  by  the  patient,  appearing  only  in  the  form  of 
a  single   drop  in  the  morning,  or  it  may  appear  only 

in  the  form  of 
thread  s  and 
strings  in  the 
urine. 

These    threads, 
the    so   called 
"  Tripper  Faden  " 
closed ;  C,  protecting  cap.  of    the   Germans, 

consist  of  separate 
masses  of  purulent  secretion  exuding  from  the  granular 
patches.  Upon  being  washed  out  by  the  stream  of 
urine,  these  masses  are  rolled  up  in  the  form  of  threads 
and  appear  as  such  floating  in  the  urine.  They  con- 
sist of  transparent  cylindrical  masses  in  which  corpuscles 
and  a  few  epithelial  cells  are  embedded.  The  more  com- 
pact these  fibres  appear  the  more  pus  they  contain,  but 
if  they  are  transparent  they  consist  for  the  most  part 
of  urethral  epithelium  with  but  little  pus.  The  more 
epithelium  there  is  in  these  threads  the  nearer  the  proc- 
ess is  to  a  cure.  The  threads,  which  are  principally  com- 
posed of  mucus  and  epithelium,  have  a  tendency  to  float, 
while  those  composed  chiefly  of  pus  sink  rapidly  to  the 
bottom  of  the  glass. 

Some  authors  hold  that  the  location  of  the  lesion  can 
be  diagnosed  by  the  form  of  the  threads.  If  they  are 
short  and  thread-like,  they  are  .supposed  to  be  formed  in 
a  gland  duct ;  if  long  and  thick,  to  arise  from  the  ure- 
thra itself;  and  if  short  and  lumpy,  to  come  from  the 
prostatic  urethra.  As  they  are  in  reality  formed  by  the 
stream  of  urine  washing  out  and  rolling  up  into  threads 
the  secretion  which  originally  had  a  flat,  plate-like  form, 
it  is  evident  that  we  can  form  no  satisfactory  opinion, 
simply  from  their  external  appearance,  as  to  what  por- 
tion of  the  urethra  they  come  from.  When  the  micro- 
scope shows  the  presence  of  spermatozoa  embedded  in 
the  substance  of  the  thread,  the  probability  is  that  it 
originated  in  the  posterior  urethra. 

It  is  very  important  to  locate  the  position  and  deter- 
mine the  character  of  the  lesion  upon  which  the  continu- 
ance of  the  discharge  depends.  As  has  been  said  before, 
the  most  frequent  cause  is  a  urethral  stricture,  the  pres- 
ence of  which  may  be  determined  by  the  use  of  the  ure- 
thrometer or  by  means  of  graduated  bulbous  bougies. 

The  presence  of  areas  in  which  a  granulating  or  ulcer- 
ative process  is  going  on,  or  of  a  neoplasm,  can  be  defin- 
itely determined  only  by  the  use  of  the  urethroscope,  so 
that  this  instrument  is  exceedingly  valuable  in  the  diag- 
nosis as  well  as  the  treatment  of  chronic  urethral  dis- 
charges. 

Treatvient. — No  matter  in  what  portion  of  the  canal 
the  disease  may  be  located,  the  first  indication  for  suc- 
cessful treatment  is  to  remove  all  mechanical  obstacles 
which  stand  in  the  way  of  a  cure.  All  pathological  nar- 
rowings  should  be  divided  by  means  of  dilatation  and 
urethrotomy  combined,  although  in  recent  cases  dilata- 
tion alone  will  often  prove  sufficient. 
In  the  subsequent  treatment  injections  similar  to  those 


rhoea  no  stricture  will  be  found  to  be  present,  the  dis- 
charge being  prolonged  by  the  involvement  of  the  si- 
nuses and  glands  of  the  urethra,  which  are  much  more 
numerous  and  of  greater  depth  than  is  generally  rec- 
ognized; by  the  presence  of  small  neoplasms;  by  the 
involvement  of  the  seminal  vesicles ;  by  the  general  con- 
dition of  the  patient ;  or,  finally,  even  by  a  mixed  infec- 
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Fig.  2346.— Ultzmann's  Syringe. 

employed  in  acute  urethritis  may  be  used,  but  they  may 
be  of  greater  strength  and  need  not  be  used  with  so  great 
frequency. 

As  in  most  cases  of  chronic  gonorrhoea  the  posterior 
urethra  is  also  involved,  it  will  be  found  necessary  to 
treat  the  entire  urethra.  This  is  best  done  by  means  of 
irrigations,  in  which  the  bladder  is  filled  with  fluid 
through  a  catheter,  which  is  then  removed  and  the  pa- 
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tient  allowed  to  eject  the  fluid  in  the  same  manner  as  if 
he  were  urinating;  or  the  bladder  may  be  filled  without 
a  catheter  by  the  use  of  an  irrigator  and  urethral  nozzle 
as  described  in  the  treatment  of  acute  posterior  urethritis. 
The  solutions  best  adapted  are  protargol,  one  per  cent. ; 
nitrate  of  silver  or  permanganate  of  potassium,  1  to  1,000. 

When  the  posterior  urethra  is  alone  involved  instilla- 
tions of  solutions  of  the  nitrate  of  silver,  of  from  five  to 
ten  per  cent,  strength,  are  very  useful,  from  five  to  fif- 
teen minims  being  introduced  by  means  of  the  Ultzraann 
drop  syringe. 

A  favorite  method  of  treatment  by  Professor  Ultzmann 
is  the  daily  passage  of  a  sound  large  enough  to  fill 
completely  the  urethra,  the  instrument  being  allowed  to 
remain  in  situ  for  several  minutes.  These  sounds  should 
not  be  lubricated  with  vaseline  or  other  oily  substance, 
but  with  lubrichondrin,  glycerin,  or  other  substance 
which  is  soluble  in  water,  as  this  mode  of  employing 
sounds  is  to  be  immediately  followed  by  irrigation.  In 
carrying  out  the  latter  procedure  the  patient  should  first 
be  placed  in  the  recumbent  position,  and  then  a  short 
catheter — one  that  will  reach  only  a  short  distance  into 
the  posterior  urethra — should  be  introduced  its  full 
length.  The  syringe  (capacity,  5  or  6  ounces)  having 
previously  been  filled  with  the  remedial  solution,  should 
next  be  connected  with  the  catheter  by  means  of  a  bit  of 
soft  india-rubber  tubing.  Then  the  fluid  should  be  in- 
jected slowly  into  the  urethra  and  on  into  the  bladder. 
If  tlie  latter  easily  contains  a  large 
amount  of  fluid  the  syringe  may  be 
filled  a  second  and  even  a  third  time.  It 
will  be  known  that  the  catheter  is  in 
the  correct  position  if  the  fluid  flows 
easily  into  the  bladder  and  does  not  run 
out  of  the  catheter  when  the  syringe  is 
removed;  for  if  the  instrument  extended 
no  farther  than  to  a  point  in  front  of 
the  compressor  the  fluid  would  flow 
back  along  the  sides  of  the  catheter  and 
come  out  at  the  meatus.  When  the 
method  described  above  is  carried  out 
successfully,  the  posterior  urethra  re- 
ceives a  double  washing;  first,  by  the 
introduction  of  the  fluid  through  the 
catheter,  which  is  provided  witli  several 
slit-like  openings  instead  of  a  single  eye; 
and  secondly,  when  the  patient  expels 
the  large  amount  of  fluid  which  has  been 
introduced  into  the  bladder. 

The  solutions  used  by  Ultzmann  and  which  are  very 
efiicacious  are  based  on  an  ascending  scale.  He  employs 
them  in  the  following  manner : — 

First  day,  a  solution  of  zinc  sulphate,  alum,  and  car- 
bolic acid,  each  one  part,  to  one  thousand  parts  of  water ; 
second  day,  the  same,  1  to  500 ;  third  day,  permanganate 
of  potassium,  1  to  2,000;  fourth  day,  permanganate  of 
potassium,  1  to  1,500;  fifth  day,  permanganate  of  potas- 
sium, 1  to  1.000;  sixth  day,  nitrate  of  silver,  1  to  3,000. 
The  silver  is  strengthened  in  the  same  ratio  as  the 
permanganate  of  potassium,  not  being  used  in  greater 
strength  than  1  to  1,000. 

I  give  this  graduated  method  of  Professor  Ultzmann 
which  has  been  standardized  by  him,  and  which  has 
proved  most  serviceable  in  my  hands,  although  I  am  in- 
clined at  present  to  substitute  some  of  the  later  silver 
preparations  for  some  of  the  solutions  used  by  him.  One 
of  the  great  advantages  of  this  method  is  the  definite  rule 
of  progression,  which  allows  the  patient  to  beconie  used 
by  degrees  to  the  increasing  strength  of  the  remedies  em- 
ployed. This  rule  should  not  be  too  closely  adhered  to, 
however,  and  if  the  patient  complains  greatly  at  any  time, 
the  progression  should  be  made  more  gradually. 

After  one  has  reached  the  higher  solutions  of  the  silver 
nitrate,  in  carrying  out  the  plan  just  described,  it  is  well 
to  resort  to  the  instillations  into  the  deep  urethra  as  be- 
fore described.  They  may  be  repeated  advantageously 
on  every  second  or  third  day. 

The  Urethroscope.— One  of  the  most  satisfactory  meth- 


ods of  treating  the  lesions  of  chronic  urethritis  is  by  mak- 
ing direct  applications  to  the  diseased  urethral  mucous 
membrane  by  means  of  the  electro-urethroscope.  Within 
the  last  few  years  this  instrument  has  been  so  simplified 
and  improved  that  it  can  no  longer  be  regarded  as  being 
for  the  use  of  the  specialist  alone,  but  should  form  a  part 
of  the  armamentarium  of  all  tliose  who  undertake  the 
treatment  of  diseases  of  the  urethra. 

At  the  same  time  a  certain  amount  of  practical  expe- 
rience is  necessary  in  order  to  recognize  the  various 
pathological  conditions  encountered,  and  this  can  lie 
acquired  only  by  the  actual  use  of  the  instrument,  as  no 
amount  of  description  can  more  than  Indicate  the  exact 
appearances  of  the  urethral  field. 

The  tube  used  should  be  the  largest  which  will  pass 
the  meatus,  and  occasionally  it  will  be  found  necessary 
to  divide  the  latter  in  order  to  pass  an  instrument  which 
will  give  a  satisfactory  view.  This  should  be  done,  if 
possible,  a  week  or  so  before  the  urethroscope  is  used,  so 
that  time  is  allowed  for  healing  to  take  place.  When  this 
cannot  be  done  it  is  often  feasible  rapidly  to  dilate  the 
meatus  with  solid  sounds  sufficiently  to  allow  the  pas- 
sage of  the  urethroscopic  tube  without  bleeding. 

If  the  anterior  urethra  alone  is  to  be  examined,  one  of 
the  shorter  tubes  should  be  chosen,  lubricated  for  its 
entire  length  with  lubrichondrin  or  glycerin,  and  gently 
passed  on  as  far  as  to  the  bulbo-membranous  junction. 
The  tube  should  be  held  between  the  index  and  middle 


Fig.  2346.— Otis  Urethroscope. 

finger  of  the  right  hand  below  the  disc,  the 
thumb  pressing  firmly  on  the  handle  of  the 
obturator  to  prevent  its  being  displaced.  The 
left  hand  grasps  the  glaus  penis  between  the 
index  finger  and  thumb. 

The  greatest  possible  gentleness  is  neces- 
sary in  order  to  avoid  bleeding  which  obscures 
the  field  and  is  most  annoying.  The  end  of 
the  tube  Iniving  i-eached  the  bulbo-membra- 
nous junction  tfie  obturator  should  be  with- 
drawn, the  illuminator  fastened  to  the  tube,  the 
.  light  turned  on,  and  the  instrument  slowly 
I  .<  withdraAvn.  In  this  way  the  entire  anterior 
urethra  may  be  carefully  observed  bit  by  bit. 
Blood  or  discharge  at  any  point  should  be  removed  with 
the  swab,  and  applications  can  be  made  to  any  diseased 
areas  which  may  appear  in  the  field. 

The  examination  of  the  deep  urethra  is  an  exactly 
similar  procedure,  except  that  it  is  necessary  to  pass  the 
triangular  ligament  with  a  straight  instrument,  and  there- 
fore somewhat  greater  skill  will  be  needed  on  the  part  of 
the  operator. 

In  conclusion  I  may  state  that  the  urethral  mucous 
membrane  is  exceedingly  delicate  and  resents  any  but 
the  most  gentle  advances,  and  that  it  is  especially  neces- 
sary to  remember  this  when  contemplating  any  instru- 
mental procedure.  For  this  reason,  moreover,  it  is  not 
infrequently  the  case  that  we  see  obstinate  chronic  dis- 
charges which  owe  their  continuance  to  over-treatment, 
and  which  would  get  well  if  left  entirely  alone.  It  is 
also  well  to  remember  that  the  urethra  may  become  tired 
of  any  one  form  of  treatment  if  too  long  continued  and 
that  a  change  is  frequently  necessary  if  a  cure  is  to  be 
effected.  William  K.  Otis. 

GONORRHCEAL  ARTHRITIS— (Synonyms:  Gonor- 
rha?al  Rheumatism;  Gonorrhceal  Synovitis;  Blennor- 
rhagic  Rheumatism.)  The  term  "rheumatism,"  as  ap- 
plied to  this  disease,  is  objectionable,  implying  a  relation 
to  ordinary  rheumatism  which  does  not  exist. 

Definition.— jGonorrhaal  arthritis  is  inflammation  of 
a  joint  or  of  joints,  due  to  the  gonococcus  of  Neisser. 

Pathology. — Gonorrhceal  arthritis  is  to  be  regarded  as 
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one  of  the  commonest  manifestations  of  a  general  infec- 
tion of  the  circulating  medium  with  the  gonococcus  or  its 
toxins.  Other  manifestations  are  endocarditis,  myositis, 
disease  of  the  tendons  and  fascias,  and  of  the  eye.  Ac- 
cording to  Taylor,  it  is  probable  that  septic  absorption 
in  urethritis  does  not  take  place  until  the  infection  has 
reached  tlie  posterior  urethra.  The  gonococcus  has  been 
cultivated  from  the  blood,  first,  1  think,  by  Hewcs  in 
1894,  and  later  by  Welch.  Gouorrhceal  arthritis,  then, 
always  implies  infection  of  the  circulating  medium. 

The  joints  show  varying  degrees  of  inflammatory 
change.  There  is  first  a  simple  synovitis  with  more  or 
less  fluid — serous  or  sero-flbrinous.  Later  the  fluid  may 
become  purulent.  The  process  tends  strongly  to  extend 
to  the  fibrous  and  ligamentous  structures  about  the  joint, 
resulting  in  a  periarthritis.  Adjacent  bursoe  and  tendon 
sheaths  are  very  commonly  involved. 

Bacteriological  studies,  by  the  microscope  and  by  cult- 
ures, give  varying  results.  The  gonococcus  may  be 
found  alone  or  pus  organisms  may  be  found  alone — the 
latter  in  cases  with  purulent  exudation.  The  fluid  may 
contain  both  gonococci  and  pyogenic  microbes,  or  it  may 
be  sterile.  It  is  probable  that  the  gonococcus  is  always 
present  at  first  and  that  there  may  be  a  simultaneous  or, 
more  often,  subsequent  infection  with  pus  organisms.  In 
the  cases  in  which  no  organisms  are  found,  it  is  probable 
that  the  gonococci  have  early  disappeared.  In  some  such 
cases  the  arthritis  may  not  be  due  to  gonorrhoea  at  all. 
Some  cases  may  be  due  to  the  toxins  of  the  disease,  with- 
out any  bacteria,  like  the  joint  affection  following  the 
use  of  diphtheria  antitoxin.  But  probably  in  most  cases 
the  gonococcus  is  at  some  time  present  in  or  about  the 
joint. 

As  a  result  of  severe  and  protracted  cases  fibrous 
adhesions  are  prone  to  result.  There  may  be  almost 
complete  fibrous  ankylosis.  This  is  especially  apt  to  oc- 
cur as  a  result  of  repeated  attacks  of  arthritis  from  re- 
peated reinfections  of  the  urethra,  or  when  the  joint  has 
been  long  immobilized.  Changes  resembling  those  of 
chronic  rheumatoid  arthritis  may  result.  Nearly  every 
joint  in  the  body  may  be  permanently  damaged. 

Etiology. — Enough  has  already  been  said  in  speaking 
of  pathology  to  indicate  the  etiological  relationship  of 
the  disease  to  the  gonococcus.  It  is  always  a  sequel  of 
local  infection  with  this  organism — usually  urethritis. 
It  has  also  resulted  from  vulvo- vaginitis  in  children  and 
from  gonorrhoeal  infection  in  which  no  urethritis  existed, 
as  in  ophthalmia  neonatorum. 

No  age  or  sex  is  exempt,  but  it  occurs  most  commonly 
in  adult  males — in  other  words  it  is  commonest  where 
gonorrhoea  is  commonest.  Exposure  to  cold  and  trauma 
act  only,  if  at  all,  by  increasing  susceptibility.  Indi- 
vidual susceptibility  varies  greatly.  Some  men  have  it 
with  every  new  gonorrhoea.  Others,  the  majority,  never 
have  it  at  all.  Persons  subject  to  ordinary  rheumatism 
or  having  the  rheumatic  diathesis  do  not  show  any  special 
susceptibility. 

DisTMBUTiON.— Arthritis  occurs  in  about  ten  per 
cent,  of  all  cases  of  gonorrhoea  (Taylor).  The  common- 
est site  is  the  knee,  and  next  the  ankle,  wrist,  fingers  and 
toes.  While  it  is  commonest  in  the  larger  joints  any 
joint  may  be  involved— even  the  jaw,  chondrocostal,  in- 
tervertebral, sacro-iliac,  sterno-clavicular,  and  crico-aryt- 
enoid.  In  about  forty  per  cent,  of  the  cases  but  one  joint 
is  involved.  But  it  may  be  polyarticular,  and  in  fact  a 
single  attack  may  involve  nearly  every  joint  in  the  body. 

Sy.mptoms.— The  disease  may  begin  in  almost  any  stage 
of  gonorrhoea,  most  commonly  about  the  fourth  week. 
According  to  Taylor  it  seldom  begins  in  acute  gonorrhoea 
earlier  than  the  second  or  third  week,  when  the  posterior 
urethra  is  involved.  It  may  be  delayed  for  months,  till 
the  urethritis  has  run  on  into  a  chronic  gleet. 

The  onset  is  rapid— beginning  with  slight  pain  and  stiff- 
ness. Premonitory  fever  and  malaise  are  rarely  present. 
As  a  rule  general  symptoms  are  mild  throughout.  Fever 
is  slight  in  most  cases.  Rarely  there  is.delirium  or  pro- 
found sepsis.  Sweating  is  not  a  prominent  feature.  As 
the  case  goes  on  ana?mia  and  debility  are  marked,  espe- 
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cially  when  there  have  been  unusual  pain  and  confine- 
ment. 

When  the  inflammation  is  at  its  height  the  appearance 
of  the  joint  is  quite  characteristic.  There  is  much  swell- 
ing, due  to  fluid  in  the  joint  cavity  and  to  oedema  of  the 
surrounding  soft  parts.  Owing  to  the  tendency  of  ad- 
jacent bursas  and  tendon  sheaths  to  share  in  the  inflam- 
mation the  swelling  oftens  extends  up  and  down  the  limb 
for  a  considerable  distance.  There  is  not  often  great  red- 
ness and  the  tenderness  is  usually  less  than  in  ordinary 
acute  rheumatism.  So,  where  the  distribution  is  such 
that  locomotion  is  not  prevented,  many  cases  are  treated 
as  hospital  out-patients.  Pain  varies  greatly:  it  may 
be  almost  lacking,  so  that  the  patient  complains  mainly 
of  stiffness,  or  so  severe  as  to  prevent  sleep  and  require 
morphine. 

The  course  of  the  disease  is  slow  and  tedious.  Once 
involved,  the  joint  usually  remains  so  till  the  case  is  over 
— there  is  no  marked  tendency  to  jump  about  from  joint 
to  joint.  A  large  joint  seldom  recovers  in  less  than  from 
four  to  six  weeks.  The  acute  process  may  subside  and 
leave  a  hydro-arthrosis  lasting  for  months  m  spite  of  all 
treatment.  In  some  cases  complete  resolution  may  never 
occur,  the  joint  remaining  more  or  less  ankylosed. 

In  the  so-called  arthralgic  form  of  gonorrhoeal  arthritis 
there  occur,  in  the  course  of  a  gonorrhoea,  fugitive  pains 
in  the  joints  and  muscles,  without  any  active  inflamma- 
tory process.     The  symptoms  may  be  very  persistent. 

When  the  joint  becomes  infected  with  virulent  pus 
bacteria  the  case  becomes  like  any  purulent  arthritis. 
Fortunately  this  is  not  common.  If  prompt  surgical  re- 
lief is  not  afforded,  and  there  is  a  general  infection,  such 
a  case  shows  the  symptoms  of  pyaemia — chills,  irregular 
fever,  progressive  asthenia,  and  death. 

Relapses  do  not  occur  unless  there  is  a  new  urethral 
infection.  One  attack  does  not  confer  immunity.  In- 
deed, some  individuals  seem  to  have  it  nearly  every  time 
they  get  the  clap. 

Complications. — Bursitis  and  teno-synovitis  are  not 
uncommon.  Involvement  of  the  muscles,  and  of  the 
fascise,  especially  of  the  palm  and  sole,  sometimes  occurs. 
The  eye  may  be  involved  by  means  of  organisms  or  toxins 
brought  by  the  blood,  a  condition  to  be  distinguished  from 
the  gonorrhoeal  conjunctivitis  due  to  infection  from  with- 
out. Endocarditis  and  general  infection  with  the  gon- 
ococcus or  with  pus  organisms  is  a  very  serious  com- 
plication. 

Diagnosis. —Gonorrhoea  is  common,  and  so  are  other 
forms  of  arthritis.  Therefore  even  when  joint  inflam- 
mation occurs  in  the  course  of  a  urethritis  it  does  not 
follow  that  the  disease  is  gonorrhoeal  arthritis.  The 
diagnosis  can  be  made  with  absolute  certainty  only  when 
the  gonococcus  is  recogiuzed  in  the  fluid  from  the  joint 
cavity.  The  distinguishing  clinical  features  of  the  affec- 
tion are  the  tendency  to  involve  one  or  a  small  number  of 
joints;  its  persistent  character,  long  duration,  and  failure 
to  jump  from  joint  to  joint ;  the  usually  slight  general  dis- 
turbance, the  fusiform  character  of  the  swelling  from  the 
tendency  to  invasion  of  tendon  sheaths,  and  the  associa- 
tion with  other  manifestations  of  gonorrhoeal  infection. 

Ordinary  acute  articular  rheumatism  usually  involves 
many  joints,  shifting  about  from  one  to  the  other,  the 
first  ones  recovering  as  others  become  involved.  There 
are  more  elevation  of  temperature  and  greater  redness, 
pain,  and  tenderness  than  in  the  gonorrhoeal  disease,  and 
the  bursse  and  tendon  sheaths  are  not  apt  to  be  invaded. 
These  characters,  together  with  the  effects  of  treatment, 
explain  why  it  is  rarely  mistaken  long  for  gonorrhoeal 
arthritis,  even  when  coincident  Avith  gonorrhoea. 

Long-continued  cases  may  give  rise  to  a  suspicion  of 
tuberculosis,  especially  when  the  joint  in  question  is  the 
hip.  Gout  and  simple  or  traumatic  synovitis  should  also 
be  mentioned.  In  purulent  cases  it  is  of  little  moment 
wiietiier  the  disease  is  the  result  of  gonorrhoea  or  not,  as 
tlie  course  and  treatment  are  identical. 

Prognosis.— Complete  recovoiy  is  the  rule.  But  the 
disease  is  ari  obstinate  one  and  the  treatment  is  not  satis- 
Jactory.     There  is  often  danger  of  ankylosis,  especially 
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when  the  condition  is  recurrent.  Tiie  patient  should  be 
warned  that  a  new  gonorrhcsa  is  likely  to  mean  a  new 
arthritis,  and  that  each  new  arthritis  "is  Ukely  to  leave 
the  joint  in  a  less  perfect  condition  than  before.  AVhen 
the  inflammation  is  purulent  and  associated  with  endo- 
carditis from  mixed  infection  with  the  streptococcus  the 
prognosis  is  of  course  unfavorable. 

TilBATMEKT. — It  is  of  the  tirsl  importance  to  remedy, 
by  measures  adapted  to  the  individual  case,  the  primary 
gonorrhoeal  focus.  According  to  Taylor  especial  attention 
should  be  given  to  the  posterior  urethra. 

Salicylates  and  alkalies  are  of  no  value  in  gonorrhoeal 
arthritis.  Yet  on  the  chances  of  an  error  in  diagnosis  the 
writer  is  of  the  opinion  that  in  many  cases  a  vigorous 
trial  should  be  given  them — on  the  principles  laid  down 
for  ordinary  acute  rheumatism.  Potassium  iodide  has 
been  much  used,  but  is  probably  devoid  of  any  specific 
action.  The  same  may  be  said  of  quinine  and  methylene 
blue.  Probably  iron,  arsenic  and  other  tonics,  together 
with  fresh  air  and  plenty  of  good  food,  are  the  best  gen- 
eral measures. 

During  the  acute  stage  the  patient  should  be  kept  in 
bed  and  the  part  at  rest.  If  pain  is  severe  it  may  be  re- 
lieved by  an  ice-bag.  Immobilization  by  splints  or 
plaster  usually  gives  great  relief.  But  immobilization 
should  be  as  brief  as  possible,  owing  to  the  danger  of  an- 
kylosis. Later  on,  "baking"  the  joint  in  hot,  dry  air  or 
counter-irritation  by  means  of  tincture  of  iodine,  vigor- 
ous blistering,  or  the  cauterj'  may  hasten  resolution.  If 
ankylosis  threatens  massage  and  passive  motion  are  in- 
dicated after  the  acute  process  has  subsided. 

If  the  effusion  persists  the  joint  may  be  aspirated  with 
or  without  the  subsequent  injection  of  corrosive  subli- 
mate solution  1  to  2,500,  carbolic  acid  1  to  50,  or  iodoform 
emulsion.  This  should  of  course  be  done  under  the  most 
rigid  antiseptic  precautions.  It  may  be  repeated  if 
necessary.  It  has  given  excellent  results  in  competent 
hands.  For  suppurative  cases  prompt  and  vigorous  sur- 
gical measures  are  demanded.  Balph  C.  Larrabee. 

GORDON  SPRINGS.— Lake  County,  Cahfornia.  These 
springs  lie  in  Cobb's  valley,  about  half-way  between 
Calistoga  and  Lakeport.  They  are  romantically  situated 
in  the  heart  of  a  mountain  and  forest  region.  The  climate 
is  very  fine.  The  location  is  about  3,000  feet  above  the 
sea-level.  The  principal  spring  flows  about  300  gallons 
of  water  hourly,  having  a  temperature  of  100°  F.  The 
waters  are  sparkling,  alkaline,  and  have  antacid  and 
aperient  properties.  Following  is  Winslow  Anderson's 
analysis : 

One  Onited  States  Gallon  Contains: 

Solids.  *'''on°l- 

Sodium  cMoride qIq 

Sodium  carbonate g-ij 

Sodium  sulphate ''•"j 

Potassium  carbonate -'J 

Magnesium  carbonate JJ-^* 

Magnesium  sulphate ju.ad 

Calcium  carbonate ii-^ 

Calcium  sulphate i^'S. 

Alumina %-^ 

Silica -^-f 

Organic  matter i.'eaea. 

Total  solids 80-80 

Carbonic  acid  gas,  large  excess. 

The  waters  have  considerable  reputation  in  chronic  al- 
buminuria and  in  cystitis ;  they  are  also  valuable  in  acid 
dyspepsia.  A  pleasant  resort  has  been  established,  and 
it  is  worthy  of  remark  that  persons  suffering  from  chronic 
bronchitis,  catarrh,  asthma,  and  the  early  stages  of  con- 
sumption do  well  at  this  eyrie  among  the  pines. 

James  K.  Crook. 

GOSSYPIUM.     See  Cotton. 

GOUNDOU.    See  Benpiiye. 

GOUT.— The  exact  nature  of  gout  is  still  unknown. 
One  might  with  honesty  begin  a  description  of  it  as 
Sydenham  did  more  than  two  hundred  years  ago :  "  Either 


man  will  think  that  the  nature  of  gout  is  wholly  mysteri- 
ous and  incomprehensible  or  that  a  man  like  myself  who 
lias  suffered  from  it  thirty-four  years  must  be  of  a  slow 
and  sluggish  disposition  not  to  have  discovered  some- 
thing respecting  .the  nature  and  treatment  of  a  disease  so 
peculiarl}^  his  own.  Be  this  as  it  may,  I  will  give  a  bomi, 
fide  account  of  what  I  know.  The  difficulties  and  refine- 
ments relating  to  the  disease  itself  and  the  methods  of 
its  cure,  I  will  leave  for  time,  the  guide  to  truth,  to  clear 
up."  Numerous  hypotheses  are  described  for  the  con- 
sideration of  students  of  the  subject,  and  our  knowledge 
of  the  malady  has  greatly  increased  since  Sydenham 
wrote,  but  its  mystery  has  not  yet  been  fathomed. 

Gout  has  been  recognized  as  a  malady  from  the  earliest 
times.  It  was  well  described  by  Hippocrates  (350  B.C.). 
Five  hundred  years  later  Galen  ascribed  its  origin  to  nox- 
ious substances  as  "black  bile,"  "blood,"  or  "phlegm" 
about  the  joints.  He  believed  the  tophi  were  produced 
by  their  consolidation. 

In  the  middle  ages,  according  to  the  prevailing  theory, 
the  disease  was  believed  to  originate  from  "  tartar, "  which 
was  supposed  to  come  from  wine  that  had  been  drunk 
and  which  formed  incrustations  about  the  joints,  like 
those  found  in  wine  casks.  This  theory  was  disproved 
when  Schule  (1776)  showed  that  tophi  were  composed  of 
urates. 

Gout  has  been  thought  contagious.  This  was  the  be- 
lief of  Boerhaave.  Cullen  advo.cated  a  nervous  origin 
for  the  malady.  In  1848  Garrod's  thesis  on  "The  Blood 
and  Urine  in  Gout,  Rheumatism  and  Bright's  Disease" 
established  the  existence  of  an  excess  of  urate  of  sodium 
in  the  blood  and  ascribed  to  it  a  causative  relationship  to 
the  malady.  From  that  time  to  near  the  present  a  ma- 
jority of  pathologists  and  clinicians  have  regarded  gout 
as  due  to  an  excess  of  uric  acid  in  the  blood,  and  they 
have  described  those  prone  to  it  in  its  typical  or  irregular 
forms  as  of  the  uric-acid  diathesis. 

As  our  clinical  knowledge  of  gout  is  comparatively 
perfect,  it  seems  best,  therefore,  to  describe  its  symptoms 
first  and  to  consider  its  nature,  causation,  prophylaxis, 
and  treatment  later.  Cases  of  gout  are  clinically  placed 
in  three  groups:  (1)  Acute  gout;  (3)  chronic  gout;  (3) 
irregular  gout. 

Acute  Gout. — Premonitory  symptoms  are  commonly 
observed.  They  are  usually  those  of  gastric  indigestion, 
such  as  flatulence,  sourness  of  the  stomach,  a  feeling  of 
fulness  in  the  epigastrium  and  constipation,  or  irritabil- 
ity of  temper,  restlessness  at  night,  dull  headache,  or 
melancholia.  Twinges  of  pain  in  the  small  joints  of  the 
feet  and  toes  are  often  felt  for  several  days  before  the 
acute  attack  occurs. 

Acute  gout  commonly  makes  its  onset  in  the  early 
morning  hours,  the  patient  awakening  with  intense  pain 
in  the  metatarso-phalangeal  joint  of  one  big  toe,  oftenest 
the  right.  The  pain  is  severe  but  becomes  more  intense 
during  the  next  two  or  three  nights.  It  is  described  as 
a  sensation  of  squeezing.  The  feeling  is  as  if  the  toe 
were  in  a  vice.  Throbbing,  burning,  and  sometimes  a 
lancinating  pain,  are  also  complained  of.  At  first  the 
veins  about  the  affected  part  are  unusually  prominent. 
Soon,  however,  the  joint  swells  uniformly  and  the  skin 
becomes  slightly  red  and  glossy.  It  is  exquisitely  ten- 
der, so  that  even  the  weight  of  the  bed-clothing  is  a 
source  of  increasing,  distress.  The  slightest  motion  of 
the  joint  also  elicits  a  cry  of  anguish  from  the  sufferer. 
Bodily  temperature  is  increased,  often  only  a  little,  some- 
times'to  103°  or  103°  P. 

Often  such  attacks  of  podagra  begin  with  a  chill,  or 
at  least  with  chilly  sensations  and  rise  of  temperature. 
After  daybreak  the  pain  subsides,  fever  lessens,  and  the 
patient  may  doze  for  a  time.  Although  the  intense  pain 
is  less,  the  swelling  remains  in  the  affected  joint  and  it  is 
kept  immobile  because  of  the  pain  which  movements  of 
it  provoke.  Toward  night  the  symptoms  again  become 
more  intense.  So  long  as  the  attack  lasts  each  night  is 
made  sleepless  by  an  aggravation  of  the  characteristic 
symptoms  of  the  malady.  Patients  therefore  become 
greatly  wearied,  even  much  debilitated  by  sleeplessness, 

405 


Cout. 
Gout. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


suffering,  and  inability  to  maintain  good  nutrition,  for 
appetite  is  lacking  and  digestion  is  impaired.  An  attack 
such  as  this  lasts  for  from  one  to  several  weeks.  Rrad- 
ually  the  symptoms  grow  less  intense,  the  swelling  of 
the  joint  subsides,  mobility  returns,  and  often  after  an 
attack  a  patient  will  feel  unusually  well.  Sometimes 
during  convalescence  the  skin  over  the  joint  which  has 
been  affected  peels  off. 

Attacks  are  frequently  prolonged  by  one  great  toe  after 
the  other  being  Involved  or  by  other  joints  than  those  of 
the  toes  being  attacked.  Although  the  large  toes  are 
commonly  iirst  involved,  the  fingers,  and  later  the  large 
joints,  may  be  as  well. 

The  urine  is  frequently  concentrated  and  deposits 
urates.  Traces  of  albumin  or  sugar  are  also  sometimes 
found  in  it. 

Acute  gout  is  apt  to  occur  in  the  late  winter  and  early 
spring.  It  recurs  at  variable  intervals;  it  may  be  an- 
nually or  at  longer  or  shorter  periods.  Usually  after 
several  attacks  it  begins  to  recur  more  and  more  fre- 
quently and  the  individual's  health  becomes  permanently 
impaired.  It  is  extremely  rare  that  only  one  attack  occurs 
in  a  lifetime. 

Chkonic  Gout. — Chronic  gout  results  from  several 
acute  attacks.  The  joints  which  have  been  affected  be- 
come permanently  swollen  or  deformed  by  uratic  deposits 
in  the  fibrous  tissue  about  them,  and  are  commonly  stif- 
fened and  sometimes  permanently  immobile.  Tophi,  as 
these  deposits  of  urate  of  sodium  are  called,  are  also  found 
upon  cartilages,  on  synovial  membranes,  and  the  sheaths 
of  tendons.  The  cartilages  of  the  ear  are  affected  with 
especial  frequency.  Nodules  are  also  formed  along  the 
course  of  tendons  on  the  back  of  the  hands  and  feet. 
Uratic  deposits  within  joints  where  they  first  take  place 
are  invisible  and  do  not  always  cause  noticeable  enlarge- 
ment of  them,  but  rarely  last  long  before  the  neighboring 
ligaments  are  involved.  Intracapsular  deposits  can 
sometimes  be  detected  by  a  grating  noise  produced  when 
the  rough  surfaces  are  moved  upon  one  another.  When 
joints  are  impaired  in  usefulness  the  muscles  which  con- 
trol them  atrophy.  In  severe  cases  the  skin  over  the 
tophi  becomes  neci'otic,  sloughs,  and  exposes  the  "  chalk 
stones,"  permitting  them  to  crumble  or  to  be  easily  re- 
moved. This,  however,  rarely  happens  until  the  lesions 
are  so  extensive  that  in  spite  of  the  partial  removal  of  a 
source  of  stiffness  and  deformity  a  renewed  usefulness  of 
the  joint  is  impossible.  Patients,  typifying  the  severest 
cases,  are  helpless  invalids  and  constant  sufferers.  In 
mild  cases  there  is  some  stiffness  at  all  times  but  there  is 
not  complete  helplessness.  Frequent  acute  exacerbations 
increase  the  pain  which  these  patients  suffer.  They  are 
accompanied  by  the  usual  sj'mptoms  of  acute  gout,  and 
frequently  are  complicated  by  ur.-Emia,  pleurisy,  peri- 
carditis, or  other  visceral  lesions. 

The  digestive  disorders  which  so  often  precede  and  ac- 
company acute  attacks  are  present  more  or  less  constantly 
in  chronic  cases.  Flatulence,  acid  indigestion,  constipa- 
tion, and  gastric  discomfort  are  the  commonest  symptoms 
of  them.  They  are  associated  with  headache,  neuralgia, 
lassitude,  mental  depression,  and  irritability.  Eczema 
and  urticaria  are  common  skin  complications.  In  chronic 
gout  the  kidneys  are  usually  involved  and  gradually  be- 
come contracted,  producing  the  symptoms  which  are 
peculiar  to  interstitial  nephritis.  The  arteries  are  also 
liable  to  atheromatous  changes  and  the  heart  to  hyper- 
trophy and  ultimate  enfeeblement. 

The  digestive  and  nervous  symptoms  are  aggravated 
by  an  inability  to  take  exercise,  due  to  the  joint  deformi- 
ties. Pain  causes  sleeplessness  and  exhaustion.  In- 
digestion contributes  to  malnutrition,  and  it  is  usual  for 
those  who  have  chronic  gout  slowly  to  lose  flesh  and 
strength. 

In  spite  of  this  chronic  state  of  disease,  surprising  as  it 
may  seem,  life  is  often  prolonged  into  the  period  of  old 
age.  Indeed,  it  is  usual  for  the  malady  to  last  for  many 
years.  Patients  commonly  show  remarkable  mental 
vigor. 
Occasionally  in  the  midst  of  acute  articular  gout  or 
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acute  exacerbations  of  chronic  gout,  the  acute  arthritis 
suddenly  disappears  or  greatly  lessens,  but  is  replaced 
by  visceral  complications.  Such  cases  are  often  described 
as  cases  of  retrocedent  or  suppressed  gout.  The  visceral 
complications  may  be  Inflammations  or  other  lesions  of 
the  bronchi,  lungs,  pleura,  nasopharynx  or  larynx,  of  the 
stomach,  intestines,  heart,  kidneys,  brain,  or  peripheral 
nerves. 

Epilepsy,  dehrium,  and  insanity  are  rarely  a  part  of  the 
disease.  But  neuralgias  are  common.  Of  these  sciatica 
is  the  form  most  frequently  observed.  Gastralgia  is  also 
of  frequent  occurrence.  It  is  associated  with  the  usual 
indigestion  of  the  affection.  Of  all  the  visceral  complica- 
tions of  gout  those  of  the  circulatory  system  and  kidneys 
are  the  most  dangerous.  Myocarditis  is  common.  En- 
docarditis and  pericarditis  are  of  less  frequent  occurrence, 
but  angina  pectoris  is  often  seen.  Aortitis  and  aneurisms 
are  other  common  circulatory  affections.  Functional 
irregularity  of  the  heart  and  tachycardia  are  disturbances 
of  frequent  occurrence.  Hypertrophj'  of  the  heart  mus- 
cle is  the  rule  in  all  chronic  cases. 

Interstitial  nephritis  develops  sooner  or  later  in  those 
who  suffer  from  chronic  gout.  It  or  uraemia  growing  out 
of  it  is  a  common  cause  of  death.  Indeed,  fatalities 
rarely  result  from  uncomplicated  gout. 

Ikregulae  Gout. — Irregular  gout  is  difficult  to  de- 
scribe and  often  to  recognize  with  certainty.  Some  of 
the  viscera  or  the  skin  may  develop  lesions  which  the 
gouty  are  known  to  be  prone  to,  and  their  sequence  may 
make  a  diagnosis  possible  or  their  nature  may  be  recog- 
nized by  reasoning  by  exclusion.  Irregular  gout  is  very 
much  commoner  than  classical  gout.  It  frequently  oc- 
curs in  the  women  in  families  in  which  acute  and  chronic 
gout  attacks  the  men. 

In  earl)'  life  urticaria  is  common  in  those  having  a 
gouty  diathesis,  or  the  lithsemic  state,  and  in  late  life 
chronic  eczema  is.  Asthma,  bronchitis,  renal  calculus, 
and  diabetes  mellitus  are  other  maladies  to  which  these 
same  individuals  are  liable.  Flatulent,  acid  indigestion 
and  constipation  associated  with  myalgias  and  neuralgias, 
with  hemicrania  or  with  mental  depression  or  irritability 
are  particularly  significant  of  a  tendency  to  the  disease. 
Hot  and  itching  feet  at  night  and  hot  and  itching  eyeballs 
by  day  are  common  symptoms  in  women.  Any  of  the 
various  visceral  lesions  already  mentioned  may  develop 
in  those  inclined  to  gout,  although  podagra"  or  other 
articular  evidence  of  the  ailment  may  be  wanting. 
Sooner  or  later  the  cardio-vascular  and  renal  disorders 
incident  to  chronic  gout  develop  in  a  majority  of  those 
who  suffer  long  with  irregular  gout.  Iritis,  glaucoma, 
and  hemorrhagic  retinitis  are  common  complications  of 
the  malady. 

Urine.  — Between  attacks  of  acute  gout  the  urine  may  be 
normal.  During  an  acute  attack  it  is  concentrated  and 
diminished  in  amount.  On  standing,  a  pink  or  "  brick- 
dust  "  sediment  is  thrown  down.  Although  concentrated 
a  diminished  amount  of  uric  acid  is  usually  voided. 
When  convalescence  is  established  a  moderate  excess  of 
this  ingredient  may  be  eliminated.  In  chronic  gout  the 
urine  is  commonly  copious,  of  low  specific  gravity,  and 
contains  a  diminished  quantity  of  uric  acid.  However, 
not  infrequently  gouty  men  are  found  who  habitually 
void  normal  quantities  of  uric  acid.  When  interstitial 
nephritis  exists  the  urine,  besides  being  copious  and  of 
low  specific  gravity,  contains  small  amounts  of  albumin 
and  hyaline  and  fine  granular  casts. 

5foorf.— During  acute  attacks  and  while  the  disease  is 
chronic  an  excess  of  urates  can  be  demonstrated  in  the 
blood.  But  in  the  early  stages  of  the  disease,  during  the 
intervals  between  attacks,  the  blood  is  quite  normal. 
Uric  acid  can  be  demonstrated  in  the  serum  of  those  who 
have  gout  by  adding  ten  or  twelve  drops  of  acetic  acid  to 
a  few  cubic  centimetres  of  blood  or  of  serum  obtained 
from  a  blister  produced  upon  the  skin.  A  thread  must 
be  immersed  m  this  mixture  of  serum  and  acid  for 
twenty-four  or  forty-eight  hours,  when  it  will  be  found 
to  be  covered  with  crystals  of  uric  acid. 

DuGNOBis.— A  diagnosis  of  acute  gout  can  usually  be 
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made  with  ease,  so  distinct  and  characteristic  are  the 
symptoms.  However,  I  have  known  a  flrst  attack  to  be 
mistaken  for  a  trauma.  But  the  development  of  symp- 
toms characteristic  of  the  course  of  the  malady  will  cor- 
rect such  an  error.  It  is  rarely  confused  with  acute 
articular  rheumatism.  In  this  last  disease  the  large  joints 
or  numerous  joints  are  involved  from  the  beginning,  the 
temperature  is  usually  higher,  and  the  skin  is  bathed  with 
perspiration. 

The  presence  of  tophi  makes  it  possible  to  distinguish 
chronic  gout  from  chronic  rheumatism  and  other  forms 
of  chronic  arthritis.  The  history  of  numerous  acute  at- 
tacks is  also  a  help  to  a  diagnosis. 

Irregular  gout  is  more  difficult  to  recognize,  but  atten- 
tion to  the  symptoms  described  above  and  to  their  inter- 
changeability  in  diSerent  attacks  in  the  same  person  and 
connection,  commonly  with  characteristic  digestive  dis- 
turbances, makes  a  diagnosis  possible. 

Anatomical  Changes. — The  evidences  of  inflammation 
in  the  tissues  involved  are  not  different  from  those  of 
other  forms  of  inflammation,  except  that  deposits  of 
urates  are  observed  with  them.  At  first  these  deposits 
occur  in  the  articular  cartilages.  They  are  seen  as  white 
dots  or  lines  beneath  the  surface.  Later  they  increase 
in  size,  coalesce,  and  produce  destruction  of  the  surface. 
The  cartilages  and  capsules  of  joints,  the  fibrous  tissue 
in  bursie,  tendons,  the  periosteum,  and  the  auricles  are 
the  structures  in  which  tophi  are  oftenest  found.  The 
aorta  is  frequently  thickened  in  spots  by  uratic  deposits, 
as  are  sometimes  the  coronary  arteries.  An  increase  of 
fibrous  tissue  in  the  mj'ocardium  is  also  occasionally 
observable.  The  kidneys  are  commonly  contracted  and 
exhibit  the  conditions  peculiar  to  interstitial  nephritis. 
Lines  of  urates  can  be  seen  in  many  cases,  both  in  the 
cortex  and  medullary  portions  of  these  organs.  These 
deposits  occur  in  parallel  lines,  partly  in  the  uriniferous 
tubules,  but  mainly  in  the  interstitial  tissue  between  them. 
The  liver  is  sometimes  found  in  a  condition  of  slight  in- 
terstitial hyperplasia. 

Theories  as  to  Nature. — Although  a  clinical  knowledge 
■  of  gout  has  been  possessed  by  physicians  since  the  earli- 
est times,  its  exact  nature  and  cause  are  to-day  unknown. 
A  variety  of  hypothetical  explanations  have  been  offered, 
but  none  of  them  has  as  yet  been  established  as  correct. 
Garrod's  theory  has  for  many  years  been  accepted  by  the 
majority  of  the  profession.  According  to  him,  gout  is 
due  to  an  excess  of  urates  in  the  blood  and  fluids  of  the 
body,  from  which  they  are  deposited  in  certain  tissues 
because  of  a  diminished  alkalinity  of  them.  The  excess 
of  urates,  it  has  been  supposed,  is  due  in  part  to  excessive 
production  because  of  disturbed  metabolism,  and  in  part 
to  imperfect  elimination.  That  the  renal  epithelium  has 
a  power  of  selecting  certain  substances  for  elimination 
is  a  demonstrated  fact,  and  it  has  been  supposed  by  some 
that  in  gout  it  refuses  to  excrete  uric  acid  in  the  normal 
or  necessary  amounts.  Ebstein  modified  the  theory  of 
Garrod  by  advocating  that  an  excess  of  uric  acid  was 
produced  in  muscles  and  bones  because  of  a  peculiar 
local  metabolic  anomaly  which  is  usually  inherited.  The 
deposit  of  urates  in  cartilage  and  fibrous  tissue  he  ac- 
counted for  because  of  the  naturally  slow  circulation  of 
blood  through  them,  which,  when  it  contains  an  excess 
of  uric  acid,  causes  a  cellular  necrosis  in  those  tissues. 
The  necrosis  always  produces  a  local  acidity,  and  the  al- 
kaline urates  of  the  blood  are  then  precipitated  as  com- 
paratively insoluble  acid  urates. 

The  uric-acid  theory  has  also  been  modified  by  the  hy- 
pothetical explanation  that  uric  acid  is  an  intermediate 
product  in  the  transformation  of  waste  nitrogenous  mat- 
ter into  urea,  a  transformation  made  in  the  liver,  and  that 
an  excess  of  uric  acid  in  the  blood  results  from  such  a 
derangement  of  hepatic  functions  as  causes  the  formation 
of  a  lessened  amount  of  urea  and  a  proportionately  larger 
amount  of  uric  acid.  The  observed  coincidence  of  gout 
and  digestive  disturbances  has  given  color  to  this  theory. 
Of  late,  however,  physiologists  have  become  convinced 
that  uric  acid  is  not  an  intermediate  step  in  the  formation 
of  urea   from   proteid.     Indeed   very  recent  researches 


(Kossel,  Horbaczewski)  have  led  physiological  chemists  to 
believe  that  uric  acid  is  derived  from  nucleins  and  not 
from  other  parts  of  cells. 

Unfortunately  for  all  these  uric-acid  theories  gout  can- 
not be  produced  experimentally  by  injecting  uric  acid 
into  the  blood  or  by  preventing  its  elimination  through 
the  kidneys.  Nor  do  the  phenomena  of  the  disease  arise 
in  other  ailments,  notably  leukaemia,  in  which  uric  acid 
often  exists  in  the  blood  in  quite  as  large  quantities  as  in 
gout.  Experiment  affords  us  no  evidence  that  toxic 
properties  are  possessed  by  uric  acid  even  when  it  is  in- 
troduced into  the  blood  in  much  larger  amounts  than 
have  ever  been  found  in  gout  itself. 

Another  theory  which  has  not  in  the  last  fifty  years 
had  so  many  supporters  as  the  uric-acid  hypothesis  or  so 
many  as  at  the  end  of  the  eighteenth  century,  but  wliich 
nevertheless  at  all  times  has  had  influential  advocates,  is 
the  theory  of  its  nervous  origin.  According  to  it,  gout  is 
due  to  a  disturbed  metabolism,  a  fault  of  the  system  in 
which  the  chemical  balance  is  deranged.  The  metabolic 
processes  are  presumed  to  be  under  the  control  of  the 
nervous  system,  therefore  such  a  perversion  of  them  as 
occurs  in  gout  primarily  must  be  due  to  a  disturbance  of 
nerve  centres.  Just  what  change  takes  place  in  the  cen- 
tral nervous  system  is  not  conjectured.  Those  who  be- 
lieve in  a  nervous  origin  of  gout  base  their  faith  chiefly 
upon  the  following  points;  (1)  Its  frequent  inheritance. 
(3)  The  effect  of  psychic  disturbances,  such  as  anger  or 
mental  depression,  in  provoking  its  attacks.  (3)  A  ten- 
dency to  neuralgia  and  myalgia  in  such  patients.  (4)  In- 
fluence of  barometric  changes.  (5)  Joint  involvement, 
which  is  common  to  many  nervous  diseases.  (6)  Many 
neurotic  manifestations  observed  in  other  members  of  the 
family  in  which  gout  appeal's. 

In  1884  Gaucher  discovered  that  the  injection  of 
xanthin  and  hypoxanthin  into  healthy  animals  caused 
changes  in  the  structure  of  the  kidneys,  similar  to  those 
of  interstitial  nephritis.  More  recently  others  have  con- 
firmed these  observations  and  found  that  the  xanthin 
bases  will  produce  various  nervous  phenomena  as  well 
as  high  arterial  tension  and  ultimately  arteriosclerosis. 

Horbaczewski,  who  in  1891  showed  that  uric  acid  is 
probably  derived  from  uuclein ,  has  also  gathered  evidence 
to  show  that  xanthin  and  hypoxanthin  or  the  alloxuric 
bases  are  to  blame  for  the  phenomena  of  irregular  gout 
or  lithaemia  rather  than  the  urates.  It  is  true  that  uric 
acid  in  the  form  of  biurate  of  sodium  constitutes  the 
tophi  of  gout  and  produces  local  deformities  and  some- 
times inflammation,  but  in  the  form  of  a  soluble,  alkaline, 
quadriurate  in  which  it  exists  in  the  blood  it  is  not  toxic. 

Although  gout  has  been  supposed  by  some  to  be  an 
infectious  disease,  there  is  no  adequate  evidence  that  such 
is  the  case. 

Causative  Conditions. — It  is  quite  evident  from  this 
brief  review  of  the  leading  hypotheses  advanced  to  ex- 
plain the  causation  of  gout  that  we  are  to-day  about  as 
ignorant  as  our  predecessors  a  century  or  two  ago  were. 
What  knowledge  we  possess  to-day  is  negative,  that  is, 
disproves  theories  that  have  been  widely  held.  Never- 
theless, much  is  known  of  the  conditions  under  which 
gout  is  likely  to  arise.  Heredity  plays  a  large  part  in 
its  production.  According  to  Garrod  seventy-five  per 
cent,  of  all  cases  inherit  the  disease.  Oftentimes  the 
habits  of  families  which  their  inherited  environment  pro- 
duces also  predispose  them  to  it.  But  gout  may  be  ac- 
quired as  well  as  inherited.  Acute  and  chronic  gout  are 
rarely  seen  in  this  country,  but  irregular  gout  is  common 
and  is  increasing.  Gout  occurs  oftenest  in  England,  next 
in  frequency  in  France  and  Holland,  less  in  Germany  and 
rarely  elsewhere  in  Europe.  S}'mptoms  of  it  have  been 
observed  at  all  periods  of  life,  but  its  onset  occurs  in 
much  the  largest  proportion  of  cases  between  the  thirtieth 
and  fortieth  years.  Initial  symptoms  are  extremely 
rare  in  infancy,  childhood,  and  old  age.  Women  are  at- 
tacked less  frequently  than  men,  at  least  with  the  symp- 
toms of  prodagra  and  chronic  gout.  Insufficient  exer- 
cise, and  what  amounts  to  the  same  thing,  a  deficient 
supply  of  oxygen,  are  important  factors  in  creating  a 
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disposition  to  the  ailment.  A  sedentary  life  causes  the 
inhalation  of  relatively  a  small  amount  of  oxygen.  Shal- 
low breathing,  which  is  cultivated  under  the  circum- 
stances, lessens  the  vigor  of  the  lymphatic  and  venous 
currents  which  carry  otf  waste  matters  from  the  viscera, 
and  causes  a  torpidity  of  liver  and  digestive  organs. 
Lack  of  exercise  also  causes  the  same  interference  with 
vigorous  metabolism  in  the  voluntary  muscles.  When 
people  live  or  work  in  overcrowded  rooms  they  are  sure 
to  feel  the  need  of  oxygen.  Virchow  has  laid  stress 
upon  the  frequent  production  of  tophi  in  the  joints  of  the 
poor  who  live  under  these  conditions.  Since  the  earliest 
times  it  has  been  admitted  that  eating  unduly  large 
quantities  of  food  will  produce  the  ailment  in  many 
persons.  Especially  is  this  true  of  the  use  of  large 
quantities  of  meats  rich  in  extractives,  or  cooked  with 
rich  gravies  and  sauces.  Although  oftenest  too  much 
food,  that  which  is  too  rich,  and  too  little  exercise  to- 
gether cause  gout,  rare  cases  have  been  observed  in 
which  an  acute  attack  was  provoked  in  those  disposed  to 
it  by  too  little  food  and  too  much  exercise.  In  these 
latter  patients  a  lowering  of  vitality  by  underfeeding  and 
overworking  excited  the  ailment.  The  habitual  use  of 
fermented  liquors  is  a  most  common  and  universally 
recognized  cause  of  gout.  It  is  difficult  to  explain  the 
mode  of  action  of  these  liquors.  It  is  not  merely  the 
alcohol  which  they  contain,  for  the  users  of  distilled  liq- 
uors are  much  less  prone  to  the  disease  than  are  the  users 
of  fermented  beverages.  Nor  is  it  an  acid,  nor  sugar,  nor, 
as  far  as  we  know,  any  one  ingredient  in  beers  and  wines 
which  makes  the  drinkers  of  them  so  liable  to  develop 
gout.  Often  a  few  glasses  of  wine  will  awaken  symp- 
toms of  the  malady  in  those  who  are  susceptible  to  it. 
It  may  be  that  the  disturbances  of  digestion  which  over- 
eating and  the  use  of  fermented  liquors  cause  are  more 
to  blame  than  individual  articles  of  food  or  beverages. 
Mental  depression  such  as  grief  and  anxiety  or  prolonged 
mental  exertion  are  also  frequent  predisposing  causes. 
They  may  help  to  produce  their  ill  effects  by  making 
digestion  slow  and  disturbing  the  functional  power  of 
the  organs  which  play  a  part  in  it.  It  is  well  known 
that  lead  workers  are  especially  liable  to  symptoms  of 
gout  as  well  as  to  arteriosclerosis  and  interstitial  nephritis. 

Many  of  these  conditions  which  predispose  to  the  dis- 
ease act  together,  that  is,  simultaneously  upon  indi- 
viduals. Many  of  them  are  also  the  exciting  causes  of 
acute  outbreaks  of  the  ailment.  Exposure  to  cold,  great 
fatigue,  anything  which  lowers  the  vitality  for  the  mo- 
ment may  be  an  exciting  cause  for  those  who  are  suscep- 
tible. 

Prophylaxis. — A  knowledge  of  the  conditions  which 
dispose  the  gouty  to  attacks  affords  us  a  key  to  its  pro- 
phylactic treatment.  Good  hygienic  surroundings,  daily 
sufficient  exercise  (often  large  amounts  are  required), 
moderate  eating,  and  freedom  from  undue  anxiety,  worry 
or  mental  labor,  are  the  best  prophylactic  measures. 

Treatment. — Little  can  be  done  to  shorten  acute  at- 
tacks of  gout,  but  the  pain  attending  them  may  be  less- 
ened by  suitable  treatment,  and  a  great  deal  can  be  done 
to  prevent  a  recurrence  of  acute  attacks  by  instituting  a 
proper  regimen. 

It  is  impossible  to  remove  the  inherited  fault  of  nutri- 
tion, but  it  is  possible  to  retard  the  development  of 
symptoms.  Temperance  must  be  taught  as  the  cardinal 
rule  of  life,  abstemiousness  in  eating,  drinking,  the  en- 
joyments of  the  pleasures  of  life,  or  the  inclination  for 
mental  work.  Overeating,  even  the  most  moderate  kind, 
must  be  avoided.  A  varied  diet  may  be  permitted,  pro- 
vided it  includes  foods  which  are  simply  prepared  and 
easily  digested,  and  provided  they  are  eaten  in  moderate 
quantities. 

When  gout  is  fairly  established,  not  only  must  tem- 
perance be  insisted  upon,  but  certain  articles  of  diet  must 
be  forbidden.  These  are  sweets,  confections  of  all  kinds, 
fats,  articles  cooked  with  much  fat,  game,  and  the  richer 
meats,  especially  when  dressed  with  rich  sauces.  Vege- 
tables, rich  in  oxalates,  ought  also  to  be  avoided  by  the 
gouty. 


These  patients  should  eat  fairly  varied  foods  and  the 
diet  should  be  well  balanced,  containing  a  normal  pro- 
portion of  albumin,  carbohydrates,  and  fats ;  and  the  in- 
dividual articles  of  food  should  be  so  prepared  as  to  be 
most  easily  digested.  Meat  may  be  eaten  moderately, 
but  green  vegetables,  certain  fats,  and  cereals,  may  be 
taken  generously.  The  diet  for  those  who  are  gouty 
must  not  be  so  restricted  as  to  lessen  their  vitality.  A 
milk  diet  has  been  urged  as  the  best  for  the  prevention  of 
outbreaks  of  gout  in  those  disposed  to  them;  but  milk, 
unless  used  in  excessively  large  quantities,  is  not  suffi- 
ciently nutritious;  and  while  it  may  well  be  used  as  an 
important  element  of  food  it  should  not  be  the  only  article 
taken  by  the  gouty. 

Soups  should  be  forbidden  when  the  symptoms  of 
goutiness  are  clearly  manifested,  but  they  may  be  taken 
in  small  amounts  by  those  inclined  to  this  ailment. 
Whenever  they  are  used,  they  should  be  entirely  fi-ee 
from  fats,  and  preferably  should  not  be  made  with  a 
meat  stock.  Eggs,  oysters,  and  clams  may  also  be  eaten, 
but  lobsters,  crabs,  and  shrimps  are  not  to  be  recom- 
mended. Most  fish  can  be  eaten  without  harm,  especially 
such  as  bluefish,  whitefish,  perch,  shad,  bass,  and  trout; 
but  fish  richer  in  fats  and  those  that  are  smoked  and 
salted,  such  as  salmon,  mackerel,  halibut,  and  cod,  are 
not  so  wholesome.  Rich  sauces  should  always  be  avoided. 
Meat  should  be  eaten  not  oftener  than  once  daily,  and 
generally  roasted  or  broiled.  Those  which  are  most  to 
be  avoided  are  pork,  veal,  game,  and  salted  or  smoked 
meats.  Fat  should  be  used  in  very  moderate  amounts 
except  butter  which  can  be  used  with  a  reasonable  de- 
gree of  freedom,  and  cream  in  moderation.  Such  carbo- 
hydrate foods  as  bread,  rice,  sago,  tapioca,  oatmeal,  and 
cracked  wheat  may  be  eaten  generouly,  but  pastries,  hot 
breads,  pancakes,  and  other  articles  of  a  similar  kind, 
which  are  liable  to  form  doughy  masses  in  the  stomach 
during  the  period  of  gastric  digestion,  should  be  avoided. 

Sugar  is  not  wholesome  for  the  gouty.  Such  vegeta- 
bles as  rhubarb,  tomatoes,  radishes,  spinach,  cabbage, 
and,  if  they  cause  flatulence,  baked  beans,  should  be 
avoided. 

The  following  green  vegetables  may  be  used  freely: 
peas,  stringbeans,  corn,  potatoes,  turnips,  carrots,  par- 
snips, celery  and  celery  plant,  cauliflower,  artichokes, 
broccoli,  salads,  cucumbers,  and  egg  plant.  Of  the 
fruits,  the  following  are  best  adapted  for  the  use  of  these 
patients:  pears,  apples,  raspberries,  blueberries,  black- 
berries, and  oranges ;  but  grapes,  bananas,  prunes,  straw- 
berries, and  melons  are  not  so  wholesome.  Pickles  and 
condiments  are  to  be  avoided  at  all  times. 

Eating  between  meals  should  not  be  permitted.  Gouty 
patients  should  be  taught  to  eat  slowly  and  to  masticate 
their  food  carefully. 

Especially  should  those  inclined  to  gout  avoid  eating  a 
large  variety  of  food  at  one  meal.  Simplicity  in  diet  as 
well  as  temperance  in  eating  must  be  taught  them.  The 
variety  which  we  all  crave  should  be  furnished  by 
changes  in  food  from  meal  to  meal  and  from  day  to  day. 

Although  by  clinicians  generally  red  meats  are  forbid- 
den those  who  have  chronic  gout,  cases  have  been  suc- 
cessfully treated  upon  an  almost  exclusive  meat  diet. 
Salisbury  steak,  a  little  lettuce  or  spinach,  and  stale 
bread,  varied  occasionally  by  chicken,  squab,  eggs  and 
fish,  have  constituted  the  entire  list  of  foods  of  these 
patients.  The  uniformity  of  the  food  and  the  ease  of  its 
digestion  have  prevented  abnormal  fermentations  in  the 
gastro-intestinal  tract  just  as  an  exclusive  milk  diet  will 
do.     This  is  the  secret  of  success  in  such  cases. 

In  the  midst  of  acute  attacks  it  is  best  to  administer 
little  of  any  kind  of  food.  JNIilk  is  the  best  staple  article 
and  may  be  the  only  one.  Gruels  and  eggs  may  also  be 
eaten,  and  oranges  and  lemons  may  usually  be  permitted. 
1  ea  and  coffee  in  small  amounts  and  with  no,  or  very 
little,  sugar,  may  be  used  by  those  who  are  predisposed 
to  gout,  provided  they  have  no  acute  symptoms  of  the 
disease  or  of  indigestion ;  but  if  digestion  is  slow,  or  there 
are  other  symptoms  of  gout  or  goutiness,  these  beverages 
should  be  forbidden.  ^ 
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It  is  universally  admitted  that  alcoholic  beverages  of 
all  kinds  are  harmful.  Even  in  verj-  small  amounts  they 
will,  not  infrequently,  provoke  attacks  of  gout.  The 
degree  of  tolerance  of  alcoholic  beverages  by  those  who 
are  gouty  is,  of  course,  very  variable.  It  is  not  neces- 
sary, in  order  to  provoke  gout,  that  these  beverages 
should  be  taken  to  the  point  of  intoxication.  Indeed  the 
habitual  drunkard  rarely  develops  symptoms  of  the  dis- 
ease, but  it  occurs  most  frequently  in  those  who  are  ha- 
bitual users  of  alcoholic  beverages  in  moderate  amounts. 
Ale,  beer,  and  the  sweet  and  the  heavy  wines  are  the 
beverages  which  are  most  apt  to  provoke  the  trouble. 
Of  wines,  the  dry  white  wines  and  old  Bordeaux  have 
been  found  the  least  harmful.  Although  individuals 
vary  in  their  susceptibility  to  the  ill  effects  of  alcoholic 
beverages,  and  although  the  different  beverages  vary  in 
their  potency  to  do  harm,  they  should  all  be  forbidden 
the  gouty. 

Patients  who  are  gouty  should  drink  water  copiously 
in  order  that  the  kidneys  may  be  made  to  act  freely  and 
that  the  waste  matter  may  thus  be  washed  out  of  the 
system.  From  five  to  eight  glasses  of  good  pure  water 
should  be  drunk  daily. 

Many  spring  waters  'have  been  recommended  as  pre- 
ventives of  gout.  It  is  probable  that  large  quantities  of 
water  do  more  good  by  the  physical  presence  of  fluid 
in  the  blood-vessels  and  tissues  than  the  various  mineral 
ingredients  wliich  spring  water  may  from  time  to  time 
contain.  There  are  three  varieties  of  spring  waters 
especially  recommended  for  gout:  First,  those  which  are 
particularly  pure  and  contain  a  minimum  amount  of 
mineral  matter.  Without  doubt,  their  effect  is  a  physical 
one.  Second,  the  alkaline  waters  of  which  Vichy  is  a 
type.  Alkalies  well  diluted,  introduced  into  the  blood, 
do  seem  to  stimulate  normal  nutritive  changes  in  the 
tissues  of  the  body.  The  alkaline  waters  also  have  a 
beneficial  effect  upon  the  contents  of  the  stomach,  which 
are  usually  acid  because  of  abnormal  fermentation. 
Third,  spring  waters  which  contain  iron,  arsenicj  and 
lithium.  They  are  useful,  especially  the  arsenical  waters, 
for  those  gouty  persons  who  have  affections  of  the  skin 
and  bronchial  mucous  membranes.  Many  of  the  cases  of 
gouty  dyspepsia  are  helped  by  these  waters.  Royat,  in 
France,  may  be  regarded  as  a  type  of  this  group  of  min- 
eral waters. 

Spring  waters  rich  in  sodium  salts  are  not  beneficial 
for  the  gouty,  as  these  salts  in  unusual  quantities  in  the 
blood  hasten  the  precipitation  of  insoluble  urates  in 
joints  or  other  tissues. 

Hot  mineral  springs  are  resorted  to  by  many  who  have 
chronic  gout,  for  the  purpose  of  bathing.  Acute  attacks 
are  not  benefited,  but  partially  immobile  joints  with 
muscular  atrophy  are  benefited.'  If  patients  have  high 
arterial  tension  or  hypertrophied  hearts  hot  baths  must 
be  avoided. 

Exercise  is  essential  in  order  to  prevent  gout  and  to 
avert  repeated  attacks  in  those  who  are  prone  to  it.  The 
amount  of  exercise  required  must  be  determined  by  each 
person.  As  a  rule  it  must  insure  several  hours  of  out- 
door life  each  day  and  for  at  least  a  few  minutes  daily 
must  be  violent  enough  to  provoke  sweating.  When  re- 
peated attacks  have  stiffened  the  joints  and  enfeebled 
patients,  it  must  be  more  gentle.  Walking,  bicycling, 
horseback -riding  are  the  best.  These  more  gentle  means 
of  exercise  can  often  be  supplemented  with  benefit  by 
daily  or  frequent  massage.  Of  sports  golf,  wJiich  insures 
mild  exercise  for  several  hours  out-of-doors,  is  the  best. 
The  more  violent  games  are  rarely  adapted  to  the  gouty 
who  are  in  middle  life  or  have  passed  it. 

Sufficient  exercise  should  be  taken  daily,  for  the  re- 
sults thus  obtained  cannot  be  stored  up  at  one  time  for 
future  use. 

In  acute  attacks  physicians  still  resort,  as  Cullen  recom- 
mended them  to  do,  "  to  patience  and  flannels. "  Abortive 
treatment  cannot  be  recommended.  It  has  been  at- 
tempted by  strapping  tightly  the  affected  joint,  apply- 
ing ice  to  it,  administering  large  doses  of  colchicum  and 
sometimes  morphine.     Attacks  have  undoubtedly  been 


stopped  short  in  this  way,  but  very  dangerous  symptoms 
have  also  followed  the  treatment,  such  as  fainting  and 
disorders  of  the  heart.  Most  frequently  soothing  applica- 
tions are  made  to  the  diseased  joint,  such  as  chloroform 
liniment  or  menthol  (8  gni.)in  camphorated  soap  lini- 
ment (130  c.c),  or  in  an  oil  composed  of  Guaiucol  a.i  c.c, 
01.  gautheriffi,  25  c.c,  and  01.  olivse,  50  c.c.  Pomades 
with  cacao  butter  and  olive  oil  as  bases  are  often  used. 
To  them  may  be  added  morphine,  cocaine,  belladonna, 
menthol,  guaiacol,  and  other  local  anaesthetics  and  anal- 
gesics. 

After  each  local  appHcation  has  been  made  the  affected 
foot  or  joint  is  wrapped  thickly  in  flannel  to  protect  it 
from  cold  and  to  promote  local  sweating.  Rendu  ( "  Traite 
de  Therapeutique  Applique,"  1895,  Paris)  advises  wet 
bandages  which  are  gradually  made  colder  until  the  dis- 
eased part  is  accustomed  to  ice-cold  applications.  The 
cold  benumbs  the  sensibility,  lessens  pains  and  swelling, 
and  shortens  the  duration  of  the  malady.  Like  the  so- 
called  abortive  treatment  it  must  be  used  with  care. 

Blood-letting  and  blisters  are  no  longer  used  in  gout,  but 
purgatives  are.  Calomel  and  jalap  constitute  a  favorite 
prescription  of  English  physicians.  Certainly  at  the 
onset  of  an  attack  it  is  important  to  empty  the  gastro- 
intestinal tract.  A  full  dose  of  calomel  followed  in  a  few 
hours  by  a  saline  (the  liquid  citrate  of  magnesia  is  par- 
ticularly eligible)  does  much  good.  At  the  same  time  the 
patient  should  abstain  from  food  for  from  twenty -four  to 
forty-eight  hours  but  should  drink  water  freely.  When 
food  is  administered,  and  this  should  not  be  until  copi- 
ous bowel  movements  have  insured  the  emptiness  of  the 
intestines,  milk  should  be  given. 

Of  medicine  colchicum  is  chiefly  relied  upon  to  relieve 
the  acute  symptoms.  Twenty  to  twenty -five  minims  of 
the  wine  of  colchicum  root  may  be  given  three  or  four 
times  daily.  Instead  of  this  preparation  the  tincture  of 
the  seeds  of  colchicum  may  be  used.  As  soon  as  the 
sedative  effects  of  the  drug  are  obtained  it  should  be  given 
in  smaller  quantities  and  often  can  be  discontinued.  If 
used  too  long  it  will  provoke  nausea  and  excessive  diar- 
rhoea. Indeed,  a  peculiar  susceptibility  to  these  effects 
of  the  drug  makes  its  employment  impossible  in  certain 
cases.  Colchicum  probably  produces  its  good  results  by 
its  sedative  action  upon  the  nervous  and  cardio-vascular 
systems  and  by  helping  elimination  by  its  purgative 
properties. 

Next  to  colchicum  the  salicylates  are  found  useful. 
The  salicylate  of  sodium  is  most  used,  but  by  some  phy- 
sicians the  salicylate  of  lithium  is  preferred.  A  combina- 
tion of  the  salicylate  of  sodium  and  bromide  of  lithium 
has  proved  useful  to  my  patients.  The  salicylates  are 
less  certain  in  their  effect  than  colchicum,  but  especially 
useful  after  colchicum  is  discontinued  and  in  prolonged 
subacute  attacks. 

Alkalies  are  also  used  commonly.  The  best  are  the 
potassium  and  lithium  salts.  They  are  usually  combined 
with  colchicum  or  the  salicylates.  Originally  they  were 
given  to  hasten  the  elimination  of  uric  acid  by  making 
soluble  salts  of  it.  Numerous  other  drugs  in  recent  years 
have  been  tried  for  the  same  purpose,  such  as  piperazin, 
lycetol,  and  lysidin.  The  doubt  which  prevails  to-day 
in  the  minds  of  pathologists  in  regard  to  the  pathogenic 
properties  of  uric  acid  makes  their  employment  theoreti- 
cally less  urgent.  Lithium  has  been  shown  to  be  useless 
so  far  as  increasing  the  solubility  of  urates  in  the  blood  is 
concerned,  for  when  administered  by  the  mouth  it  forms 
insoluble  compounds  in  the  stomach  and  does  not  unite 
with  the  uric  acid.  However,  I  am  convinced  that 
lithium  salts  are  beneficial  in  the  indigestion  of  the  gouty, 
probably  because  they  unite  with  constituents  of  the 
contents  of  the  stomach,  lessen  their  acidity  and  toxicity. 

Giiaiac  is  another  remedy  which  is  often  employed  in 
gout  with  benefit.  Its  mode  of  action  cannot  be  satisfac- 
torily explained.  It  proves  most  useful  in  subacute  or 
mild  acute  cases. 

Chronic  gout  must  be  treated  hygienically  for  the  most 
part  and  acute  exacerbations  must  be  treated  as  acute 
gout  is.     The  salicylates  and  alkalies  are  especially  use- 
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ful  in  these  cases.  Piperazin  and  similar  drugs  have 
been  much  used  of  late  years  to  dissolve  tophi.  The 
clinical  results  of  their  employment  as  they  are  described 
in  periodical  literature  are  conflicting.  It  and  lysidin 
are  also  credited  with  the  relief  of  pain.  Massage  can  be 
employed  in  chronic  gout,  and  often  after  acute  attacks, 
■with  benefit.  It  must,  however,  be  applied  with  gentle- 
ness. It  helps  to  reduce  swelling,  to  make  the  joints 
more  supple,  and  to  strengthen  the  unused  muscles. 
When  joints  are  permanently  deformed  it  is  necessary 
by  massage,  electricity,  and  hydrotherapy  to  keep  the 
atrophying  muscles  strong,  in  order  that  as  much  useful- 
ness as  possible  may  be  preserved  to  the  diseased  part. 

Little  can  be  done  to  remove  uratic  deposits.  Most 
attempts  by  local  treatment  are  found  to  be  more  harm- 
ful than  useful.  Surgical  interference  is  not  to  be 
recommended  unless  suppuration  occurs  near  them  (and 
it  is  a  rare  complication,  not  a  part  of  the  disease)  or 
sloughing  of  the  skin  over  them  takes  place ;  then  the  pus 
should  be  evacuated  and  any  exposed  urates  scraped  out 
and  the  wound  treated  as  any  other  sluggish  and  infected 
wound  would  be. 

A  residence  in  a  mild  genial  climate  where  an  outdoor 
life  can  be  had  continuously  is  of  great  advantage  in 
checking  the  progress  of  this  ailment. 

Often  diet  must  be  still  further  modified  because  of 
arteriosclerosis  or  contracted  kidney  and  albuminuria.  It 
must  then  he  made  even  simpler.  Red  meats  should  not 
be  used  or,  if  at  all,  rarely.  Indigestion  and  constipation 
must  be  carefully  corrected  or  guarded  against.  Great 
pains  must  be  taken  to  prevent  fermentation  in  the  gastro- 
intestinal tract. 

The  iodides  are  frequently  needed  to  lessen  arterial 
tension.  They  may  have  to  be  given  for  weeks  at  a  time. 
Potassium  iodide  is  chiefly  used,  but  Bouchard  and  Dyce 
Duckwoi'th  recommend  the  iodide  of  lithium.  Nitro- 
glycerin is  sometimes  needed  for  its  temporary  but  more 
pronounced  efliects  upon  the  arteries. 

In  irregular  gout  chief  reliance  must  be  placed  upon 
hygienic  treatment.  Various  symptoms  of  the  malady 
may  for  a  time  need  medical  treatment  addressed  to  meet 
them.  For  instance,  in  the  eczema  of  the  gouty  local 
applications  are  of  benefit ;  but  an  abstemious,  carefully 
regulated  diet,  the  copious  drinking  of  water,  the  main- 
tenance of  good  elimination  by  the  bowels,  kidneys,  and 
skin,  and  suitable  exercise,  are  essential  to  success. 

For  the  headaches  and  neuralgias  much  can  be  done 
with  the  compounds  of  salicylic  acid,  phenacetin,  anti- 
febrm,  and  similar  drugs,  but  the  relief  is  imperfect  or 
transitory  unless  a  suitable  regimen  is  prescribed  and 
maintained.  Hemicrania  can  frequently  be  averted,  when 
the  temporal  arteries  begin  to  be  tense  and  twinges  of 
pain  give  warning  of  an  attack,  by  a  full  dose  of  citrate 
of  magnesia. 

Often  sucli  patients  must  change  their  business  in  order 
to  obtain  permanent  relief,  thereby  avoiding  the  anxiety 
and  confinement  which  a  commercial  or  professional  life 
necessitates.  iV.  S.  Bams,  Jr. 


GOWERS'  TOXIC  PARAPLEGIA. 

Diseases :  Combined  Scleroses. 


See  Spinal   Cord 


GRAMINE/E.— (The  GrassFamily.)  This  isdoubtless, 
all  things  considered,  the  most  important  family  of  plants. 
The  bamboos  contribute  most  important  building  and 
structm-al  material  in  the  tropics,  as  well  as  considerable 
fibre  material,  which  latter  is  also  contributed  by  many 
other  grasses.  The  uses  of  straw  in  this  connection  are 
too  well  known  to  require  description.  The  grasses 
contribute  by  far  the  most  important  stock  fodders,  while 
the  cereals  constitute  the  most  important  part  of  human 
food  and  the  principal  source  of  alcoholic  beverages  and 
of  alcohol  itself.  The  sugar-cane,  as  well  as  sorghum 
is  a  grass.  An  important  fixed  oil  is  obtained  from  In- 
dian corn,  which  is  also  the  chief  source  of  glucose,  and 
the  importance  of  the  starch  yielded  by  it,  as  well  as  of 
those  obtained  from  wheat,  rye,  rice,  and  barley,  is  appar- 
ent.    Several  important  volatile  oils  are  yielded  isy  species 
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of  Andropogon.  With  one  or  two  unimportant  exceptions, 
poisonous  properties  are  unknown  in  the  family.  Very 
few  of  the  species  are  of  distinct  medicinal  use,  though 
Triticum  is  olficial,  and  ergot  proceeds  indirectly  from 
rye.  Henry  H.  Busby. 

GRANATUM.     See  Pomegranate. 

GRAND  HAVEN  MINERAL  SPRING— Ottawa  County, 

Michigan. 

Post-Oppice, — Grand  Haven.  This  is  the  terminal 
station,  on  Lake  Michigan,  of  the  Detroit,  Grand  Haven 
and  Milwaukee  Railroad.  It  can  also  be  reached  from 
Chicago  by  lake  steamer.  The  location  is  a  cool  and 
pleasant  place  in  summer,  and  excellent  opportunities 
are  afliorded  for  surf  bathing  in  the  lake.  According  to 
an  analysis  by  C.  G.  Wheeler,  the  water  is  composed  as 
follows: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carbonate 2.09 

Potassium  carbonate 2.74 

Calcium  carbonate 2.01 

Maguesium  carbonate 1.52 

Iron  carbonate 08 

Sodium  sulphate 71.29 

Sodium  cbloride 306.03 

Potassium  chloride 1.93 

Calcium  chloride 148.05 

Magnesium  chloride 71.53 

Magnesium  iodide 05 

Magnesium  bromide 17 

Calcium  fluoride 05 

Alumina 30 

Silica 1.05 

Total 608.89 

This  water  contains  sufficient  sulphate  of  sodium  to  give 
it  great  efficacy  in  cases  of  engorgement  of  the  liver,  ab- 
dominal plethora,  and  dyspepsia  associated  with  these 
conditions.  James  K.  Crook. 

GRANULATION  TISSUE.— Definition.— In  crushing 
injuries,  wounds  involving  the  loss  of  considerable  tissue, 
neglected  wounds  or  those  infected  with  pathogenic  bac- 
teria, or  in  wounds  in  which  close  coaptation  by  sutures 
is  impossible,  the  healing  process  takes  place  by  secondary 
intention,  or,  it  is  said,  healing  occurs  by  granulation. 
The  origin  of  the  latter  expression  is  traceable  to  the 
appearance  in  such  injured  parts  of  minute  pink  or  rosy 
elevations,  the  granulations;  such  surfaces  are  said  to 
be  granulating  and  the  tissue  forming  the  tiny  nodules, 
as  well  as  that  below  and  about  them,  is  granulation 
tissue.  Granulations  are  peculiarly  limited  to  exposed 
situations ;  similar  processes  of  healing  upon  other  sur- 
faces, such  as  the  intestinal  canal  and  serous  membranes, 
are  very  rarely  if  ever  marked  by  elevations  comparable 
to  the  granulations  of  healing  wounds.  This  term  con- 
sequently had  its  birth  in  the  outward  objective  features 
of  heahng  injuries  of  various  sorts  as  well  as  locations. 
Granulations  are  described,  in  the  older  works  of  sur- 
gery and  pathology,  as  arising  from  the  sectioned  ends 
of  bones,  m  abscesses  undergoing  "self-purification," 
chronic  ulcers,  fistulous  openings,  etc.  The  essential 
requisite  seems  to  have  been  that  they  should  occur 
either  where  they  would  be  plainly  visible  or  easily  de- 
monstrable or  m  such  hidden  locations  where  previous 
experience  had  proven  their  development.  Necessarily 
this  conception  of  granulation  tissue  was  from  the  clini- 
cal viewpoint  almost  exclusively. 

With  the  fuller  knowledge  of  the  process  of  inflamma- 
tion and  especially  of  the  regenerative  changes  connected 
with  resolution,  the  designation  granulation  tissue  has 
invaded  topics  of  a  more  general  character  than  those 
connected  simply  with  surgical  pathology.  This  ten- 
dency IS,  without  doubt,  due  to  the  selection,  by  writers, 
of  wound  healing  by  secondary  intention,  as  the  type 
of  regeneration  or  resolution  in  the  inflammatory  process; 

oriss  i^^n  "''  "'""''''■  "^'^"^'^^  '°  resolution  have  more 
or  less  in  common,  no  matter  what  the  location  is      The 
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CrOivers'  Paraplegia. 
Granulation  Tissue. 


term  granulation  tissue  has,  therefore,  hy  degrees  ac- 
quired the  significance  of  embryonal  tissue.  From  this 
pathological  conception,  the  chronic  processes  of  inflam- 
mation, tuberculosis,  syphilis,  actinomycosis,  leprosy, 
etc.,  in  which  proliferative  changes  predominate,  acquii-ed 
the  group-name  granulomata.  There  may  be  no  granu- 
lations in  the  surgical  sense  in  a  gumma  or  actinomycotic 
growth,  yet  they  are  commonly  described  as  made  up  of 
granulation  tissue.  The  analogy  between  the  granulation 
tissue  of  a  healing  wound  and  a  deeply  seated  chronic 
Inflammation  such  as  a  gumma  of  the  liver  or  testicle,  is 
a  histologic  one;  the  former  possesses  perceptible  granu- 
lations, the  latter  a  structure  similar  to  such  delicate  and 
sometimes  barely  visible  excrescences.  Granulations  do 
not,  as  a  rule,  develop  in  the  granulomata,  but  they  are 
obvious  characteristics  of  all  sorts  of  wounds. 

That  consideration  of  gi-anulation  tissue  which  main- 
tains its  parity  to  embryonal  tissue  and  its  inflammatory 
origin  belongs  to  the  general  subject  of  inflammation  (see 
Inflammation),  whereas  the  following  description  deals 
solely  with  granulation  tissue  as  it  is  met  with  clinically, 
with  the  structures  that  gained  the  name  primarily. 

Hbaltht  Granulations.  —  The  surface  of  open 
wounds  after  a  few  hours  becomes  covered  over  with  a 
delicate  pellucid,  gray  or  whitish  layer  which  slowly 
becomes  thicker  and  finally  resembles  the  buffy  coat. 
Its  formation  takes  place  after  the  cessation  of  hemor- 
rhage, although  some  clear  or  slightly  blood-tinged  fluid 
may  ooze  from  spots  on  its  surface  or  from  the  edges  for 
some  time.  Exposure  to  the  drying  influences  of  the  air 
causes  this  exudate  to  change  into  a  compact,  rather  brittle 
crust  that  effectually  protects  the  underlying  tissue ;  it  is 
often  some  shade  of  brown  from  the  admixture  of  blood. 
The  protection  of  wounds  by  dressings  may  lessen  the  for- 
mation of  a  crust  and  the  fibrinous  coating  may  remain 
thin  and  translucent.  For  a  number  of  days  there  may 
be  no  change  in  the  appearance  of  such  defensive  vest- 
ures. After  a  variable  length  of  time,  depending  upon 
the  anatomical  location,  the  variety  of  tissue,  the  indi- 
vidual's age,  and  other  factors,  granulations  arise.  It  is 
usually  a  number  of  days,  from  four  to  ten,  before  they 
attain  macroscopic  proportions. 

When  it  was  regarded  as  good  surgical  treatment  to 
approximate  the  edges  of  the  flaps  with  strips  of  adhe- 
sive, after  amputation  of  an  extremity,  it  was  observed 
that  granulations  appeared  earliest  on  the  vascular  soft 
parts  and  sooner  on  the  sectioned  cancellous  than  com- 
pact bone.  If,  after  a  certain  period  of  repose,  the  dried 
blood  clot  of  the  exposed  wound  or  the  dressing  of  the 
more  carefully  protected  wound  be  removed,  minute 
pink  points  will  be  visible  upon  the  paler  tissue  around. 
They  mark  the  site  of  future  granulations,  whose  devel- 
opment is  easily  followed  by  examination  at  intervals. 
The  pink  spots  deepen  in  hue  and  others  appear;  they 
enlarge  to  blotches  that  have  a  bright  ruddy  aspect,  and 
become  elevated  as  small  globular  tuberosities.  In  sensu 
strictu,  this  is  granulation  tissue. 

These  small  eminences  vary  in  size  and  give  the  sur- 
face a  decided  granular  appearance;  they  level  the 
smaller  irregularities  of  rough  and  lacerated  injuries. 
The  tissue  that  forms  them  is  common  to  all  chronic  in- 
flammations ;  it  is  embryonal  tissue  in  process  of  cicatrix 
production.  The  elevations  containing  loops  of  newly 
proliferated  blood-vessels  have  been  explained  by  Ham- 
ilton upon  the  basis  of  lessened  pressure ;  in  this  manner 
he  would  account  for  their  absence  in  deeply  seated  mor- 
bid conditions.  It  is  doubtful  if  altered  conditions  of 
pressure  are  the  only  agencies  influencing  their  develop- 
ment. 

Perfectly  healthy  granulations  may  vary  in  height  and 
form,  they  may  possess  flat  or  rounded  tops  and  a  uni- 
formity or  irregularity  in  size  may  be  observed.  Double 
or  compound  granulations  are  described.  Their  consist- 
ence varies  within  narrow  limits;  possessed  of  broad 
bases  these  warty  growths  give  the  impression  of  firmly 
interwoven  tissue  with  soft  but  not  fluid  contents.  On 
removal  of  the  covering  exudate  by  gentle  washing,  a 
clean,  moist  or  glazed  surface,  translucent  and  devoid  of 


visible  vessels  is  exposed.  Although  there  is  no  distinc- 
tive color  to  healthy  granulations,  the  more  livid  hues 
bespeak  poor  circulatory  conditions.  A  faint  pellicle 
with  bluish  zones  that  merge  into  the  white  of  the  adja- 
cent skin  marks  the  healing  margins  from  which  epitheli- 
zation  has  already  begun.  Healthy  granulations  are  ex- 
tremely sensitive  if  they  arise  in  tissues  well  supplied 
with  nerves ;  others  from  such  structures  as  compact 
bone  and  tendons  have  no  sensibility.  When  situated 
on  a  flat  surface  they  seldom  rise  much  above  the  level 
of  the  adjacent  skin.  The  cells  composing  granulation 
tissue  are  those  peculiar  to  chronic  inflammation;  how- 


Fio.  3347.— Injected  Blood-Vessels  in  the  Granulation  Tissue  from  an 
Experimental  Injury  ol  the  Tongue  of  a  Dog.  The  arteries  have  a 
greater  tortuosity.    Six  days  after  injury.     (Modifled  from  Thoma.) 

ever,  in  the  average  granulating  wound  there  are  proba- 
bly a  greater  variety  than  in  the  usual  deeply  seated 
chronic  inflammation.  Our  knowledge  of  the  histology 
and  histogenesis  of  the  healing  process  is  in  the  main  de- 
rived from  experimental  work  upon  animals,  neverthe- 
less it  is  generally  accepted  that  healthy  human  granu- 
lations may  contain  all  varieties  of  leucocytes  and  all 
forms  of  fibre-prodticing  cells ;  also  red  blood  corpuscles, 
phagocytes,  giant  cells,  budding  blood-vessels,  fibrin, 
bacteria,  and  an  intercellular  substance  of  altered  fluid 
from  the  blood  and  lymph  vessels. 

Pathological  Granulations. — The  extent  to  which, 
in  a  specific  example,  the  exudative  and  retrogressive  or 
degenerative  changes  exceed  those  of  proliferation,  de- 
pends upon  many  factors;  chief  among  these  are  the 
stage  of  healing  and  the  initial  cause.  It  has  long  been 
recognized  by  surgeons  that  variations  may  occur  in  the 
general  mode  of  healing,  deviations  from  the  normal  that 
permit  the  use  of  such  a  pleonastic  expression  as  patho- 
logical granulations.  The  luxuriant  or  exuberant  gran- 
ulations have  been  known  by  the  laity  immemorially  as 
"  proud  flesh  "  and  as  altogether  undesirable  in  a  healing 
wound.  The  torpid  or  languid  granulations  and  the 
spongy  or  fungous  forms  may  so  delay  healing  that  there 
is  an  easy  transition  from  granulation  tissue  to  ulcers. 
Illcers  consist  of  granulation  tissue  when  the  macroscopic 
evidences  of  proliferation  attain  the  degree  of  distinct 
granulations ;  other  ulcers,  the  seat  of  extensive  necrosis 
and  exudation,  may  not  possess  any  proliferating  tissue; 
such  ulcers  are  not  granulating.  Over  forty  years  ago 
Paget  made  the  statement  that  "  all  the  varieties  in  the 
aspect  of  granulating  wounds  and  sores,  which  the  prac- 
tised eye  can  recognize  as  signs  of  deflection  from  the 
right  way  to  healing,  are  so  many  instances  of  different 
diseases  of  the  granulation  substance,  diseases  not  enough 
investigated,  though  of  much  interest  in  the  study  of 
both  the  healing  process  and  the  organization  of  new 
products  in  inflammation. " 

This  complaint  finds  an  echo  in  the  claim  made  by 
Reinbach,  who,  in  an  article  recently  pubhshed,  states 
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that  lie  was  unable  to  find  in  the  literature  at  his  com- 
mand a  single  instance  of  researches  of  this  character, 
and  he  adds  that  Ziegler  also  knew  of  none.  Reinbacli 
prefers  to  abandon  tlie  older  nomenclature  comprising 
such  terms  as  fungous,  spongy,  crethistic,  croupous,  etc., 
for  the  general  term  pathological  granulations. 

Of  these  he  recognizes  two  forms  with  several  subor- 
dinate types:    (1)  The  luxuriant  superficial  granulation, 


Fig.  smb.— Organizing  Granulation  Tissue.  The  left  edge  repre- 
sents the  deeper  part.  The  round  cells  are  both  mono-  and  poly- 
morphonuclear leucocytes.  There  are  many  spindle-shaped  flhro- 
blasts.    (Modified  from  Ribbert.) 

that  is  usually  "self-purifying"  and  characteristic  of 
acute  processes,  and  (2)  the  superficial  chronic  granula- 
tion. The  strictly  torpid  granulations  he  classifies  with 
ulcers  on  account  of  the  absence  of  formative  tissue.  As 
for  the  first  form  they  are  marked  by  the  histologic  feat- 
ures that  belong  to  the  process  of  suppuration  (see  In- 
flammation). Quantities  of  bacteria  occur — generally 
cocci  that  show  no  special  arrangement — and  at  different 
levels  the  changes  indicative  of  miliary  or  microscopic 
abscesses.  Leucocytes  swarm  within  such  granulations, 
and  among  them  eosinophiles  and  mononuclear  leuco- 
cytes are  numerous.  The  capillary  loops  of  the  outer 
zones  suffer  some  necrosis.  In  spite  of  the  exudative 
and  destructive  changes  karyokinetic  figures  are  numer- 
ous in  the  deeper  portions  in  fibroblasts  and  endothelial 
cells,  and  the  fibroblasts  produce  fibres  and  become  con- 
nected in  the  usual  way. 

As  examples  of  superficial  chronic  granulations.  Rein- 
bach  mentions  both  the  torpid  granulations,  which,  how- 
ever, show  some  signs  of  growth,  and  those  covered  with 
mottled  and  white  patches  caused  by  necrosis  of  the  out- 
ermost parts.  The  first  of  these  subdivisions,  although 
very  slow  to  heal,  nevertheless  contain  vertical  bands  of 
fibre-forming  cells.  They  often  follow  burns  and  consti- 
tute virtually  lesions  intermediate  between  granulation 
tissue  and  real  ulcers.  The  second  variety,  covered  by  a 
fibrinous  exudate  in  spots  and  by  necrotic  tissue  was 
described  by  Billroth  as  "croup  of  the  granulations  " 
Surgeons  on  meeting  with  these  hindrances  to  the  normal 
course  of  healing  are  inclined  to  suspect  wound  diph- 
theria, i.e.,  a  true  infection  with  the  bacillus  of  diph- 
theria. However,  such  areas  of  necrosis  supei-ficially 
located  upon  otherwise  healthy  granulations  may  be 
caused  by  other  non-pyogenic  bacteria,  for  example  the 
Bacillus  coll. 

The  fibrin  upon  these  diseased  granulations,  commonly 
limited  to  the  periphery,  may  extend  to  considerable 
depths ;  when  the  spots  clinically  are  dark  yellow  and 
brown,  the  necrosis  may  be  accompanied  by  practicalh- 
no  inflammatory  changes. 

A  careful  review  of  the  work  of  Reinbach  demonstrates 
quite  clearly  that  the  interferences  with  the  process  of 
cicatrization  in  granulation  tissue  are  due  to  the  precipi- 
tation of  fibrin  either  as  a  covering  or  among  the  cells 
to  simple  necrosis,  or  to  that  form  of  necrosis  which  witli 
serous  exudation  or  liquefaction  is  generally  known  as 
suppuration.  His  work  is  based  upon  the  careful  histo- 
logic examination  of  tissue  removed  from  many  condi- 
tions that  were  associated  with  granulating  surfaces. 
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There  is  urgent  need  of  equally  thorough  bacteriologic 
examination  of  such  diseased  human  granulation  tissue, 
especially  researches  that  would  include  the  use  of  ani- 
mals. 

There  is  yet  another  fact  that  prevents  normal  cicatri- 
zation, and  that  is  obstruction  to  the  blood  supply  of  the 
growing  tissue.  The  obstruction  is  only  partial,  and 
witliout  doubt  in  many  instances  is  attributable  to  an 
arterial  supply  that  is  inadequate  in  the  number  of  ves- 
sels or  their  total  calibre.  In  other  cases  the  action  of 
morbid  conditions  more  centrally  located  or  dependency 
of  the  part  leads  to  ineflScient  supply  of  blood.  That  an 
cedema  of  granulation  tissue  may  occur  is  well  known ; 
doubtless  a  deficiency  in  quality  or  quantity  of  nourish- 
ment is  responsible  for  the  occasional  total  failure  of 
resolution.  Briefly,  granulation  tissue  may  be  the  seat 
of  extensive  necrosis,  cedema,  and  suppurative  or  fibrin- 
ous inflammations  as  well  as  combinations  of  these  proc- 
esses. Other  pathological  conditions,  such  as  hemor- 
rhage and  the  various  cellular  degenerations,  may  arise, 
but  generally  only  as  minor  and  Incidental  changes. 
The  causes  of  pathological  granulations  often  are  to  be 
sought  in  the  character  of  the  primary  lesion,  rather  than 
iQ  secondary  infection  or  the  injury  of  healthy  granula- 
tions. Infection  at  the  time  of  injury  is  frequently  re- 
sponsible for  subsequent  difficulties  in  healing. 

The  Protective  Qxjalitibs  of  Granulation  Tis- 
sue,— It  is  well  known  that  granulations  bleed  readily; 
slight  trauma  of  any  sort  disturbs  the  unorganized  tissue 
and  lacerates  the  embryonal  and  sprouting  capillaries. 
As  for  infection,  many  experiments  have  proven  that  in 
this  respect  granulation  tissue  constitutes  a  serviceable 
barrier.  One  of  these  was  the  now  classical  experiment 
of  Billroth.  He  ascertained  that  no  ill  effects  followed 
daily  dressing  of  healthy  and  experimentally  produced 
granulations  of  a  dog's  back  with  lint  saturated  with 
pus,  whereas  inoculating  such  animals  with  the  same 
material  caused  death.  This  simple  test  was  many  years 
later  followed  by  the  extensive  experimental  study  of 
Afanassieff,  who  in  a  more  scientific  manner  and  by  exact 
bacteriologic  technique  verified  the  results  of  Billroth. 

Granulations  were  produced  upon  many  animals  of 
different  species,  and  upon  them  virulent  cultures  of  such 
bacteria  as  the  bacillus  of  anthrax  and  the  vibrio  Metsch- 
uikoyi  were  carefully  smeared  with  a  thick  platinum 
needle.  The  serum  exuding  from  granulations  so  treated 
was  examined  from  time  to  time,  stained  preparations 
and  media  inoculations  being  made  also ;   the  virulence 


pho^TSuf ''^?hev^'„°,?''^'="°°  Of  Round  Cells  or  So-called  Lym- 
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kXd  inoVpvt^''  ^^f  .^'^.^'^  out,  and  animals  were 
curred  Amnlp  f ''f 'f  ° '^  general  infection  had  oc 
cuiied.      Ample  control  experiments  were  employed 
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He  found  that  bacteria  placed  upon  healthy  granulations 
of  animals  did  not  penetrate,  nor  did  general  infection 
result,  Inoculations  made  with  recovered  growths  of 
the  bacteria  denoted  an  attenuation  in  virulence  by  the  so- 
journ upon  granulation  tissue.  Afanassieif  was  strongly 
inclined  to  look  upon  the  protection  afforded  by  the 
granulation  tissue  in  the  light  of  a  vaccination.  "Such 
an  explanation,  however,  is  controverted  by  two  facts. 
One  of  these  is  that  local  reactions  in  the  granulation  tis- 
sue were  not  observed  with  sufficient  regularity  in  all 
animals  to  be  in  accord  with  the  production  of  a  bacterial 
immunity.  Another  fact  is  that  Noetzcl  has  repeated 
many  of  the  experiments  of  Afanassieff  and  found  that 
after  bacteria  were  kept  in  contact  with  granulating 
wounds  for  many  days  the  animals  did  not  acquire  any 
immunity. 

It  must  be  remembered  that  in  granulation  tissue  me- 
chanical obstacles  exist  to  infection,  such  as  the  outward 
current  of  fluid  from  the  vessels  and  the  exceedingly  slow 
circulation.  Phagocytosis  undoubtedly  plays  some  part, 
although  it  may  be  that  the  ingested  bacteria  are  no 
longer  viable  at  the  time  of  their  incorporation.  The 
extracellular  destruction  of  the  bacteria  by  the  fluids 
present  in  granulation  tissue  (Afanassieff)  or  by  enzymes, 
belongs  to  fundamental  problems  of  immunity  (see  Im- 
mvnity). 
_  One  cannot  overlook  the  fact  that  when  granulation 
tissue  has  formed,  a  defensive  mechanism  has  been 
produced  and  its  production  is  in  response  to  exter- 
nal injury.  But  granulation  tissue  usually  contains 
bacteria ;  especially  frequent  are  the  ordinarj^  pyogenic 
forms. 

Although  resistant  to  bacterial  infection,  granulating 
wounds  allow  of  the  ready  absorption  of  manj'  soluble 
substances.  Roux,  Bonnet,  Demarquay,  Gorny,  Maas, 
and  Hack,  and  many  others,  have  made  experiments  re- 
garding this.  Not  all  substances  are  absorbed  with 
equal  facility.  The  concentration  of  the  solution,  its 
chemical  composition,  the  size  of  the  granulating  sur- 
face, and  the  character  of  the  injury  producing  it,  as 
well  as  the  time  contact  is  allowed,  all  influence  the 
absorption.  Granulating  surfaces  following  burns  and 
caustics  are  not  so  permeable  as  some  others ;  absorption 
is  more  rapid  from  some  healing  wounds  than  from 
freshly  cut  surfaces.  Apomorphine  and  curare  are  not 
readily  absorbed,  but  carbolic  acid  diffuses  with  great 
facility.  Various  alkaloids  such  as  strychnine,  morphine, 
pilocarpine,  cocaine,  etc.,  have  been  used,  and  carmine, 
sodium  sulpho-indigotate,  iodoform,  potassium  iodide, 
sodium  salicylate,  as  well  as  many  other  substances. 
Hack  recovered  ferrocyanide  of  potassium  from  the  urine 
ten  minutes  after  its  application  to  a  granulating  surface, 
and  Maas  was  able  by  spraying  abscess  cavities  with  a 
camphor  solution,  in  a  patient  with  vertebral  caries  and 
pyaemia,  to  sustain  the  heart  action  sufficiently  to  allow 
operation.  These  and  many  other  interesting  and  curi- 
ous facts  have  been  discovered  about  this  phase  of  gran- 
ulation tissue. 

CiCATKizATiON. — AVlth  healing  of  wounds  by  granula- 
tion a  scar  is  formed  that  becomes  paler  as  contraction 
takes  place.  Resolution  in  this  form  of  inflammation  is 
not  marked  by  any  peculiarities  that  distinguish  it  from 
cicatrization  elsewhere.  It  is,  however,  customary  to 
refer  in  this  connection  to  the  very  deforming  contrac- 
tions that  sometimes  follow  burns,  but  it  is  the  location 
of  the  cicatrix  rather  than  any  special  properties  it  pos 
sesses  that  marks  it  as  singular.  The  loose  subcutaneous 
adipose  and  areolar  tissues  allow  scars  to  produce  disfig- 
urements that  excite  special  interest  on  account  of  their 
exteriority.  Similar  malformations  may  occur  in  less 
exposed  locations  that  are  fully  as  interesting  and  as  re- 
markable—for instance,  the  acquired  dextrocardia  and 
lesser  dislocations  of  the  heart  that  follow  indurative 
processes  of  the  neighboring  viscera.  They  constitute 
excellent  examples  of  the  partial  failure  of  inflammation 
as  an  adaptive  process.  The  development  of  keloids  in 
scars  might  be  cited  as  another  instance  in  which  abnor- 
mal resolution  builds  a  growth,  which,  to  the  surgeon  at 


least,  must  ever  serve  as  a  striking  illustration  of  the 
failure  of  inflammation  as  an  adaptive  process.  In  con- 
trast to  these  irregularities  in  resolution  and  fully  as 
interesting  is  the  failure  of  granulation  tissue  to  organize 
about  certain  fistulous  passages  and  their  openings  that 
lead  to  foreign  bodies,  necrotic  tissue,  etc.  These  are  the 
so-called  "sequestrum  granulations."  The  failure  of 
cicatrization  in  these  cases  seems  to  indicate  a  better 
adaptal,ii)n  of  the  process  of  inflammation,  as  it  occurs 
in  granulation  tissue,  to  meet  the  requirements. 

E.  R.  Le  Count. 
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GRAPE. — (Including  Baisin,  or  Uva  Passu.)  The 
genus  Viiis  Tourn.  (fam.  Vitaoem)  comprises  about  thirty 
species  of  Vine,  a  number  of  which,  either  in  their  im- 
proved forms,  or  as  hybrids,  contribute  our  grapes.  The 
young  leaves,  tendrils,  and  green  fruit  of  the  vine  are 
sour  and  astringent,  containing  tartaric,  malic,  and  other 
fruit  acids  or  their  salts;  tannic  acid,  quercetin,  quercitrin, 
etc.,  sugar,  gum,  and  several  earthy  and  alkaline  bases. 
They  are  more  or  less  employed  in  Europe  in  the  form 
of  "  teas  "  or  syrups  as  domestic  remedies.  The  juice  of 
one  particularly  sour  variety  expressed  from  the  green 
fruit,  and  known  as  verjus,  is  used  to  make  a  flavoring 
and  refreshing  syrup.  The  sap  of  the  stems  has  also 
been  employed.  Ripe  grapes,  and  especially  raisins,  are 
much  sweeter,  containing  from  ten  to  forty  per  cent,  of 
sugars  {dextrose,  levulose,  inosite)  besides  the  acids,  salts, 
etc.,  above  mentioned.  Still  these  are  more  or  less  em- 
ployed for  the  same  purposes  as  the  herbage.  Their 
medicinal  virtues  are  very  unimportant. 

From  the  ripe  fruit  of  the  European  Vine,  Yitis  mni- 
fera  L.,  raisins,  and  from  one  of  its  varieties  the  Greek, 
Zante  or  English  "  currants  "  are  made  merely  by  careful 
drying.  Raisins  are  slightly  laxative,  like  figs  and  other 
dried  sweet  fruits,  and  they  have  a  peculiar  power  in 
imparting  flavor.  Henry  H.  Rusby. 

GRASSE,  FRANCE,  a  town  of  15,000  inhabitants,  is 
eleven  miles  north  of  Cannes,  from  which  it  is  reached 
by  railway  in  forty  minutes,  and  also  by  direct  railway 
from  Nice.  This  resort  of  the  Riviera  was  brought 
especially  to  public  notice  by  the  visit  of  the  Queen  of 
England  in  the  spring  of  1891.  It  is  very  picturesquely 
situated,  high  above  the  hillsides,  and  is  well  sheltered 
from  the  cold  winds  on  the  north.  It  has  an  elevation 
of  1,070  feet,  and  possesses  a  very  mild  and  salubrious 
climate,  essentially  the  same  as  that  of  Cannes,  with  the 
exception  that  it  is  less  stimulating  than  a  resort  directly 
upon  the  seashore. 

The  temperature  is  a  little  lower  in  winter  than  that  at 
Cannes,  on  account  of  the  elevation ;  the  mean  tempera- 
ture of  the  year  being  60.2°  and  for  the  winter  46.4°, 
while  that  at  Cannes  is  60°  and  47.75°  F.  respectively. 
"Grasse,"say  "Weber  and  Foster  (Albutt's  "System  of 
Medicine,"  1896),  "forms  a  useful  intermediate  station 
during  April  and  May  for  patients  who  find  the  heat  in 
those  months  already  too  oppressive  at  Cannes. " 

For  the  climatic  detail  one  is  referred  to  the  articles 
upon  Cannes  and  Nice.  In  brief,  Grasse  affords  a  favor- 
able winter  resort  for  invalids  unable  to  remain  near  the 
sea.  Grasse  possesses  a  luxuriant  vegetation  and  is  cele- 
brated for  the  cultivation  of  flowers  and  the  manufacture 
of  perfume,  which  is  the  most  extensive  in  France,  if  not 
in  the  world.  The  air  is  heavy  with  the  scent  of  flowers, 
which  with  some  invalids  is  said  to  produce  an  exagger- 
ated form  of  hay  fever.  Great  fields  of  orange  blossoms, 
heliotrope,  hyacinthe,  roses,  violets,  jonquils,  geranium, 
and  other  flowers  are  cultivated  about  Cannes  and  Grasse; 
60,000  acres  being  devoted  to  this  industry,  yielding  an- 
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nually  2,200,000  pounds  of  roses  and  4,000,000  pounds  of 
orange  flowers. 

At  the  foot  of  the  village  are  great  plains  of  olive  trees. 
The  views  are  very  beautiful  and  extensive,  and  the  ex- 
cursions round  about  are  many  and  attractive.  The 
town  itself  is  not  ]Mrticularly  attractive,  but  this  is  com- 
pensated for  by  its  picturesque  situation  and  beautiful 
views. 

The  water  supply  is  good,  but  the  sanitary  condition 
was  said  by  Linn  ("  Health  Resorts  of  Europe  "),  in  1893, 
to  be  far  from  perfect.  The  accommodations  are  good 
but  apparently  limited. 

The  climate  is  said  to  be  beneficial  to  sufferers  from 
asthma,  gout,  nervous  affections,  insomnia,  neuralgia, 
and  rheumatism.  Edward  0.  Otis. 

GRAVEL.     See  Kidney  Diseases. 

GRAVES'  DISEASE.    See  the  Appendix. 

GREAT  BEAR  SPRING.— Oswego  County,  New  York. 
This  spring  is  located  near  Fulton.  It  has  been  known 
for  many  years,  having  been  used  by  the  aborigines. 
Within  the  last  few  years  the  spring  has  been  improved 
and  the  water  has  an  extensive  sale  in  Syracuse.  More 
recently  it  has  been  introduced  into  New  York  and  other 
large  cities.  The  water  is  but  feebly  mineralized,  but  it 
is  remarkably  pure,  and  its  freedom  from  organic  matter 
gives  it  excellent  qualities  for  the  table.  Its  very  small 
cost  is  an  additional  advantage.  The  following  analysis 
was  made  in  1890  by  Dr.  William  Manlius  Smith,  of 
Syracuse : 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Calcium  sulphate 0.72 

Calcium  carbonate 3.50 

Magnesium  carbonate 1.35 

Magnesium  chloride .47 

Sodium  and  potassium  carbonates Traces. 

Total 5.94 

James  K.  Crook. 

GREEN  LAWN  SPRING.  Jefferson  County,  Illinois., 
Post-Offick. — Mt.  Vernon.  Hotels  and  boarding- 
houses.  These  springs  are  located  in  the  city  of  Mt.  Ver- 
non, 76  miles  east  of  St.  Louis.  This  point  is  reached  by 
the  Louisville,  Evansville  and  St.  Louis,  by  the  Jackson- 
ville and  Southeastern,  and  by  the  Louisville  and  Nash- 
ville railroads.  The  springs  are  six  in  number,  and  are 
surrounded  by  a  park  of  about  eight  acres  in  extent  in 
the  centre  of  the  city.  Their  waters  are  discharged  from 
a  vertical  stratum  of  slate  about  eight  inches  in  width 
and  bisecting  a  horizontal  stratum  of  slate  of  between 
two  and  three  feet  in  thickness.  They  belong  to  the 
class  known  as  saline-chalybeate  waters,  eacli  spring  dif- 
fering somewhat  in  properties  from  its  fellow.  The  one 
most  used,  known  as  the  "Washington"  Spring,  contains 
the  carbonates  of  lime,  iron,  and  magnesia,  bicarbonate 
of  sodium  and  potassium,  and  chloride  of  sodium,  with 
traces  of  iodine  and  bromide.  Free  sulphurous  add  is 
present  in  considerable  quantities,  and  the  water  is  quite 
heavily  charged  with  carbonic  acid  gas.  The  tempera- 
ture of  all  the  springs,  with  one  exception,  is  about  56°  F. 
In  this  single  exceptional  case,  in  which  the  temperature 
ranges  about  10°  higher,  the  waters  are  used  for  bathing 
purposes  in  rheumatism,  with  good  results.  A  peculiar- 
ity of  the  Washington  or  main  spring  is  its  eixentric  be- 
havior, which  seldom  fails  about  the  time  of  the  autumnal 
equinox.  It  issaid  that  the  waters  always  become  turbid 
at  these  periods  and  the  same  disturbances  have  been  ob- 
served after  great  storms  or  earthquakes,  even  though 
these  events  occur  in  regions  remote  from  tlie  springs. 
The  waters  are  said  to  remain  red  with  an  excess  of  iron 
for  a  short  time  after  these  disturbances  and  then  to  be- 
come harsh  and  acrid  from  an  excess  of  alkaline  ingredi- 
ents. The  country  surrotinding  Mount  Vernon  is  about 
equally  divided  between  prairie  and  timber,  a  consider- 


able portion  of  the  latter  being  found  on  elevated  ridges. 
On  the  north  a  belt  of  timber,  about  ten  miles  in  depth, 
affords  protection  against  the  winds  of  winter  and  causes 
a  considerable  modification  of  temperature.  The  waters 
of  the  main  springs  are  very  efficacious  In  the  treatment 
of  dyspepsia,  torpid  liver,  biliousness,  and  other  disorders 
of  the  chylopoietic  organs.  James  K.  Crook. 

GREENBRIER  WHITE  SULPHUR  SPRINGS.-Green- 

brier  County,  West  Virginia. 

Post-Office.— White  Sulphur  Springs.  Hotel  and 
cottages. 

Access. — Via  main  line  of  the  Chesapeake  and  Ohio 
Railroad  direct  to  Springs.  This  celebrated  summer 
watering-place  is  located  on  the  western  slope  of  the  Ap- 
palachian Mountains,  at  an  elevation  above  tide-water  of 
more  than  2,000  feet.  The  situation  is  well  within  the 
famous  spring  region.  Within  a  radius  of  thirty  miles 
are  the  Rockbridge  Alum,  the  Hot,  the  Warni,  the  Heal- 
ing, the  Sweet,  and  other  well-known  springs,  while  the 
Natural  Bridge,  Millboro,  the  Alleghany,  and  other  re- 
sorts are  near  by.  For  many  years  past  the  Greenbrier 
White  Sulphur  Springs  have  been  regarded  as  a  repre- 
sentative summer  resort  of  the  South,  and  it  has  lost  none 
of  its  ancient  and  well-deserved  prestige  by  the  develop- 
ment of  other  springs.  As  in  ante-bellum  days,  here  will 
still  be  found  the  best  elements  of  the  social  life  of  the 
South,  with  a  generous  intermingling  of  Northern  beauty 
and  gallantry  drawn  thither  by  the  numerous  attractions 
of  the  place.  The  surrounding  scenery  typifies  the 
picturesque  beauty  and  grandeur  of  the  AUeghanies. 
The  visitor  from  the  heated  and  dusty  city  is  at  once  at- 
ti-acted  by  the  vast  lawn  of  green,  velvety  turf,  shaded 
by  noble  forest  oaks,  luxuriant  sugar  maples,  and  ven- 
erable pines.  Under  these  monarchs  of  the  forest  wild 
flowers  are  seen  in  profusion  and  in  great  variety. 
Among  the  surrounding  mountains  are  "Kate's"  and 
"Greener,"  each  a  mile  distant  and  reaching  an  altitude 
of  3,500  feet,  and  the  mountains  known  as  "  White  Rock," 
three  miles  distant,  the  summits  of  which  form  a  figure 
of  gigantic  size,  known  as  the  old  "Titan,"  which,  in 
solitary  grandeur,  keeps  guard  like  a  giant  over  the  White 
Sulphur.  What  has  been  said  of  other  Alleghany  resorts 
applies  in  full  measure  to  this.  The  mean  annual  tem- 
perature from  April  15th  to  November  15th  is  about 
63°  F.,  or  about  the  same  as  the  mean  annual  tempera- 
ture of  Naples,  Nice,  and  the  Madeira.  The  atmosphere 
is  salubrious  and  invigorating,  and  at  no  time  excessively 
warm.  The  Grand  Hotel,  with  its  one  hundred  cottages, 
gives  accommodation  to  an  immense  number  of  visitors. 
There  are  two  important  springs  here,  viz.,  the  famous 
old  "  White  Sulphur,"  and  the  "  Chalybeate."  The  Sul- 
phur Spring  yields  1.800  gallons  of  water  per  hour,  and 
this  amount  does  not  vary  even  during  the  longest  spells 
of  wet  or  dry  weather.  It  has  a  uniform  temperature  of 
60°  P.  An  analysis  by  Prof.  A.  A.  Hayes,  of  Boston, 
shows  the  following  mineral  contents: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  carbonate 7.07 

Magnesium  sulphate 3.5.43 

Calcium  sulphate 78.35 

Silicates 3.46 

Magnesium  chloride 1.00 

Organic  matter 4,3© 

Total 129.66 

Gases.  cubic  Inches. 

Carbonic  acid lilA 

Sulphureted  hydrogen 24 

Oxygen ; ; ; ; ; 4g 

Nitrogen ^^ 

Total 16.64 

This  analysis  was  made  many  years  ago  (1842),  and  a 
newer  and  further  analysis  is  desirable.  The  water  acts 
on  the  kidneys,  bowels,  liver,  and  skin.  As  a  diuretic 
its  effects  are  very  soon  apparent;  but  some  days  are 
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usually  required  before  it  produces  a  decided  action  on 
the  bowels.  Its  operation  on  tlie  liver,  ton,  may  not  be 
manifest  for  some  time,  and  when  there  is  much  slug- 
gishness of  this  organ  some  auxiliary  medication  is  re- 
quii-ed.  Its  effect  upon  the  skin  is  very  apparent,  though 
not  immediate.  The  analysis  does  not  fully  explain  an- 
other important  action  of  the  vpatcr,  an  effect  which  has 
been  attested  to  by  several  generations  of  qualified  medi- 
cal men.  This  is  its  alterative  power,  or  that  peculiar 
influence  by  which  it  effects  a  salutary  alteration  in  the 
blood,  in  the  various  secretions,  and  upon  the  numerous 
tissues  of  the  body.  No  general  directions  can  be  given 
for  the  Internal  use  of  the  water.  The  hours,  the  quan- 
tity, and  the  period  for  which  the  water  should  be  drunk 
depend  upon  the  individual  requirements  of  the  case, 
and  should  be  ascertained  by  consulting  a  physician  ex- 
perienced in  the  use  of  such  waters.  Combined  with 
the  influence  of  the  favorable  surroundings,  the  use  of 
the  water  often  proves  curative  in  obstinate  cases  of 
chronic  bronchitis,  in  hay  fever,  in  bronchial  asthma, 
and  in  nasal  catarrh.  Conjoined  with  the  use  of  the  hot 
sulphur  baths  it  is  of  decided  value  in  rheumatism  and 
gout,  and  is  an  efficacious  adjuvant  in  the  treatment  of 
tertiary  syphilis,  chronic  metallic  poisoning,  and  dar- 
trous  skin  diseases.  According  to  Dr.  Moorman,  for 
many  years  the  resident  physician,  the  water  is  contra- 
indicated  in  organic  heart  disease,  carcinoma  of  the  stom- 
ach, and  phthisis  pulmonalis.  The  water  never  proves 
beneficial  when  It  persistently  excites  the  frequency  of 
the  pulse.  The  water  used  for  bathing  flows  from  the 
sulphur  spring.  The  bathing  establishment  has  recently 
been  greatly  enlarged  and  remodelled,  and  it  is  now  be- 
lieved that  it  will  prove  in  all  respects  satisfactory  to 
those  wishing  to  avail  themselves  of  its  use. 

The  Chalybeate  Spring.  About  forty  rods  from  the 
Wliite  Sulphur  Spring  is  a  chalybeate  spring  in  which 
iron  exists  in  the  form  of  carbonates.  For  the  last  twenty 
years  this  water  has  been  considerably  used  by  a  number 
of  visitors  who  require  a  ferruginous  tonic,  and  its  effects 
have  realized  the  early  hopes  that  its  discovery  created. 
It  has  not  been  fully  analyzed.  James  K.  Crook. 

GRIN  DELIA.— California  Gum-weed.  Basin-weed. 
"  The  dried  leaves  and  flowering  tops  of  Qrindelia  robusta 
Nutt.  and  of  G.  squarrosa  Nutt.  (fam.  Gompositai)  "  (U.  S. 
P.).  These  are  large  and  coarse,  perennial,  resinous 
herbs,  of  the  far  western  and  southwestern  United  States. 
The  former  was  first  introduced,  then  the  latter,  as  pos- 
sessing different  properties.  It  being  quickly  determined 
that  the  properties  were  similar,  they  were  united  under 
one  title.  Nevertheless,  many  physicians  prefer  the  Gf. 
robusta.  It  is  much  scarcer  and  more  difficult  to  obtain, 
and  the  other  is  very  commonly  supphed,  broken  up  or 
otherwise  treated  to  make  a  distinction,  when  robusta  is 
specifically  called  for.  A  good  mark  of  distinction  is 
given  below.     The  following  is  the  official  description : 

Leaves  about  5  cm.  (2  inches)  or  less  long,  varying  from 
broadly  spatulate  or  obovate  to  lanceolate,  sessile  or 
clasping,  obtuse,  more  or  less  coarsely  and  sharply  ser- 
rate, often  spinosely  toothed  or  even  laciniate-pinnatifid, 
pale  yellowish-green  or  yellow,  very  smooth,  finely 
dotted,  resinous,  thick  and  brittle;  heads  many-flow- 
ered, the  involucres  of  many  series  of  imbricated  scales 
with  acute,  spreading  or  recurved  tips.  The  heads  of 
G.  squarrosa  are  mostly  longer  than  broad,  contracted- 
campanulate  or  conical-urceolate ;  those  of  O.  robusta 
are  broader  than  long,  depressed-urceolate.  Ray -florets 
deep-yellow,  ligulate,  pistillate;  disc -florets  yellow, 
tubular,  perfect ;  pappus  of  two  or  three  mostly  unequal 
awns,  about  as  long  as  the  disc-florets;  odor  balsamic, 
slightly  narcotic ;  taste  resinous  and  gummy,  pungently 
aromatic,  somewhat  bitter.  The  quality  is  roughly  in- 
dicated by  the  amount  of  resinous  matter  exuded  \ipon 

Resin  is  the  principal  constituent.  There  are  also  a  little 
volatile  oil,  wax,  gum  and  tannin,  together  with  a  bitter 
glucoside,  in  small  amount.  Its  uses  are  external  and 
systemic.     The  fluid  extract,  if  painted  upon  a  surface 


poisoned  by  rhus  and  similar  agents,  is  one  of  our  best 
remedies.  It  forms  a  dry  coating  which  excludes  the 
irritating  atmosphere  and  prevents  the  spread  of  the 
poisonous  fat,  probably  also  absorbing  it  into  the  resinous 
film.  It  is  of  some  similar  use  for  treating  burns  and  ' 
as  an  injection  for  urethritis  and  vesical  catarrh.  Its  in- 
ternal action,  as  a  sedative  expectorant,  is  not  so  readily 
explained.  It  is  largely  used,  by  way  of  the  stomach,  in 
chronic  and  subacute  bronchitis,  in  asthma,  and  in  whoop- 
ing-cough. It  is  mostly  given  in  the  form  of  the  official 
fluid  extract,  in  doses  of  1  to  4  c.c.  (fl.  3  i  to  i.). 

Hysterionica  or  Baylalmen,  the  herb  of  H.  Baylahuen 
(Gay)  Baill.  {Haplopappus  B.  Gay)  is  a  Chilian  drug, 
very  closely  related,  botanically,  chemically,  and  physi- 
ologically, to  grindelia.  It  contains  a  large  amount  of 
a  brown,  odorous,  somewhat  acrid  resin  and  an  essential 
oil.  It  is  considerably  used  at  home  as  an  anti-diarrhoeal 
and  anti-dysenteric,  and  was  introduced  to  Europe  and 
the  United  States  about  the  year  1890.  Repeated  trials 
showed  it  to  possess  some  value  in  ameliorating  the  diar- 
rhoea of  phthisis.  At  the  same  time,  it  was  found  to  act 
as  a  sedative  diuretic  and  not  to  produce  gastric  irrita- 
tion. The  fluid  extract  was  given  in  iri  x.  doses  every 
six  hours,  and  the  administration  prolonged.  The  drug 
has  not  come  into  general  use.  Henry  H.  Busby. 

GRIPPE,  THE.— See  Influenza. 

GROWTH. — This  article  is  divided  for  convenience 
into  four  sections;  I.  Definition  of  growth.  II.  Growth 
as  a  function  of  cells  and  tissues.  III.  Human  growth 
statistically  considered.  IV.  The  laws  of  mammalian 
growth. 

I.  Definition  of  Growth. — Definitions  of  growth  are 
almost  as  numerous  and  various  as  the  writers  on  the 
subject.  Among  these  we  may  distinguish  two  princi- 
pal points  of  view.  According  to  one  of  these,  growth 
is  defined  as  increase  of  size  or  volume.  From  this  point 
of  view  any  increase  of  volume  is  growth  no  matter  to 
what  cause  it  may  be  due,  and  differentiation  is  regarded 
as  an  entirely  distinct  phenomenon  which  may  or  may 
not  accompany  growth. 

From  the  other  point  of  view  the  tei'm  growth  implies 
in  a  general  way  an  increase  in  the  number  or  size,  or  in 
both,  of  the  histological  elements;  and  also,  but  more 
vaguely,  implies  that  the  elements  advance,  or  at  least 
remain" stationary  in  the  scale  of  organization.  In  other 
words,  if  the  increase  in  volume  be  due  to  developmental 
processes,  or  if  it  be  accompanied  by  progressive  differ- 
entiation, it  is  growth.  But  if,  on  the  other  hand,  in- 
crease of  volume  be  due  to  the  deposition  of  products  of 
degeneration,  as,  for  example,  fat,  it  cannot  properly  be 
regarded  as  growth.  This  definition  is  not  so  definite  as 
the  first,  which,  therefore,  should  be  preferred. 

II.  Growth  as  a  Function  op  Cells  and  Tissues. 
— It  is  evident  that  the  growth  of  an  organism  is  the 
sum  of  the  growths  of  its  tissues,  and  the  growth  of  the 
tissues  depends  on  that  of  the  cells;  hence  growth  ulti- 
mately rests  upon,  first,  the  increase  in  size  of  single 
cells,  and,  second,  the  multiplication  of  cells.  Owing  to 
their  peculiar  mode  of  growth,  the  plants  afford  the  best 
material  for  the  study  of  the  process  in  its  simplest  form. 
At  the  tip  of  each  stem  or  rootlet  there  is  a  mass  of  cells 
in  an  embryonic  condition,  and  during  rapid  growth 
these  cells  undergo  frequent  cell  division.  There  is  at 
the  extreme  tip  a  cell  or  a  group  of  cells  that  always 
divide  by  a  transverse  partition  into  a  distal  and  a  prox- 
imal daughter  cell  or  cells.  The  daughter  cell  at  the  tip, 
the  distal  one,  remains  in  an  embryonic  condition  and 
divides  again  in  the  same  manner.  In  this  way  the 
proximal  daughter  cell  becomes  separated  from  the  tip 
by  the  successive  divisions  of  the  apical  cell  or  group  of 
cells.  If  we  follow  one  of  the  proximal  cells  through 
its  life  history,  we  shall  see  that  it  at  first  divides  repeat- 
edly, forming  a  group  of  small  cells  with  dense  proto- 
plasm and  thin  cell  walls.  This  is  the  period  of  most 
rapid  multiplication.  A  little  later  the  process  of  cell 
division  becomes  less  frequent  in  this  group,  and  the 
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cells  become  larger  and  exhibit  large  vacuoles  containing 
a  clear  watery  fluid.  This  is  the  period  of  greatest 
growth.  Finally,  the  cells  cease  both  to  multiply  and  to 
increase  in  size ;  "and  the  cell  walls  become  thickened  and 
assume  the  character  of  the  tissue  to  which  these  cells  be- 
long.    This  is  the  period  of  histological  differentiation. 

In  the  development  of  the  plant  cell,  then,  may  be  rec- 
ognized three  stages:  (1)  Multiplication,  (2)  growth,  and 
(3 )  histological  differentiation.  These  three  stages  are 
represented  by  three  zones  in  root  or  stem.  The  zone  of 
multiplication  surrounds  the  tip  and  extends  but  a  short 
distance  from  it.  Here  growth  takes  place  but  slowly,  so 
that  between  one  act  of  division  and  the  next  a  cell  may 
double  in  size.  But  the  most  rapid  growth  is  in  the  next 
zone,  where  a  cell  may  increase  to  several  times  its  origi- 
nal size  without  undergoing  division.  Sachs  studied  the 
daily  rate  of  growth  of  the  root  of  a  bean  (Phaseolus). 
A  disc  1  mm.  long  was  carefully  marked  off  just  behind 
the  tip  and  was  then  measured  daily.  The  rate  of  growth 
was  found  to  increase  from  a  little  over  1  mm.  on  the  first 
day  to  a  maximum  of  about  14  mm.  on  the  seventh  day. 
After  that  the  rate  decreased  rapidly  to  about  3  mm.  on 
the  tenth  day.  Ciesielski  observed  the  rate  of  growth  of 
different  areas  in  the  roots  of  several  leguminous  plants. 
The  rootlets  were  marked  off  in  half  millimetres  and  the 
amount  of  growth  in  each  space  was  measured  after 
twenty  hours.  It  was  found  that  there  was  practically 
no  growth  in  the  first  millimetre.  Beyond  that  the  rate 
increased  graduallj'  to  the  third  or  fourth  millimetre, 
reaching  there  in  the  different  species  a  rate  of  1.8  to  3.6 
mm.  in  twenty  hours,  and  then  the  rate  decreased  again 
until  at  a  distance  varying  from  5  to  6.5  mm.  from  the 
tip  growth  in  length  was  found  to  have  ceased. 

From  an  analysis  made  by  Kraus  upon  hothouse  plants 
of  Heteroeentron  roseum  it  was  found  that  the  percentage 
of  water  in  the  tissues  increases  from  73  per  cent,  at  the 
tip  of  tlie  stem  to  88  per  cent,  at  the  first  internode,  and 
reaches  a  maximum  of  93  per  cent,  in  the  second  inter- 
node. Farther  along  the  stem  there  is  a  slight  decrease, 
the  amount  being  93.7  percent,  in  the  fifth  internode. 
In  plants,  then,  it  appears  that  the  period  of  most  rapid 
growth  is  also  the  period  of  most  rapid  absorption  of 
water  by  the  cells. 

In  animals  we  do  not  find  this  division  into  zones  of 
growth,  and  there  is,  as  a  rule,  no  area  of  embryonic 
cells  to  furnish  material  for  growth  for  an  indefinite  pe- 
riod. On  the  contrary,  the  extent  of  growth  for  each 
species  is  more  or  less  strictly  limited  by  conditions  of 
which  we  know  very  little.  In  the  period  of  cleavage  of 
the  egg  and  anatomical  differentiation  (see  article  Differ- 
entiation) the  whole  embryo  is  in  the  condition  found  at 
the  tip  of  the  stem  of  a  plant.  The  cells  are  all  small, 
rich  in  protoplasm,  and  undergo  division  frequently, 
while  there  is  little  or  no  growth  of  the  embryo  as  a 
whole.  Then  comes  the  period  of  most  rapid  enlarge- 
ment accompanied  by  an  increase  in  the  amount  of 
water,  and  this  is  followed  by  the  period  of  histological 
differentiation.  The  rate  of  growth  per  unit  of  body 
weight  decreases  gradually  until  the  animal  reaches  the 
limit  of  its  species. 

This  was  brought  out  by  Davenport  (1875)  in  his  re- 
searches upon  the  embryos  of  frogs,  the  results  of  which 
are  given  in  the  following  table : 

Growth  of  Frog  Embryos. 


Average  in- 

Average 

Weight 

Weight 

Per 

crease 

after 

weight  in 

of  dry  sub- 

of water  in 

cent,  of 

daily  in 

hatching. 

milligrams. 

stance  in 
milligrams. 

milligrams. 

water. 

per  cent,  of 

body 

weight. 

1 

1.83 

0  80 

1  03 

56 

2 

2.00 

.83 

1 17 

9.7 
23.9 
23.8 
ri4.0 
25  2 

5 

3  43 

80 

2  63 

77 
89 

7 

5.05 

.54 

4  51 

9 

10.40 

.72 

9  68 

14 

23..52 

1.16 

22.36 

96 

« 

101.0 

H.O 

91.1 

90 

1  2 

84: 

1,989.9 

247.9 

1,742.0 

88 

The  frog  embryo  takes  no  food  for  several  days  after 
hatching,  so  that  there  is  a  loss  of  dry  substance  until 
about  the  eighth  day ;  and  yet  it  is  between  the  seventh 
and  ninth  day  that  there  is  the  greatest  daily  increment 
per  unit  of  body  weight.  As  the  percentage  of  dry  sub- 
stance increases  the  rate  of  growth  becomes  less.  The 
time  of  most  rapid  growth  is  the  time  when  the  cells 
absorb  water  most  rapidly. 

Similar  results  were  obtained  by  Fehling  (1877)  from 
the  measurement  and  analysis  of  twenty-one  fresh  hu- 
man embryos,  as  shown  in  the  following  table: 

Growth  of  Human  Embryos. 


c 

g  S  a) 

« 
^ 
m 

Age. 

Weight. 

a 

Fresh 
grams. 

Dry 
grams. 

It 

2.5 
15.0 
13.5 
18.5 
18.5 
19.0 
21.5 
22.5 
23.0 
24.0 
26.0 
30.0 
33.5 
34.5 
34.0 
36.0 
35.0 
38.0 
53.5 
44.0 
45.0 

F. 
M. 
M. 
M. 
M. 
F. 
M. 
M. 
F. 
F. 
M. 
F. 
M. 
F. 
M. 
F. 
M. 
M. 
M. 
M. 
M. 

0.975 
36.5 
56.5 
95.5 
104.7 
156.8 
244.0 
2a5.0 
264.0 
299.0 
361.8 
575.0 
771.0 
910.0 
832.9 
836.0 

1,117.0 
928.0 

3,284.0 

1,760.6 

1,495.7 

0.24 

3.0 

5.1 

8.9 

8.2 

14.6 

22.0 

24.0 

29.5 

32.8 

39.1 

79.5 

125.2 

159.0 

138.2 

136.5 

170.71 

159.5 

855.52 

456.1 

391.2 

97..54 

2 

4th  month 

91.79 
90.97 

4 
5 
6 

7 
8 
9 
10 
11 

5th  month,  1st  half. 
5th  month,  1st  half. 
5th  month,  2d  half. 
5th  month,  2d  half. 
.5th  month,  2d  half. 
.5th  month,  2d  half. 
5th  month,  2d  halt. 
6th  month 

90.7 

93.2 

90.7 

90.96 

89.81 

88.9 

89.3 

89.2 

12 
13 

6th  month 

86.4 
83.77 

14 
15 

7th  month 

82.6 
83.5 

16 

7th  month 

83.9 

17 

84.8 

18 

8th  month . 

82.9 

19 
20 

Term 

74.1* 
74.7t 

21 

9th  month 

73.9* 

*  still-birth.  +  Died  in  uterus. 

%  Premature  birth ;  atrophic ;  died  thirteen  days  later. 


It  will  be  noticed  that  the  youngest  embryo,  in  the 
sixth  week,  contains  the  largest  proportion  of  water, 
97.54  per  cent.  From  that  the  proportion  decreases 
to  about  74  per  cent,  at  the  time  of  birth.  These 
figures  should  be  compared  with  the  next  table  in 
which  Fehling  summarizes  his  results  as  to  the  in- 
crease of  weights. 

Increase  of  Weight  of  Human  Fcetus. 


Weight  at 

beginning 

of  period. 

Grams. 

a. 

Absolute 

monthly 

growth. 

Grams. 

b 

Eelative 
monthly 
growth. 

h 

a 

Second  month 

1 

4 

20 

120 

285 

63.5 

1.230 

1,700 

2,240 

3,250 

3 
16 
100 
165 
350 
585 
480 
540 
1,010 

3  0 

Fourth  month .   . 

5.0 

1.22 
.92 
.39 

.31 
.45 

Eighth  month 

Ninth  month 

Term 

The  relative  monthly  growth  is  high  in  the  second 
month  and  increases  to  a  maximum  in  the  fourth.  After 
that  there  is  a  decrease,  sudden  at  first,  and  then  more 
gradual. 

For  comparison  with  the  growth  of  the  human  embryo 
Fehling  studied  the  growth  of  embryo  rabbits.  For  this 
purpose  he  reckoned  the  age  of  the  foetus  in  periods  of 
three  days,  each  period  being  supposed  to  correspond  to 
a  month  of  human  gestation.  Two  embryos,  the  largest 
and  the  smallest,  were  chosen  from  each  litter  for  analy- 
sis    borne  of   his  results  are  given  in    the   following 
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Weight  of  Rabbit  Embryos. 


Number. 

Weight 
of  mother. 

Period. 

Weight  op  Fcetus 
IN  Grams. 

Per  cent. 
o( 

Fresh. 

Dry. 

water. 

1 

1,850 

1,850 
1,.500-1,600 
1,600-1,600 

1,806 

1,806 

3,240 

3,240 

2,854 

2,a54 

1,800 

1,800 
About  1,800 
About  1,800 

5 

5 

7 

7 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 
10 
10 
New-bom 
New-born 
14  days. 
14  days. 

0.619 
.663 
10.631 
12.83 
23.6 
24.6 
15.95 
12.3 
18.61 
18.68 
62.35 
46.78 
41.98 
50.33 
29.26 
28.56 
34.29 
33.05 
38.4 
38.3 

179.5 

324.0 

0.052 
.057 
1.5 
1.7 
3.5 
4.0 
2.25 
2.0 
3.94 
3.32 

11.35 
7.6 
8.0 
9.33 
4.9 
5.83 
7.22 
6.7 
8.4 
8.8 

43.8 

75.4 

2 

91  4 

3 

85  9 

4 

86  7 

5 

86  3 

6 

838 

&5.6 

8 

83  3 

9 

10 

84.3 
87  6 

11 

81.8 

12      .       .     .. 

866 

13 

81.0 

14 

81.5 

15 

83.3 

16 

79.6 

17 

79.0 

18 

79.7 

19 

78.4 

20 

21 

77.1 
76.6 

22 

65.1 

The  weight  of  the  mother  has  great  influence  on  the 
weight  of  the  foetus,  and  is  given  for  that  reason  in  this 
table.  This  factor  is  of  less  importance  in  human  statis- 
tics, where  the  range  of  variation  is  comparatively  much 
restricted. 

The  table  shows  a  gradual  decrease  in  the  percentage 
of  water  in  the  tissues  of  the  fcetus,  and  this  is  associated, 
as  in  man,  with  a  gradual  decrease  in  the  relative  rate  of 
growth  as  shown  in  the  following  table: 

Growth  of  Rabbit  Embryos. 


Period 

Weight  at 

beginning  of 

period.    Grams. 

a 

Absolute 

growth  during 

period.    Grams. 

b 

Relative 

growth  per 

period. 

b 

a 

5 

0.619 
6.176 
11.734 
18.65 
28.908 
33.67 
38.35 

6.557 
5.668 
6.916 
10.258 
4.763 
4.68 

8.97 

6 

.89 

.69 

8    

.55 

9 

.16 

10 :.:::::::: 

.13 

The  figures  for  the  sixth  period  in  this  table  are  some- 
what doubtful,  for  there  is  nothing  to  show  that  they 
were  obtained  bv  actual  observation. 

Per  period  the  relative  growth  of  the  rabbit  embryo 
appears  to  be  less  than  that  of  the  human  embryo,  but  the 
period  in  the  former  case  is  only  one-tenth  as  long  as  in 
the  latter.  The  relative  daily  growth  of  the  two,  as  cal- 
.  culated  by  Fehling  for  each  period,  is  as  follows: 


Period. 
3.... 
3.... 

4  .... 

5  .... 

6  .... 


Relative  Daily  Growth  of  Fcetus 
Rabbit 


Man. 
.  0.1 
.  .143 
.  .178 
.  .049 
.     .044 


.305 


Period. 
7.... 


10. 


Man. 

0.033 
.014 
.011 
.016 


Rabbit. 

0.197 

.183 

.054 

.046 


The  more  rapid  rate  of  relative  daily  growth  observed 
in  the  rabbit  is  associated,  according  to  Fehling,  with  a 
greater  percentage  of  water  in  the  tissues. 

All  these  results  tend  to  show  that  in  both  animals  and 
plants  the  most  rapid  increase  in  Aveight  in  proportion  to 
the  weight  of  the  body  takes  place  at  the  time  when  the 
tissues  are  at  their  least  density.  As  the  solid  constitu- 
ents of  cells  increase  the  relative  rate  of  growth  de- 
creases. . 

Little  is  known  of  the  effects  of  external  conditions 
upon  the  rate  of  growth  of  animals,  but  upon  the  growth 
■  of  plants  external  conditions  have  been  shown  to  have  a 
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very  marked  effect.  For  a  full  discussion  of  this  subject 
the  reader  should  consult  Davenport's  very  excellent 
summary  ("Experimental  Morphology,"  vol.  ii.,  1899). 

III.  Growth  op  Man. — We  know  very  little  concern- 
ing the  earlier  period  of  the  growth  of  man,  since  the 
growth  of  the  foetus  and  of  the  infant  has  been  but  little 
studied.  We  have  numerous  observations  on  the  weight 
of  the  child  at  birth,  and  on  the  growth  from  the  fifth  to 
the  twentieth  year  (during  the  school  age) ;  some  on  the 
growth  up  to  twenty -five  years,  referring  chiefly  to  the 
upper  classes  (college  and  university  students),  and  valu- 
able statistics  of  men  in  armies  have  been  compiled.  As 
regards  the  growth  and  size  of  man,  American  investi- 
gations easily  lead,  for  the  anthropometric  work  of  Gould 
and  Baxter,  and  the  researches  of  Bowditch,  on  Boston 
school  children,  and  of  Porter  on  the  school  children  of 
St.  Louis,  have  never  been  approached  in  value.  Peck- 
ham's  work  in  Milwaukee  is  also  excellent.  Quetelet, 
the  pioneer  in  this  field,  pursued  an  erroneous  method, 
which  led  him  to  false  conclusions,  which  are,  neverthe- 
less, still  currently  cited,  especially  in  Europe. 

We  divide  the  subject  as  follows:  1  Growth  of  the 
fcetus;  3,  weight  of  the  new-born  child;  3,  growth  of 
infants,  0  to  5  years;  5,  growth  of  children;  6,  size  of 
adults. 

1.  Orowtli  of  the  Fmtus. — The  difficulty  of  determining 
the  age  of  the  human  foetus,  and  of  obtaining  specimens 
certainly  fresh  and  normal,  has  prevented  our  having 
any  very  definite  information  on  this  subject.  Preyer 
has  compiled  the  following  table  of  the  length  of  the 
human  embryo  in  centimetres : 

Lunar  month.  ,_^To,dt^_    ^^Henmg_     g,,,,,_ 

First 1.5(1.3)  0.75  

Second 3.5  4.0  

Third 7.0  8.4             4  to  9 

Fourth 13.0  18.2  10  to  17 

Filth 20,0  27.5  18  to  27 

Sixth 30.0  36.36  28  to  34 

Seventh 3.5.0  40.25  25  to  28 

Eighth 40.0  44.3  39to41 

Ninth 4.5.0  47.2  43  to  J4 

Tenth 60.0  (49.0)  45  to  47 

If  the  absolute  length  at  the  end  of  each  month  is 
divided  by  tlie  increase  during  that  month  we  obtain 
what  Pre3'er  calls  the  relative  growth.  Heunig's  figures 
give  the  following  relative  growth  for  each  month: 
First,  1,000;  second,  0.812;  third,  0.533;  fourth,  0.419; 
fifth,  0.410;  sixth,  0.319;  seventh,  0.134;  eighth,  0.093; 
ninth,  0.069;  tenth,  0.037.  All  the  above  data  are  obvi- 
ously inexact.  Toldt's  are  evidently  cooked  up,  and  not 
derived  from  observation ;  nor  do  the  lengths  mean  the 
same  thing,  for  of  the  early  stages  the  head  and  trunk 
only  were  measured;  of  the  later  stages  the  head,  trunk, 
and  legs.  A  falser  and  more  misleading  device  for 
studying  growth  has  never  been  put  in  practice.  The 
foetus,  too,  being  spirally  coiled  in  early  stages,  cannot 
have  its  length  determined  accurately.  Far  better  would 
it  be  always  to  determine  the  weight.  The  growth  of 
the  fffitus  in  weight  has  been  most  inadequately  studied, 
although  the  weight  is  the  only  available  measure  of  the 
growth  of  the  fffitus  as  a  whole.  Hccker's  data  are  per- 
haps the  best.     The  weights  are  in  grams: 

Month.  Maximum.  Minimum.  Average. 

Third 20  5  11 

Fourth 120  10  67 

Fifth 500  76  284 

Sixth 1,280  375  634 

Seventh 2,350  780  1,318 

Eighth 2,438  1,093  1,.569 

Ninth 2,906  1,.500  1,971 

Tenth    1,562 

The  range  of  the  maxima  and  the  minima  suggests 
that  errors  in  the  determination  of  the  ages  ma}-  have 
occurred — such  errors  of  a  month  are  not  rare  with  ob- 
stetricians. These  figures  may  be  compared  with  Feh- 
ling's,  given  in  the  preceding  section. 

Appended  here  are  Hccker's  data  as  to  the  weight  of 
the  placenta  in  grams,  and  the  length  of  the  umbilical 
cord  in  centimetres : 
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Month. 


Third. . . . 

Fourth  . . 
Filth.... 
Sixth.... 
SeTenth  . 
Eighth  . . 
Ninth... 
Tenth. . . 


No.  ol  obs. 

Placenta. 

Cor( 

3 

36 

7 

17 

80 

19 

24 

178 

31 

14 

273 

3V 

19 

374 

4ii 

32 

451 

46 

45 

461 

4V 

62 

481 

51 

3.  Weight  of  tlie  New-born  Child.— It  is  subject  to  very 
considerable  variations.  For  middle  Europe  the  average 
may  be  held  to  be  about  3,340  gm.  for  boys,  3,190  gm. 
for  girls,  the  latter  being  somewhat  lighter.  The  varia- 
tions are  very  great,  ranging  from  1,000  to  5,000  gm. 
For  instance,  the-following  table  is  given  by  Pfannkuch, 
who  unfortunately  jumbles  the  two  sexes  together: 


Kilograms.  Obs. 

1.50to2.0 23 

2.00to2.25 36 

2.25  to  2.50 52 

2.50to2.T5 90 

2.75  to  3.00 110 


Kilograms.  Obs. 

3.00to3.25 150 

3.25  to  3.50 115 

3.50  to  3.75 79 

3.75to4.0U 46 

4.00  to  4.50 13 


It  will  be  noticed  that  the  maximum  number  of  cases 
(150)  falls  between  3.00  and  3.35  kgm.,  and  that  the  fur- 
ther the  weight  is  removed  on  either  side,  above  or  below, 
from  this  mean,  the  fewer  are  the  cases.  The  tables  by 
other  authors  show  the  same  general  results,  with  usually 
slight  difierences  in  the  quantitative  values.  For  the 
most  part  these  tables  cannot  be  combined  with  one 
another,  for  they  nearly  all  fail  to  fuMl  some  obviotis 
requirement  of  good  statistics ;  indeed,  amateur  statistics 
are  generally  provoking  to  the  expert.  It  is,  therefore, 
not  desirable  to  attempt  an  analysis  of  the  recorded  data. 
As  an  example  of  statistics  at  once  valuable  and  grossly 
defective,  the  following  table  is  given  after  Siebold. 
The  author  gives  the  weights  in  pounds,  but  has  neg- 
lected to  say,  as  is  necessary  in  Germany,  what  kind  of 
pounds;  hence  the  metric  equivalents  cannot  be  calcu- 
lated. Moreover,  the  number  of  cases  weighing  even 
pounds  and  half-pounds  is  far  in  excess  of  those  weigh- 
ing pounds,  and  one-fourth  or  three-fourths,  which  shows 
inaccurate  weighing,  of  course.  To  correct  this  the 
quarter-pound  groups  of  the  original  table  are  condensed 
into  half-pound  groups : 


Weight  in  lbs.  Boys.  Girls. 

4.0  to  4.5 4  10 

4.5to5.0 19  24 

5.0  to  5.5 44  53 

5.5  to  6.0 172  195 

6.0to6.5 220  235 

6.5to7 353  353 

7.0  to  7.5 286  240 


Weight  in  lbs.             Boys.  Girls. 

7.5to8.0 286  200 

8.0to8.5 101  44 

8.5to9.0 79  42 

9.0to9.5 15  14 

9.5tol0.0 7  2 

10.0  to  10.5 1 

lO.StoU.0 1 


The  extremes  recorded  in  medical  literature  are  very 
far  apart,  and  statements  of  excessively  large  size  are  by 
no  means  rare,  but  can  be  received  with  Incredulity  onlj', 
as,  for  instance,  the  case  reported  of  a  still-born  child 
weighing  8,350  gm. !  {Berliner  klin.  Woehenschr.,  1878, 
No.  14.)  Vlerordt  gives  as  the  accredited  extremes  717 
gm.  (Ritter),  and  6,133  gm.  (Wright). 

The  factors  which  determine  the  weight  at  birth  are 
very  obscure.  It  is,  of  course,  safe  to  say,  vaguelj',  that 
it  depends  on  the  nutrition  of  the  foetus ;  It  is  probable 
that  individual  differences  in  the  rate  of  growth  exist 
before  as  well  as  after  birth,  and  it  is  probable  that  the 
length  of  gestation  is  the  most  influential  single  factor, 
to  judge  from  my  own  experiments  on  the  growth  of 
mammals. 

It  has  been  demonstrated  that  the  variations  in  the 
weight  of  the  child  depend  upon  various  maternal  cir- 
cumstances. 

First.  It  is  correlated  with  the  age  of  the  mother,  as 
is  shown  in  the  following  table-,  giving  the  weight  of  the 
children  in  grams  according  to  three  observers : 


Age  ol  the  mother. 


Ingerslev.   Fassbender.    Petersson. 


15  to  19  years 3,241 

20to24years 3,299 

25to29years 3,342 

30  to  34  years 3,375 

35to39years 3,428 

40to44years 3,326 


3,271 
3,240 
3,333 
3,367 

\  3,292 


3,4.51 
3,485 
3,691 
4,062 
3,591 
3,676 


From  such  tables  we  learn  that  very  young  mothers 
have  the  smallest  children,  and  those  of  about  thirty-five 
years  the  heaviest.  It  is  much  to  be  regretted  that  the 
tables  do  not  show  the  correlation  by  single  years,  and 
also  the  number  of  observations. 

Second.  The  weight  of  the  child  increases  with  the 
weight  (Gassner)  and  length  (Frankenhauser)  of  the 
mother.  Gassner  states  that  the  weight  of  the  child  is 
to  that  of  the  mother  as  1  to  19.13,  or  5.33  per  cent,  of 
the  maternal  weight.  Frankenhauser  states  that  if  the 
height  of  the  mother  is  less  than  4  feet  6  inches,  the 
child  weighs  6  lbs.  15  oz. ;  if  it  is  4  feet  6  inches  to  4  feet 
11  inches,  the  child  weighs  6  lbs.  35  oz. ;  if  it  is  more  than 
4  feet  11  inches,  the  child  weighs  7  lbs.  3  oz. 

Third.  The  weight  of  the  child  increases  according  to 

the  number  of  previous  pregnancies,  as  indicated  by  the 

following  table : 

(Hecker.)       (Ingerslev.) 
Number  ol  pregnancies.  qq,.  Gm. 

One 3,201  3,254 

Two 3,330  3,391 

Three 3,353  3,400 

Four      3,360  3,424 

Five 3,412  3,500 

Six 3,353 

Here  again  we  encounter  faulty  statistics,  for  it  is  not 
shown  that  we  have  any  other  effect  than  that  of  age, 
for  the  conclusion  claimed  cannot  be  established  until  it 
is  proved  that  primiparaa  have  smaller  children  than 
multiparse  of  the  same  age. 

Fourth.  Negri  has  maintained  {Annali  di  obstetricia, 
1885)  that  the  compilation  of  thi-ee  hundred  and  thirty- 
three  observations  shows  that  the  children  of  women 
whose  menstruation  is  early  are  larger  than  the  children 
of  those  whose  first  menstruation  is  late. 

Fifth  and  sixth,  the  influence  of  race  and  climate,  which 
have  not  yet  been  subjected  to  any  proper  exact  study. 

In  conclusion,  I  may  add  that  it  seems  to  me  probable 
that  all  these  influences  produce  their  effect  principally 
by  prolonging  or  abbreviating  the  period  of  gestation. 
In  other  words,  the  variations  in  the  weight  of  children 
at  birth  are  to  be  referred  immediately  to  two  principal 
causes:  (1)  Differences  in  the  age  at  birth;  (3)  individual 
differences  of  the  rate  of  growth  in  utero. 

3.  Orowth  of  Infants. — (a)  Alteration  in  weight  during 
the  first  week.  There  is  an  interruption  of  the  normal 
rate  of  growth  during  a  few  days  after  birth,  both  in  man 
and  other  mammals  (Section  IV.).  It  lasts  for  a  variable 
period,  and  is  variable  in  degree.  In  most  cases,  with 
the  human  species,  it  is  so  great  as  to  cause  an  actual 
loss  of  weight,  but  frequently  it  shows  itself  only  as  re- 
tarded growth.  A  great  many  authors  have  written 
upon  this  subject,  but  there  is  not  a  single  one  who  ap- 
pears to  have  correctly  understood  the  statistical  rela- 
tions. In  fact,  the  discussion  thus  far  has  turned  upon 
the  question  whether  a  loss  or  a  gain  of  weight  is  normal 
and  physiological.  That  question  is  of  little  importance, 
since  it  is  now  settled  that  the  retardation  of  growth 
is  constant.  It  depends  on  the  degree  of  retardation 
whether  there  is  merely  a  small  gain  or  an  actual  loss. 
During  the  first  month  the  average  daily  increase  is 
about  35  gm.  (Fleischmann),  but  during  the  first  two  or 
three  days,  or  sometimes  more,  the  rate  of  increase  is 
very  much  less,  often  even  negative.  Gregory,  for  in- 
stance, gives  the  following  data: 

£ay....... 12      3      4      5      6 

Number  observed 33      33      33      33      33      33 

Weight  change,  grams -139  -64  +33  -f50  -f 50  +36 

The  retardation  of  the  growth  is  prolonged  by  defec- 
tive nutrition,  of  which  the  cause  may  lie  in  either  the 
mother  or  the  child,  and  by  illness  of  the  child.  A 
healthy  baby  ought  to  get  back  to  its  initial  weight  by 
the  sixth  or  seventh  day,  and  failure  to  reach  the  initial 
weight  by  the  ninth  day  may  be  taken  as  an  indication 
of  illness. 

The  cause  of  the  post-natal  retardation  is  not  fully  elu- 
cidated.    That  it  is  not  due  to  the  mother's  condition  is 
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shown  by  two  considerations : 
(1)  The  retardation  occurs 
also  In  chicks  at  hatching, 
although  they  are  not  de- 
pendent on  the  parent  for  nu- 
trition; (3)  Ingerslev  put  six- 
teen children,  just  born,  to 
wet-nurses,  who  had  borne 
four  to  five  days  previously 
and  gave  abundant  milk,  nev- 
ertheless the  children  all  lost 
weight.  It  seems  probable 
that  the  loss  is  due  to  the  estab- 
lishment of  respiration,  and  to 
the  increased  expenditure  (met- 
abolism) of  the  body  to  main- 
tain the  normal  temperature. 
During  gestation  and  incuba- 
tion the  parent  supplies  caloric 
to  its  young,  but  after  birth 
(or  hatching)  the  young  is  self- 
dependent,  and  rapidly  wastes 
its  tissues  to  keep  up  its  body 
warmth. 

(b)  For  the  growth  from  the 
first  to  ths  fifty-second  week  we 
must  depend  chiefly  on — (1) 
the  careful  compilation  given 
by  Meek  and  quoted  by  Vier- 
ordt,  in  which,  however,  the 
sex,  nutrition,  race,  and  social 
condition  of  the  children  are  not 
considered,  all  factors  which 
have  a  very  great  influence  on 
the  weight;  (3)  the  observa- 
tions of  Albreoht  (Gentral-Zei- 
tung  f.  KinderheilkuTide,  1879, 

No.  7),  who  followed  the  growth  of  eighty  children  at 
Berne.     From  Meek  the  following  data  are  excerpted . 


%  ,  «s     t!ii^i''k-a>ii.,ioii-^,m    ut^t~i3!Si^ii&:m    m  .fi^.aiiyaat 


Week. 


First 

Second 25 

Third 31 

Fourth 31 

Seventh 33 

Tenth 34 

Thirteenth 36 

Sixteenth 34 

Nineteenth 33 

Twenty-second....  26 
Twenty-fllth 33 


No.  o(  ob-  Weight, 
servations.    gm. 
23 


3,228 
3,367 
3,413 
3,533 
4,103 
4,600 
5,033 
5,529 
5,864 
6,497 


Week. 


Fig.  2350. — Graphic  Representation  of  the  Growth  of  Boston  School  Children,  based  on  the  whole 
number  ol  Bowditch's  observations,  irrespective  of  nationality  of  parents. 


an  average  of  anything  except  Quetelet's  notion  of  what 
a  child  ought  to  be,  which  is  now  definitely  known  to  be 
essentially  different  from  what  children  are. 

5.  Growth  of  Children. — Concerning  school  children 
we  possess  a  good  many  valuable  data.  The  best  stat- 
istics by  far  are  those  of  Bowditch.  The  average  weights 
obtained  by  him  are  given  in  the  accompanying  table  in 
kilograms;  the  clothes  make  up  about  eight  per  cent, 
of  the  weights  given.  The  average  standing  heights, 
without  shoes,  is  given  for  both  sexes  in  the  same  table. 
These  data  refer  to  nearly  twenty -five  thousand  measure- 
ments on  the  school  children  of  Boston,  Mass. 


Twenty-eighth....  31 

Thirty-first 19 

Thirty-fourth 19 

Thirty-seventh 18 

Fortieth 17 

Forty-third 17 

Forty-sixth 17 

Forty-ninth 15 

Fiftieth 15 

Fifty-first 14 

Fifty-second 


No.  of  ob-  Weight, 
servations. 


7,187 
7,524 
7,842 
8,136 
8,344 
8,.533 
8,760 
8,995 


8       (10,172)? 


Albrecht  states  that  in  his  experiments,  taking  the 
weight  of  the  child  at  3,300  gm.  at  birth,  the  following 
is  the  average  daily  increase  for  each  month  in  grams : 

Month 123456789    10    11    13 

Grams 30    29    39    34    20    18    14    11    11      9     8      7 

The  corresponding  figures  by  Bouchaud  are : 

Month 1      3     3      4      5     6      7      8      9    10    11    13 

Grams 25    23    33    20    18    17    15    13    13    10      8     8 


By  Fleischmann : 


Month 1     ^    „^ 

Grams 35    33    38 


4      5     6      7      8     9    10    11    12 
33    18    14    13    10    10      9     8     6 


The  individual  variations  are  very  great,  and  the 
growth  of  any  individual  goes  by  fits  and  starts.  A 
considerable  delay  in  growth  is  not  important,  even  if 
lasting  for  several,  say  three  or  four,  weeks,  as  it  is 
counterbalanced  by  a  subsequent  excessively  rapid 
growth. 

(tf)  Conmrning  the  Growth  from  the  End  of  the  First  to 
the  End  of  the  Fifth  Tear.— No  statistics  sufficiently  ex- 
tensive and  accurate  to  Tse  worth  quoting  are  known  to 
me.  Quetelet's,  which  are  often  repeated ;  are  mislead- 
ing, because  he  weighed  only  children  which  in  his  judg- 
ment were  well  developed ;  hence,  his  figures  do  not  give 


Growth  of  Boston  School  Children. 


Boys. 

Girls. 

Age. 

Height 
in 
cm. 

No.  of 
obser- 
vations. 

Weight, 
kgm. 

Height 
in 
cm. 

No.  of 
obser- 
vations. 

Weight, 
kgm. 

5  to   6  years 

6  to   7  years  .... 

7  to   8  years .... 

8  to  9  years.... 

9  to  10  years  — 

10  to  11  years.... 

11  to  12  years .... 

12  to  13  years 

13  to  14  years  — 

14  to  15  years 

15  to  16  years  — 

16  to  17  years .... 

17  to  18  years  — 

18  to  19  years.... 

105.6 
111.1 
116.3 
131.3 
126.2 
131.3 
135.4 
140.0 
145.3 
153.1 
158.3 
165.1 
168.0 
169.3 

848 

1,358 

1,419 

1,481 

1,437 

1,363 

1,293 

1,253 

1,160 

908 

636 

359 

193 

84 

18.64 
20.49 
32.36 
34.46 
26.87 
29.62 
31.84 
34.89 
38.49 
43.95 
48.56 
54.90 
57.84 
60.13 

104.9 
110.1 
115.6 
130.9 
135.4 
130.4 
135.7 
141.9 
147.7 
152.3 
155.3 
156.4 
157.3 
157.3 

605 

987 

1,199 

1,299 

1,149 

1,089 

936 

935 

830 

675 

469 

353 

233 

155 

17.99 

19.63 

21.53* 

23.61* 

25.91 

28.29 

31.23 

35.53 

40.21 

44.65 

48.13 

50.81 

53.41 

53.24 

*  In  Bowditch's  tables,  as  printed,  incorrect  numbers  are  given. 

The  results  are  more  easily  followed  in  the  graphic 
representation.  Fig.  3350;  the  ordinates  represent  the 
heights  or  weights,  the  abscissae,  the  ages.  "We  can  dis- 
tinguish three  periods:  (1)  The  steady  growth  of  child- 
hood, up  to  ten  and  one-half  or  eleven  years  in  girls,  to 
twelve  or  twelve  and  one-half  in  boys ;  (2)  the  period  of 
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prsepubertal  acceleration,  when  the  growth  is  much 
more  rapid,  lasting  in  girls  from  eleven  to  fourteen  or 
fifteen,  in  boys  from  twelve  and  one-half  to  sixteen  and 
one-half;  (3)  the  postpubertal  decline.  In  girls  the  pra3- 
pubertal  acceleration  begins  earlier  and  is  more  marked 
than  in  boys;  hence,  though  during  childhood  girls  are 
smaller  than  boys,  yet  from  twelve  to  fifteen  they  out- 
strip them,  and  are  both  taller  and  heavier  than  boys  of 
the  same  age.  Puberty  ensues  later  in  boys  than  in  girls. 
The  postpubertal  falling  off  in  growth  is  more  rapid  in 
girls  than  in  boys ;  accordingly,  after  the  fifteenth  year 
boys  gain  fast  over  the  girls.  That  the  acceleration  is 
really  prgepubertal  is  shown  by  the  fact  that  the  age  of 
tlie  first  catamenia  averages  in  Boston  about  fourteen 
and  one-half  years,  so  far  as  determined  by  the  present 
imperfect  statistics.  Pagliani  has  proved  the  same  rela- 
tion in  Italy.  Most  conclusive  is  the  record  of  the 
growth  of  individuals,  which  demonstrates  that  the  first 
menstruation  is  preceded  by  rapid,  and  followed  by 
slower,  growth. 

Dr.  Bowditch  has  shown,  also,  by  his  statistics  that 
the  children  of  American-born  parents  are,  in  the  com- 
munity of  Boston,  taller  and  heavier  than  children  of 
foreign-born  parents,  a  superiority  which  depends  prob- 
ably chiefly  on  the  greater  average  comfort  in  which 
such  children  live  and  grow  up,  and  partly  upon  differ- 
ences of  race  and  stock.  The  children  of  the  well-to-do 
classes  are  taller  and  heavier  than  those  of  poorer  classes. 
American  (Boston)  boys  are  taller  for  their  age  than 
English  boys,  concerning  whom  we  have  statistics,  and 
are  also  heavier  in  proportion  to  their  height ;  the  com- 
parison holds  between  the  laboring  classes  and  the  upper 
classes  both,  as  well  as  between  boys  taken  without  dis- 
tinction. Incidentally  it  may  be  said  that  the  popular 
conception  of  a  "Yankee,"  as  tall  and  slim,  has  no  foun- 
dation in  life,  the  Yankee,  on  the  contrary,  being  stouter 
than  the  Englishman. 

In  general  it  may  be  said  that  growth  is  favored  by 
healthful  conditions ;  it  is  impaired  by  illness,  probably, 
of  any  kind,  but,  of  course,  by  some  diseases  much  more 
than  by  others.  It  is  favored  by,  country  more  than  by 
city  life;  by  outdoor  more  than  by  sedentary  occupa- 
tions; by  summer  more  than  by  winter;  by  vacation 
more  than  by  attendance  on  school.  A  considerable 
body  of  statistical  material  on  these  and  similar  points 
is  available,  but  unfortunately  it  is  much  scattered  and 
has  never  been  collated. 

The  growth  of  the  organs  calls  for  much  further  inves- 
tigation. At  present  we  can  compare  only  the  adult 
with  the  new-born  child,  but  even  of  these  the  data  are 
few.  From  Vierordt's  compilation  the  following  table 
is  taken : 


New-Born  Child. 

Adult. 

Weight 

in 
grams. 

lu  per  cent. 

of  the 
body  weight. 

Weight 

in 
grams. 

In  per  cent. 

of  the 
body  weight. 

445 

}     025 

337 

■  8.5 
9.4 
6.5 

16.7 

14.34 
.31 
.54 
.24 

2.16 
.89 

4.39 
.88 

2.53 

11,.560 
29,880 
4,011 

' ' '  8.6 

5.0 

29.1 

IS.K 
t     43.09 

Tendon  .... 

Brain 

Suprarenals 

3.37 
.014 
.0086 
.05 

2.01 
.53 

3.77 
.48 

2.34 

Lungs 

Heart  . . . 

Kidney 

Alimentary  canal . 

The  weights  in  grams  and  the  percentages  are  from 
different  authors.  There  are  certain  observations  on  the 
growth  of  organs,  notably  by  Lorcv,  Prerichs,  Bischoff 
Bambeke,  and  Thoma,  but  the  number  of  cases  hereto- 
fore recorded  is  so  small  that  no  satisfactory  statistics  are 
possible. 

It  would  be  very  interesting  to  know  how  the  chemi- 
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cal  composition  of  the  body  changes  with  age,  and  it  is 
to  be  hoped  that  we  shall  soon  have  complete  analyses  of 
bodies  at  various  ages. 

6.  Size  of  Adults. — No  available  statistics  in  regard  to 
women  are  known  to  me,  those  referring  to  men,  and 
taken  from  armies,  are  very  extensive ;  the  best  worked 
out  are  the  data  in  regard  to  the  American  army,  as  dis- 
cussed by  Gould  and  Baxter.  The  former  had  the  mate- 
rial collected  by  the  Sanitary  Commission  during  the  Re- 
bellion ;  the  records  were  hastily  and  inaccurately  made 
by  the  single  States,  but  the  number  of  observations  was 
so  large  that  the  errors  may  have  corrected  themselves  to 
a  considerable  extent.  Baxter,  whose  material  was  much 
more  extensive  and  reliable,  has  not  thought  it  worth 
while  to  tabulate  the  weights  in  proportion  to  age,  but 
gives  good  tables  of  the  stature. 

Gould's  Table  of  the  Mean  Weights  of  White  Soldiers. 

Weight, 
lbs. 
149.29 
148.81 
147.22 
14fi.38 
150.01 
146.30 
146.97 
145.63 
153.79 
147.06 
146.97 
145.05 
146.82 
145.19 
138.06 
144.25 
139.49 
151.15 
159.60 
143.49 

From  this  table  the  increase  in  weight  is  seen  to  con- 
tinue up  to  about  the  thirty-fifth  year,  but  the  figures  of 
the  weights  are  irregular  after  the  number  of  observa- 
tions falls  below  600.  That  the  period  of  growth  reaches 
to  this  age  is  more  clearly  shown  by  Baxter's  table  of  the 
height  at  different  ages. 

Table  of  Ages  and  Cokresponding  Heights  (without  Shoes) 
of  190,621  american-born  white  men  found  fit  for  military 
Service. 


Age. 

No.  of  obser- 

Weight, 

Age. 

No.  of  obser- 

vations. 

lbs. 

vations. 

16 

316 

131.03 

36 

184 

17 

456 

128.03 

37 

167 

18 

1,100 

133.93 

38 

153 

19 

1,150 

137.05 

39 

123 

20 

I,a57 

141.38 

40 

98 

21 

1,446 

143.06 

41 

61 

23 

1,351 

143.60 

43 

102 

23 

1.108 

144.31 

43 

73 

34 

1,059 

146.31 

44 

83 

25 

745 

146.84 

45 

67 

26 

599 

147.05 

46 

37 

37 

551 

146.93 

47 

19 

38  

512 

147.21 

48 

35 

29 

386 

145.51 
147  63 

49 

10 

30 

395 

.50 

31 

243 

147.65 

51 

....    13 

32 

298 

146.00 

52 

....     10 

33 

335 

148.53 
148.29 

53 

.54 

34 

33,5 

....      8 

35 

339 

145.57 

Over  54  . 

....    20 

Age. 


Under  17  years 

17  years 

18  years 

19  years 

20  years  

31  years 

22  years 

23  years 

34  years 

35  year? 

36  years 

27  years 

28  years 

29  years 

30  years 

31  years 

32  years 

33  years  

34  years 

35  years 

36  years 

37  years 

38  years 

39  years 

40  to  45  years.. 


Number  of 
observations, 


468 

937 

30.456 

14,994 

11,526 

14,146 

10,479 

8,907 

7,3a5 

7,940 

6,986 

6,351 

6,033 

4,447 

6,256 

5,563 

4,635 

3,939 

2,783 

4,968 

4,138 

4,173 

4,014 

3,403 

15,750 


Height. 


Inches. 


64.11 
65.67 
66.39 
67.07 
67.51 
67.78 
67.93 
68.01 
68.02 
68.05 
68.09 
68.11 
68.13 
68.17 
68.18 
68.20 
68.20 
68.29 
68.35 
68.47 
68.28 
68.26 
68.24 
68.23 


Metre. 


1.6284 
1.6675 
1.6863 
1.7036 
1.7148 
1.7216 
1.7253 
1.7275 
1.7377 
1.7285 
1.7295 
1.7300 
1.7305 
1.7315 
1.7318 
1.7333 
1.7333 
1.7346 
1.7861 
1.7391 
1.7343 
1.7338 
1.7333 
1.7330 
1.7330 


These  tables  show  that  it  is  necessary  to  be  extremely 
cautious  in  fixing  upon  any  year  to  mark  the  aduS 
for  the  cessation  of  growth  is  so  gradual  that  its  endW 
cannot  be  determined.  In  practice,  it  is  convenient  and 
sufficiently  accurate  to  call  twenty -five  the  Idult  year 

That"?rtebles"^-^%P'^t^'^y   '?  "'  somewhat  Tsl' 
mat  the  tables  are  far  from  what  we  could  wish  is 
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true,  cMefly  owing  to  the  inherent  defects  of  the  original 
observations;  we  must  also  regret  that  Baxter  did  so 
much  less  than  his  material  would  have  permitted. 
But,  on  the  other  hand,  both  Baxter  and  Gould  are  far 
in  advance  of  their  predecessors.  Anthropometry  has 
been  much  written  upon.  Baxter  gives  an  excellent  re- 
view of  the  subject,  with  sketches  of  the  many  mystical 
laws  announced  by  older  authors  upon  human  propor- 
tions, but  we  still  lack  a  good  general  treatise  upon  vital 
statistics. 

IV.  The  Laws  of  Mammalian  Growth. ^Growth  is 
a  subject  as  yet  but  little  investigated,  and  this  section 
is  based  on  Minot's  experiments,  made  chiefly  on  guinea- 

Gkowth  of  Male  Guinea-Pigs. 


Age. 

Number 

of  ob- 
servations. 
Grams. 

Increase 
over  last 

meas- 
urement. 
Grams. 

Average 

dally 
increase. 
Grams. 

Daily 
per  cent, 
increase. 
Grams. 

Oday... 

200 

70.8 

Ito     3  days.. 

138 

70.8 

1.0 

0.0 

0.0 

4  to     6  days.. 

133 

82.6 

11.8 

3.9 

5.6 

7  to     9  days.. 

142 

96.2 

13.6 

4.5 

5.5 

10  to   1»  days.. 

148 

109.7 

13.5 

4.5 

4.7 

13  to   15  days.. 

150 

126.2 

16.5 

5.5 

5.0 

16  to   18  days.. 

152 

141.7 

15.5 

5.2 

4.1 

19  to   21  days. . 

151 

158.4 

16.7 

5.6 

3.9 

22  to   24  days. . 

152 

173.2 

14.8 

4.9 

3.1 

25  to  27  days. . 

145 

187.8 

14.6 

4.9 

2.8 

28  to   30  days. . 

141 

203.8 

16.0 

5.3 

2.8 

31  to   33  days.. 

140 

215.6 

11.8 

3.9 

1.9 

34  to   36  days. . 

136 

226.9 

11.3 

3.8 

1.7 

37  to  39  days.. 

129 

240.2 

13.3 

4.4 

1.9 

40  to   60  days. . 

149 

272.9 

32.7 

3.0 

1.2 

55  to   65  days. . 

155 

337.1 

54.2 

3.6 

1.3 

70  to   80  days.. 

155 

383.9 

56.8 

3.8 

1.2 

85  to   95  days. . 

152 

434.4 

50.5 

3.4 

.9 

100 1»  110  days.. 

102 

481.6 

47.2 

3.1 

.7 

115 to  125  days.. 

75 

522.8 

41.2 

2.7 

.6 

130  to  140  days. . 

67 

529.8 

7.0 

.5 

.1 

145  to  155  days. . 

72 

562.9 

33.1 

2.2 

.4 

160  to  170  days.. 

75 

590.5 

27.6 

1.8 

.3 

175 to  185  days.. 

76 

604.7 

14.2 

.9 

.2 

190  to  200  days.. 

70 

627.0 

22.3 

1.5 

.3 

205  to 215  days.. 

61 

663.3 

36.3 

2.4 

.4 

8  months 

56 

672.0 

8.7 

.3 

.05 

53 

737.7 

65.7 

2.2 

.3 

10  months 

56 

761.6 

23.9 

.8 

.1 

68 

770.3 

8.7 

.3 

.04 

13  months 

68 

793.9 

23.6 

.8 

.1 

13  months 

66 

754.9 

-39.0 

-1.3 

-    .2 

pigs,  but  including  also  rabbits  and  chickens.  The  pre- 
ceding table  summarizes  the  most  important  general  re- 
sults of  these  experiments ;  the  table  refers  only  to  male 
guinea-pigs,  it  not  being  necessary  to  include  the  females 
or  other  animals. 

The  last  column  but  one  shows  that  the  daily  mcrease 
during  the  first  three  days  is  zero.  This  is  due  to  the 
postnatal  retardation,  which  is  very  marked  in  guinea- 
pigs,  as  it  is  also  in  man.     The  exact  data  are ; 

Weight.      Tnprease 
Grams.       i^rease. 

Atbirth TO.8  ^... 

Oneday ^8-«  |-« 

Twodays TO-"  ^-f 

Threedays 'o-|  g-i 

Four  days "■'>  "■'' 

The  daily  gain  slowly  increases  till  about  the  four- 
teenth day,  and  then  slowly  but  steadily  falls  off.  The 
observations  are  so  few  in  number  that  there  are  many 
irregularities,  which  need  not  be  heeded  in  this  article. 
Usually  the  absolute  increment  is  taken  as  the  measure 
of  the  rate  of  growth,  which  is  not  justifiable.  To  show 
the  rate  of  growth— as  well  as  the  observations  permit- 
is  intended  by  the  last  column,  which  gives  the  daily  in- 
crease for  each  period,  calculated  at  a  percentage  of  the 
weight  at  the  beginning  qf  that  period.  We  thus  secure 
values  for  legitimate  comparisons,  because  the  absolute 
increment  during  any  period  is  the  product  of  the  amount 
of  growing  material  multiplied  by  the  rate  of  growth; 
hence  if  the  rate  is  to  be  found,  the  growing  amount 


and  the  absolute  increment  being  known,  the  amount 
must  be  divided  by  the  increment;  this  was  done,  and 
the  fractions  so  obtained  converted,  for  readier  compari- 
son, into  percentages.  As  regards  the  guinea-pig,  it 
shows  at  once  that  as  soon  as  the  animal  has  recovered 
from  the  postnatal  retardation  its  rate  of  power  of 
growth  declines  steadily.  The  observations  of  Fehling 
upon  the  embryos  of  man  and  rabbits  show  that  this  re- 
tardation in  the  relative  rate  of  growth  begins  long  be- 
fore birth,  and  observations  on  plants  make  it  probable 
that  it  has  its  beginning  with  the  commencement  of  his- 
tological differentiation.  This  fact  leads,  of  course,  to 
the  assumption  that  the  vital  powers  undergo  a  steady 
decline,  and  that  instead  of  there  being  a  period  of  devel- 
opment, followed  at  maturity  by  a  period  of  decline, 
there  is  a  continuous  decline,  of  which  the  final  term  is 
the  natural  death  of  the  organism.  We  must,  in  fact, 
fundamentally  change  our  conceptions  of  the  phases  of 
life.  A  man' builds  a  wall,  which  keeps  growing,  but 
as  the  man  becomes  tired  it  increases  more  slowly,  and 
stops  when  he  is  worn  out.  So  the  vital  forces  build  the 
body,  which  develops,  but  all  the  while  the  forces  are 
losing  their  power.  The  comparison  is  somewhat  faulty, 
but  may  help  to  a  clearer  conception  of  decline  during 
development. 

The  constant  loss  in  the  rate,  which  appears  to  be  the 
fundamental  law  of  growth,  at  least  in  mammals  and 
probably  in  all  metazoa,  may  be  shown  in  another  man- 
ner very  strikingly.  If  we  calculate  at  what  age  after 
birth  the  animal  will  have  added  ten  per  cent,  to  its  orig- 
inal weight,  and  then  the  age  at  which  it  will  have  again 
added  ten  per  cent,  to  its  weight  at  the  end  of  the  first 
period,  and  so  on,  we  obtain  the  following  table: 

Growth  of  Male  Guinea-Pigs. 


Weights  in- 
creasing at 

Age  at 

which 

they  fall. 

Days. 

Differ- 

Weights in- 
creasing at 

Age  at 

Differ- 

the rate  of 

ten  per  cent. 

Grams. 

ences. 
Days. 

the  rate  of 

ten  per  cent. 

Grams. 

they  fall. 
Days. 

ences. 
Days. 

70.80 

(1.0 

344.34 

38.8 

5.3 

77.88 

4.1 

4.1 

368.77 

43.7 

4.9 

85.66 

5.6 

1.5 

295.64 

50.3 

6.5 

94.22 

7.7 

2.1 

325.20 

59.3 

9.0 

103.64 

9.6 

1.9 

357.73 

68.6 

9.4 

114.00 

11.8 

2.2 

393.49 

77.3 

8.7 

125.40 

14.0 

2  2 

433.83 

88.6 

11.3 

137.94 

16.3 

2.3 

476.11 

100.7 

12.1 

151.73 

18.7 

3.5 

,523.72 

130.0 

19.3 

166.90 

31.7 

3.0 

576.09 

160.6 

40.6 

ia3.59 

25.3 

3.6 

633.69 

301.3 

40.7 

201.94 

28.7 

3.4 

647.05 

258.3 

56.9 

222.13 

33.6 

4.9 

766.75 

298.3 

40.1 

To  make  the  first  addition  of  ten  per  cent,  requires 
long,  4.1  days,  owing  to  the  postnatal  retardation;  the 
second  addition  takes  only  1.5  days ;  the  succeeding  addi- 
tions occupy  increasing  periods,  overlooking  slight  irreg- 
ularities. In  other  words,  the  older  the  animal  the  longer 
it  requires  to  add  ten  per  cent,  to  its  weight.  In  this 
table,  also,  we  see  the  decline  progressing  during  the  so- 
called  period  of  development. 

The  same  law  of  decline  holds  true  for  rabbits  and 
chickens,  and  also  for  man.  In  man  there  is  a  very  note- 
worthy modification,  produced  by  the  very  marked  pre- 
pubertal acceleration  of  growth,  during  which  the  de- 
cline is  interrupted,  as  shown  by  my  calculations  from 
Bowditch's  tables;  but  compared  with  the  whole  course 
of  decline  the  interruption  is  but  slight,  and  is  counter- 
balanced by  an  over-rapid  postpubertal  decline.  No 
essential  importance  is  to  be  assigned  to  this  phenome- 
non, since  it  is  well  known  to  embryologists  that  during 
development  there  are  often  displacements  in  time  and 
in  the  growth  of  individuals.  Minot  observes  that  an 
accidental  quickening  or  slowing  of  growth  is  followed 
by  a  reverse  period,  in  the  first  case  of  slowing,  in  the 
second  of  quickening.  There  appears,  therefore,  no  ob- 
jection to  the  conclusion  that  in  man  also  the  period  of 
apparent  development  is  a  period  of  real  decline. 

421 


Guaoamphol. 
Gnalacol. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


This  leads  us  to  tlie  corollary  that  the  stoppage  of 
growth  is  not  due  to  the  reaching  of  maturity,  but  is 
merely  the  final  term  of  a  series  of  losses.  It  has  been 
asserted  by  Herbert  Spencer,  Carpenter,  and  others,  that 
there  is  an  inherent  opposition  between  growth  and  re- 
production, because  the  assimilative  processes  cannot  per- 
form enough  to  supply  inaterial  for  the  growth  of  mother 
and  offspring  both.  These  authors  and  their  followers 
see  in  the  commencement  of  reproduction  the  beginning 
of  a  tax  upon  the  organism  which  stops  its  growth;  but 
as  Minot  has  pointed  out,  the  cause  is  mistaken  for  the 
effect,  and  probably  the  loss  of  vital  force  is  the  stimu- 
lus causing  reproduction.  Certainly  the  decline,  which 
goes  on  from  birth,  cannot  be  caused  by  a  phenomenon 
which  begins  only  when  the  decline  is  nearly  completed. 
Direct  observations  show  that  Spencer's  view  is  errone- 
ous, for  growing  guinea-pigs  will  bear  one-third  of  their 
own  weight  of  young  while  growing,  and  still  reach  as 
full  an  adult  size  as  those  producing  no  young  (Hensen). 
My  own  experiments  suggest  that  they  become  even 
larger.  We  thus  learn  that  the  fundamental  conception 
on  which  Spencer's  theory  rests  is  imaginary — that  con- 
ception being,  that  the  assimilative  jjower  is  approxi- 
mately equal  only  to  the  needs  of  the  growing  animal. 
In  reality  there  is  a  large  excess  of  assimilation  possible 
within  normal  limits. 

The  next  point  to  be  noticed  is  that  animals  tend,  as 
they  grow,  to  approximate  to  the  special  size  of  the  spe- 
cies. This  shows  itself  by  the  fact  that  the  range  of  va- 
riation is  less  for  adults  than  for  the  young.  The  follow- 
ing table  shows  this :  The  first  column  gives  the  age ;  the 
second  column  gives  the  average  variation  above  the 
mean  weight  for  that  age,  the  variation  being  expressed 
as  a  percentage;  the  third  column  gives  the  variation 
below  the  mean — averages  being  based  on  4,300  observa- 
tions in  all- 

Male  Guinea-Pigs. 

Age.  Variation  above.      Variation  below. 

Per  cent.  Per  cent. 

OtoOday 19.51  19.49 

1  to  1.5  days 18.9,5  18.99 

16  to  30  days 17.13  16.87 

3ito65days 15.68  16.31 

70  to  140  days 12.13  13  31 

145  to  315  days 7.52  7  48 

8tol2montlis 10.66  9  72 

13  to  17  months 10.38  1141 

18  to  24  months 12.10  10.83 

The  variation  of  adults  is  barely  over  half  that  at  birth 
in  range.  Remarkable  is  the  low  variation  from  145  to 
21.5  days,  and  from  8  to  12  months.  The  higher  values 
for  older  periods  is  perhaps  due  to  variations  in  obesity, 
which  we  know  from  common  observation  increases  in 
the  human  species  with  age.  The  growth  of  an  individ- 
ual also  indicates  the  existence  of  this  tendency  to  attain 
the  typical  adult  size ;  if  the  growth  of  the  animal  is  re- 
tarded by  illness,  after  recovery  the  growth  is  accelerated 
to  make  up.  This  has  practical  importance,  for,  unless 
tlie  illness  of  a,  child  is  very  prolonged,  no  permanent 
ellcct  upon  its  size  is  to  be  anticipated. 

The  size  of  an  animal  or  the  limit  of  its  growth  de- 
pends upon,  first,  the  rate,  and  second,  the  duration  of 
its  growth.  This  is  well  shown  by  comparing  man  with 
the  rabbit  and  the  guinea-pig,  as  to  the  average  daily 
growth.  A  man  acquires  u  weight  of  about  63,000 
gm.  in  twenty-five  years;  a  rabbit,  of  the  larger  breeds, 
about  2,.j00  gra.  in  one  year,  and  a  guinea-pig  about  750 
in  the  same  period.  For  man  add  2W)  days,  for  rabbits 
30  days,  for  guinea-pigs  68  days,  on  accourit  of  the  period 
of  gestation. 

Man 63,n(X)  gm.  ^  9,139  -f  28(1  =  6.69  gm.  per  diem 

Kabbit 2,,500  gm.  ^     365  +    311  =  6.30    "      "       " 

Guinea-pig 750gm. -i-    365+  UK  =  1.73 

Man  grows  about  as  fast  as  a  rabbit,  but  becomes 
much  bigger,  because  he  grows  longer;  but  tlie  rabbit 
is  bigger  than  the  guinea-pig,  because  he  grows  much 
faster.     This  is  matter  of  common  observation ;  all  that 
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we  gain  fi-om  our  calculation  is  a  quantitative  expression 
more  suited  for  ready  comparison. 

Of  course,  the  whole  shaping  of  the  organism  depends 
upon  variations  in  the  growth  rates  of  the  single  parts, 
but  what  causes  such  variations  is  unknown.  Many 
writers  have  sought  to  account  for  the  variations  by 
purely  mechanical  factors,  principally  strain  and  press- 
ure; but  although  such  assumptions  have  been  very 
frequently  put  forward  by  His,  van  Beneden,  Kolliker, 
and  a  host  more,  they  must  all  be  condemned  as  more  or 
less  ill-considered  speculations.  A  growing  trout  as- 
sumes a  certain  form ;  why  ?  because  it  is  its  inherited  ten- 
dency ;  of  the  physiological  nature  of  that  tendency  we 
know  hardly  anything,  except  that  it  is  not  mechanical, 
but  only  an  unexplained  growth  force. 

Literature. — The  only  general  works  are  the  very 
important  treatise  of  Vierordt  in  Gerhardt's  "Handbuch 
der  Kinderkrankheiten, "  Bd.  1,  Abth.  1,  pp,  319-290; 
Davenport's  treatise  in  the  second  volume  of  his  "Ex- 
perimental Morphology "  (1899) ;  and  the  useful  sum- 
maries given  by  Preyer  in  his  "Physiologic  des  Em- 
bryos," by  Hensen  in  the  sixth  volume  of  Hermann's 
"Physiology,"  and  DafEner,  in  " Das  Wachstum  des  Men- 
schen "  (1897).  The  number  of  special  papers  is  very 
large ;  a  few  references  are  given  below ;  for  additional 
ones  consult  Vierordt.  OJiarles  Sedgtrick  Minot. 

Revised  by  B.  P.  Bigelow. 

I.  Growth  of  Fcetus.— See  Preyer's  Specielle  Physiologic  des  Em- 
bryo for  a  synopsis  of  the  observations  and  references  to  the  litera- 
ture.—Pagliani :  Lo  Sylluppo  umano,  per  etk,  ses.so,  etc.,  8vo, 
Milano,  1879.— Fehling :  Beitrage  zur  Physiologle  des  Placenten- 
stoflverkehrs.    Arch.  f.  Gynak.,  xi.,  1877,  pp.  523-527. 

II.  Weight  at  Birth.— Eumpe :  Arch,  f .  Gyn.,  xx.,  117.— Ahlfeld : 
thld.,  xii.,  489.— Lorey :  Jahrb.  Kinderheilk.,  N.  F.,  xii.,  260.— Inger- 
slev  :  Nord.  Med.  Ark.,  vii.,  1875— Frankenhauser :  Monatschr.  Ge- 
burtsk.,  xiii.,  170.— Elsasser :  Henke's  Zeltsch.,  xxxvll.,  2.— Wag- 
ner: Centralbl.  f.  Gynak.,  1885,  359.— Negri:  ibid.,  1886,  p.  58. 

III.  Growth  of  Infants.— Hesse:  Arch.  f.  Gynak.,  xiv.,  49],  and 
xvii.,  150.- Petersen :  Schmidt's  Jahrb.,  Bd.  196,  p.  31.— Hofmann: 
Neue  Zeitschr.  Geburtsk.,  xxvi.,  145.— Siebold :  Monatschr.  Ge- 
burtsk.,  XV.,  337.— Pf eiffler :  Jahrbiicher  f.  Kinderheilk.,  xix.,  143.— 
Biedert :  ihid.,  xix.,  275.— Woronoff :  ibid.,  xxil.,  2.54 ;  abstract  in 
Schmidt's  Jahrb.,  Bd.  205,  p.  47.— Wolff :  Centralbl.  f .  Gynak.,  1885, 
p.  16.— Rezmarozky :  Arch.  f.  Gyn.,  v.  For  further  litierature  see 
Vierordt,  loc.  cit. 

IV.  Growth  of  Children.— Bowditch :  The  Growth  of  Children, 
Boston,  1877 ;  also.  The  Growth  of  Children  (a  supplementary  in- 
vestigation), Boston,  1879;  both  republished  from  Reports  of  the 
Massachusetts  State  Board  of  Health.— Peckham :  The  Growth  of 
Children,  from  Sixth  Annual  Report  State  Board  of  Health  of  Wis- 
consin.—Pagliani  :  Lo  Sviluppo  umano  per  et4,  sesso,  etc.,  Milano, 
1879;  and  Sopra  alcuni  fattori  dello  Sviluppo  umano,  Torino,  1876.- 
Mailing  Hansen:  Gewlcht  der  Kinder,  Copenhagen,  1883;  and 
TBgliche  Wagungen,  etc.,  Copenhagen,  1884.— Theile :  Nova  acta, 
xlvi.,  3,  1884.— Menard  :  Gazette  M^d.,  Paris,  January  9th,  1886.— 
Roberts,  C. :  Relative  Increase  in  Size  of  the  Body.  Report  of  Brit. 
Assn.  Adv.  Sci.,  1881.— Porter,  W.  T. :  Growth  of  St.  Louis  School 
Children.  Trans.  Acad.  Sci.  St.  Louis,  1893-94;  and  Pub.  Amer. 
Statis.  Assn.,  1894-95.— Daflner,  F. :  Das  Wachstum  des  Menschen, 
Leipzig,  1897. 

V.  Anthropometry.— See  the  General  Treatise  of  Roberts ;  Gould's 
Statistics,  published  by  the  U.  S.  Sanitary  Commission ;  and  Bax- 
ter :  Statistics  of  the  Provost-General's  Ofllce,  2  vols.,  4to,  Washing- 
ton, 1876.  Baxter  gives  an  extensive  bibliography.— Davenport.  C. 
B. :  Statistical  Methods,  New  York,  1899. 

^L^,?Sf  ^■'?, ""  ANIMALS.- Minot:  Proc.  Society  of  Arts,  Boston,  p. 
.50, 1884.— Hensen  und  Edelfsen :  Arbeiten  Physiol.  Inst.  Kiel,  pi.  i. 
Kehren ;  Arch.  f.  Gyn.,  i.,  224. 

GUACAMPHOL,  the  camphoric  acid  ester  of  guaiacol 
occurs  m  white,  needle-like  crvstals  or  powder,  and  is 
tasteless  and  odorless,  and  insoluble  in  the  ordinary  sol- 
vents. It  is  said  to  pass  unchanged  through  the  stom- 
ach, and  to  split  up  in  the  intestines  into  guaiacol  and 
camphoric  acid;  so  it  has  been  employed  as  an  intestinal 
antiseptic,  particularly  in  tuberculous  diarrhoeas  It  is 
especially  recommended,  however,  by  Kaminer  and  Las- 
ker,  for  combating  the  night  sweats  of  pulmonary  tu- 
berculosis. The  dose  is  0.5-1  gm.  (gr.  viij.-xv.)  in  cap- 
sule at  bedtime.  W  A.sLtedo 

^  GUACO.-The  drug  at  present  known  by  this  name 
IS  only  one  of  a  number  of  products  known  by  it  in 
tropical  America.  It  is  the  leaves  of  WiUovghbma  Neck,  or 
^^n!Z  ,7'"^  -.P^^^Wy  of  more  than  one  species (fam. 
C'>»po.vt<r).  It  IS  a  native  of  South  America,  and  grows 
also,  either  wild  or  introduced,  iu  the  West  Indies 
Guaco  has  a  great  reputation  among  the  inhabitants  of 
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many  South  and  Central  American  countries  as  an  anti- 
dote to  snake  bites,  and  as  a  sort  of  corollary  it  has  been 
supposed  to  be  useful  in  hydrophobia,  cancer,  cholera, 
epilepsy,  syphilis,  etc.  Faure  separated  an  amorphous 
bitter  p'rinciple  (which  is  probably  not  chemically  pure) 
■which  he  has  called  guacin.  An  odorous  principle  that 
appears  to  be  present  in  the  fresh,  must  be  mostly  dis- 
sipated in  the  dried,  leaves.  There  is  nothing  in  its 
chemical  or  evident  physical  properties  that  should  lead 
one  to  regard  guaco  as  other  than  a  mild  aromatic  bitter, 
of  the  Eupatorium  order. 

In  its  native  regions  it  is  preferably  given  in  the  fresh 
state.  Here  the  dried  leaves  may  be  prepared  in  any  of 
the  usual  ways,  and  rather  freely  administered. 

W.  P.  Bolles. 

GUAIAC,  including  Guaiac  Wood,  Guaiaci  Lignum, 
or  Lignum,  Vitm.  "  The  heart-wood  of  Quaiacum  officinale 
L.  and  of  0.  sanctum  L.  (fam.  Zygophyllacem)'"  (U.  S.  P.), 
and  Guaiac,  Guaiac  Resin,  Guaiaci  Resina,  or  "  Qum 

Ouaiac."  "The  resin 
of  the  wood  of  Ouaia- 
cum  officinale  L."  (U. 
S.  P.).  These  are 
small  evergreen  trees 
of  northern  South 
America  and  the  West 
Indies,  having  the 
habit  of  a  small  apple- 
tree,  and  forming  a 
brilliant  mass  of 
bright  blue,  when  in 
full  bloom. 

Guaiacum  wood  was 
carried  to  Europe  soon 
after  the  discovery  of 
the  West  Indies  (early 
in  the  sixteenth  cen- 
tury), and  made  a 
rapid  reputation  for 
itself  as  a  remedy  for 


Fig.  2351.— Section  of  Guaiacum  Wood. 
(BalUon.) 


syphilis  and  gout,  a  reputation  that  it  unfortunately 
very  soon  lost  again  in  great  measure.  Two  products  of 
the  tree  are-  imported— the  wood,  which  if  of  fair  size 
and  soundness,  goes  to  the  turners  to  be  made  into  pulley- 
sheaves,  mallets,  mortars,  tool  handles,  etc.,  and  the  crude 
resin,  rudely  obtained  from  the  hvingtree  or  fresh  wood. 
The  wood  comes  in  logs  several  feet  in  length,  and 
from  two  to  six  or  eight  or  more  inches  in  diameter,  often 
irregularly  crooked  and  branching ;  they  consist,  except- 
ing the  smallest,  of  a  bright  yellow,  hard  alburnum,  and  a 
very  dark  greenish-brown,  exceedingly  hard  and  heavy 
heart,  consisting  of  very  much  thickened  wood  cells,  a,nd 
an  abundance  of  a  peculiar  composite  resm.  This  wood  is 
almost  as  hard  and  heavy  as  ivory,  and  turns  the  edges 
of  tools  not  especially  sharpened  for  it.  That  which 
reaches  the  drug  market  consists  principally  of  the  turn- 
ings and  refuse  of  what  is  manufactured  for  the  purposes 
above  named.  It  should  consist  only  of  the  brown  or 
green  heart-wood,  which  is  heavier  than  water,  to  which 
It  does  not  impart  its  color.  Upon  the  addition  of  nitric 
acid  if  it  has  not  been  deprived  of  its  resin,  it  should  give 
a  dark,  bottle-green  color.  The  resin,  of  which  there 
should  be  about  35  per  cent.,  is  the  only  active  constitu- 
ent, so  that  its  properties  are  also  those  of  the  wood. 

The  resin,  which  is  obtained  partly  by  mcismg  the 
trees,  and  partly  as  a  spontaneous  exudation,  also  some- 
times forced  out  from  the  wood  by  heat,  is  a.  crude  ana 
impure  substance.  The  officinal  description  is  as  follows : 
la  irregular  masses,  or  subglobular  pieces,  externally 
greenish-brown,  internally  of  a  glassy  lustre,  and  in 
recent  guaiac,  usually  reddish-brown,  transparent  m 
thin  splinters,  fusible,  feebly  aromatic,  the  odor  becom- 
ing stronger  on  heating;  taste  somewhat  acrid;  powaer 
grayish,  turning  green  on  exposure  to  air 

Soluble  in  potassium  or  sodium  hydrate  T.  S.  and  m 
alcohol ;  the  alcoholic  solution  is  colored  blue  on  the  addi- 
tion of  tincture  of  ferric  chloride. 


It  is  very  brittle  when  cold,  plastic  with  slight  heat. 

Composition. — It  contains  about  seventy  per  cent,  of 
guaiaconic  acid,  a  yellow  or  brown,  brittle,  amorphous 
resin ;  ten  of  guaiaretic  acid,  which  is  crystalline ;  nine  or 
ten  of  guaiacic  acid,  something  like  guaiaconic  acid,  and 
three  or  four  of  gum,  besides  a  little  volatile  oil,  ash, 
coloring  matter,  and  various  impurities. 

Action  and  Use. — The  reputation  of  guaiac  depends 
upon  clinical  evidence  entirely,  and  has  had  spells  of 
waxing  and  waning.  It  is  stimulating,  or  in  large  doses 
irritating  to  mucous  membranes  and  markedly  increases 
their  secretions,  thus  acting  as  a  laxative.  The  high  esti- 
mate early  placed  upon  it  in  syphilis  has  disappeared 
since  the  real  efficiency  of  mercury  and  iodine  has  been 
established.  In  gout,  although  perhaps  useful,  it  is  cer- 
tainly no  specific;  as  an  emraenagogue  it  is  no  better  nor 
worse  than  many  others.  In  chronic  and  mild  subacute 
rheumatism,  and  in  rheumatic  arthritis,  the  evidence  in 
its  favor  is  strong.  It  is  perhaps  one  of  the  best  remedies 
for  these  intractable  maladies.  It  is  considerably  used 
in  inflammatory  conditions  of  the  throat  and  fauces, 
especially  when  there  is  deficient  secretion. 

Administration. — The  dose  of  guaiac  (resin)  is  from 
0.5  to  2  gm.  (gr.  viij.-xxx.).  It  may  be  given  in  pill  or 
powder,  but  the  tinctures,  of  which  there  are  two, — one 
simple  {Tinctvra  Quaiaci,  U.  S.  P.,  strength  20  per 
cent.),  made  with  alcohol,  and  one  associated  with  am- 
monia (TYnctora  Quaiaci  Amm/>niata,  V.  S.  P.,  strength 
20  per  cent. ),  made  with  aromatic  spirit  of  ammonia, — are 
more  generally  used  in  doses  of  2  to  4  c.c.  (fl  3  ss.-i.). 
Both  become  turbid  upon  mixing  with  water,  and  are 
oftenest  given  in  milk.  Guaiac  wood  is  used  as  an  ad- 
iuvant  in  the  Compound  Syrup  of  Sarsaparilla. 

W.  P.  Bolles. 

GUAIACETIN,  pyrocatechin-mono-acetic  acid  (CsH,.- 
OCH2.COOH.OH),  is  a  white,  odorless,  crystalline  pow- 
der, readily  soluble  in  water.  Ni6d  and  Meitner  have 
used  it  with  benefit  in  tuberculosis,  claiming  for  it  the 
special  advantages  that  it  promptly  lowers  temperature, 
lessens  the  mucous  secretion,  and  diminishes  the  night 
sweats.  It  is  an  admirable  stomachic  (Meitner),  and  so 
may  be  continued  even  when  chronic  gastritis  exists. 
The  dose  is  0.5  gm.  (gr.  viij.)  three  times  a  day  in  solu- 
tion .or  capsule.  W.  A.  Bastedo. 

GUAIACOL.  — Metliyl-pyrocatechin.  CaHi.OCHs.OH. 
Gualacol  constitutes  from  sixty  to  ninety  per  cent,  of 
wood  creosote,  from  which  it  is  separated  by  fractional 
distillation,  the  boihng  point  of  guaiacol  being  206°  to 
207°  C.  Specific  gravity,  at  15°  C,  1.33.  It  is  a  colorless 
liquid,  with  a  strong  aromatic  odor,  slightly  soluble  in 
water,  1  part  to  85,  readily  soluble  in  alcohol,  ether, 
glycerin,  and  oil.  Guaiacol  may  also  be  prepared  synthet- 
ically from  catechin,  and  by  the  dry  distillation  of 
guaiacum  resin.  From  these  sources  it  is  obtained  in  color- 
less, prismatic  crystals.  These  are  considered  to  be  abso- 
lutely pure  guaiacol,  and  are  official  in  the  Paris  Codex. 
The  guaiacol  of  commerce  is  very  variable  in  strength  and 
often  very  impure,  the  impurities  being  such  as  are  com- 
mon In  creosote  and  are  the  result  of  careless  distillation. 
The  adulteration  is  evident  by  the  lower  specific  gravity, 
the  stronger  odor,  and  by  becoming  darker  upon  exposure. 
The  pure  guaiacol,  with  concentrated  sulphuric  acid, 
gives  a  faint  yellow  coloration  which  is  changed  to  a 
cherry -red  by  the  addition  of  acetone;  the  impure  article 
gives  a  more  or  less  red  color  with  the  acid  alone. 

Guaiacol  is  absorbed  from  the  stomach  or  intestines, 
from  the  unbroken  skin,  and  by  inhalation.  It  is  rapidly 
excreted  and  may  be  detected  in  the  urine,  saliva,  or  per- 
spiration within  fifteen  minutes.  In  twenty-four  hours 
it  is  entirely  excreted.  Guaiacol  may  be  detected  by 
distilling  the  solution  with  dilute  sulphuric  acid,  and 
adding  to  the  distillate  a  small  quantity  of  a  dilute  solu- 
tion of  liquor  ferri  sesquichlorati  (two  or  three  drops  to 
a  test  tube  of  water).  If  guaiacol  is  present  a  reddish- 
brown  color  is  developed,  the  intensity  of  which  depends 
upon  the  amount  of  guaiacol. 
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The  action  of  guaiacol  is  the  same  as  that  of  creosote, 
the  advantages  claimed  for  it  being  its  greater  purity  and 
more  definite  composition.  Locally,  it  is  antiseptic  and 
analgesic,  and  when  administered  by  the  mouth  it  exer- 
cises the  same  effect  upon  the  stomach  and  intestinal 
tract.  Its  action  after  absorption  is  as  yet  not  well  un- 
derstood. Many  consider  that  its  beneficial  effects  are 
produced  simply  by  its  tonic  and  stomachic  action; 
others,  including  Schueller  who  brought  it  to  the  notice 
of  the  profession,  ascribe  its  virtues  to  a  direct  antiseptic 
action  which  destroys  all  bacterial  growth  that  comes 
under  its  influence.  Another  and  more  recent  view  is 
that  it  combines  with  the  toxins  of  the  pathogenic  bacilli, 
forming  soluble  compounds  which  are  rapidly  eliminated 
by  the  excretions. 

The  superiority  of  guaiacol  over  creosote,  in  the  treat- 
ment of  tuberculous  conditions,  was  first  advocated  by 
Prof.  Max  Schueller,  of  Berlin,  in  1880.'  In  his  work, 
the  author  relates  the  experience  which  he  derived  from 
administering  various  drugs  to  animals  affected  with  tu- 
berculosis. Creosote,  guaiacol,  benzoate  of  soda,  and 
many  similar  drugs  had  been  experimented  with  and  he 
had  selected  guaiacol  as  the  most  effective.  In  1891 ''  be 
published  a  second  treatise  in  which  he  reviewed  the  work 
which  he  had  carried  on  during  the  intervening  years,  and 
explained  in  detail  his  method  of  employing  it.  In  all 
forms  of  tuberculosis  he  administers  it  continuously  in 
small  doses,  as  in  his  experience  large  doses  were  not  of 
any  special  value.  He  particularly  insists  upon  its  con- 
tinued use,  which  should  be  followed  for  some  months 
after  the  bacilli  have  disappeared.  He  advocates,  for 
children,  a  dose  of  two  or  three  drops,  and  for  adults  one 
of  from  three  to  five  drops,  four  times  daily.  He  gives 
it  in  plain  water,  to  which  a  little  table  salt  has  been 
added,  and  sometimes  in  milk,  wine,  or  spirits.  In  sur- 
gical tuberculosis,  in  addition  to  its  internal  use,  he  also 
injects  it  directly  into  the  diseased  part,  or,  if  the  surface 
of  the  skin  has  already  been  destroyed,  he  curettes  the 
tissues  and  applies  the  guaiacol  directly  to  the  denuded 
surface. 

Although  guaiacol  has  not  replaced  creosote  in  the 
treatment  of  tuberculosis,  it  is  very  extensively  employed 
and  is  one  of  the  drugs  looked  upon  with  favor  in  this 
disease.  Experience  has  shown  that  it  does  not  possess 
all  the  virtues  which  were  originally  attributed  to  it,  but 
reports  indicate  that  it  is  used  with  much  success  and  by 
many  it  is  thought  to  be  of  great  value.  Its  use  is  not 
limited  to  tuberculous  conditions.  It  has  been  employed 
with  favorable  results  in  all  septic  diseases,  in  puer- 
peral and  typhoid  fevers,  erysipelas,  pleurisy,  bronchial 
catarrh,  whooping-cough,  and  many  local  inflammatory 
conditions. 

The  method  of  administering  guaiacol  varies.  Many 
prefer  to  give  it  in  continuous  small  doses,  from  three  to 
five  minims  three  times  a  day,  as  advised  by  Schueller, 
while  others  adopt  the  ideas  of  Sommerbrodt  in  the  use 
of  creosote,  and  give  it  in  rapidly  increasing  doses  for  the 
purpose  of  saturating  the  system  and  acting  directly 
upon  the  pathological  processes.  With  this  in  view  the 
quantity  may  be  increased  by  one  drop  at  each  dose  until 
fifteen  drops,  three  times  a  day,  are  given,  and  this  dose 
is  to  be  maintained  for  an  indefinite  period.  It  has  been 
demonstrated  that  as  much  as  sixty  minims  three  times 
a  day  may  be  given  without  ill  effect.  ^  "When  the  rem- 
edy is  given  in  large  doses  or  when  its  use  is  continued 
for  a  prolonged  period,  the  action  of  the  kidneys  should 
be  watched,  as  any  interference  with  this  function  would 
cause  an  unexpected  retention  of  the  drug  in  the  system 

It  should  always  be  administered  well  diluted  in  milk 
wine,  spirits,  or  water.  The  addition  of  a  vegetable  bit' 
ter,  as  tincture  of  orange,  gentian,  or  cardamoms  serves 
to  disguise  its  taste  and  to  add  to  its  stomachic  properties 
If  capsules  are  selected  they  should  always  be  followed 
with  draughts  of  water  or  some  diluent. 

If  for  any  reason  the  remedy  cannot  be  given  by  the 
mouth,  enemata  may  be  adopted,  and  the  following  for- 
mula has  proved  satisfactory:  guaiacol,  gr.  vii. ;  sweet 
almond  oil,   3  iss. ;  gum  acacia,   3  i. ;  water,   |  viij. 
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With  a  view  of  increasing  its  therapeutic  action  its 
use  subcutaneously  has  been  advocated.  At  the  Inter- 
national Congress  of  Medicine,  Paris,  1890,  Dr.  Weill  re- 
ported an  experience  extending  over  eleven  years.  He 
dwells  upon  the  importance  of  using  the  crystals  and 
saturating  the  system.  The  formula  is  as  follows :  Crys- 
talline guaiacol,  oil  of  sweet  almonds  sterilized,  each  10- 
gm. ;  hydrochlorate  of  cocaine,  2  cgm. ;  to  be  dissolved 
in  an  equal  quantity  of  water.  This  is  kept  in  a  dark 
bottle  and  1  c.c.  is  injected  into  the  gluteal  region  daily. 
Other  methods  of  giving  the  guaiacol  are  adopted  at  the 
same  time,  and  they  furnish  a  good  example  of  "  intensive 
guaiacolization."  Thus,  for  example,  every  night  the 
same  solution  is  applied  to  the  skin  over  the  chest,  and 
enemata  of  milk,  containing  forty  drops  of  the  solution, 
are  employed.  The  drug  is  also  given  internally.  Weill 
advises  that  this  treatment  should  be  continued  for  sev- 
eral months,  with  intervals  of  eight  or  ten  days  every  ■ 
three  weeks. 

Iodoform,  eucalyptol,  and  other  similar  drugs  have 
been  combined  with  guaiacol  for  use  subcutaneously. 
Of  these  iodoform  is  the  most  favored.''  The  drugs  are 
dissolved  in  sterilized  oil  and  injections  of  iodoform,  one- 
sixth  grain,  with  guaiacol,  one  grain,  are  given  daily. 

The  submucous  injections  have  been  advised  in  laryn- 
geal tuberculosis;  and  inhalations  from  respirators,  or 
from  heated  water,  have  proved  of  much  service. 

The  local  use  of  guaiacol  has  not  been  adopted  to  any 
extent,  but  favorable  reports  of  its  employment  in  this- 
manner  are  met  with.  A  five  to  ten  per  cent,  solution 
in  sterilized  olive  oil  is  used  with  rigid  antiseptic  precau- 
tions. From  ten  to  fifteen  minims  are  injected  deeply 
into  the  diseased  tissue,  in  two  or  three  places,  and  the 
operation  is  repeated  once  or  twice  a  week.  In  addition 
to  its  action  upon  the  disease,  guaiacol  is  thought  to  pro- 
mote the  formation  of  fibrous  tissue  by  its  astringent  and 
congestive  properties.  It  must,  however,  be  used  with 
care,  as  it  may  produce  much  local  imtation. 

The  absorption  of  guaiacol  through  the  unbroken  skin 
is  very  rapid,  and  advantage  is  taken  of  this  to  obtain 
its  ph3'siological  effects.  Fifty  to  sixty  minims  are  ap- 
plied to  the  surface,  and  the  part  is  covered  with  oil  silk. 
Within  fifteen  minutes,  the  pulse  relaxes,  the  skin  be- 
comes cool  and  moist,  and  the  temperature  begins  to  fall. 
The  effect  lasts  for  four  or  five  hours.  The  application 
may  be  repeated  night  and  morning  according  to  the 
course  of  the  fever.  This  method  of  employing  the  rem- 
edy calls  for  the  exercise  of  care,  as  the  reports  of  ill  effects 
show  that  they  generally  occur  when  it  is  used  in  this 
way.  On  account  of  the  rapid  absorption  of  the  drug, 
the  fall  of  temperature  may  be  rapid,  descending  below 
normal,  with  cold  extremities,  clammy  skin,  feeble  pulse, 
and  other  indications  of  threatened  collapse. 

Guaiacol  combines  with  the  metals  to  form  crystalline 
salts,  but  these  are  not  of  therapeutic  value,  owing  to 
their  being  very  unstable.  With  acid  radicles  it  forms 
permanent  salts  and  many  of  these  have  been  prepared 
as  agreeable  substitutes  for  the  crude  drug.  Most  of 
them  have  been  issued  under  registered  trade  names  and 
freely  advertised. 

Guaiacol  Bciiz,«(te,  "  Benzosol " :  CoHiOCHaOCOCeHs. 
A  crystalhne  salt  in  which  one  atom  of  hydrogen  is  re- 
placed by  a  benzoyl  radicle.  It  occurs  in  small  colorless, 
tasteless,  and  odorless  crystals,  nearly  insoluble  in  water. 
It  contains  fifty-four  per  cent,  of  guaiacol,  and  after  ad- 
ministration it  slowly  breaks  up  into  its  constituent  ele- 
ments, guaiacol  and  benzoic  acid. 

_  It  is  given  in  doses  of  from  five  to  ten  grains,  three 
times  a  day.  It  is  used  in  all  conditions  in  which  guaia- 
col is  indicated,  and  is  thought  to  be  particularly  service- 
able in  intestinal  tuberculosis  and  diarrhcea. 

Ovaiacol  Carbonate,  "Duotol":  (CoH40CH30)2CO,  a 
neutral,  white,  tasteless,  odorless  powder.  Insoluble  in 
water,  containing  ninety-one  per  cent,  of  guaiacol.  In 
contact  with  the  alkaline  secretions  of  the  intestines  it 
breaks  tip  into  guaiacol  and  carbonic  acid.  The  mini- 
mum dose  is  eight  grains  three  times  a  day.  Guaiacol 
carbonate  is  the  most  popular  of  the  guaiacolates,  prob- 
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ably  from  its  being  extensively  advertised  as  duotol.  It 
has  been  much  used  in  tuberculosis  and  in  typhoid  fever, 
and  as  an  antiseptic  in  various  intestinal  disorders.  Ref- 
erence may  here  be  made  to  cresotol  winch  closely  resem- 
bles guaiacol  carbonate,  it  being  the  carbonate  of  creo- 
sote, including  guaiacol  as  well  as  the  other  constituents. 
It  was  introduced  by  von  Leyden '  and  has  been  very 
much  employed  in  the  same  conditions  for  which  guaia- 
col has  been  used.  It  is  a  transparent  liquid,  odorless, 
but  having  a  bitter  taste.  The  dose  at  first  should  be 
five  minims,  and  then  it  should  be  gradually  increased. 
Doses  as  large  as  a  teaspoonful  have  been  given  for  a 
prolonged  period  without  ill  effects.*  Professor  von 
Leyden  advised  that  five  minims  be  given  three  times  a 
day,  and  that  the  dose  should  be  increased  from  day  to 
day  by  three  drops  until  twenty-five  drops  were  reached ; 
this  to  be  continued  for  a  few  weeks  and  then  gradually 
reduced  to  the  original  dose.  Such  a  course  should  be 
repeated  if  necessary. 

Ouaiacol  Ginnamate,  "Styracol":  CaH40CH30C9H70. 
A  German  proprietary  medicine  patented  under  the  latter 
name.  In  the  intestines  it  is  decomposed  into  its  two 
constituents,  and  the  beneficial  effects  of  cinnamic  acid,  as 
well  as  those  of  guaiacol,  are  manifested.  It,  however, 
has  not  been  much  employed. 

OHai(icol  piperidin,  "  Guaiaperol. "  A  compound  oc- 
curring in  granular  crystals,  soluble  in  thirty  parts  of 
water,  with  a  slight  odor  of  creosote.  It  has  been  em 
ployed  in  the  treatment  of  pulmonary  tuberculosis  and 
it  is  thought  to  possess  the  stimulating  properties  of 
piperidin  in  addition  to  the  action  of  guaiacol.  Dose ; 
from  five  to  thirty  grains. 

Guaiacol  Valerianate,  "Geosote.''  A  liquid  combina- 
tion of  guaiacol  ,and  valerianic  acid,  having  the  char- 
acteristic odor  of  valerian.  Dose:  five  minims  in  cap- 
sules. This  preparation  has  received  much  attention  and 
is  thought  to  have  a  particular  value  as  an  application 
in  local  forms  of  tuberculosis.  It  has  been  used  in  the 
Loomis  Sanatorium  for  consumptives  and  reported  upon 
favorably.' 

Guaiacol  salicylate ;  g.  pliospTiate ;  g.  phosphite;  potas- 
sium guaiaeol-sulphonate  or  "  thiocol " ;  quinine  guaiacol- 
sulphonate,  or  "  guaiaquin  " ;  calcium  guaiacol  sulphonate, 
or  "  guaiacyl " ;  and  many  similar  derivatives  of  guaiacol 
have  been  introduced  as  substitutes  for  the  pure  drug. 
Each  one  is  supposed  to  add  some  special  therapeutic 
value,  and  although  all  have  had  some  favorable  men- 
tion, none  has  attracted  much  attention  or  proved  of  any 
special  value.  Beaumont  Small. 

'  F  Enke :  Experimentelle  und  histologische  Untersuehungen,  etc., 
Stuttgart,  1880.  ^  ^      „  ^ 

2  Prof.  Max  Schueller :  Eine  neue  Behanaiungsmetbodeder  Tuber- 
kulose,  besonders  cbirurgiscben  Tuberkulosen,  Wiesbaden,  J.  F. 
Bergmann,  1891. 

3  Tbe  London  Lancet,  1891,  vol.  i.,  p.  993. 

■■  La  Semaine  M^dioale,  March  4th,  1891.  British  Medical  Journal, 
1895,  vol.  u.,  p.  U88 ;  1891,  vol.  ii.,  p.  1040. 

'  Charit^Annalen,  Berlin,  1897. 

e  Tbe  London  Lancet,  1898,  vol.  1.,  p.  322. 

'  New  Torlc  Med.  Joum.,  April  2d,  1898.  Joum.  Amer.  Med.  Assn., 
vol.  xxxi.,  p.  821. 

GUAIACOL  CACODYLATE  is  a  combination  of  caco- 
dylic  acid  with  guaiacol  employed  by  Barbary  hypoder- 
mically  in  dose  of  0.03-0.05  gm.  (gr.  ^f)  in  tuberculosis. 
The  injection  is  painless,  and  serves  as  a  means  of  intro- 
ducing arsenic  into  the  system.  W.  A.  Bastedo. 

GUAIACOL-ETHYL,  guethol,  homocresol,  ajacol, 
thanatol,  pyrocatechin-mono-ethyl  ether  (CeHi.OCiHs.- 
OH),  is  a  homologue  of  guaiacol  in  which  the  methyl 
group  is  replaced  by  ethyl.  It  is  an  oily  liquid,  insolu- 
ble in  water  orglycerin,  and  soluble  in  alcohol,  ether,  or 
chloroform.  It  resembles  guaiacol  physically  and  phys- 
iologically, but  has  a  greater  analgesic  and  sedative 
action.  It  has  been  used  topically  for  neuralgia,  neuri- 
tis, painful  joints,  epididymitis,  etc.,  in  ten  to  fifty  per 
cent,  ointment,  or  hypodermically  in  ten-per-cent.  gly- 
cerin mixture.  A  case  of  painful  tuberculous  cystitis, 
with  tenesmus,  was  relieved  by  the  intravesical  injection 


of  5c.c.  (TTl  lxxv.)of  tlie  ten-per-cent.  glycerin  prepa- 
ration (Merck).  Its  internal  dose  in  tuberculosis  is 
0.25-0.65  c.c.  (lU  iv.-x.)  three  times  a  day  in  milk  or  in 
capsule.  Von  Mering  believes  that  this  preparation  is 
better  than  guaiacol  W.  A.  Bastedo. 

GUAIAKINOL,  the dibromguaiacolate  of  quinine,  crys- 
tallizes in  yellow,  clinorhombic  prisms.  At  15'  C.  (59°  F.) 
it  dissolves  in  less  than  two  parts  of  water,  and  on  ac- 
count of  this  solubility  promises  to  be  useful.  Clinical 
data  are  wanting.  W.  A.  Bastedo. 

GUAIAMAR,  the  glycerol  ester  of  guaiacol  (CgHj.- 
OCHs.OCI-Ia.CHOH.CHsOH),  is  formed  by  the  action  of 
anhydrous  glycerin  on  guaiacol.  It  is  a  white,  neutral, 
non-hygroscopic,  crystalline  powder,  soluble  in  twelve 
parts  of  water,  and  in  alcohol,  chloroform,  ether,  and 
glycerin.  It  has  a  bitterish,  aromatic  taste,  and  is  split 
in  the  alimentary  tract  into  guaiacol  and  glj'cerin. 
George  F.  Butler  has  studied  its  action  at  the  Cook's 
County  Hospital,  Chicago,  and  claims  it  to  be  antipy- 
retic, diuretic,  diaphoretic,  and  antiseptic.  It  stimulates 
the  appetite  and  prevents  gastric  fermentation,  deodor- 
izes and  loosens  the  bronchial  excretions,  and  is  a  very 
efficient  antiseptic  to  the  alimentary  or  genito-urinary 
tract.  It  is  less  irritating  than  benzosol  or  guaiacol  car- 
bonate, though  occasionally  more  so  by  idiosyncrasy. 
Butler  recommends  it  in  typhoid  fever,  tuberculosis, 
bronchitis,  broncho-pneumonia,  chronic  cystitis,  gonor- 
rhcea,  and  the  summer  diarrhoeas  of  children.  Its  dose  is 
0.3-1  gm.  (gr.  iij.-xv.).  Locally,  with  belladonna  and 
mercurial  ointments,  he  applies  it  to  rheumatic  joints; 
and,  with  balsam  of  Peru  and  zinc  ointment,  to  bed- 
sores. W.  A.  Bastedo. 

GUAIASANOL,  di-ethyl-glycocoll-guaiacol  hydro- 
chloride, was  introduced  by  E.  Einhorn  and  Hiltz  as  a 
soluble  form  of  guaiacol.  It  crystallizes  in  white  pnsms, 
having  a  faint  odor  and  a  saline,  bitter  taste.  It  is  neu- 
tral to  litmus,  and  is  freely  soluble  in  water  from  which 
it  is  precipitated  as  a  basic  oil  by  the  alkaline  carbonates. 
Guaiasanol  liberates  guaiacol  in  the  alimentary  tract, 
and  is  used  both  externally  and  internally  for  the  same 
purposes  as  guaiacol.  Experiments  show  that  it  is  with- 
out unpleasant  effects  in  daily  dosage  of  3-12  gm.  (gr. 
xlv.-clxxx.).  It  may  be  used  hypodermically,  and  in 
two-per-cent.  solution  is  unirritating  to  wounds. 

W.  A.  Bastedo. 

GUARANA. — (Pronounced  Gwaw-rah-nah' .)  "A  dried 
paste,  consisting  chiefly  of  the  crushed  or  pounded  seeds 
of  Paullinia  Oupana  Kunth  (fam.  Sapindacece) "  (U.  S.  P.). 
This  is  a  climbing  shrub,  native  of 
the  hottest  parts  of  South  America, 
but  the  seeds  are  obtained  wholly 
from  cultivated  plants. 

The  genus  contains  upward  of 
one-hundred  and  twenty  species, 
and  its  members  are  lich  in  sapo- 
nin, also  contained  in  guarana,  on 
account  of  which  parts  of  several 
of  them  are  used  as  lish-poisons. 
The  guarana  plant  is  ver}'  ex- 
tensively cultivated,  especially  upon  the  banks  of  the 
Itenez  River,  a  southern  tributary  of  the  Madeira.  It 
is  grown  to  stout  stakes  or  poles  and  the  plantation 
resembles  an  ordinary  vineyard.  The  panicles  of  small 
white  flowers  are  succeeded  by  fruit  clusters  looking 
not  unlike  large  bunches  of  immense  grapes.  When 
ripe,  the  yellow  fruit  splits  into  three  husks  and  the 
seeds  are  lost.  They  are  gathered  just  previous  ,to 
this  time  and  the  seeds  are  shelled  and  washed.  The 
seed  is  large  (1  cm.  in  diameter),  globular  or  sphe- 
roidal, with  a  flattened  base,  and  a  slightly  pointed  apex. 
Its  surface  is  dark -brown  and  very  shiny,  excepting  the 
large  chalaza  at  the  base,  which  is  light-colored,  and,  be- 
fore it  is  disturbed,  covered  with  a  large  aril.  It  is  ex- 
albuminous  and  entirely  filled  by  the  large  fleshy  embryo. 
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Fig.  2353.— Paullinia 
Seed.  Natural  size. 
(Baillon.) 


Guaraniue. 
Ounshot  ^Voiinds. 
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In  general  appearance  and  structure  it  may  be  described 
as  a  small  horse-chestnut.  After  shelling,  the  seeds  are 
lightly  roasted,  by  which  the  testa  is  loosened.  The 
latter  is  then  broken  oH  and  winnowed  out,  and  the  ker- 
nels are  coarsely  broken  up  in  a  wooden  mortar  and  with 
a  wooden  pestle.  Just  enough  water  is  added  to  form  an 
adhesive  mass.  This  mass  Is  then  moulded  by  hand  into 
cakes,  balls,  or,  more  commonly  into  sausage-shaped  rolls, 
six  to  ten  inches  In  length  by  one  or  two  in  diameter. 
The  drying  of  these  is  the  most  delicate  and  critical  part 
of  the  operation.  It  is  conducted  by  artificial  heat,  in 
specially  built  houses,  great  care  being  taken  to  avoid  a 
disagreeable  flavor  from  the  smoke  or  from  tlie  subse- 
quent development  of  some  variety  of  mould  through 
imperfect  or  unequal  drying.  Adulteration  occurs  only 
occasionally.  It  consists  in  making  various  additions— 
usually  tapioca  starch — to  the  mass  before  it  is  subjected 
to  the  drying  process. 

As  regards  the  home  consumption  of  guarana,  it  is  the 
exact  equivalent  of  tea  or  coSee,  except  that  it  is  grated 
oS  and  taken  suspended  in  cold  water.  It  is  the  staple 
beverage  of  millions  of  people.  Its  excessive  habitual 
use  brings  on  nervous  disorders  similar  to  those  from 
other  cafieine-containing  beverages,  and  ending  in  a  kind 
of  palsy. 

Descbiption. — In  subglobular  or  elliptical  cakes  or 
cylindrical  rolls,  hard  and  heavy;  outer  surface  some- 
what shortly  nodular,  smooth,  slightly  lustrous,  deep 
chocolate-brown;  rather  brittle,  the  fracture  uneven, 
often  fissured  in  the  centre,  of  a  deep  flesh  color  or  pale 
reddish-brown,  showing  numerous  coarse,  angular,  lus- 
trous fragments  of  seeds  partly  invested  with  blackish- 
brown  integuments ;  odor  slight,  peculiar,  a  little  resem- 
bling that  of  chocolate ;  taste  very  astringent,  somewhat 
bitter,  afterward  sweet,  especially  when  chewing  is  fol- 
lowed by  the  taking  of  a  swallow  of  water. 

Composition, — Guarana  stands  at  the  head  of  caffeine- 
yielders,  containing  four  or  five  per  cent.  A  quarter  of 
its  weight  is  tannin,  and  there  are  starch,  saponin,  resin, 
and  small  amounts  of  fixed  and  volatile  oil.  It  should 
not  yield  more  than  two  and  one-half  per  cent,  of  ash. 
It  should  be  remembered  that  the  domestic  value  of 
guarana  depends  largely  upon  its  flavor.  Many  lots  de- 
fective in  this  particular  are  exported  for  medicinal  use 
and  are  not  necessarily  inferior  for  this  purpose.  At  the 
same  time,  adulterated  lots  are  undoubtedly  manufactured 
especially  for  such  export,  but  only  rarely. 

Action  and  Medicinal  Use. — Because  of  its  tannin, 
guarana  is  to  be  compared  rather  with  tea  than  with 
coffee.  Caffeine  is  elsewhere  so  fully  treated  that  its 
action  cannot  be  here  discussed. 

As  the  contained  dose  of  tannin  is  a  small  one,  it  is,  in 
fact,  a  mode  of  giving  caffeine,  and  Uttle  or  nothing 
more.  Its  principal  clinical  reputation  lies  in  its  value 
in  nervous  and  sick  headaches,  of  which  there  is  consid- 
erable evidence.  It  has  been  the  foundation  of  several 
widely  known  secret  remedies  for  these  afflictions. 

The  powdered  drug  can  be  given  iu  gram  doses  or 
more,  repeated  once  an  hour,  until  the  headache  is  re- 
lieved, or  until  several  doses  have  been  given.  The  fluid 
extract  (Extmctum  Gnaranm  Fluidum,  U.  !S.  P.)  is  rather 
neater,  and  of  the  same  theoretical  strength.  Milk  is  a 
good  vehicle  for  either.  Henry  E.  Rusby. 

GUARANINE. — A  name  applied  to  caffeine,  when  de- 
rived from  giiarana.  Henry  II.  Iliisby. 

GUERNSEY  AND   THE   CHANNEL    ISLANDS.— The 

Channel  Islands,  comprising  Jersey,  Guernsey,  Alderney, 
Sai-k,  and  several  smaller  rocky  islets,  are  situated  in  the 
bay  of  St.  Michael,  off  the  coast  of  Normandy,  and  lie 
between  the  latitude  of  49°  10'  and  49°  42'  North  and  2°  2' 
and  2°  40'  West  longitude.  Guernsey  and  Jersey  are  the 
only  two  islands  which  require  consideration  as  health 
resorts,  and  their  claim  as  such  is  based  upon  the  mild 
sunshiny  nature  of  their  climate,  especially  in  the  late 
autumn  and  winter.  "  Recent  statistics  show  that  Jersey 
receives  more  sunshine  than  any  other  part  of  the  United 


Kingdom."  In  these  islands  "camelias  and  rhodendrons 
flower  in  the  open  in  February,  frost  is  rare,  and  lasting 
snow  unknown." 

St.  Heller's  in  Jersey  and  St.  Peter's  Port  in  Guernsey 
are  the  chief  towns.  The  following  table  gives  the 
climatic  characteristics  of  Guernsey,  which  are  practi- 
cally the  same  as  those  for  Jersey. 


Climate  of  Guernsey  and  Jersey.    Means  for  Ten  Tears. 
Height  Above  mean  sea-Level,  180  Feet. 
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Prom  this  table  we  see  that  the  general  climate  of 
these  two  islands  (Jersey  and  Guernsey)  is  a  mild,  moist, 
marine  one.  The  diurnal  range  of  temperature  is  small, 
and  there  is  an  average  of  five  hours  of  daily  sunshine. 
Of  the  total  rainfall  one-fourth  occurs  in  the  months  of 
October  and  January.  March  and  Aprjl  are  considered 
the  most  trying  time  of  the  year  on  account  of  the  north- 
easterly winds. 

Of  course  the  islands  are  exposed  to  the  winds  from  all 
directions,  which,  coming  from  the  ocean,  are  m'oist  and 
salt-laden.  The  prevailing  winds  are  westerly  and  south- 
westerly, especially  the  latter. 

The  following  table  of  yearl}^  averages  of  wind  is  given 
for  Guernsey,  for  the  period  from  1845  to  1862,  inclusive : 

Northeast  wind  prevailed  on  100  days. 
Southwest  wind  prevailed  on  104  days. 
Northwest  wind  prevailed  on  110  days. 
Southeast  wind  prevailed  on-  51  days. 

The  drinking-water  is  obtained,  for  the  most  part,  from 
wells.  The  drainage  at  St.  Heller's  and  St.  Peter's  Port 
is  by  sewers  into  the  sea. 

The  therapeutic  effects  of  this  climate  arise  from  its 
mild  sunshiny  nature  and  its  marine  atmosphere.  Elderly 
persons  with  low  vitality  and  those  with  bronchial  aSec- 
tions  derive  benefit  from  it.  It  is  also  of  especial  value 
for  delicate  scrofulous  children  and  those  of  rachitic 
tendencies.  It  is  unfavorable,  on  account  of  its  moisture, 
for  rheumatism,  neuralgia,  and  renal  diseases.  Those 
with  a  tendency  to  respiratory  troubles  should  not  re- 
main after  the  end  of  February.  The  Channel  Islands 
are  reached  by  boat  from  Southampton,  Weymouth,  or 
Plymouth  in  from  six  to  ten  hours,  or  from  St.  Malo  or 
Granville,  France,  in  two  or  three  hours. 

From  a  personal  visit  to  Jersey  the  writer  can  testify 
to  the  delightful  scenery  of  the  island,  both  land  and 
water,  and  the  charm  of  the  lovely  drives  through  the 
winding  roads,  bordered  by  luxuriant  vegetation.  The 
air  is  fresh  and  invigorating  and  the  sunshine  most 
brilliant. 

The  writer  desires  to  express  his  indebtedness  In  the 
preparation  of  this  account  of  Guernsey  and  Jersey  to 
"The  Chmatesand  Baths  of  Great  Britain,"  by  the  Royal 
Medical  and  Chirurgical  Society  of  London,  1895. 

Edward  0.  Otis. 

GUINEA  WORM.     See  A>;»<?to(Z««. 

GUINORAL  (Chinoral)  is  an  oleaginous,  very  bitter 
liquid,  containing  quinine  and  chloral.  It  is  used  as  a 
hypnotic  in  doses  of  0.5-1  gm.  (gr.  viij.-xv.),  and  also 
as  an  antiseptic.  W.  A.  Bastedo. 
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GUM  ARABIC— Acacia.  Gum  AeaHa.  Omn  Sene- 
gal. ■•  A  gummj'  exudation  from  Acacia  Senegal  Willd. 
(fani.  Leguminom) "  (U.  S.  P.).  In  roundish  tears,  often 
an  inch  or  more  in  diameter,  transparent,  except  for  the 
whitish  Assures,  of  a  glassy  fracture,  i-anging  from  nearly 
colorless  to  a  deep  reddish-yellow,  nearly  tasteless  and 
odorless,  wholly  soluble  in  two  parts  of  watei-,  to  form  a 
thick  mucilage  of  a  faintly  acid  reaction.  The  presence  of 
starch  in  powdered  acacia  is  detected  by  a  blue  color  on 
the  addition  of  iodine,  that  of  dextrin  by  a  red  color.  A 
pure  solution  will  not  be  affected  by  neutral  lead  acetate. 

This  gum  was  formerly  yielded  by  other  species  of 
acacia,  notably  A.  vera  Willd.,  and  the  very  finest  gum 
of  commerce,  now  scarce  and  high,  still  proceeds  from 
this  species.  It  is  chiefly  in  smaller  tears,  which  are 
more  brittle  and  broken,  and  less  translucent  and  glassy, 
owing  to  the  much  more  numerous  fissures.  Both  species 
are  small  thorny  trees  of  northern  Africa,  A.  rem.  more 
abundant  in  the  eastern,  A.  Senegal  in  the  western  dis- 
tricts. The  gum  is  a  decomposition  product  from  cellu- 
lose and  is  more  abundantly  produced  by  unhealthj^  trees. 
It  exudes  from  natural  fissures  and  artificial  incisions. 
Gums  practically  equivalent  to  acacia  are  produced  by 
species  in  related  genera.  An  excellent  article  is  pro- 
duced by  species  of  Prosopis,  growing  in  the  southwest- 
ern United  States,  and  known  as  Mesquit  Gum,  but  the 
supply  is  too  irregular  to  be  utilized.  The  varieties  of 
acacia  are  now  little  known  by  the  locality-names  for- 
merly applied  to  them,  the  grading  being  done  almost 
wholly  by  number,  the  quality  depending  upon  white- 
ness and  solubility.  The  pure  gum  consists  wholly  of 
compounds  of  arable  acid  with  potassium,  calcium,  and 
magnesium.  Acacia  has  no  physiological  action,  except 
that  of  a  mechanical  demulcent.  Its  pharmaceutical 
uses,  as  an  excipient,  for  emulsionizing,  and  for  suspend- 
ing insoluble  substances  or  those  the  acridity  of  which  it 
is  desired  to  mitigate,  are  verj'  numerous  and  important. 

Henry  H.  Busby. 

GUMMA.     See  Syphilis. 

GUMS.     See  Active  Principles. 

GUNSHOT  WOUNDS.— No  chapter  in  surgery  has 
undergone  such  radical  changes  as  that  pertaining  to 
gunshot  wounds  in  war.  The  changes  have  been  coinci- 
dent with  the  introduction  of  antisepsis  and  the  new 
armament  in  hand  weapons  which  employ  armored  pro- 
jectiles. The  changes  with  reference  to  the  latter  con- 
cern the  military  surgeon  mostly.  His  eonfrires  in  civil 
life  will  continue  to  observe  gunshot  injuries,  as  far  as 
their  mechanical  effects  are  concerned,  as  formerly.  The 
wounds  of  .this  class  that  come  under  his  care  are  mostly 
from  pistol  shot,  the  missiles  of  which  are  made  of  soft 
lead,  are  propelled  at  comparatively  low  rates  of  speed, 
and  show  a  marked  tendency  to  lodge  and  to  deform 
upon  impact  with  resistant  structures. 

In  order  to  obtain  a  correct  understanding  of  gunshot 
-wounds  a  consideration  of  the  implements  which  are  con- 
cerned in  their  production  is  necessarily  of  much  impor- 
tance. 

Portable  Pirbaems. — Arms  of  this  class  are  often 
referred  to  as  portable  band  weapons.  They  include  the 
firearms  that  are  carried  by  hand  in  contradistinction  to 
the  larger  guns  of  the  artillery  class.  They  are  the  pis- 
tol, shotgun,  the  smooth-bore  muzzle-loading  musket, 
and  the  rifle.  A  knowledge  of  the  development  of  port- 
able firearms  as  a  whole,  and  of  ballistics  in  particular, 
is  indispensable  to  a  correct  appreciation  of  the  subject 
of  gunshot  injuries.  For  all  practical  purposes  a  study 
of  the  evolution  of  the  military  rifle  as  it  presents  itself 
to  the  military  surgeon  will  be  quite  sufficient  to  a  gen- 
eral understanding  of  the  subject. 

Military  Rifle.— K  study  of  the  guns  concerned  in  the 
evolution  of  the  small  arms  which  culminated  in  the  pres 
ent  military  rifle  deals  with :  (1)  smoothbores  like  the  flint- 
lock and  mnsket;  (3)  the  percussion-cap,  muzzle-loading 
rifle;  (3)  the  breech -loading  rifles;  and  (4)  the  breech- 
loading  magazine  rifle  with  small  calibre.     ' 


1.  The  smoothboies  of  the  first  class  are  represented 
by  the  old-time  flint  lock  and  later  by  the  Spanish  musket, 
whose  calibre  varied  from  .63  to  .75.  They  fired  a  bullet 
made  of  soft  lead  weighing  from  465  to  555  grains;  the 
explosive  was  loose  black  powder  in  charges  varying 
from  370  to  345  grains.  The  projectile  was  spherical  in 
shape,  with  an  initial  velocity  of  from  540  to  690  foot 
seconds,  while  the  maximum  effective  range  was  never 
more  than  350  yards. 

Our  first  three  wars — the  Revolutionary  War,  the  War 
of  1812-14,  and  the  Mexican  War — were  fought  with 
weapons  represented  by  this  class.  As  implements  of 
war  they  were  considered  very  effective  in  their  day,  and 
yet  at  no  time  could  the  best  type  of  them  be  loaded  at 
greater  speed  than  thrice  per  minute. 

3.  The  percussion-cap,  muzzle-loading  rifles  were  first 
used  in  the  Italian  War  of  1859 ;  they  were  subsequently 
used  in  our  Civil  War,  and  in  all  European  wars  up  to 
1866.  Instead  of  igniting  the  powder  charge  by  means 
of  a  taper  as  in  the  old  match-lock,  or  by  the  spark  of  a 
flint  as  with  the  flintlock,  it  made  use  of  a  small  cap  con- 
taining a  detonating  substance.  The  cap  was  placed 
over  a  hollow  piece,  the  cavity  of  which  led  to  the  pow- 
der charge.  The  latter  was  ignited  by  causing  the  ham- 
mer to  strike  the  cap. 

In  the  earlier  patterns  of  these  guns  there  was  so  much 
escape  of  the  powder  gases  through  the  inequalities  be- 
tween the  ball  and  sides  of  the  weapon,  with  consequent 
loss  of  energy,  that  the  practice  of  slightly  reducing  the 
calibre  of  the  gun  as  compared  to  that  of  the  diameter  of 
the  ball,  and  grooving  the  interior  of  the  former,  was  re- 
sorted to.  This  was  done  to  insure  greater  accuracy  in 
the  fit  of  the  ball.  In  order  to  allow  more  of  the  surface 
of  the  ball  to  come  in  contact  with  the  barrel,  it  was 
elongated.  The  fit  of  the  ball  was  so  tight  that  it  was 
necessary  to  drive  it  down  with  a  ramrod  and  hammer, 
both  of  which  formed  jjart  of  the  equipment  of  the  sol- 
dier at  that  time.  This  gave  greater  exactness  of  fit  be- 
tween the  ball  and  barrel  and  both  added  to  the  energy 
and  extended  the  range  by  retaining  the  projectile  a  trifle 
longer  in  the  barrel,  while  the  explosive  was  generating  a 
greater  volume  of  gas.  It  was  noticed  that  the  elongated 
bullet  fired  from  such  a  gun  was  apt  to  tumble  or  lose  its 
balance,  and  this  was  overcome  in  a  measure  by  giving 
the  grooves  in  the  barrel  a  spiral  turn,  at  the  rate,  in  the 
earlier  guns,  of  one  complete  tvirn  in  about  seventy -eight 
inches.  This  added  much  to  the  stability  of  the  bullet, 
keeping  its  point  foremost  for  a  longer  time  in  its  flight, 
thereby  adding  to  its  range  and  effectiveness.  This  prin- 
ciple in  ballistics  should  be  specially  remembered,  aside 
from  the  development  in  the  use  of  explosives,  because 
it  is  really  the  initial  point  in  the  great  strides  that  have 
been  made  in  the  effectiveness  of  bullets.  The  act  of 
loading  with  the  ramrod  and  hammer  was  very  labori- 
ous. To  overcome  the  difficulty  Del  vigne,  a  French  army 
officer,  hollowed  out  the  base  of  the  projectile  next  to  the 
powder.  The  expanding  gases  pressed  the  sides  of  the 
cup  so  formed  into  the  metal  grooves  in  the  barrel,  thus 
causing  the  bullet  to  take  the  rifling.  Later,  in  1847, 
Captain  Minie  made  a  still  further  advance  by  suggesting 
the  use  of  an  iron  disc  in  the  cup.  The  harder  metal 
being  forced  against  the  sides  of  the  cup  insured  greater 
expansion  than  the  gases  alone,  so  that  the  accuracy 
of  fit  between  the  ball  and  the  barrel  was  more  com- 
pletely secured.  The  so-called  Minie  rifle  used  in  the 
Crimean  War,  and  our  own  Springfield  used  in  the 
Civil  War,  were  loaded  with  such  bullets.  The  fol- 
lowing were  the  principal  features  of  the  Minie  rifle 
which  correspond  with  those  of  our  earlier  make  of 
the  Springfield  rifle. 

MiNlS-ElFLE,  1851  TO  1866. 

Weight  -witb  bayonet 10  pounds  i%  ounces. 

Diameter  ot  bore 702  Inches. 

Number  ot  grooves 4 

Twist 1  turn  in  78  inches. 

Diameter  of  bullet 690  inch. 

Weight  ol  bullet 680  grains. 

Charge  o(  powder 150    " 

Sighted  tor  100  to  1,000  yards. 
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Gunshot  Wounds. 
Crunshot  Wounds. 
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The  old  Minie  ball  formed  the  section  of  a  cone,  so  that 
the  accuracy  of  fit  in  the  barrel  was  confined  almost  en- 
tirely to  the  base  of  the  bullet.  The  resulting  inequality 
of  its  different  sectional  areas  disturbed  the  balance  of 


Fig.  2353.— Different  Kinds  of  Projectiles,  a,  United  States  round  musket  ball,  calibre  .69,  weight 
387  grains ;  b,  buck  and  ball,  calibre  .69,  weight  ot  ball  387  grains ;  c,  Springfield  rifled  musket 
ball,  calibre  .58,  weight  500  grains ;  d,  Enfield  rified  musket  ball,  weight  450  grains ;  e,  Austrian 
rifle  ball,  weight  480  grains ;  /,  elongated  bullet,  calibre  .71,  weight  675  grains ;  g,  elongated 
bullet,  calibre  .69,  weight  760  grains ;  h,  elongated  bullet,  calibre  .577,  weight  517  grains ;  i, 
Burnside  rifle  bullet,  calibre  .54,  weight  400  grains ;  k,  Spencer  rifle  bullet,  calibre  ..56,  weight 
434  grains ;  I,  Sharp's  carbine  ball,  calibre  .33,  weight  450  grains ;  m.  Green's  rifle  ball,  calibre 
.53 ;  weight  575  grains ;  n,  Colt's  army  pistol  bullet,  weight  207  grains. 

the  projectile  to  such  an  extent  that  its  stability  in  flight 
was  soon  lost.  Instead  of  rotating  on  its  long  axis,  it  was 
apt  to  tumble  or  to  commence  to  rotate  on  its  short  axis, 
at  right  angles  to  its  line  of  flight.  To  overcome  this 
difliculty  the  body  of  the  projectile  was  made  cylindrical ; 
the  base  was  cupped,  the  metal  stopper  was  replaced  by 
a  boxwood  plug,  and  the  head  was  made  hemispherical 
instead  of  conical  in  shape.  This  was  the  missile  used 
in  the  Enfield  of  the  English  foot  troops  till  1871,  as  well 
as  in  our  old  pattern  Springfield  rifle,  which  formed  the 
armament  of  our  infantry  from  1855  to  1873.  The  cali- 
bre of  the  latter  at  this  time  was  reduced  to  .58,  its  weight 
to  500  grains,  and  the  charge  of  powder  to  80  grains. 

3.  Breech-loaders.  The  great  desire  of  military  men  to 
increase  the  rapidity  of  fire  led  to  the  introduction  of 
breech-loaders.  Although  loading  by  the  breech  had 
been  practised  since  the  reign  of  Henry  VIII.,  the  mech- 
anism of  the  earlier  weapons  was  so  uncertain  and  clumsy 
that  they  were  not  used  by  armies  until  about  1866,  when 
the  Germans  demonstrated  the  su- 
periority of  their  needle  gun  in  the 
Austro-Prussian  war. 

In  1866  the  United  States  Gov- 
ernment modified  the  muzzle-load- 
ing Springfield  rifle  by  adding  the 
breech-block  which  permitted  load- 
ing by  the  breech.  It  was  at  tliis 
time  that  the  calibre  was  reduced  to 
.  50.  In  1873  the  calibre  of  this  same 
weapon  was  further  reduced  to  .45, 
the  twist  was  shortened  to  1  turn 
in  33  inches,  the  charge  was  re- 
duced to  70  grains  of  black  pow- 
der, while  the  weight  of  the  bullet 
was  still  retained  at  500  grains. 
These  improvements  increased  the 
velocity  at  the  muzzle  to  1,301  foot 
seconds,  and  the  maximum  effec- 
tive range  to  2,000  yards.  Com- 
pared to  the  effectiveness  of  a  gen- 
eration before  the  advancement  was 
certainly  very  great,  yet  those  who 
marvelled  at  these  rapid  strides  in 
the  manufacture  of  the  engines  of 

war  were  hardly  prepared   for  the  rapid  advances  that 
were  soon  to  follow. 

4.  Mar/fizine  Breech-loading  Rifles,  inth  Reihired  Calibre 
The  modern  tactics  in  war  involve  rapidity  in  move- 
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ments,  and  with  these  rapidity  in  fire.     The  latter  led  to 
the  introduction  of  the  magazine  rifle,  an  arm  that  carries 
a  reserve  of  ammunition  in  some  part  of  its  mechanism. 
Increased  expenditure  of  ammunition  with  the  new  arm 
necessitated  a  greater  number  of 
rounds  per  man.     But  the  sol- 
dier was  already  loaded  to  the 
maximum  of  weight,  so  that  the 
number  of  rounds  could  be  in- 
creased   only   by   reducing   the 
calibre  and  thereby  the  weight 
of    the   bullet.     The  calibre  of 
military  rifles  has  thus  been  re- 
duced   as    far    as  .36,   and   the 
weight    of    their   projectiles   as 
low  as  156  grains,  thereby  nearly 
doubling,  for  the  same  weight, 
the  number  of  rounds  that  sol- 
diers usually  carried.     This  re- 
duction  in  calibre  of    the  rifle 
increased  the  diflSculty  incident 
to  fouling,  i.e.,  to  the  lodgment 
of  the  unconsumed  residue  of  the 
old  black  powder  on  the  inner 
wall  of  the  barrel,  and  eventu- 
ally led  to  the  introduction  of 
so-called  smokeless  powders  that 
leave  little  or  no  residue,  and  that 
possess  the  further  advantage  of 
conferring  upon  the  projectile  a 
greater  initial  velocity  (owing  to  the  fact  that  the  gases 
which  they  emit  are  relatively  more  voluminous  than 
those  resulting  from  the  ignition  of  the  old  black  pow- 
der).    This  increase  in  velocity  added  quite   a  compli- 
cation.    The  lead  bullet  instead  of  keeping  point  on, 
tumbled,  to  prevent  which,  a  shorter  twist  was  given 
to  the  grooves  in  the  barrel.     Instead  of  one  complete 
turn  in  32  inches,  the  twist  was  shortened  to   1  in  10 
inches.     The  old   lead  bullet  became  refractory  under 
the  bidding  of  such  a  sharp  turn.     Instead  of  follow- 
ing  the    new  twist    it  was  apt  to  strip  through  the 
barrel  without  properly  revolving,    a   difliculty   which 
was  obviated   by  coating  the   lead  with   some  harder 
metal. 

Generally  speaking,  the  classification  of  gunshot 
wounds  is  based  on  the  character  and  size  of  the  missiles 
that  caused  them. 

8hotgu7i:   The  missiles  from  ordinary  shotguns  vary 

from  fine  round  lead  projectiles  running  from  3,020  to 

the  troy  ounce,  to  B.  B.  shot  of  .38 

inch  diameter  running  7  to  the  troy 

ounce. 

Pistol:  The  missiles  projected  from 
pistols  or  revolvers  vary  in  size  and 
shape,  being  generally  round  or  coni- 
cal, ranging  from  .23  to  .45  in  calibre, 
and  weighing  from  28  to  254  grains ; 
they  are  composed  usually  of  lead 


Fig.  2354.— Projectiles  lor  Eifles.  1,  Completp  cartridge  .45  calibre  Springfleld  rifle;  2,  proiec- 
tlle  of  cartridge  .45  calibre  Springfleld  rifle,  480  grains ;  3,  complete  cartridge  .30  calibre 
Krag-JOrgensen  rifle ;  4,  steel-jacketed  projectile,  Krag-Jorgensen  rifle,  320  grains :  5,  steel- 
jacketed  projectile,  Krag-Jorgensen  rifle ;  (i,  the  lead  nucleus  ol  Krag-Jorgensen  projectile 


hardened  with  antimony  in  the  proportion  of  95  parts 
of  the  former  to  5  parts  of  the  latter.  The  missiles  from 
the  remainder  of  the  hand  weapons  should  be  divided 
into  two  classes,  viz.,  those  of  the  smoothbore  guns  and 
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CriinMliot  Wonnds, 
Gunshot  \%^ounds. 


those  of  the  rifles.  Those  of  the  latter  should  be  further 
divided  into  the  lead  and  jacketed  projectiles. 

SmootJibores. — The  missiles  of  the  smoothbore  guns  were 
round,  made  of  soft  lead,  ranging  from  .68  to  .75  in  cali- 
bre, and  weighing  from  465  to  555  grains. 

Lead  projectiles  for  rifles  were  conoidal  in  shape  and 
composed  of  lead,  generally  hardened  with  antimony; 
they  ranged  from  .45  to  .71  in  calibre,  and  weighed  from 
387  to  675  grains. 

Jacketed  projectiles  for  rifles  are  made  of  a  lead  core 
enclosed  in  a  mantle  of  harder  metal,  like  copper,  German 
silver,  white  metal,  or  cupro-nickel  steel — generally  of 
the  latter.  Their  calibre  Is  much  smaller,  .26  to  .31,  and 
their  weight  ranges  from  156  to  244  grains. 


range,  from  300  to  500  yards,  depending  upon  the  calibre 
of  the  gun. 

Explosives. — The  modern  advance  in  conferring  ex- 
tended range,  velocity,  and  penetration  upon  projectiles, 
is  due  to  the  development  in  the  use  of  explosives.  They 
are  employed  not  only  to  propel  missiles  into  space,  to 
explode  projectiles,  etc.,  but  also  to  explode  mines, 
fugases,  and  bombs  in  offensive  and  defensive  warfare ; 
and,  by  evil-doers,  in  the  destruction  of  life  and  prop- 
erty. A  consideration  of  these  various  chemicals  and  the 
manner  of  their  action  in  the  creation  of  wounds  naturally 
falls  under  the  subject  of  gunshot  wounds.  Among  the 
more  familiar  explosives  may  be  mentioned :  gunpowder, 
fulminates,  and  certain  chemical  compounds. 


Table  I. — Ballistic  Data  of  the  New  Small-Calibke  Rifles  now  Adopted  by  Different  Nations. 


Army. 


Argentinian  . 

Austrian 

British    and 

Canadian  . 
Brazil,   Chili, 

Mexico,  Spain 

Danish 

French 

German 

Italian' 

Russian 

Roumanian  . . 
Swiss 

Turkish 

United  States 


Designation. 


Mauser,  1891 

Mannlicher,  1888-1890 

Lee-Metlord,  1893,  Mark  II 

Mauser,  1894^1895 

Krag-Jorgensen,  1889 

Lebel,  1886-1893 

Mauser,  1888 

Mannllcher-Carcano,  1891 

Kapit-Mozin,  1891 

MannUeher,  1893 

Schmidt-Rubin,  1889 

Mauser,  Belgian,  1890 

Krag-Jorgensen  modified,  1893. 


S3 


7.65 
8.0 


7.0 

8.0 

8.0 

7.9 

6.5 

7.62 

6.5 

7.5 

7.65 
7.62 


■■Sa 


7.89 
8.19 

7.89 

7.22 
8.19 
8.19 
8.10 

7.79 
6.70 
8.10 


g  t« 


13.7 
15.8 

13.9 

11.3 

15.4 

15.0 

14.7 

10.5 

13.68 

10.34 

13.7 

13.8 
14.26 


ga 


30.7 
31.8 

31.5 

30.9 

30.0 

30.0 

31.25 

30.5 

30.2 

31.5 

31.7 

30.8 
30.63 


Structure,  core,  and  casing. 


Lead,  cupro-nickel,  steel 

Hard  lead,  steel  case 

Hard  lead,  cupro-nickel 

Hard  lead,  cupro-nickel,  steel. . 

Lead,  cupro-nickel 

Hard  lead,  cupro-nickel 

Hard  lead,  cupro-nickel,  steel. . 

Hard  lead,  cupro-nickel 

Hard  lead,  cupro-niekel 

Hard  lead,  cupro-rlokel,  steel . 
Hard  lead,  steel  point,  paper 
jacket. 

Lead,  cupro-nickel 

Hard  lead,  cupro-nickel,  steel. 


■3^ 

Point- 

M 

Ij 

blank 

Range. 

Si 

Ob 

i-s 

aa 

Sa 

2.64 

6a5 

.5,58 

640 

2.74 

630 

309.6 

466 

548 

1.97 

630 

320.4 

503 

687 

2.89 

730 

275.8 

633 

695 

2.19 

630 

283.2 

2.79 

630 

305.4 

,515 

608 

2.74 

640 

386.1 

.530 

,594 

1.87 

700 

362.2 

1.9- 

620 

271.6 

.512 

.580 

2.44 

720 

272.9 

1.94 

600 

251.4 

507 

590 

.    652 

303.4 

,515 

608 

2.09 

610 

375.4 

515 

584 

«a 


Aside  from  the  foregoing  there  are  other  missiles  and 
substances  concerned  in  the  production  of  gunshot 
wounds.  These  are  principally  employed  in  warfare, 
and  they  may  be  considered  under  the  following  heads; 

Large  Projectiles  or  their  Fragments.— These 
are  the  large  solid  shot,  and  large  hollow  shells  provided 
with  a  charge  of  some  explosive  used  to  generate  expan- 
sive gases  that  break  the  projectile  into  fragments  at  or 
about  the  time  of  impact.  The  large  solid  shot  from 
cannons  is  used  to  penetrate  armor  and  to  demolish  forti- 
fied positions.  The  hollow  shells  are  used  to  develop 
positions,  and  this  is  done  by  observing  the  distance  at 
which  bursting  occurs,  thereby  establishing  the  range 

Shrapnel— The  use  of  shrapnel  is  largely  restricted  to 
the  artillery  arm  in  war,  a  typical  example  of  which  is 
found  in  the  Frankford  Arsenal  Shrapnel  in  use  by  our 
field  artillery.  It  is  a  hollow  steel  projectile  composed 
of  a  head,  body,  and  base.  The  head  contains  2|  ounces 
of  black  powder;  the  body  holds  163  lead  and  antimony 
balls,  41  to  the  pound,  disposed  in  circular  layers  and 
held  by  cast-iron  separators.  The  shell  and  separators 
are  deeply  grooved  to  invite  separation  into  correspond- 
ing fragments  at  the  time  of  bursting.  The  head  is  pro- 
vided with  a  fuse  which  is  so  timed  that  explosion  is 
made  to  take  place  at  any  interval  of  60  yards  or  one- 
sixth  of  a  second.  As  many  as  203  missiles  have  been 
counted  after  an  explosion.  The  maximum  effective 
range  of  this  projectile  is  7,000  yards.  The  flight  of  the 
fragments  represents  an  extending  cone  for  400  or  500 
yards,  the  diameter  of  which  is  30  feet  at  a  distance  of  35 
yards'from  the  place  of  bursting. 

Canister  — Canister,  sometimes  called  caseshot,  is  a  pro- 
jectile not  unhke  the  shrapnel.  It  is  cylindrical  in  shape, 
the  walls  of  the  cylinder  being  composed  of  a  thinner 
metal  and  enclosing  200  or  300  round  lead  balls  hardened 
by  antimony.  The  projectile  is  ruptured  close  to  the 
muzzle  at  the  moment  of  discharge  by  the  force  of  the 
explosion  in  the  gun,  and  not  by  the  liberation  of  gases 
from  an  explosive  within  the  shell,  as  occurs  in  the  case 
of  the  shrapnel.     Such  a  projectile  is  of  use  only  at  close 


Gunpowder. — Gufipowder  is  the  most  ancient  of  all  ex- 
plosives. It  is  generally  referred  to  as  black  gunpowder 
to  distinguish  it  from  certain  chemical  compounds  which 
vary  in  color  from  brown  to  black  and  which  are  usually 
designated  as  smokeless  powders.  The  composition  of 
black  gunpowder  has  remained  almost  constant  for  cen- 


FiG.  2355.— Larger  Projectiles.    Shrapnell  (1),  Canister  (2),  Shell  (3), 
Used  with  3.2  Inch  Breech-Loading  Rlfle-IlUed  Batteries. 

turies,  viz.,  saltpetre,  charcoal,  and  sulphur  in  percen- 
tages of  something  Uke  75,  15,  and  10  in  the  order 
named.  In  this  mixture  saltpetre  furnishes  the  oxygen, 
carbon  supplies  the  fuel,  and  sulphur  promotes  the 
rapidity  of  the  explosion.     Gunpowder  explodes  when 
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heated  to  700°  F.  The  volume  of  the  gas  which  it  gen- 
erates occupies  350  times  the  built  of  the  charge  em- 
ployed. It  is  this  resulting  expansion  whicli  serves  to 
propel  the  missile  from  a  gun  barrel  and  which  confers 
upon  it  such  velocity  as  to  enable  it  to  penetrate  tissues, 
thereby  causing  gunshot  injuries.  The  temperature  of 
the  flame  which  is  noticed  at  the  time  of  ignition  has 
been  variously  estimated  at  2,000°  to  4,000°  F.,  a  fact 
which  doubtless  has  had  much  to  do  with  spreading  the 
old-time  notion  of  the  searing  and  burning  effects  of  bul- 
lets upon  the  tissues.  The  chemical  results  of  the  disin- 
tegration of  gunpowder  are  32  per  cent,  of  gaseous  prod- 
ucts, and  68  per  cent,  solid  residue.  The  gases  generated 
are  carbonic  oxide,  carbonic  acid,  and  nitrogen,  with  some 
aqueous  vapor.  The  pressure  which  the  gaseous  prod- 
ucts exert  on  the  gun  barrel  is  said  to  be  more  than  4,000 
atmospheres  for  1  gm.  of  the  powder  ignited. 

Fulminate  Powder. — Fulminate  of  mercury  is  princi- 
pally used  as  a  detonator  in  exploding  guncotton  and 
other  explosives,  and  also  in  charging  percussion  caps 
and  primers.  The  volume  of  gas  generated  for  the 
amount  of  substance  is  relatively  very  large.  Disinte- 
gration of  the  substance  into  gases  is  so  rapid  and  the 
pressure  exerted  by  the  sudden  displacement  of  air  is  so 
violent  in  all  directions  that  the  term  detonate  has  been 
employed  to  characterize  the  explosion.  Thus  we  say 
that  it  detonates  instead  of  saying  that  it  explodes.  The 
gases  formed  are  carbonic  acid,  nitrogen,  and  vapor  of 
mercury.  As  an  example  of  the  tremendous  force  ex- 
erted by  the  sudden  displacement  of  these  gases,  it  may 
be  stated  that  in  the  attempt  to  assassinate  the  French 
Emperor  in  1858,  three  tubes,  each  containing  two  ounces 
of  the  fulminate,  were  exploded,  and  from  these  explo- 
sions there  were  produced  511  wounds  upon  51  persons. 

Smokeless  Powders. — So  called  because  they  emit  very 
little  smoke  as  compared  to  black  gunpowder;  and  un- 
like the  latter  they  exhibit  neither  flame  nor  burning  at 
the  time  of  explosion.  As  to  their  exact  composition  it 
may  be  stated  that  they  are  secret' compounds.  In  a 
general  way  we  know  that  they  are  composed  of  gun- 
cotton  (cordite),  dynamite,  or  picric  acid  (melinite). 
Some  of  the  smokeless  powders  that  have  been  analyzed 
show  ninety-four  per  cent,  guncotton,  five  per  cent, 
nitroglycerin,  one  per  cent,  castor  oil.  Melinite  is  made 
up  of  picric  acid  with  collodion  jelly.  Aside  from  those 
composed  of  guncotton  or  picric  acid  as  a  base,  there 
is  a  class  known  by  various  names,  such  as  roburite,  rock- 
a-rock,  hellofite,  securite,  etc.,  which  explode  only  upon 
mixing  two  or  more  substances,  as  chlorinated  dinitroben- 
zole  with  ammonium  nitrate,  chloride  of  potassium  im- 
pregnated with  liquid  hydrocarbon,  naphthalin,  phenol, 
or  benzin  in  fuming  nitric  acid,  etc. 

The  causes  that  influence  the  character  of  gunshot 
wounds  may  be  treated  under  the  following  heads: 

Mechanics  of  Fbo.tectiles. — The  character  of  gun- 
shot wounds  has  been  as  much  influenced  by  the  discov- 
ery of  high  explosives  as  it  has  by  the  perfection  attained 
in  the  manufacture  of  firearms.  These  two  essential  par- 
ticulars involve  a  study  of  the  motion  of  bullets  in  flight 
in  order  that  the  lesions  inflicted  on  impact  may  be  prop- 
erly interpreted.  It  is  only  with  such  knowledge  that 
penetration,  smashing,  and  mutilation  of  tissues  can  be 
explained  in  a  given  case. 

Trajecioi-y.— The  trajectory  of  a  projectile  is  the  curve 
which  it  describes  in  space  from  the  muzzle  to  the  first 
point  of  impact. 

Velociti/.—ln  speaking  of  the  flight  of  a  projectile 
in  space  we  employ  the  term  velocity,  and  this  in  turn 
is  usually  divided  as  follows: 

_  1.  Initial  Velocity.— The  initial  velocity  of  a  projec- 
tile is  its  rate  of  motion  as  it  issues  from  the  muzzle  of 
the  gun,  that  is,  the  number  of  feet  it  passes  over  in  one 
second  of  time,  known  in  mechanics  as  the  foot-second 
system.  For  revolvers  this  rate  is  seldom  more  than  700 
foot  seconds,  whereas,  with  the  more  perfect  hand  rifles, 
it  is  as  much  as  2,400  foot  seconds. 

3.  Remaining  Velocity.— The  remaining  velocity  is  the 
rate  of  speed  which  a  bullet  still  possesses  at  any  given 

430 


point  in  its  flight.  Thus,  for  instance,  the  projectile  that 
may  issue  from  the  muzzle  of  a  given  weapon  at  the  rate 
of  1,800  foot  seconds,  is  so  influenced  by  the  gravity  of 
the  earth  and  friction  against  the  air  that  its  flight  is  im- 
peded in  proportion  as  the  distance  from  the  gun  in- 
creases, so  that,  on  reaching  a  distance  of  500  yards,  the 
velocity,  instead  of  being  1,800  foot  seconds,  will  have 
fallen  to  900  foot  seconds. 

Energy. — The  energy  of  a  bullet  has  always  been  of  in- 
terest to  surgeons,  because  its  power  to  do  work  is  meas- 
ured by  the  energy  which  it  possesses  of  overcoming  re- 
sistance at  the  moment  of  impact.  In  olden  times  when 
the  manufacture  of  firearms  was  imperfect  and  our 
knowledge  of  explosives  was  restricted  to  black  gun- 
powder, we  sought  to  increase  the  energy  of  a  projectile 
by  increasing  its  mass,  but  to-day  superior  knowledge  in 
manufacture  and  modern  advance  in  the  use  of  explo- 
sives enable  us  to  attain  the  same  end  by  increasing  the 
velocity.  The  latter  method  is  more  effective  in  this, 
that  formerly  if  we  chose  to  double  the  energy  of  a  pro- 
jectile we  doubled  its  mass,  whereas  today  we  double 
the  velocity  and  thereby  increase  the  energy  fourfold. 
The  following  table  illustrates  the  two  velocities,  and  the 
energy  of  our  present  service  bullet  and  that  of  the  Spring- 
field rifle  at  varying  ranges  up  to  3,000  yards. 

The  velocity  and  energy  of  the  projectiles  of  the  two 
weapons  at  different  ranges  are  as  follows : 


Table  IL— Velocity  of  the  Projectiles  of 

THE  Two  Guns. 

Name  and  calibre  of  weapon. 

•1? 

t». 

II 

if 

"E 

1,301 
2,000 

873 
1,103 

676 
804 

531 
627 
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*  Experimental  Springfleld,   calibre 

495 



Energy  of  the  Peojectiles  (in  Foot  Pounds). 


Name  and  calibre  ol  weapon. 


Springfield,  caUbre  .45 

*  Experimental  Springfield,  cali- 
bre .30  


■asr- 


I  , 


1,301 
2,000 


^  u 


1,879 
1,954 


204 
120 


*  Which  corresponds  in  ballistic  value  to  the  Krag-J5rgensen  rifle. 

Rotation  of  Bullets. — As  a  bullet  issues  from  a  gun  two 
motions  are  imparted  to  it :  one  of  translation  and  one  of 
rotation.  The  former  is  due  to  the  pressure  of  the  pow- 
der gases  which  impel  it  onward  into  space,  the  latter  is 
either  accidentally  or  purposely  given.  In  the  first  in- 
stance we  have  the  rotation  that  was  observed  with  old 
spherical  bullets  from  smoothbores,  in  which  the  direc- 
tion of  the  rotation  was  marked  by  the  last  point  of  con- 
tact of  the  projectile  with  the  inside  of  the  gun  barrel. 
The  axis  of  rotation  was  always  at  right  angles  to  the 
line  of  flight,  and  its  rapidity  was  always  variable.  In 
the  latter  instance  we  have  the  rotation  that  is  purposely 
conferred  by  the  gunmaker  in  grooving  the  inside  of  the 
barrel  with  from  two  to  five  or  six  spiral  grooves,  the 
direction  of  which,  usually  to  the  right,  is  followed  by 
the  bullet  as  it  issues  in  a  rotatory  motion  from  the  muz- 
zle. This  rotation  is  purposely  conferred  on  elongated 
bullets  to  keep  them  moving  point  on.  The  axis  of  rota- 
tion with  them  is  parallel  to  the  line  of  flight,  and  not  at 
right  angles,  as  it  is  with  spherical  bullets.  The  velocity 
of  rotation  is  determined  by  the  sharpness  of  the  twis't 
in  the  barrel.  In  our  present  service  rifle  the  twist  de- 
scribes one  complete  turn  in  about  ten  inches 

Shape  and  Density  of  Projectiles.— The  character  of  a 
gunshot  wound  is  often  influenced  by  the  shape  and 
density  of  the  missile  that  inflicts  it.  The  tendency  with 
the  old  spherical  ball  from  smoothbore  guns  upon  im- 
pact with  resistant  bone  was  to  smash  or  comminute  the 
bone  at  the  pomt  of  impact,  doing  little  or  no  damage  to 
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the  shaft  above  or  below.  As  the  bullet  was  composed 
01  sott  lead,  a  resistant  bone  usually  caused  it  to  mush- 
room or  otherwise  lose  its  shape,  thus  adding  to  the 
amount  of  comminution.  Later,  as  the  rifle  came  in 
vogue  the  cylindro-conoldal  bullets  were  introduced 
Ihe  efiect  of  these  wedge-like  missiles  was  to  penetrate 
and  produce  sphntering  above  and  below  the  point  of  im- 
pact, thus  causing  displacement  of  larger  fraaments  of 
bone  beyond  the  foyer  of  fracture.  The  deformation  of 
the  leaden  missile  added  to  its  sectional  area,  therebv 
magnifymg  the  destructive  effects.  The  tendencv  to 
penetrate  was  still  further  increased  by  the  employment 
of  jacketed  projectiles.     The  hard  envelope  preserves  the 


munition.  That  the  trajectory  of  the  new  rifle  is  flatter, 
and  that  the  dangerous  space  is  consequently  greater,  is 
also  apparent,  since  those  versed  in  ballistics  have  shown 
us  that  the  point-blank  range  of  the  older  gun  of  the 
Springfield  pattern  is  300  yards,  while  that  of  the  Krag- 
JOrgensen  rifle,  our  present  service  gun,  is  about  570 
yards. 

The  advantage  of  less  recoil  is  perfectly  apparent  to 
any  one  who  will  shoot  the  two  last-named  weapons  one 
after  the  other.  The  remaining  advantages  claimed  by 
Hebler  were  not  so  readily  determined.  Greater  accuracy 
and  less  deviation  by  wind  had  to  be  determined  by  com- 
parison at  target.     Although  the  small-bore  guns  and 


PIG.  2356.-Shows  the  Penetration  In  Hard  Oak,  against  the  Grain,  Three  Feet  from  the  Muzzle,  of  the  followinK  Projectiles-  1  "45  calibre 
leaden  projectile,  weight,  500  grains ;  I.  V.,  1,300  f.  s.,  3. "2.  2,  ."30  calibre  German-silver  jacketed  projectile,  weight  220  grains  •  I  V  2  000 
f .  s.,  5.  3.    3,  ."30  calibre  nickel-steel  Jacketed  projectile,  weight  220  grains ;  I.  V.,  2,000  f .  s.,  19."5.    The  latter  was  not  deformed 


shape  of  the  projectile,  so  that  the  additional  amount  of 
destruction  consequent  upon  deformation,  so  often  noticed 
with  the  old  leaden  bullet  upon  impact  with  resistant 
bone,  is  seldom  noted.  The  tendency  with  it  is  to  per- 
forate and  fissure  bone  rather  than  to  cause  extensive 
comminution. 

The  introduction  of  the  modern  rifle  of  reduced  calibre 
at  a  time  when  the  world  was  at  peace  rendered  experi- 
mental evidence  necessary  to  show  what  might  be  the 
difference  in  destructive  effects  between  it  and  the  older 
weapons  of  larger  calibre  and  lower  velocities.  At  no 
time  in  the  history  of  firearms  has  the  subject  of  the 
mechanical  effects  of  projectiles  been  so  thoroughly  stud- 
ied as  it  has  during  this  so-called  experimental  stage. 
The  experiments  of  military  surgeons  in  the  different 
countries  of  the  civilized  world  and  their  studies  of  the 
injuries  caused  by  gunshot  have  been  conducted  in  such 
a  thorough  fashion,  and  they  have  entered  so  minutely 
into  the  mechanics  of  projectiles  generally,  that  a  report 
of  what  has  been  learned  cannot  fail  to  be  of  practical 
value  to  the  civil  as  well  as  to  the  military  surgeon. 

Our  knowledge  of  the  rifles  of  reduced  calibre  propel- 
ling armored  projectiles  dates  from  the  publication  of 
Professor  Hebler's  pamphlet  in  1883.  In  his  original 
monograph  Hebler  claimed  certain  advantages  for  the 
reduced  calibre  rifle,  among  which  were  the  following: 
(1)  lighter  ammunition;  (2)  flatter  trajectory  and  greater 
dangerous  space ;  (3)  less  deviation  by  wind ;  (4)  less  re- 
coil ;  (5)  greater  penetration ;  (6)  greater  accuracy ;  (7) 
the  wound  produced,  while  being  sufficient  to  disable, 
is  much  more  humane. 

Some  of  these  advantages  were  so  apparent  that  they 
could  not  be  refuted,  while  the  others  required  the  proof 
which  could  be  obtained  only  by  experiments  or  by  ob- 
servation of  the  actual  conditions  in  the  field. 

That  the  ammunition  is  lighter  there  is  no  doubt,  since 
a  soldier  who  carries  100  rounds  of  the  older  ammunition 
can  carry  for  the  same  weight  about  180  of  the  new  am- 


ammunition  have  been  perfected  very  much  of  late,  it  is 
yet  a  fact  that,  in  the  remote  ranges,  the  smaller  and 
lighter  projectile  is  more  influenced  by  wind  than  the 
heavier  and  larger  leaden  bullet,  and  that  for  these  ranges 
it  is  not  so  accurate. 

Greater  penetration  was  another  important  advantage 
claimed  by  Hebler,  and  this  claim  was  sustained  by  ex- 
periment. In  unseasoned  oak,  firing  across  the  grain 
three  feet  from  the  muzzle,  the  old  leaden  .45  calibre 
bullet  from  the  Springfield  rifle  penetrates  but  five  or  six 
inches,  while  the  steel-jacketed  bullet  of  our  present  ser- 
vice rifle  at  the  same  distance  will  penetrate  nineteen  or 
twenty  inches. 

The  last  of  the  advantages  claimed  by  Hebler,  and  the 
one  of  greatest  interest  to  mankind,  was  that  ilie  wound 
produced,  though  sufficient  to  disable,  is  much  m/yre  humane. 
This  claim  could  be  determined  only  by  experiments  on 
cadavers,  and  on  the  lower  animals,  and  by  observation 
of  the  actual  conditions  in  battle.  In  all  the  leading 
countries  of  the  world,  from  1886  to  the  present  time, 
competent  men  have  been  experimenting  upon  the  lower 
animals  and  upon  dead  human  bodies,  for  the  purpose  of 
ascertaining  the  character  of  the  wounds  inflicted  by  the 
different  missiles  employed  in  warfare.  The  Surgeon- 
General  of  the  Austrian  arm}',  Johann  Habart,  Chauvel 
and  Ninier,  of  the  French  army,  Bruns,  of  Germany,  and 
many  others  have  furnished  us  important  data  upon  the 
effects  of  the  new  arm.  In  this  country  the  subject  was 
first  undertaken  in  1893  when  the  change  in  our  arma- 
ment took  place.* 

Although  there  was  some  difference  in  the  mechanism 
of  the  guns  used  by  the  different  experimenters,  the  pro- 
jectiles which  they  propelled  differed  but  little  as  to  cali- 
bre and  destructive  effects.  The  most  of  the  experiments 
were  conducted  at  simulated  ranges.  That  is  to  say,  if 
the  work  at  Frankford  Arsenal  be  taken  as  an  example, 

*  Annual  Report,  Surgeon-General  United  States  Army,  1893. 
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all  of  the  firing  was  done  at  fifty-three  feet.  When  it  was 
desired  to  obtain  the  effects  of  a  bullet  at  a  certain  range, 
the  charge  of  powder  was  reduced  in  quantity  enough  to 
give  the  bullet  the  remaining  velocity  for  that  range. 
The  results  thus  obtained  were  generally  uniform, 
and,  as  far  as  the  experimenters  were  concerned,  suffi- 
ciently conclusive.  Some  critics  refused  to  accept  the 
results  of  the  experimenters  as  final,  upon  the  ground 
that  the  simulated  velocities  of  the  projectile,  and  the 
dead  tissues  fired  into,  did  not  represent  the  conditions 
that  must  obtain  in  war.  It  is  specially  gratifying  to 
those  who  labored  upon  the  problems  involved  to  find 
that  their  deductions  have  been  amply  justified  by  clini- 
cal evidences  in  war,  and  especially  by  the  revelations  of 
the  .I'-ray.  When  one  reflects  that  it  has  been  the  usage 
of  French  military  surgeons  for  generations  to  study 
gunshot  wounds  by  firing  into  cadavers,  and  that  it  is 
done  by  order  at  Val  de  Grace  to  tliis  day,  the  practice 
has  this  claim  to  recommend  it  at  least. 

In  order  to  make  the  results  more  apparent  we  adopted 
the  following  plan  at  Frankford  Arsenal :  We  noted  (1) 
the  effects  of  a  projectile  of  larger  calibre  and  lower  ve- 
locities upon  diilerent  parts  of  the  human  body  at  various 
ranges ;  and  (2)  the  effects  of  a  projectile  of  the  smaller 
calibre  and  greater  velocities  upon  similar  parts  of  the 
human  body,  or  upon  parts  ofl'ering  about  the  same  re- 
sistance at  similar  ranges.  The  larger  calibre  weapon 
selected  was  the  Springfield  rifle,  calibre  .45,  the  gun 
which  had  formed  the  armament  of  our  foot  troops  since 
1873.  The  smaller  calibre  weapon  employed,  and  to 
which  the  experiments  were  especially  directed,  is  known 
as  the  Experimental  Springfield  rifle,  calibre  .30. 

The  following  is  a  description  of  the  more  important 
ballistic  properties  of  these  weapons :  "  The  Springfield 
rifle  is  a  .45  calibre  gun,  the  projectile  of  which  has  an 
initial  velocity  of  1,301  foot  seconds.  Its  projectile  is 
made  of  compressed  lead,  cylindro-conoidal,  cannelured, 
and  lubricated,  weighing  500  grains,  impressed  by  70 
grains  of  black  rifle  powder.  The  Experimental  Spring- 
field rifle  is  a  .30  calibre  gun,  the  projectile  of  which  has 
an  initial  velocity  of  2, 000  foot  seconds.  Its  projectile  is 
made  of  a  German  silver  jacket  filled  with  a  core  of  lead, 
and  is  not  cannelured  or  lubricated. " 

It  will  be  seen  by  Table  II.  that  the  initial  velocity  of 
the  smaller  calibre  projectile  is  far  greater  than  that  of 
the  larger  calibre,  and  that  the  striking  velocity  at  all  the 
ranges  is  greater. 

The  penetration  of  a  bullet  is  proportional  to  the 
square  of  its  striking  velocity ;  for  equal  velocities  the 
penetration  is  proportional  to  the  density  of  section. 
The  form  of  the  bullet  and  its  power  to  resist  deforma- 
tion have  a  powerful  influence.  The  penetration  of  the 
220-grain  bullet  is  greater  at  all  ranges.  This  quality  of 
penetration  in  projectiles  is  always  of  great  interest  to 
surgeons,  and  it  becomes  especially  so  in  this  instance, 
since  it  depends  to  a  material  extent,  as  far  as  the  human 
body  is  concerned,  upon  the  almost  indestructible  hard- 
ness of  the  projectile. 

In  the  experimental  work  referred  to,  the  penetration 
at  the  different  ranges  was  obtained  as  follows:  A  Le 
Boulenge  chronograph  was  used,  the  distance  between 
first  and  second  targets  being  100  feet,  and  the  first  target 
being  8  feet  from  the  muzzle.  The  remaining  velocities 
of  both  bullets  used  (500  grains,  .45  calibre,  and  220 
grains,  .80  calibre)  were  computed  for  the  desired  ranges 
by  the  methods  given  in  Ingall's  "Exterior  Ballistics." 
To  find  the  penetration  at  a  given  range,  say  1,000  yards, 
the  procedure  was  as  follows:  The  remaining  velocity  at 
this  range  computed  as  above,  was  foimd  to  be  676  foot 
seconds  for  the  500-grain  bullet.  The  charge  of  powder 
was  successively  reduced  until  a  charge  was  found  which 
gave  at  53  feet  from  the  muzzle  a  velocity  of  676  foot 
seconds.  Cartridges  were  made  up  with  this  charge  and 
the  cadavei-  to  be  fired  at  was  placed  at  53  feet  from  the 
muzzle.  The  striking  velocity  of  the  bullet  being  the 
same  as  that  of  a  bullet  fired  with  the  full  charge  and 
striking  an  object  at  a  distance  of  1,000  yards  the  peue 
tration  would  also  be  the  same.     At  the  ranges  of  1,500 
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and  2,000  yards  respectively,  it  was  found  necessary,  in 
order  to  record  the  low  velocities  obtained,  to  reduce  the 
distance  between  targets  to  50  feet,  which  caused  the 
velocity  to  be  determined  at  28  feet  from  the  muzzle. 
At  these  ranges,  therefore,  the  cadavers  were  placed  28 
feet  from  the  muzzle.  A  tackle  was  provided  for  trav- 
ersing the  cadavers  and  bringing  a  portion  of  the  body 
to  be  fired  at  into  proper  position.  Barrels  filled  with 
sawdust  were  placed  behind  the  cadaver  experimented 
with,  to  catch  the  bullets  and  preserve  them  from  defor- 
mation other  than  that  received  in  their  passage  through 
the  body.  Each  bullet  was  marked  on  its  base  with  a 
number  or  letter,  for  the  purpose  of  identification,  and 
after  firing  at  each  range  the  bullets  were  collected  and 
examined. 

Before  proceeding  to  the  observation  of  gunshot  in- 
juries proper,  some  facts  were  noted  on  impact  and  ex- 
plosive effects,  as  follows: 

Impact. — The  shock  as  shown  by  the  oscillation  of  the 
limb,  when  a  resistant  bone  was  hit,  was  always  greater 
with  the  leaden  bullet  of  .45  calibre  than  with  that  of  the 
smaller-bore  gun ;  on  the  other  hand,  the  difference  was 
reduced  to  a  minimum  when  the  soft  parts  alone  were 
hit.  It  often  happened  that  the  occurrence  of  a  fracture 
from  the  impact  of  the  smaller  projectile  was  determined 
only  after  a  careful  examination  of  the  wound.  This 
difference  in  shock  was  noted  at  all  the  ranges,  but  espe- 
cially so  after  the  500-yards  range. 

The  minimum  amount  of  shock  for  the  smaller  projec- 
tile depends  upon  the  superior  penetration,  which,  as 
stated  already,  is  due  to  its  smaller  calibre,  greater  veloc- 
ity, and  last,  but  not  least,  because  it  preserves  its  shape 
unaltered.  The  fact  that  the  calibre  of  the  Springfield 
was  greater  sufficed  to  explain  the  greater  amount  of 
shock.  This  was  added  to  by  deformation.  Part  of  the 
energy  was  consumed  in  the  flattening  of  the  bullet, 
while  the  remainder  was  conveyed  to  the  part  hit  in  the 
form  of  shock.  The  difference  in  the  amount  of  shock 
is  at  once  suggested  in  Table  II.,  already  cited.  It  will 
be  seen  that  tJie  striking  energy  in  foot  pounds  for  all 
the  ranges  is  greater  with  the  projectile  of  the  .45  calibre 
Springfield  rifle. 

Explosive  Ejects. — The  explosive  eflEects  caused  by  the 
projectile  of  the  Springfield  rifle  were  noticed  up  to  200, 
and  in  some  instances  up  to  250  yards,  while  the  explosive 
effects  of  the  projectile  of  the  experimental  Springfield 
rifle  extended  in  some  instances  as  far  as  the  S50-yards 
range. 

The  term  "  explosive  effects  "  is  somewhat  confusing, 
as  it  is  apt  to  convey  the  idea  that  the  wound  was  caused 
by  an  explosive  bullet.  It  is  a  term  that  doubtless  owes 
its  origin  to  the  similarity  in  the  appearance  of  the  two 
wounds.  When  we  say  that  a  wound  shows  explosive 
effects,  we  mean  that  it  appears  as  though  it  had  been 
caused  by  an  explosive  bullet.  As  a  rule,  the  wound  of 
entrance  presents  no  special  features  to  which  attention 
should  be  called.  In  only  a  few  instances  is  a  certain 
amount  of  bone  sand  found  in  the  tract  leading  to  a  frac- 
tured bone.  When  a  resistant  bone  has  been  hit,  the 
foyer  of  fracture  will  show  great  loss  of  substance  the 
bone  will  have  been  very  finely  comminuted,  the  pulver- 
ized bone  will  have  been  driven  not  only  in  the  direction 
m  which  the  projectile  was  travelling,  but  in  all  direc- 
tions, and  the  pulpification  of  the  soft  parts  will  not 
only  be  hmited  to  the  track  of  the  bullet,  but  utter  de- 
struction IS  noticed  for  some  distance  into  the  surrounding 
tissues.  The  wound  of  exit  appears  like  a  bursting  forth 
ot  the  skin ;  the  track  leading  to  the  bone  is  conical  in 
shape,  the  base  of  the  cone  corresponding  to  the  wound 
ot  exit  in  the  skin  and  the  apex  to  the  seat  of  fracture 

Ihe  degree  of  explosive  effects  corresponds  to  the 
velocity  of  the  projectile  at  the  moment  of  impact  and 
the  resistance  offered  bv  the  part  hit. 

The  bony  structures  are  not  alone  in  showing  explosive 
noted^^I  t  "^'^  velocities.  Explosive  effects  have  been 
un  to  Xm^^  Pi:o,iectile  of  the  reduced  calibre  weapons 
3h  b-m?;^f ""'  "?  ^'^•1  vascular  tissues,  cavities  filled 
with  liquid  or  semi-liquid  or  viscous  masses,  such  as  the 
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skull,  heart,  liver,  spleen,  kidneys,  stomach,  intestines, 
and  bladder,  which  have  been  attributed  by  some  obser- 
vers to  hydraulic  pressure." 

In  order  to  test  the  influence  of  hydraulic  pressure  in 
causing  explosive  effects,  some  interesting  experiments 
were  conducted  at  Franktord  Arsenal. 

1.  Empty  powder  cans  were  fired  into  at  various 
ranges.  The  orifices  of  entrance  and  exit  were  found 
proportional  to  the  size  of  the  projectiles  employed. 
The  cans  were  not  deformed,  showing  no  explosive 
efEects. 

2.  A  half-dozen  or  more  powder  cans  from  the  same  lot 
were  filled  with  wet  sawdust.  The  cans  were  fired  into 
at  various  ranges.  The  orifice  of  entrance  in  each  case 
presented  no  special  features.  The  orifice  of  exit,  how- 
ever, for  both  projectiles  was  marked  by  a  bursting  forth 
of  the  tin  and  loss  of  the  contents.  The  cans  had  been 
expanded  as  if  by  an  internal  force,  which  had  been  ex- 
erted in  all  directions.  The  explosive  efliects  were  about 
the  same  for  both  bullets. 

3.  Another  lot  of  powder  cans  of  the  same  size  and 
dimensions  was  filled  with  water  and  fired  into.  The 
results  were  quite  similar  to  those  observed  in  the  case  of 
the  wet  sawdust,  only  more  extensive,  and  they  were 
about  equal  for  the  two  projectiles. 

The  following  observations  upon  the  explosive  effects 
of  projectiles  at  relatively  short  ranges  picture  in  a 
marked  degree  the  wounds  that  surgeons  have  to  treat, 
as  a  result  of  high  velocities,  and  unless  one  is  prepared 
to  interpret  their  true  cause  he  is  apt  to  fall  into  very 
erroneous  conclusions. 

Notes  op  Gunshot  Injuries  on  the  Human  Body; 

EXPEKEMENTS  CONDUCTED   AT   FkANKPOED   AhSENAL, 

Pennsylvania,  on  Mabch  18th,  1893,  with  the 
Laegb  and  Small  Calibre  Pbojectiles,  for  the 
Purpose  of  Noting  the  Explosive  Effects  at 
Relatively  short  Ranges. 

1.  Gunshot  injury,  left  humerus,  at  junction  of  middle 
and  lower  thirds;  bullet  No.  4,  calibre  .45;  range,  17 
yards.  The  wound  of  entrance  is  oval,  .55  inch  in  its 
greatest  diameter.  The  wound  of  exit  is  marked  by  a 
chasm  on  the  back  of  the  arm  four  inches  in  length,  2.36 
Inches  in  width,  the  edges  of  which  are  ragged.  There 
is  eversion  of  muscle  and  fat.  The  soft  parts  contain 
minute  fragments  of  bone,  which  have  been  driven  some 
distance  into  the  tissues.  The  bullet  struck  the  humerus 
at  the  junction  of  the  middle  and  lower  thirds.  The  foyer 
of  fracture  shows  a  loss  of  substance  of  the  shaft  1.60 
inches  in  length.  There  is  extensive  comminution.  The 
fragments  (twenty-three  being  readily  counted)  are 
greatly  displaced,  and  the  majority  of  them  are  free 
from  the  periosteum.  The  bullet  is  very  much  mu'sh- 
roomed,  having  lost  about  one-half  in  weight. 

2.  A  gunshot  injury  by  the  .30  calibre  projectile,  at 
the  same  range,  on  the  opposite  arm  produced  a  wound 
of  entrance  which  is  round,  .35  inch  in  diameter.  The 
wound  of  exit  is  4.30  inches  in  length,  and  2.36  inches  in 
width.  It  is  marked  by  pulpification  of  the  muscular  tis- 
sue, which  contains  bone  sand.  The  missile  struck  the 
shaft  of  the  humerus  above  the  middle,  comminuting  the 
bone  extensively,  but  not  to  the  extent  observed  in  the 
preceding  injury  with  the  .45  calibre  leaden  projectile. 
Fourteen  principal  fragments  were  readily  counted. 
They  are  large  and  not  so  much  displaced  as  in  the  injury 
on  the  left  humerus.  The  larger  fragments  are  retained 
in  place  by  their  periosteal  attachment.  The  fissures  are 
not  so  extensive  in  the  shaft  above  and  below  the  seat  of 
injury.  The  projectiles  were  recovered,  the  leaden  nu- 
cleus having  escaped  from  the  harder  metallic  mantle 
The  cylindrical  part  of  the  envelope  is  intact,  the  conical 
end  having  split  in  four  pieces,  one  of  which  is  entirely 
detached  from  the  shell.  .    i,  j. 

3    Gunshot  injury  of  the  left  tibia,  middle  third ;  bullet 
No.  5,  calibre  .45;  range,  17  yards.     The  wound  of  en- 
trance is  round,  .45  inch  in  diameter;  the  wound  of  exit 
is  marked  by  a  longitudinal  tear  in  the  calf  3.16  inches 
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in  length  and  1.18  inches  in  width.  The  bullet  struck 
the  shaft  of  the  tibia  at  the  junction  of  the  middle  and 
upper  thirds,  shattering  the  bone  extensively.  The  seat 
of  comminution  measures  4.30  inches,  the  fragments, 
which  are  all  detached,  have  been  displaced  backward. 
Large  numbers  of  fine  spicula  of  bone  have  been  driven 
into  the  muscle  of  the  calf.  The  soft  parts  are  reduced 
to  a  pulp-like  mass  for  some  distance  beyond  the  walls 
of  the  chasm-like  opening.  The  fibula  is  broken  at  the 
same  level.  The  projectile  was  split  into  two  lateral 
halves  at  the  conical  end,  one  of  which  was  lost,  whilst 
the  other  remains  attached  to  the  cylindrical  portion. 

4.  A  gunshot  injury  by  the  .80  calibre  projectile  at 
the  same  range  on  tlie  opposite  tibia  shows  a  wound  of 
entrance  which  is  round,  .30  inch  in  diameter,  and  a 
wound  of  exit  which  is  marked  by  an  oblique  tear  ex- 
tending from  the  lower  part  of  the  popliteal  space  to  the 
lower  part  of  the  calf,  measuring  6.66  inches  in  length 
and  2.36  inches  in  width. 

The  bullet  collided  with  the  tibia  at  its  inner  border 
4.30  inches  below  the  knee-joint,  comminuting  the  shaft. 
Upon  removing  the  skin  the  wound  of  entrance  is  seen  to 
be  filled  with  bone  sand,  the  periosteum  over  the  crest  of 
the  shaft  is  partly  torn ;  on  the  outer  side  several  large, 
sharp  splinters  of  bone  remain  attached  to  the  perioste- 
um ;  the  posterior  wall  of  the  shaft  below  the  popliteal 
space,  two  inches  in  extent  vertically,  has  been  entirely 
destroyed  and  spicula  of  bone  and  medulla  are  seen  in 
the  lacerated  muscle  of  the  calf.  The  fibula  is  fractured 
in  two  places  just  above  the  level  of  the  fracture  in  the 
tibia.     The  muscle  of  the  calf  has  been  reduced  to  pulp. 

The  projectile  was  very  much  deformed ;  but  one  frag- 
ment of  the  metallic  mantle  was  recovered ;  it  measured 
.79  inch  in  length  and  .39  inch  in  width.  The  leaden 
nucleus  was  mushroomed  and  is  only  half  the  original 
length. 

It  will  be  seen  from  the  foregoing  that  the  explosive 
effects  at  short  range  differ  but  little  for  the  two  projec- 
tiles, and  that  they  are  always  enormous. 

Notes  on  the  Effects,  on  the  Human  Body,  of 
the  Projectiles  of  Large  and  Small  Calibre  Im- 
pressed BY  THE  Velocity  Common  at  350  yards; 
Experiments  Conducted  at  Frankford  Arsenal, 
Pennsylvania,  January  12th,  1893. 

1.  Gunshot  injury  of  the  left  ankle;  bullet  No.  2,  cali- 
bre .80.  The  wound  of  entrance  is  1.18  inches  below  the 
tip  end  of  the  internal  malleolus;  it  is  star-shaped,  .89 
inch  in  its  greatest  diameter.  The  projectile  entered  the 
astragalus  at  the  lower  margin  and  at  its  articulation 
with  the  OS  calcis.  A  portion  of  the  bone  belonging  to 
the  astragalus  at  this  point,  .59  inch  long  by  .39  inch 
wide,  is  lying  in  the  wound,  attached  by  periosteum. 
The  posterior  portion  of  the  trochlear  surface  of  the  os 
calcis,  .59  inch  long  by  .39  inch  wide,  is  partially  de- 
tached. The  missile  passed  between  the  os  calcis  and 
the  astragalus  and  emerged  through  the  upper  portion 
of  the  OS  calcis  next  to  the  outer  margin  of  the  articula- 
tion. There  are  several  free  fragments  from  the  latter 
bone  in  the  wound  of  exit.  The  tip  of  the  external  mal- 
leolus was  crushed  by  the  projectile.  The  projectile  was 
not  deformed. 

2.  Gunshot  injury  of  the  left  ankle  joint;  bullet  No. 
3,  calibre  .45.  The  wound  of  entrance  is  round,  8.54 
inches  in  diameter,  and  torn,  the  tears  radiating  from  the 
edges  of  the  wound.  The  wound  of  exit  is  irregularly 
quadrilateral  in  shape,  .79  inch  in  its  greatest  diameter. 
The  bullet  entered  through  the  internal  malleolus  and 
made  a  grooved  fracture  of  the  astragalus ;  there  is  com- 
plete pulverization  of  the  inner  half  of  the  articular  sur- 
face of  the  tibia.  The  missile  then  passed  out,  piercing 
the  posterior  portion  of  the  external  malleolus,  the  ante- 
rior portion  remaining  attached  to  the  shaft.  The  projec- 
tile was  mushroomed. 

3.  Gunshot  injury  of  the  right  foot;  bullet  No.  4,  cali- 
bre .30.  The  wound  of  entrance  is  .35  inch  in  diameter, 
1. 18  inches  in  front  of  the  external  malleolus.     The  wound 
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of  exit  was  found,  after  several  minutes  of  patient  search- 
ing, to  be  located  in  the  sole  of  the  foot,  1.38  inches  from 
the  internal  malleolus.  It  is  marked  by  a  slit-like  open- 
ing .  28  inch  in  length.  The  edges  of  the  slit  approximate 
each  other  thoroughly,  hence  the  difficulty  experienced 
in  locating  the  wound.  The  projectile  entered  the  os 
calcis  near  its  articulation  with  the  cuboid  and  below  the 
head  of  the  astragalus,  fracturing  the  calcaneo-cuboid 
articulation,  splintering  the  bone  in  three  fragments,  near 
which  a  small  amount  of  pulverized  bone  is  found.  All 
the  bones  of  the  tarsus  are  intact  except  the  os  calcis. 
The  projectile  was  recovered  unaltered  in  shape. 

4.  Gunshot  injury  of  the  left  tibia  and  fibula  near 
knee-joint,  bullet  No.  5,  calibre  .30.  The  wound  of  en- 
trance is  round,  .39  inch  in  diameter;  the  wound  of  exit 
is  marked  by  a  longitudinal  slit,  measuring  .39  inch  in 
length.  The  projectile  entered  the  anterior  portion  of 
the  head  of  the  tibia,  .89  inch  from  the  joint,  in  the 
middle  line,  passing  obliquely  toward  the  outer  side,  and 
emerged  from  the  posterior  surface  of  the  head  of  the 
fibula.  The  orifice  of  entrance  in  the  bone  is  equivalent 
to  the  diameter  of  the  missile;  the  orifice  of  exit  is  irregu- 
lar, .39  inch  in  its  greatest  diameter.  There  is  no  com- 
minution of  bone.  The  knee-joint  was  not  perforated, 
but  tbe  articular  surface  adjacent  to  the  outer  tuberosity 
shows  a  fissure  which  in  the  recent  state  was  not  appar- 
ent.    The  projectile  was  lost. 

5.  Gunshot  injury  of  the  lower  shaft  of  the  right 
femur ;  bullet  No.  3,  calibre  .45.  The  wound  of  entrance 
is  1.57  inches  above  the  outer  condyle,  round,  and  .45 
inch  in  diameter.  The  wound  of  exit  is  in  the  upper 
part  of  the  popliteal  space,  irregularly  quadrilateral  in 
shape,  .79  inch  in  its  greatest  diameter.  The  bullet  en- 
tered the  lower  shaft,  1.57  inches  above  the  margin  of  the 
articular  surface,  .39  inch  outside  the  middle  line.  Nine 
large  splinters  are  detached,  measuring  from  .6  inch  to 
3.50  inches  in  length.  There  are  a  number  of  deep  verti- 
cal fissures  in  the  upper  and  lower  fragments ;  those  in 
the  lower  do  not  invade  the  joint.  The  projectile  was 
very  much  set  up. 

6.  Gunshot  injury  of  the  right  hip  joint.  Bullet  No. 
6,  calibre  .30.  The  wound  of  entrance  is  .35  inch  in 
diameter,  over  the  femoral  vessels,  1.57  inches  below 
Poupart's  ligament;  the  wound  of  exit  is  in  the  middle 
of  the  gluteal  region  of  the  corresponding  side,  oval  in 
shape,  and  exceeds  very  little  the  diameter  of  the  pro- 
jectile. The  bullet  entered  the  capsular  ligament  at  its 
inner  margin  and  traversed  the  head  of  the  femur,  .79 
inch  below  the  ligamentum  teres,  producing  a  grooved 
fracture.  The  course  of  the  projectile  was  horizontal 
and  clear-cut ;  a  fracture,  1.57  inches  in  length,  is  noticed 
extending  downward  through  the  ischium.  The  com- 
pact bone  adjacent  to  the  track  of  the  bullet  shows  fis- 
sures not  apparent  in  the  fresh  state.  The  missile  entered 
the  acetabulum,  1.97  inches  from  the  lower  margin  in  the 
cotyloid  notch.  The  orifice  of  entrance  corresponds  nearly 
to  the  diameter  of  the  projectile;  the  orifice  of  exit  is  ir- 
regular, 1.97  inches  in  its  itwo  diameters.  A  fragment  of 
the  outer  plate  of  bone,  .39  inch  in  length,  hangs  at- 
tached by  periosteum.  The  projectile  was  not  in  the 
least  deformed. 

7.  Gunshot  injury  of  the  left  hip  joint;  bullet  No.  7, 
calibre  .30.  The  wound  of  entrance  perforated  the  skin 
on  the  anterior  aspect  of  the  thigh,  external  to  the  large 
vessels,  1.57  inches  below  Poupart's  ligament.  The 
wound  of  entrance  is  round,  .30  inch  in  diameter;  the 
wound  of  exit  is  also  round,  in  the  middle  of  the  gluteal 
region,  and  it  barely  exceeds  the  diameter  of  the  missile. 
The  projectile  entered  the  anterior  convexity  of  the  head 
of  the  femur,  after  passing  through  the  capsular  liga- 
ment; the  acetabulum  was  not  involved  until  after  the 
bullet  had  passed  through  the  hcud  of  the  femur  The 
projectile  traversed  the  head  of  the  femur  in  a  Ijorizontal 
direction,  .30  inch  above  a  horizontal  line  drawn  through 
the  centre  of  tlie  head,  and  emerged  at  its  posterior  sur- 
face 1.28  inches  external  to  the  ligamentum  tere'i  A 
fissure  IS  seen  connecting  the  points  of  entrance  and  exit 
and  extending  outward  along  the  upper  margin  of  the 


attachment  of  the  capsular  ligament;  there  are  smaller 
fissures  that  radiate  from  the  orifice  of  entrance.  No 
splinters  are  detached.  The  outer  lip  of  the  acetabu- 
lum, however,  was  split,  and  is  held  In  place  only  by 
the  capsular  ligament.  The  bullet  at  the  orifice  of  exit 
penetrated  the  acetabulum,  .59  inch  from  the  outer 
margin,  emerging  without  detaching  any  splinters,  ex- 
cepting as  noted,  and  left  clean-cut  orifices  upon  enter- 
ing and  leaving  the  bone.  The  orifices  of  entrance  and 
exit  in  the  globular  head  of  the  femur  are  round  and 
equal  to  the  diameter  of  the  projectile.  The  orifice  of  en- 
trance in  the  pelvis  is  round,  and  exceeds  by  only  a  frac- 
tional part  the  diameter  of  the  projectile;  the  orifice  of 
exit  is  59  by  .39  inch  in  diameter,  with  the  margins  of 
the  orifice  slightly  elevated.  The  bullet  was  not  de- 
formed. 

8.  Gunshot  injury  of  the  right  elbow  joint;  bullet 
marked  "E,"  calibre  .30.  The  wound  of  entrance  is  on 
the  external  aspect  of  the  arm  opposite  the  bend  of  the 
elbow,  2.36  inches  from  the  olecranon;  it  is  round,  and 
equal  in  diameter  to  that  of  the  projectile ;  the  wound  of 
exit  is  .59  inch  below  the  tip  of  the  olecranon;  it  ia 
star-shaped,  and  .30  inch  in  its  greatest  diameter.  The 
projectile  passed  through  the  head  of  the  radius,  permit- 
ting the  outer  and  posterior  aspect  of  the  forearm  to  re- 
ceive the  wound;  the  head  is  split  in  two  portions,  one 
half  of  which  is  finely  comminuted,  while  the  outer  half, 
together  with  its  portion  of  the  neck  and  .79  inch  of  the 
shaft,  remains  in  place  without  much  damage  to  the  peri- 
osteum. The  pulverized  bone,  comprising  the  inner  half 
of  the  head,  lies  free  in  the  joint.  The  projectile  entered 
the  ulna  .20  inch  below  the  joint,  near  the  posterior 
margin  of  the  lesser  sigmoid  cavity;  the  olecranon  is 
completely  crushed ;  fissures  extend  through  the  greater 
sigmoid  cavity,  and  the  posterior  portion  of  the  articular 
surface.  There  are  seventeen  small  splinters  detached 
from  the  periosteum  about  the  foyer  of  destruction.  The 
projectile  was  slightly  dented  on  one  side  in  the  cylin- 
drical portion;  otherwise  it  sustained  no  deformation. 

9.  Gunshot  injury  of  the  right  shoulder  joint;  bullet 
No.  6,  calibre  .30.  The  wound  of  entrance  is  round, 
.30  inch  in  diameter;  it  perforated  the  skin  well  up  on 
the  anterior  aspect  of  the  shoulder,  .39  inch  below  the 
acromion ;  the  wound  of  exit  is  irregular  in  shape, .  59  inch 
in  its  greatest  diameter,  on  the  posterior  aspect  of  the 
shoulder,  4. 72  inches  from  the  wound  of  entrance,  measur- 
ing over  the  shoulder.  The  projectile  entered  the  bone 
in  the  bicipital  groove  between  the  two  tuberosities  and 
traversed  the  head  of  the  humerus,  crushing  the  head  in 
passing  out  posteriorly.  One  large  splinter,  1.18  inches 
by  .98  inch,  was  carried  through  the  orifice  of  exit  in 
the  bone  and  found  embedded  in  the  infraspinatus  and 
teres  minor  muscles.  Four  other  splinters  comprising 
the  globular  head  of  the  humerus  lay  about  the  seat  of 
fracture ;  the  central  portion  of  the  head  is  pulverized 
and  discolored  by  lead.     The  bullet  was  not  recovered. 

Notes  on  the  DESTKrcTi^'^E  Effects  on  the  Hu.man 
Body,  of  the  Projectiles  of  Large  and  S.mall 
Calibre  Impressed  by  the  Velocity  Common  at 
1,200  Yards.  Experiments  Conducted  at  Frank- 
ford  Arsenal,  Pennsylvania,  March  9th,  1893. 

1.  Gunshot  injury  of  the  lower  third  of  the  left  femur; 
bullet  marked  "J,"  calibre  .45.  The  wound  of  entrance 
is  round,  .45  inch  in  diameter ;  the  wound  of  exit  is  in  the 
upper  part  of  the  popliteal  space,  marked  by  a  slit  run- 
ning obliquely,  1.38  inches  in  length.  The  missile  struck 
the  shaft  of  the  left  femur  2.36  inches  above  the  articular 
cartilage  on  the  inner  side  of  the  median  line.  The  bone 
immediately  behind  the  point  of  impact,  covering  an  ir- 
regular space  1.5  by  3  inches  in  diameter,  was  carried 
away  and  lies  finely  comminuted  in  the  track  of  the  bul- 
let; only  a  fraction  of  the  number  of  the  splinters  of 
bone  could  be  recovered.  Some  fragments  of  lead  were 
found  with  the  bone  sand.  The  projectile  was  very 
slightly  flattened  in  the  cylindrical  portion  near  the  base ; 
one-third  of  the  conical  portion  of  the  bullet  was  severed 
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laterally  and  lost;  the  remaining  two-thirds  are  flattened 
laterally. 

2.  Gunshot  injury  of  the  head  of  the  right  tibia;  bul- 
let marked  "K,"  calibre  .30.  The  wound  of  entrance  is 
.30  inch  in  diameter,  and  .59  Inch  below   the  patella; 


Fig.  2357.— Gunshot  Injury  ol  the  RlgM  Tibia,  at  the  Junction  of  the 
Upper  and  MMdle  Thirds,  tjy  the  ."30  Calibre  German-Silver  Jack- 
eted Projectile  with  the  Velocity  Common  ai  1,200  Yards.  The  pro- 
jectile penetrated  the  shaft  six  Inches  below  the  knee  Joint.  Exam- 
ination immediately  after  the  shot  was  fired  revealed  no  mobility, 
although  upon  dissection  a  distinct  fracture  was  observed.  The 
displacement  of  the  principal  fragments  Is  very  slight. 


FIQ.  2358.— A  Posterior  View  of  Fig.  2357. 


the  wound  of  exit  is  in  the  upper  part  of  the  calf ;  it  is 
quadrilateral  in  shape,  .30  inch  in  its  largest  diameter. 
The  projectile  perforated  the  head  of  the  tibia  in  the 
middle  line,  .39  inch  below  the  articular  surface.  The 
diameter  of  the  track  of  the  projectile  corresponds  to  the 
diameter  of  the  missile;  the  orifice  of  exit  is  on  the  pos- 
terior surface,  .39  inch  distant  from  the  articular  facet 
for  the  fibula.  No  large  fragments  were  found  in  the 
tissues.  The  fibula  and  the  articular  surface  of  the  head 
of  the  tibia  are  uninjured.  The  projectile  was  not  de- 
formed. 

3.  Gunshot  injury  of  the  lower  end  of  the  right  femur; 
bullet  marked  "D,"  calibre  .30.  The  wound  of  entrance 
is  round,  .30  inch  in  diameter,  .79  inch  above  patella ;  the 


FIG.  2359.— Gunshot  Injury  of  the  Head  of  the  Right  Tibia  by  the  .  30 
Calibre  German-Silver  Jacketed  Projectile  with  the  Velocity  Common 
at  1,200  Yards.  The  projectile  perforated  the  head  of  the  tibia  in 
the  middle  line  ."39  below  the  articular  surface.  The  diameter  of  the 
track  of  the  bullet  in  the  bone  corresponds  to  the  diameter  of  the 
missile. 


FiG.  2360.— A  Posterior  View  of  Fig.  2359. 


wound  of  exit  is  in  the  internal  and  upper  part  of  the 
pophteal  space,  marked  by  a  quadrilateral  orifice  haying 
a  punched-out  appearance,  .79  inch  in  its  greatest  diam- 
eter     The  projectile  perforated  the  anterior  face  of  the 


bone  about  its  middle,  immediately  above  the  upper  mar- 
gin of  the  articular  surface.  A  small  quantity  of  finely 
pulverized  bone  was  found  in  the  wound  of  exit.     There 


Fig.  2361.— Gunshot  Injury  of  the  Lower  Third,  Right  Femur,  by  the 
."30  Calibre  German-Silver  Jacketed  Projectile  with  the  Velocity 
Common  at  1,200  Yards.  The  projectile  perforated  the  anterior  face 
of  the  bone  about  its  middle,  immediately  above  the  upper  margin 
of  the  articular  surface,  making  a  clean-cut  perforation.  The  As- 
sure occurred  in  drying ;  it  was  not  present  In  the  recent  state. 


FIG.  2362.— A  Posterior  View  of  Fig.  2361. 

was  no  Assuring,  and  the  articular  surface  was  uninjured. 
The  projectile  sustained  a  slight  flattening  of  its  tip  at 
the  conical  end. 

4.  Gunshot    injury    of    the    left     knee-joint;    bullet 
marked   "B,"  calibre   .45.     The  wound  of  entrance  is 


Fig.  2363.— Gunshot  Injury,  Right  Tibia,  near  the  Ankle,  by  the  .'30 
Calibre  German-Silver  Jacketed  Projectile  with  the  Velocity  Com- 
mon at  1,200  Yards.  The  bullet  perforated  the  tibia  on  the  anterior 
aspect  in  the  middle  line  2.'17  above  the  ankle  joint.  The  orifice  of 
entrance  has  a  punched-out  appearance  equal  in  diameter  to  that  of 
the  projectile.  The  Assure  occurred  in  drying ;  it  was  not  present  in 
the  recent  state. 


FIG.  2364.— A  Posterior  View  of  Fig.  2363.    Fissures  are  exaggerated 
by  drying. 

round,  .45  inch  in  diameter,  a  little  internal  to  the  mid- 
dle of  the  patella;  the  bullet  ranged  downward,  back- 
ward, and  outward,  inflicting,  in  the  fleshy  part  of  the 
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calf,  a  wound  of  exit  which  is  quadrilateral  in  shape, 
79  inch  in  length.  The  bullet  entered  the  patella  on 
the  inner  side  of  the  median  line  and  passed  through  the 
outer  condyle,  emerging  .79  inch  from  the  pomt  of  en- 


Fi6.  3365.— The  Specimen  Shows  Two  Perforations  of  the  Right  Tibia 
hy  the  ."30  Calibre  German-Silver  Jacketed  Projectile  with  the 
Velocity  Usually  Possessed  at  1,200  Yards.  The  perloration  m  the 
middle'  of  the  shaft  shows  two  Assures  crossing  each  other  in  the 
form  of  an  "  X."  There  is  a  complete  fracture.  The  lower  per- 
foration is  attended  with  less  Assuring.  There  is  no  solution  of 
continuity. 


Fig. 


A  Posterior  View  of  Fig.  2365. 


trance,  splitting  the  outer  tuberosity.  A  slight  outward 
displacement  of  the  fragments  shows  a  fissure  extending 
upward  to  the  margin  of  the  articular  cartilage.  The 
patella  is  broken  into  a  number  of  fragments.  Passing 
downward  the  bullet  entered  the  left  tibia,  carrying 
away  a  portion  of  the  outer  cartilage  and  grazing  the 
top  of  the  fibula.  The  bullet  was  flattened  laterally 
along  its  cylindrical  and  conical  portions  on  one  side,  and 
flattened  at  the  conical  end  alone  on  the  opposite  side. 

5.  trunshot  injury  of  the  left  tibia  and  fibula  near  the 
ankle  joint ;  bullet  marked  "  G, "  calibre  .4.5.  The  wound 
of  entrance  is  over  the  ankle  in  front,  round,  .45  inch  in 
diameter.  The  wound  of  exit  is  just  above  the  external 
malleolus  between  the  tendo  Achillis  and  the  fibula.  It 
is  marked  by  a  longitudinal  slit,  1.38  inches  in  length. 
The  bullet  entered  the  tibia  1.18  inches  above  the  ankle 
joint  in  the  median  line;  the  missile  struck  the  tendon  of 
the  tibialis  anticus  muscle,  displacing  it  to  the  outer  side. 
The  inner  portion  of  the  shaft  and  internal  malleolus  re- 
main intact.  The  shaft  of  the  outer  side  is  fissured  ir- 
regularly ;  a  zigzag  line  extends  between  the  jjoints  of 
entrance  and  exit.  The  fibula  is  fractured  at  the  same 
level.  The  bullet  is  flattened  in  the  cylindrical  portion 
near  the  base,  and  flattened  laterally  at  the  conical  end, 
the  flattened  surface  at  the  latter  point  being  very  irregu- 
lar. 

6.  Gunshot  injury  of  the  light  tibia  near  the  ankle; 
bullet  marked  "  H,"  calibre  .30.  The  wound  of  entrance 
is  over  the  lower  part  of  the  leg  anteriorly,  round,  .30 
inch  in  diameter.  The  wound  of  exit  lies  in  the  same 
place  posteriorly ;  it  presents  a  punched-out  appearance, 
is  triangular  in  shape,  .30  inch  in  its  greatest  diameter. 

The  bullet  perforated  the  tibia  on  the  anterior  aspect 
in  the  median  line,  2.17  inches  above  the  ankle  joint. 
The  orifice  of  entrance  has  a  punched-out  appearance ;  it 
is  .30  inch  in  the  vertical  and  .34  inch  in  the  horizontal 
direction.  There  is  a  fissure  3.75  inches  long,  extending 
upward  from  the  perforation;  it  is  seen  through  tlie  peri- 
osteum, the  latter  being  intact.  Posteriorly  between  the 
foyer  and  the  wound  of  exit  in  the  skin  many  fine  splin- 
ters of  bone  are  distributed,  the  fibula  is  uninjured.  The 
bullet  is  very  little  flattened  at  the  conical  end, 

7.  Gunshot  injury  of  the  right  knee;  buliet  No.  1, 
calibre  .45.  The  wound  of  entrance  is  .30  inch  internal 
to  and  above  the  patella;  it  is  round,  .45  inch  in  diam- 
eter; the  wound  of  exit  is  in  the  middle  of  the  popliteal 
space,  star-shaped,  .59  inch  in  its  greatest  diametci-.  The 
bullet  entered  the  bone  1.18  inches  above  the  articular 
surface.  The  diameter  of  the  perforation  corresponds  to 
the  diameter  of  the  missile.  The  orifice  of  exit  poste- 
riorly admits  the  index  fingerand  is  situated  in  the  popli- 
teal space  above  the  trochlear  surface  of  the  inner  side 


of  the  median  line.     The  bullet  was  recovered,  very  little 
dented  at  the  conical  end. 

8.  Gunshot  injury  of  the  upper  third  of  the  left 
femur;  bullet  No.  2,  calibre  .45.  The  wound  of  en- 
trance is  round,  .45  inch  in  diameter;  the  wound  of  exit 
is  marked  by  a  slit-like  opening  running  longitudinally, 
1,18  inches  in  extent.  The  projectile  entered  the  ante- 
rior aspect  of -the  femur  and  shattered  the  bone  above  its 
middle.  Nine  large  splinters,  from  4  inches  to  .40  inch 
in  length,  are  found  in  the  foyer  of  fracture,  and  only 
partially  held  by  the  periosteum.  The  bullet  was  set  up 
and  dented  at  one  side  at  the  conical  end. 

9.  Gunshot  injury  of  the  upper  third  of  the  right 
femur ;  bullet  No.  1,  calibre  .30.  The  wound  of  entrance 
is  round,  .30  inch  in  diameter  ;•  the  wound  of  exit  is  in 
the  fleshy  portion  of  the  thigh,  quadrilateral  in  shape, 
.79  inch  in  its  greatest  diameter.  The  bullet  entered 
the  bone  5.50  inches  below  the  trochanter  major,  com- 
minuting the  shaft.  The  largest  fragment  is  4  by  1.18 
inches,  and  is  firmly  adherent  to  the  surrounding  tissues. 
The  specimen  shows  an  old  united  fracture  of  the  upper 
shaft  passing  obliquely  and  immediately  below  the  tro 
chanters.  The  bullet  was  flattened  at  the  conical  end 
and  distorted  to  one  side ;  the  leaden  nucleus  protrudes 
from  the  mantle  at  the  base. 

10.  Gunshotinjury,  right  tibia,  middle  of  shaft;  bullet 
marked  "T,"  calibre  ,30.  The  wound  of  entrance  is 
round,  .30  inch  in  diameter;  the  wound  of  exit  is 
marked  by  a  slit  in  the  calf,  .35  inch  in  its  greatest 
length.  The  bullet  struck  the  subcutaneous  surface  of 
the  tibia  at  its  middle,  splintering  the  bone  into  several 
large  fragments ;  the  largest  one,  embracing  the  crest  of 
the  tibia,  is  5  inches  long.  Viewed  from  the  inner  side 
the  fissures  cross  at  the  point  of  impact,  so  as  to  form  an 
"  X. "  The  periosteum  is  intact  and  binds  the  fragments 
together  so  that,  as  the  dissection  would  indicate,  there 
is  no  reason  to  suppose  that  the  fracture  would  not  unite 
readily.  A  large  number  of  fine  splinters  of  bone  were 
found'  in  the  muscular  tract  of  the  calf,  near  the  seat  of 
fracture.  No  great  laceration  of  soft  parts  was  observed. 
The  fibula  was  not  injured.  The  projectile  was  dented 
at  the  conical  end. 

11.  Gunshot  injury,  right  tibia  near  the  ankle  joint; 
bullet  marked  "C,"  calibre  .30.  The  wound  of  entrance 
is  round,  .30  inch  in  diameter;  the  wound  of  exit  is 
marked  by  a  slit  .30  inch  in  length.  The  bullet  perfo- 
rated the  shaft  3  inches  above  the  internal  malleolus.     On 


Fig.  2367.— This  Specimen  Shows  a  Complete  Perforation  in  the  Upper 
Part  of  the  Shaft  of  the  Left  Tibia  by  the  ."30  Calibre  German-Silver 
Jacketed  Projectile  with  the  Velocity  Common  at  1,200  Yards. 
There  is  also  an  injury  in  the  middle  of  the  shaft  by  a  .'30  calibre 
projectile  at  the  same  range.  The  bullet  struck  the  crest  of  the 
tibia,  passing  wholly  in  front  of  the  medullary  canal,  and  producing 
a  gutter  in  the  crest.  There  is  a  complete  fracture.  There  Is  no  rec- 
ord of  the  injury  near  the  ankle. 


FIG.  2368.— A  posterior  View  of  Fig.  2367. 

removing  the  skin  the  orifice  of  entrance  in  the  bone  pre- 
sents sharply  cut  edges,  and  it  corresponds  in  size  to  the 
diameter  of  the  missile.  The  bullet  passed  out  at  the 
posterior  aspect  of  the  bone,  the  orifice  at  this  point 
being  irregular  in  shape  and  a  trifle  larger  than  the  ori- 
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fife  of  entrance.  A  few  splinters  of  bone  were  found  iu 
the  track  of  the  bullet  leading  from  the  bone.  The  pro- 
jectile was  not  deformed. 

Notes  on  tub  Effects,  on  the  Human  Body,  of 
THE  Projectiles  op  Lakoe  and  Small  Calibre 
Impressed  by  the  Velocity  Co^fmon  at  2,000 
Yards.  Experiments  conducted  at  Frankford 
Arsenal,  Pennsylvania,  March  16tii,  1893. 

1.  Gunshot  injury  left  tibia,  middle  third;  bullet  No. 
1,  calibre  .45.  The  wound  of  entrance  is  oval  in  shape, 
.51   inch    in  its  greatest    diameter.     The  projectile  re- 


FiG.  2389.— Gunshot  Injury,  Lower  Tbird,  Eight  Femur,  by  the  ."30 
Calibre  German-Silver  Jacketed  Projectile  Propelled  with  the  Veloc- 
ity Usual  at  3,000  Yards.  The  projectile  entered  the  bone  ."79  above 
the  articular  surface,  making  a  perloration  with  long  Assures. 


Fig.  2370.— a  Posterior  View  ol  Fig.  2369. 

mained  lodged  under  the  skin  of  the  calf.  The  bullet 
entered  the  subcutaneous  part  of  the  shaft,  5.50  inches 
below  the  knee  joint,  causing  extensive  comminution  of 
the  bone  at  the  foyer  of  fracture,  including  3  inches  of 
the  shaft.  Some  of  the  fragments  are  free  whilst  others 
remain  attached  to  the  periosteum.  The  bullet  was  found 
under  the  skin  of  the  calf;  it  was  cleft  longitudinally 
through  the  conical  part,  one-half  of  the  cone  having  be- 
come detached  from  the  cylindrical  part.  The  detached 
fragment  was  found  embedded  in  the  tibialis  anticus 
muscle. 

2.  Gunshot  injury  of  the  right  tibia  at  junction  of 
middle  and  lower  thirds;  bullet  No.  4,  calibre  .30.  The 
projectile  entered  side  on,  inflicting  a  wound  of  entrance 
which  runs  obliquely,  .98  inch  long  and  .39  inch  wide. 
The  bullet  lies  under  the  skin  posteriorly  in  the  lower 
part  of  the  calf.  The  bullet  guttered  the  inner  side  of 
the  tibia  5.13  inches  above  the  internal  malleolus.  On 
removing  the  skin  several  spicula  of  bone  are  seen  in 
the  wound ;  the  outer  border  and  crest  of  the  tibia  are 
uninjured;  the  posterior  surface  of  the  bone  is  splintered 
over  a  distance  of  3.15  inches  in  lines  which  radiate  from 
the  point  of  emergence.  The  periosteum  is  not  detached, 
excepting  in  the  line  of  the  passage  of  the  projectile  and 
over  an  area  adjacent  to  the  posterior  margin  of  the 
groove,  between  .30  and  .40  inch  in  diameter.  The 
flbula  was  not  injured.  The  bullet  was  embedded  in  the 
muscle  of  the  calf  with  its  point  resting  against  the  skm 
and  its  base  presenting  in  the  track  through  the  muscle 
adjacent  to  the  bone,  a  distance  of  .79  inch.  The  pro- 
jectile is  slightly  flattened  at  the  conical  end,  otherwise 
it  is  unaltered.  ,,  ^  tvt     n 

3.  Gunshot  injury  of  tlie  left  knee  joint;  bullet  JNo.  i, 
calibre  .45.  The  wound  of  entrance  is  round,  .45  inch 
in  diameter,  above  and  internal  to  the  patella;  the  wound 


of  exit  is  in  tlie  lower  part  of  the  popliteal  space,  oval, 
and  .59  inch  in  its  greatest  diameter,  Tlie  bullet  per- 
forated the  tibia  1.18  inches  below  the  articular  surface. 
The  orifice  of  entrance  in  the  bone  is  sharply  defined, 
irregular  in  shape,  .59  inch  in  the  vertical  and  .39  inch 
in  the  horizontal  line ;  the  orifice  of  exit  is  also  irregular, 
.59  inch  in  its  greatest  diameter.  There  is  a  fracture  of 
the  shaft  marked  by  a  fissure,  which  runs  downward  and 
backward ;  the  compact  tissue  of  the  upper  and  posterior 
surface  of  the  bone  is  broken  by  radiating  fissures  into 
six  fragments.  The  muscular  track  from  the  bone  to  the 
wound  of  exit  contains  some  fine  spicula  of  bone.  The 
projectile  was  not  recovered. 

4.  Gunshotinjury  of  the  right  knee  joint;  bullet  No.  9, 
calibre  .30.  The  wound  of  entrance  is  round,  .30  inch 
in  diameter  and  .  39  inch  from  the  internal  border  of  the 
patella  at  its  middle ;  the  wound  of  exit  is  in  the  upper 
part  of  the  popliteal  space  marked  by  an  oblique  slit-like 
opening  .39  inch  in  length.  The  projectile  entered  the 
bone  .  79  inch  above  the  articular  surface,  making  a  per- 
foration of  the  femur ;  the  missile  passed  out  in  the  me- 
dian line  in  the  popliteal  space,  perforating  the  popliteal 
vein,  but  leaving  the  artery  uninjured.  The  wound  is  full 
of  venous  blood  clots.  Very  tine  spicula  of  bone  were 
found  in  the  track  of  the  projectile  leading  to  the  wound 
of  exit.  There  is  a  fissure  4.73  inches  in  length,  which 
extends  from  the  orifice  of  entrance  in  the  direction  of 
the  shaft,  and  a  number  of  smaller  radiating  fissures  are 
observed  to  start  from  the  orifice  of  exit.  The  projectile 
was  recovered  from  the  sawdust  very  much  deformed. 
The  metallic  jacket  was  ruptured  at  the  conical  end, 
having  a  slit  running  along  the  side  of  the  cylindrical 
portion  at  the  end  of  which  a  transverse  slit  occurs, 
which  includes  one-half  of  the  cylindrical  part  of  the 
envelope;  the  leaden  nucleus  has  parted  entirely  from 
the  jacket;  it  is  flattened  at  the  conical  end,  bent  upon 
itself  in  the  cylindrical  portion,  and  scooped  out  on  one 
side. 

5.  Gimshotinjuryof  the  left  femur,  upper  third;  bullet 
No.  3,  calibre  .45.  The  wound  of  entrance  is  round, 
.45  inch  in  diameter;  the  wound  of  exit  is  on  the  outer 
and  posterior  aspect  of  the  thigh,  marked  by  a  longitudi- 
nal slit,  .59  inch  in  length.  The  projectile  made  a 
glancing  shot,  striking  the  outer  aspect  of  the  shaft  of 
the  femur  4.73  inches  below  the  trochanter  major,  and 
producing  an  oblique  fracture  of  the  shaft  from  above 
downward  and  inward ;  the  fragments  are  considerably 
displaced,  the  lower  shaft  lying  to  the  outer  side ;  the  peri- 
osteum is  detached  about  the  point  of  impact,  but  the 


Fig.  2371.— Gunshot  Injury  of  the  Eight  Femur  at  Junction  of  Middle 
and  Upper  Thirds  by  the  ."30  Calibre  German-Silver  Jacketed  Pro- 
jectile with  the  Velocity  Common  at  2,000  Yards.  There  is  a  well- 
marked  perforation  with  extensive  Assuring. 


FIG.  2372.— A  Posterior  View  of  Fig.  2371. 

fragments  of  bone  are  not  loosened  to  any  very  great  ex- 
tent; there  is  a  fissure  extending  from  the  trochanter 
minor  downward  a  distance  of  6  inches.  Particles  of 
lead  were  found  in  the  foyer  of  fracture.     The  bullet 
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was  seemingly  split  in  two  lateral  halves  nearly  equal  in 
weight ;  the  greater  half  only  was  recovered. 

6.  Gunshot  injury  of  the  right  femur,  upper  third; 
bullet  No.   0,   calibre  .30.     The  wound  of  entrance  is 


Fig.  2373.— Gunshot  Perforation  of  the  Head  of  Left  Femur  and  Ace- 
tahulum  by  the  .'30  Calibre  German-silver  Jaclteted  Projectile  with 
Velocity  Common  at  1,300  Yards.  The  bullet  appears  in  Illustration 
undelormed. 

round,  .30  inch  in  diameter;  the  wound  of  exit  Is  trian- 
gular in  shape,  .39  inch  in  its  greatest  length.  The 
bullet  struck  the  shaft  of  the  femur  in  the  middle  line 
anteriorly,  7  inclies  below  the  anterior  superior  spine  of 
the  ilium,  comminuting  the  bone  into  a  number  of  frag- 
ments, which  are  held  by  periosteum.  The  bullet  was 
flattened  at  the  conical  end ;  otherwise  it  is  unaltered. 

Observations  upon  the  Foregoing  Results. — Soft 
Parts. — The  wound  of  entrance  corresponds  in  diameter 
as  a  rule  to  the  diameter  of  the  projectile.  In  the  middle 
and  remote  ranges  the  entrance  wound  measured  less  at 
times  than  the  diameter  of  the  projectile,  but  the  differ- 
ence was  only  apparent  since  the  wound  invariably 
admitted  a  projectile  of  hke  calibre  to  the  one  having  in- 
flicted it.  In  the  short  ranges  it  was  often  noted  that 
skin  overlying  bone  and  resistant  aponeurosis  was  apt  to 
show  a  wound  of  entrance  actually  exceeding  in  diameter 
that  of  the  missile.  The  edges  of  the  wound  of  entrance 
were  at  times  clear-cut,  but  more  often  they  were  rolled 
m,  and  often  blackened  for  a  distance  of  a  line  about  the 
circumference.  The  latter  circumstance  gave  rise  to  the 
notion  formerly  that  the  discoloration  was  due  to  burn- 
ing, but  from  experiments  to  be  cited  later  this  failacv 
has  been  forever  set  at  rest. 

The  wound  of  exit  of  the  .30  calibre  rifle  was  generally 
larger  than  the  wound  of  entrance,  and  beyond  the  zone 
ot  explosive  eflects  especially,  it  was  generally  round 
marked  at  times  by  a  mere  slit;  again  it  was  star-shaped' 
r-shaped,  semicircular,  etc. ;  the  edges  were  generally 
turned  out.  When  a  wound  of  exit  exceeded  in  diameter 
that  of  the  projectile  to  any  extent  the  circumstance  was 
generally  regarded  as  indicative  of  bone  lesion 

Ep-cts  upon  the  Shafts  of  Lojuj  Bones.  -Up  to  350  yards 
the  destructive  effects  of  the  two  projectiles  are  alike 
severe.     Unless  guided  by   the  wound  of  entrance  o? 
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other  circumstances  it  is  difficult  within  this  range  to  de- 
termine, by  the  appearance  of  the  injury  alone,  which  of 
the  projectiles  has  caused  the  injury.  After  this  range 
the  destructive  eflects  of  tlie  smaller  projectile  become 
less  than  those  of  the  larger  missile.  The  Assuring  Is 
less,  the  spicula  of  bone  are  larger,  and  they  are  more 
apt  to  be  attached  to  the  periosteum.  These  differences 
are  especially  noticeable  from  the  500-  to  the  1,500-yard 
ranges.  At  2,000  yards  the  smaller  bullet  again  shows 
rather  extensive  comminution.  This  fact  has  been  noted 
by  all  observers,  and  it  has  been  variously  explained, 
though  not  in  a  very  satisfactory  manner.  It  has  been 
said  that  the  projectile  has  lost  so  much  of  Its  velocity 
of  translation,  when  it  reaches  this  part  of  its  course, 
that  it  is  apt  to  lodge,  and  that  the  velocity  of  rotation 
causes  such  a  disturbance,  when  it  is  about  to  engage, 
that  comminution  is  the  result.  The  angle  of  impact 
which  is  rarely  vertical  at  this  range,  has  been  brought 
forward  as  a  possible  cause.  Certain  it  is  that  a  number 
of  the  projectiles  were  observed  by  us  at  this  range  to  im- 
pinge side  on  at  the  moment  of  impact. 

Effects  upon  Joints.— Beio^e  engaging  upon  this  part 
of  the  subject  it  may  be  stated  that  the  humane  wound 
of  the  small-bore  gun  is  especially  observed  in  the  joints 
and  soft  parts.  Owing  to  the  reduction  in  calibre  the 
wounds  in  the  latter  partake  more  of  the  nature  of  sub- 
cutaneous wounds,  and  experience  shows  that  they  heal 
very  kindly  under  appropriate  treatment. 

It  is  not  necessary  in  this  instance  to  dwell  especially 
upon  the  destructive  effects  of  the  larger  leaden  projec- 
tile upon  joints.  Suffice  it  to  say  that  the  greater  front- 
age, which  it  naturally  possesses,  is  made  greater  still  by 
deformation,  and  that  these  facts,  in  combination  with  a 
velocity  suflScient  to  penetrate  a  joint,  serve  to  convert 
the  .45-calibre  projectile  into  a  very  destructive  missile. 

The  experiments  conducted  at  Frankford  Arsenal  show 
in  a  striking  manner  the  difference  between  the  two  bul- 
lets in  their  destructive  effects  upon  the  spongy  ends  of 
bones.  In  order  to  appreciate  this  difference  it  is  neces- 
sary to  go  beyond  the  zone  of  explosive  effects  for  the 
.30  calibre  projectile,  namely  350  yards;  even  within  the 
latter  range  perforation  with  slight  Assuring  will  at  times 
be  noticed.  From  the  latter  range  to  the  1,500-yard 
range  perforations  and  gutterings  with  little  or  no  Assur- 
ing are  almost  invariably  seen.  Between  1,500  and  2,000 
yards  the  specimens  show  perforations  still,  but  there  is 
a  tendency  to  Assuring  again,  as  noted  in  the  shorter 
ranges  (see  Figs.  3363  and  2364). 

Deformation  of  Pi'&jeetiles. — The  different  kinds  of 
deformation  of  projectiles  represent  nearly  every  form 
of  alteration  known.     Those  of  the  leaden  projectiles  are 


^l?'  2374.--Specimens  Showing  the  More  Common  Deformations  of 
the .  30  Cahbre  German-silver  Jacketed  Projectile.  No.  1,  A  nor- 
2i.^V  m''''o«''?  '^SJ;"'^?:^"^'''"  Jacketed  projectile  which  was  never 
?  .U  "?■.'  ^  \  ^  calibre  German-silver  Jacketed  projectile  show- 
'5^..  .  .1™''.'?'*"°°  sustained  upon  fracturing  the  middle  of  the 
shaft  of  the  tibia,  when  propelled  with  the  velocity  usual  at  1,200 
^i.  ^S-  ^}'A  -'^  calibre  German-silver  Jacketed  projectile 
showing  the  deformation  sustained  upon  causing  a  fracture  vrith 
slight  comminution  of  the  lower  half  of  the  humerus,  while  pro- 
pelled with  the  velocity  common  at  1,500  yards.  No.  9,  A  .'SO  cali- 
bre German-silver  Jacketed  projectile  showing  deformation  after 
fracture  of  the  middle  half  of  the  femur,  when  propelled  with  the 
velocity  common  at  1,500  yards.  No.  4,  A  ."30  calibre  German-silver 
Jacketed  projectile  showing  the  deformation  upon  colliding  with  the 
"PS'jrJ'''^'^  "'  '''<'  femur  while  propelled  with  the  velocity  common 
at  .3,000  yards.  No.  3,  A  ."30  calibre  German-silver  projectile  show- 
ing the  deformation  sustained  upon  fracturing  the  middle  third  of 
the  tibia  when  propelled  by  the  velocity  usual  at  2,000  yards. 

sufficiently  familiar  and  require  no  comment.  The  defor- 
mation of  the  jacketed  projectile  is  most  common  at  the 
conical  end  which  consists  usually  in  a  slight  dent  or  flat- 
tening, and  partial  separations  of  the  metallic  mantle 
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from  the  leaden  nucleus  are  occasionally  seen ;  complete 
separation  between  the  jacket  and  nucleus  is  a  very  rare 
occurrence.    It  occurs  principally  with  high  velocities 


Fig.  3375.— Specimens  Showing  the  More  Common  Deformations  of 
the  ."30  Calibre  German-silver  Jacketed  Projectile.  No.  4,  This  is  a 
normal  ."30  calibre  German-silver  jacketed  projectile  which  was 
never  flred.  No.  50,  A  ."30  calibre  German-silver  jacketed  projectile 
after  inflicting  a  comminuted  fracture  of  the  tibia  and  fibula  with 
the  velocity  common  at  150  yards.  No.  45,  A  ."30  calibre  German- 
silver  jacketed  projectile  which  caused  perforation  of  the  astragalus 
with  the  velocity  usual  at  350  yards.  No.  39,  A  ."30  calibre  German- 
silver  mantle  projectile  which  inflicted  a  perforation  of  the  surgical 
neck  of  the  humerus  with  little  comminution  with  the  velocity  com- 
mon at  350  yards.  No.  23,  A  ."30  calibre  German-silver  jacketed 
projectile  after  inflicting  a  perforation  with  slight  Assuring  of  the 
middle  of  the  shaft  of  the  tibia,  when  propelled  with  the  velocity 
usual  at  1,200  yards.  No.  15,  A  ."30  calibre  German-silver  jacketed 
projectile  after  inflicting  a  complete  fracture  with  extensive  fissures 
of  the  middle  of  the  shaft  of  the  femur,  while  propelled  with  the 
velocity  usual  at  1,500  yards. 

at  close  range,  when  the  projectile  encounters  resistant 
hone.  Separation  of  the  envelope  and  nucleus  was  noticed 
very  seldom  in  the  middle  and  remote  ranges. 

Before  we  leave  the  subject  of  the  work  done  by  ex- 
periments as  to  the  character  of  gunshot  wounds,  for  the 
more  practical  one  in  the  clinical  field,  it  may  be  well  to 
admit  that  the  deductions  of  the  experimenters  have 
been  questioned  by  a  number  of  surgeons.  On  the  other 
hand,  the  experimenters  themselves,  the  great  majority  of 
whom  have  largely  dealt  with  gunshot  injuries  as  actu- 
ally observed  in  accidents  and  in  war,  are  satisfied  to  be- 
lieve that  the  experimental  wounds  tally  in  the  main 
with  those  which  we  meet  in  the  actual  conditions,  and 
that  their  judgment  has  been  amply  confirmed  by  the 
accumulated  experience  in  the  Spanish-American  and 
South-African  wars. 

The  Heat  Imparted  to  Projectiles.— The  heat  imparted 
to  projectiles  by  the  ignition  of  the  powder,  the  resist- 
ance in  the  barrel,  etc.,  has  been  very  much  exaggerated. 
,Some  have  gone  so  far  as  to  claim  that  the  small  jacketed 
bullets  are  rendered  aseptic  thereby.  In  a  series  of  ex- 
periments conducted  at  the  Pathological  Laboratory  of 
the  Johns  Hopkins  University  and  Hospital,  and  also  at 
Frankford  Arsenal  some  years  since,  we  were  able  to 
show  that  this  claim,  is  false.  In  order  to  arrive  at  some 
definite  conclusion  in  the  matter  a  series*  of  experiments 
were  undertaken  for  the  purpose  of  obtaining  answers  to 
the  two  following  questions: 

(1)  Are  projectiles  from  portable  hand  weapons  steril- 
ized by  the  act  of  firing? 

(2)  Can  a  septic  bullet  infect  a  gimshot  wound? 

As  a  preliminary  to  the  work  of  noting  the  effects  of 
£ring  bullets  that  had  been  previously  contaminated  it 
was  considered  proper  to  ascertain  the  condition,  bacteri- 
•ologically  speaking,  of  bullets  in  their  original  packages. 
After  a  number  of  observations  it  was  found  that  fifty- 
three  per  cent,  of  all  cartridges  in  their  original  packages 
were  absolutely  free  from  germs.  This  is  to  be  ascribed 
to  the  cleanly  methods  which  are  necessary  in  their 
manufacture. 

The  literature  of  gunshot  wounds  shows  that  the  ma- 
jority of  surgeons  of  the  past  and  present  times  believe 
that  the  act  of  firing  destroys  any  infection  that  might 
have  been  accidentally  or  otherwise  placed  upon  the 
projectile. 

In  order  to  ascertain  the  facts  in  the  matter  we  fired 
projectiles,  after  they  had  been  sterilized  by  heat,  from 
revolvers  that  had  been  similarly  sterilized.  The  pro- 
jectiles were  recovered  from  sterilized  cotton  and 
dropped  into  gelatin  tubes.  The  latter  revealed  no 
growth. 

*  N.  Y.  Med.  Journal,  vol.  Ivi.,  No.  17,  p.  458,  October  22d,  1892. 


Projectiles  covered  with  dust  were  then  fired  from 
sterilized  revolvers  into  sterilized  cotton.  As  each  pro- 
jectile was  recovered  it  was  dropped  into  a  gelatin  tube. 
Colonies  appeared  in  every  instance. 

In  a  series  of  experiments  with  the  .22  and  .38  calibre 
revolvers,  the  .45  calibre  Springfield  rifie,  as  well  as  the 
.30  calibre  Experimental  Springfield  rifle,  whose  ballistic 
qualities  correspond  to  the  Krag-JOrgensen,  Mannlicher, 
improved  Mauser,  Lebel,  etc.,  the  projectiles  were  in  all 
instances  infected  with  the  germs  of  anthrax  and  fired 
into  sterilized  materials  and  into  animals.  The  tables  of 
results  show  that  anthrax  bacilli  or  spores  are  seldom,  if 
ever,  destroyed  by  the  act  of  firing. 

Bullets  infected  with  the  streptococcus  of  erysipelas, 
with  some  of  the  same  culture  of  tetanus  mentioned  be- 
low, and  with  the  bacillus  pyogenes  soli  of  Bolton,  were 
fired  through  the  ears  of  rabbits  with  a  .45  calibre  Colt's 
revolver.  The  erysipelas  coccus  was  communicated  to 
one  animal,  and  the  bacillus  pyogenes  soli  was  recovered 
from  the  wound  of  another ;  tetanus  was  not  communi- 
cated. 

A  bullet  infected  with  a  culture  of  the  bacilli  of  tetanus 
was  fired  into  a  horse  with  the  modified  Springfield  rifle 
with  negative  results ;  rabbits  inoculated  with  some  of 
the  same  culture  died  promptly.  At  the  suggestion  of 
Prof.  Meade  Bolton,  of  the  Johns  Hopkins  Hospital,  a 
bag  of  tetanus  earth  was  placed  against  the  hip  of  an- 
other horse  and  the  projectile  of  the  .30  calibre  Experi- 
mental Springfield  rifle  was  flred  through  the  earth  into 
the  fleshy  part  of  the  ham  without  result. 

Later,  a  series  of  experiments  were  conducted  to  show 
the  effects  of  flring  infected  bullets  into  animals  at  300 
and  500  yards.* 

Whether  bacteria  might  remain  on  a  projectile  in  tran- 
sit through  the  air  for  such  a  number  of  yards  had  often 
been  questioned,  but  the  evidence  at  a  distance  was  iden- 
tical with  that  obtained  at  the  proximal  ranges. 

The  foregoing  results  have  justified  the  following  con- 
clusions: 

(1)  The  majority  of  cartridges  in  original  packages  are 
sterile  and  free  from  septic  germs. 

(3)  The  sterile  condition  of  cartridges  is  due  to  the 
thorough  disinfection  and  absolute  cleanliness  observed 
in  the  process  of  manufacture. 

(3)  The  majority  of  gunshot  wounds  are  aseptic  be- 
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Fig.  2376.— Specimens  Showing  Unusual  Deformations  of  the  .'30 
Calibre  German-silver  Jacketed  Projectiles.  No.  4,  A  ."30  caUbre 
German- silver  projectile  showing  separation  of  the  nucleus  from  the 
envelope ;  the  nucleus  Is  badly  mushroomed,  and  only  a  fragment  of 
the  envelope  was  recovered.  The  projectile  was  flred  into  the  arm 
at  17  yards  with  the  full  charge  of  powder.  The  humerus  was  pul- 
verized 3  inches  in  extent,  and  the  soft  parts  showed  extensive  ex- 
plosive effects.  No.  10,  A  ."30  calibre  German-silver  jacketed  pro- 
jectile showing  deformation  after  causing  extensive  comminution 
of  the  femur,  when  propelled  with  the  velocity  common  at  500 
yards.  The  nucleus  alone  vras  recovered.  No.  1,  A  ."30  calibre 
German-silver  jacketed  projectile  showing  the  deformation  sus- 
tained after  perforating  the  lower  shaft  of  the  femur,  when  pro- 
pelled with  the  velocity  usual  at  2,000  yards.  The  nucleus  has 
escaped  from  the  envelope  through  a  rent  in  the  conical  end.  The 
concavity  in  the  nucleus  was  probably  sustained  by  colliding  with 
another  projectile  in  the  sawdust. 

cause  the  vast  majority  of  the  projectiles  inflicting  them 
are  either  sterile  or  free  from  septic  germs. 

(4)  Anthrax  spores  or  bacilli  when  applied  to  the  pro- 
jectile of  a  portable  himd  weapon  are  seldom  if  ever  en- 
tirely destroyed  by  the  act  of  flring. 

(5)  When  a  gunshot  wound  is  inflicted  upon  a  sus- 
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ceptible  animal  by  a  projectile  infected  with  anthrax 
bacilli  the  animal  becomes  infected  with  anthrax  and  dies 
in  the  vast  majority  of  instances  from  said  infection. 

(6)  The  streptococcus  of  erysipelas  and  the  bacillus 
pyogenes  soli,  when  placed  upon  the  projectile  of  the  .45 


^'i°m^F-TP'''<"™^*.JS°  °'  Projectiles  after  Firing  into  a  Cadaver  at 
iwhTrint^rir,?;  «'^°  "^^-i^  German-silver  jacketed  bullet  after 
E^^^i"?  ^S*"'  i""^'  '™<l''l^  'l^ird ;  6,  .'30  calibre  German-silver 
i'"™n*'^^?J''^' .?"«'' '™*™''S  rlgM  humerus  in  middle  of  sbaft- 
hP»rt  J  w',^^?  German-silver  jacketed  bullet  made  a  perforation 
r^^i^u"^,'!^'''  ''"'^  ^f-c-  below  articular  surface:  d,  .'45  calibre 
S  intTfi  In  IT?  « '".^f  "f-l"  "'f  'S'"'"''  ''^"^'"S  extl^nsive  flssur- 
t?Wa  midrtip  thiUf'/*^..''^^'?''''?  l**"^™  """«'  after  fracturing  left 
thM'o?rigTtbumek{:  "  "  ""''  *■""''  ^''"'^  ^''^«'^^*°K  ">«  "PP^'" 

calibre  Colt's  revolver  are  certainly  not  always  destroyed 
by  the  act  of  finng,  and  they  are  liable  to  cause  infection 

=f    -V    i'l^''*iL''^  ^'■"^  portable  hand  weapons  are  not 
stenhzed  by  the  act  of  firing, 
(8)  A  septic  bullet  can  infect  a  gunshot  wound 
l^MMAKY    Symptoms    of    Gunshot    Wounds —The 
rrsCkW^r"^  noted  in  gunshot  wounds  are  (1)  pain, 
(^)  shock;  (3)  primary  hemorrhage;  (4)  thirst-  )5^  lorlo- 
ment  of  the  bullet ;  (6)  powder  burn  and  (7)  mu   i^  Mt^y 
°  pTirr?n°a^ur^  ''''''''  ^^^^^^^^^  cUpIicat.es'^f 
(1)  Pam  -The  amount  of  pain,  as  an  early  svmntom 
of  gunshot  wound,  is  variable.     Indeed  it  may^^  saW 
that  save  m  some  cases  of  nerve  injury  it  is  not  a  svmn 
torn  that  reflects  the  extent  or  gravitv  of  thV  ln-i,,,.7    '^' 
tained.     The  remembrance  of  fhe  am'^unt  and    £  ter 
of  thepainat  th,s  t  meof  injury  is  usually  vague     Some 
liken  It  to  a  smart  tap  from  a  cane,  others  to  a  thHll 
across  the  tissues,  or  to  a  slight  sting.'  During  moments 
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of  great  excitement,  in  the  case  of  soldiers  in  battle  or  of 
antagonists  in  duels,  the  absence  of  pain  is  not  uncommon. 
In  a  certain  percentage  of  cases  there  is  the  very  opposite 
of  pain,  namely  a  local  anaesthesia ;  the  parts  about  the 
area  of  injury  have  lost  their  sensibility,  the  surface  is 
numb  to  the  sense  of  touch,  or  to  efforts  at  primary  dress- 
ing of  the  wound.  Stevenson  says  that  such  wounds  are 
apt  to  give  rise  to  septic  discharges.  Probably  in  these 
cases  the  vitality  of  the  parts  is  so  lowered  that  the  tis- 
sues fall  an  easy  prey  to  pyogenic  micro-organisms. 
Inquiry  among  the  wounded  at  Santiago  showed  that 
pain  was  largely  related  to  the  idiosyncrasy  of  the  indi- 
vidual. Makin*  relates,  as  a  striking  instance  of  absence 
of  entire  pain,  the  case  of  a  man  shot  through  the  buttock, 
the  bullet  then  traversing  the  abdomen.  He  was  unaware 
of  the  fact  until  he  found  blood  on  his  trousers  on  un- 
dressing, when  he  exclaimed,  "Why  I  have  got  this 
bloody  dysentery. "  It  is  related  that  he  died  in  thirty- 
six  hours. 

(2)  Slwck. — Constitutional  shock  without  special  ten- 
dency to  loss  of  consciousness  is  generally  present.  The 
evidences  of  shock  are  most  marked  in  the  facial  expres- 
sion. Mr.  Harold  Schwartz  was  able  by  the  expression 
of  the  face  alone  to  distinguish  the  cases  requiring  imme- 
diate attention  after  battle.  Before  Santiago,  in  the  cases 
of  Mauser  wounds  from  the  Spanish  rifle,  the  greatest 
amount  of  shock  followed  hits  in  the  upper  part  of  the 
femur,  the  spinal  cord,  and  viscera.  Although  local 
shock,  as  shown  by  experimental  evidence,  is  much  less 
from  reduced-calibre  bullets,  the  assertion  on  the  part  of 
certain  observers  that  men  wounded  would  advance  after 
being  hit  a  number  of  times  was  not  true  of  the  wounded 
in  Cuba.  As  a  rule  to  which  there  were  few  exceptions, 
when  hit,  a  man  fell  back. 

(3)  Primary  Hemorrhage.— VrimaTj  hemorrhage  which 
threatens  life,  from  gunshot,  may  be  divided  into  two 
kinds,  internal  and  external.     Of  the  internal  variety, 
that  resulting  from  injury  to  blood-vessels  in  the  interior 
of  the  trunk,  not  very  readily  accessible  to  surgical  aid,  is 
said  to  cause  the  majority  of  deaths  on  the  field  of  bat- 
tle, although  no  one  has  yet  offered  statistics  to  substan- 
tiate such  claim.     Of  the  external  variety,  which  might 
be  easily  stayed  by  the  surgeon  in  time  to  save  life  the 
percentage  is  not  so  obscure.     Doubtless  direct  injury 
to  a  mam  vessel  like  the  brachial  or  femoral  by  a  bullet 
of  large  calibre,  ends  fatally  in  the  majority  of  cases  in 
battle.     The  cases  of  this  character  seen  by  the  surgeon 
in  time  are  generally  acknowledged  to  be  very  few  com- 
pared to  the  whole  number  of  wounds.     According  to 
Longmore  they  constituted  but  8  per  cent,  in  the  Crimea 
Otis  places  the  number  at  .05  per  cent,  in  our  Civil  War 
Aside  from  the  internal  and  external  kinds  of  hemorrhage 
in  which  life  is  immediately  threatened,  hemorrhage  in 
gunshot  wounds  is  not  of  special  consequence.     Much 
speculation  has  been  indulged  in  by  writers  upon  the 
supposed  mfluence  of  the  new  high- velocity  projectiles 
m  causing  additional  hemorrhage  in  wounds  hereafter 
Happily  the  apprehensions  in  this  quarter  have  not  been 
realized      Speaking  of  the  external  variety  which  comes 
within  the  opportunity  of  the  surgeon  to  correct,  out  of 
1,400  wounded  in  the  Santiago  campaign  the  vast  major- 
ity of  which  were  inflicted  by  the  Mauser  bullet,  no  death 
took  place  from  this  cause  nor  was  a  single  ligation  nec- 
essary.    The  evidence  from  South  Africa  is  in  keeping 
with  our  observations  in  Cuba.     Makinf  states  that  hem- 
orrhage was  rarely  of  a  dangerous  nature  except  when 
the  larger  visceral   vessels  were  involved.     From  limb 
wounds  the  general  tendency  was  to  spontaneous  cessa- 
tion of  hemorrliage.     The  English  surgeons  had  ample 
opportunity  to  observe  this  point  in  over  18,291  wounded 
e.xcl  usive  of  4, 355  deaths,  occurring  on  the  field,  i     Lesion 
ot  vessels  without  tendency  to  fatal  primary  hemorrhage 
from  reduced  calibre  bullets  is  one  of  the  interestiuff 
revelations  from  this  projectile  that  will  be  taken  up 


*"  Experiences  in  South  Africa,"  1901.  +Ob  cit 
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(4)  Thirst. — This  symptom  is  of  no  special  impoiiance. 

(5)  Lodgment  of  Bvlleis. — Witli  low-velocity  weapons 
like  pistols,  and  the  old-fashioned  smoothbore  guns,  the 
lodgment  of  the  missile  is  very  common.  The  develop- 
ment of  higher  velocities  has  done  away  with  this  com- 
plication very  largely  except  in  long  range  firing  and  in 
those  instances  in  which  the  momentum  of  a  projectile  lias 
been  lessened  bj^  striking  or  traversing  obj  ects  in  its  lino  of 
flight.  The  number  of  cases  of  lodgment  in  the  Santiago 
campaign  was  surprisingly  large,  being  about  ten  per 
cent,  on  the  side  of  the  United  States  troops.  The  Span- 
ish surgeons  as  well  had  occasion  to  wonder  at  the  fre- 
quency of  lodgment  of  our  bullets  in  their  men.  Still 
when  the  nature  of  the  field  was  taken  into  consideration 


Fig.  2378.— Lodged  Bullets.    1,  Brass-jacketed  ."4.5  cal.  Eemlngton 
bullet ;  3,  Filipino  ."30  eal.  leaden  bullet  moulded  in  bamboo  stick. 

the  cause  was  readily  understood.  The  Americans  had 
to  advance  through  a  country  rich  in  jungle-like  vegeta- 
tion so  that  the  remaining  velocity  of  the  projectiles  of 
the  two  armies  was  very  much  reduced,  thus  favoring 
arrest  in  the  tissues.  It  is  safe  to  say  that  a  rifle  of  lower 
velocity,  like  the  Springfield,  would  have  exhibited  a 
very  much  higher  percentage  of  lodged  balls.  This  is 
confirmed  by  the  English  surgeons  in  the  Boer  War. 
There  were  more  lodged  balls,  everything'  considered, 
from  the  large-calibre  Martini-Henry  and  Snider. 

(6)  Powder  Burn  is  one  of  the  complications  of  gun- 
shot wounds,  at  close  range  upon  exposed  parts  of  the 
body.  Grains  of  powder  unconsumed  at  the  moment  of 
ignition  lodge  under  the  skin  causing  tattoo  marks,  and 
at  relatively  close  range  there  is  superficial  burning  of 
the  tissues,  by  the  flame  of  the  ignited  powder.  Powder 
burn  has  received  special  consideration  of  late  in  its  med- 
ico-legal and  pathological  bearings.  Thus  the  degree  of 
powder  burn  is  very  much  modified  by  the  distance  of 
the  injured  part  from  the  muzzle,  the  calibre  and  length 
of  barrel,  the  amount,  standard,  and  variety  of  powder, 
the  velocity  and  direction  of  the  wind,  etc.  Experiments* 
have  shown,  as  originally  pointed  out  by  Dr.  D.  B.  N. 
Pish,  that  the  burning,  scorching,  or  powder  brand  as  he 
calls  it,  is  always  located  on  the  hammer  side  of  the 
weapon  when  the  wound  has  been  inflicted  by  revolvers 
especially.  That  is,  if  the  hammer  is  held  up  the  powder 
brand  will  be  above  the  wound  of  entrance  of  the  bullet ; 
if  the  weapon  is  held  with  the  hammer  to  the  left  the  pow- 
der brand  will  appear  to  the  left  of  the  wound  of  entrance, 
if  to  the  right,  the  powder  brand  will  be  to  the  right  of 
the  wound  of  entrance,  etc.  The  location  of  the  powder 
brand  as  described  is  explained  by  the  action  of  the  re- 
coil upon  the  point  of  support,  which  in  the  case  of  a  re- 
volver is  the  hand.  This  recoil  or  force  tends  to  cause 
the  weapon  to  revolve  about  this  point.  The  ball,  which 
precedes  the  gases,  inflicts  the  wound  of  entrance  before 
the  barrel  has  had  time  to  change  its  direction.  By  the 
time  the  powder  gases  issue  from  the  muzzle  the  recoil 
has  partially  revolved  the  weapon,  and  they  necessarily 
follow  the  new  direction  of  the  barrel  which  will  point 
above  to  the  right,  or  left,  as  already  described.  The 
position  of  the  powder  brand  has  already  figured  in  the 
courts  of  justice  in  distinguishing  a  suicide  from  a  homi- 
cide and  vice  versa. 


*  Proceedings  of  the  Association  of  Military  Surgeons,  U.  S.,  1895. 


The  introduction  of  certain  kinds  of  smokeless  powder 
which  produce  neither  flash  nor  burning,  as  .shown  by  our 
experiments  at  Port  Logan,  tend  to  destroy  the  value  of 
the  powder  brand  in  medical  jurisprudence.  Further,  if 
it  is  true  that  a  homicide  can  be  recognized  in  the  dark 
by  the  flash  of  the  igniting  black  powder  from  his 
weapon,  the  use  of  smokeless  powder  will  here  again 
furnish  negative  evidence. 

Of  the  pathological  conditions  that  may  arise  from  the 
lodgment  of  grains  of  unconsumed  powder  under  the 
skin,  .so  common  in  so-called  powder  burn,  it  is  a  fact, 
ascertained  by  experimentation,*  that  such  grains  of 
powder  when  contaminated  by  septic  cocci  purposely  or 
otherwise  are  not  purified  by  the  act  of  firing.  Repeated 
experiments  with  black  powder  purposely  inoculated  with 
specific  micro-organisms,  gave  positive  results  when  fired 
into  media  and  lower  animals.  The  results  were  not  so 
constant  with  certain  brands  of  smokeless  powders ;  for 
instance,  the  Peyton  brand  used  in  our  service  rifle  in 
1894,  when  contaminated  with  the  less  resistant  organ- 
isms and  fired  into  media,  gave  rise  to  no  growth  what- 
ever; nevertheless,  when  it  was  treated  with  Bacillus 
anthracis  and  fired  into  media  and  animals  the  results 
were  positive.  Taken  as  a  whole  the  evidence  thus  ob- 
tained tends  to  confirm  the  opinion  that  gunpowder  may 
be  at  times  the  medium  for  conveyance  of  septic  influ- 
ences like  tetanus,  malignant  oedema,  f  etc.  Cases  of  the 
former  disease  reported  by  H.  Nimier  of  the  French  Army 
can  hardly  be  explained  otherwise.:]; 

(7)  Mnltiplicity  of  Wounds. — Multiple  wounds  from  the 
same  bullet  are  recorded  in  all  works  on  military  surgery 
more  as  surgical  curiosities.  The  liability  to  such  occur- 
rences have  of  course  increased  with  the  velocity  and 
penetration  of  projectiles.  Now  that  the  velocity  of  the 
present  service-rifle  projectile  has  recently  been  doubled 
and  its  penetration  trebled,  multiple  wounds  are  more 
frequent  than  heretofore.  Instances  of  this  kind  from 
the  Mauser  bullet  were  very  frequently  seen  in  the  San- 
tiago campaign.  Thus  a  man  entered  the  hospital  at 
Siboney  with  six  wounds  inflicted  by  one  Mauser  bullet, 
implicating  the  right  shoulder  and  both  breasts.  There 
were  a  number  of  instances  in  which  wounds  of  the  body 
were  associated  with  wounds  of  the  arm  or  forearm  or 
both,  the  latter  being  in  a  state  of  flexion  at  the  time  of 
injury.  Wounds  of  entrance  and  exit  in  the  lower  ex- 
tremity were  several  times  complicated  by  wounds  of  the 

scrotum  or  penis  by  the  same  bullet.     Captain 7th 

Infantry  received  wounds  of  the  face  followed  by  no  dis- 
figurement. The  projectile,  a  Mauser,  entered  the  right 
cheek  below  the  outer  canthus,  emerged  on  the  nasal  side, 
entered  the  nose  and  again  emerged  at  the  left  side.  The 
linear  scars  are  noticeable  only  on  close  inspection.  Had 
these  wounds  been  inflicted  by  a  leaden  bullet  of  larger 
calibre,  the  resulting  disfigurement  would  doubtless  have 
been  most  distressing. 

Poisonous  Influence  of  P-cgectiles.— The  experimental 
work  already  alluded  to  demonstrates  that  there  is  lia- 
bility to  infection  from  an  infected  bullet.  It  does  not 
necessarily  follow  that  the  gunshot  wounds  inflicted  by 
dirty  bullets  will  suppurate.  The  virulence  of  the  micro- 
organism and  the  resistance  of  the  patient  fix  the  liability 
very  largely.  The  danger  of  infection  more  often  arises 
from  particles  of  clothing  or  dirty  skin  carried  into  the 
wound  by  the  bullet.  Instances  of  such  infection  are 
seldom  seen,  not  because  infected  material  has  not  been 
carried  into  the  wound,  but  more  often  because  the  viru- 
lence of  the  organisms  so  carried  is  very  weak.  For- 
merly the  great  source  of  infection  lay  in  the  introduction 
of  dirty  fingers  and  probes  into  all  gunshot  wounds,  a 
practice  reprehensible  to-day  even  under  aseptic  con- 
ditions. 

Diagnosis.— The  wound  of  entrance  will  nearly  always 
give  information  of  the  calibre  of  the  bullet ;  if  elongated, 
whether  the  angle  of  incidence  with  the  surface  was  a 
right  angle  or  not.     When  the  bullet's  remaining  veloc- 

*IMd.  +JMt!.,  p.  170. 
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ity  is  reduced  from  ricocliet  or  extended  range,  the  so- 
called  keyhole  character  of  the  wound  of  entrance  will 
■often  suggest  the  fact,  A  bullet  that  sustains  deforma- 
tion by  colliding  with  a  hard  substance  like  rock  and 
subsequently  inflicts  a  wound  will  often  fail  to  give  defi- 
nite evidence  of  its  original  diameter,  and  it  is  apt  touji- 
■set  thereby  the  calculations  made  from  the  size  and  shape 
•of  the  wound  of  entrance.  The  appearance  of  the  wound 
•of  exit  and  of  the  area  around  it  often  gives  evidence  of 
the  extent  of  damage  sustained  by  a  resistant  bone.  When 
the  wound  of  exit  is  two  or  three  times  as  large  as  the 
■entrance  wound,  a  bone  lesion  may  be  taken  for  granted. 
With  the  employment  of  armored  projectiles  we  some- 
.times  find  smaller  multiple  lacerations  around  the  exit 
wound.  In  the  case  of  close  shots  those  may  be  due 
•either  to  fragments  of  the  mantle  and  lead  core  of  the 
bullet,  when  these  separate,  or  to  small  pieces  of  bone 
which,  having  received  the  transmittal  energy  from  the 
projectile,  have  shot  forth  acting  as  secondary  missiles. 
Bullet  extractors,  detectors,  and  probes  were  formerly 
used  to  locate  balls,  estimate  bone  lesious,  and  to  trace 
■the  direction  of  the  channel  made  by  the  missile.  It  is 
•needless  to  state  that  these  have  given  way  to  the 
more  advantageous  methods — fluoroscopy  and  skiagra- 
phy with  the  Rontgen  ray.  The  experimental  evidence 
already  quoted  establishes  the  fact  that  there  is  no  such 
:a  thing  as  an  aseptic  gunshot  wound.  The  shreds  of 
■clothing,  particles  of  skin,  and  the  bullet  itself  infect  the 
channel  tract  at  once.  That  the  infection  is  generally  of 
■a  low  order,  unattended  with  marked  systemic  disturb- 
.ance  in  the  vast  majority  of  cases,  is  due,  first,  to  the 
state  of  quietude  in  the  channel  tract;  second,  to  absence 
of  virulence  on  the  part  of  the  organism ;  and  third,  to 
the  resistance  of  the  individual.  If  we  violate  number 
one  by  invading  the  channel  tract  with  probes,  or  if  two 
and  three  are  not  propitious,  suppuration  is  sure  to  follow. 
We  will  revert  to  this  subject  under  treatment. 

Prognosis. — The  prognosis  of  a  gunshot  wound  de- 
pends (1)  upon  the  amount  of  destructive  effects  sus- 
tained, (2)  upon  the  nature  of  the  anatomical  parts 
traversed,  (3)  upon  the  environment,  (4)  upon  the  man- 
agement of  the  case  when  it  falls  under  the  care  of  the 
surgeon,  and  (5)  upon  the  fatality  due  to  different  arma- 
ments. 

1.  Destructive  effects  are  proportional  to  velocity  and 
resistance  on  impact;  that  is  to  say,  when  a  projectile 
impressed  by  a  maximum  velocity  collides  with  a  tissue, 
hke  the  shaft  of  a  long  bone,  having  a  maximum  amount 
•of  resistance,  the  result  is  a  maximum  amount  of  destruc- 
tion. On  the  other  hand  a  projectile  travelling  at  a 
maximum  amount  of  speed  through  tissues  like  muscle 

having  a  minimum 
amount  of  resistance 
will  not  exhibit  de- 
structive effects  be- 
yond the  area  of  the 
channel  wound ;  and 
conversely,  in  the  case 
of  a  projectile  travel- 
ling at  a  minimum 
amount  of  speed, 
although  it  may  col- 
lide with  a  resistant 
structure,  the  destruc- 
tive effects  will  be  re- 
duced to  a  minimum. 
In  estimating  the  prob- 
able amount  of  de- 
structive efl;ects  we 
should  also  bear  the 
following  in  mind, 
VIZ.:  everything lieing 
equal,  destruction  of 
sectional   area    of    the    pro 
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Fig.  2379.— Examples  o(  Explosive  Bul- 
lets m  our  ClvU  War,  with  Old  Cali- 
bres, a,  Gardner's  explosive  bullet  • 
;>,  fragment  of  explosive  bullet  ex- 
tracted rrom  thigh. 


tissue  increases  with  the 
jectile,  whether  natural  or 


collide  with  resistant  structures.  They  are  used  by 
sportsmen  under  the  name  of  express  bullets,  or  soft- 
nose  bullets.  They  have  been  used  in  war  under  the 
name  of  explosive  bullets  although  the  name  is  erroneous, 
since  thej'  do  not  disintegrate  by  the  action  of  explosives 
in  them  as  we  find  in  the  shells  of  field  guns  or  cannons. 
The  soft  nose  bullet  is  one  that  has  the  armored  steel 
jacket  covering  the  lead  core  except  at  the  point.  On  im- 
pact the  absence  of  the  steel  envelope  at  the  point  in- 
vites disintegration  of  the  projectile  so  that  the  core  and 
casing  breakup  into  many  pieces  upon  striking  resistant 
bone.  Wounds  caused  by  such  bullets  are  murderous  in 
the  extreme  and  not  iDermissible  in  war  by  the  comity  of 
nations.  Their  use  is  tantamount  to  that  of  an  explosive 
bullet  for  hand  weapons — a  thing  which  was  proscribed 
by  the  articles  of  the  St.  Petersburg  Convention  of  1868 
(Fig.  2379). 

The  following  illustrations  from  Dr.  Makin'sbook*  are 
given  to  show  the  normal  bullets  used  in  South  Africa, 


Fig.  2380.— 1  and  3  show  the  steel  jacketed  projectile  with  Impairment 
of  the  steel  envelope  by  flling  sufficient  to  invite  deformation  on  im- 
pact ;  3,  copper-jacketed  express  bullet,  the  lead  being  exposed  at 
the  end,  used  by  sportsmen  in  hunting  large  game. 

those  that  were  deformed  by  ricochet,  and  also  the  ap- 
pearance of  the  soft-nose  bullet  before  and  after  impact. 
Fig.  3380  shows  how  jacketed  bullets  may  be  filed  or 
otherwise  tampered  with  by  the  soldier  on  the  field,  and 
3  on  the  same  figure  shows  an  express  bullet  used  in  hunt- 


it 

■"y' 

FIG.  2381.-Normal  Mauser  Bui-    Fig.   2382.-Normal   Lee-Mettord 
'*'•  Bullet.    (Makin.) 

ing  large  game.  The  result  with  such  bullets  on  impact 
against  resistant  structures  is  the  same  as  that  described 
tor  soft-nose  bullets  (Figs.  237.5  to  2377). 

2.  The  gravity  of  gunshot  wounds  is'measured  by  the 
nature  of  the  parts  traversed.  Those  of  the  head  larffe 
vessels,  spme,  and  viscera  are  the  most  serious. 

S  In  military  practice  environment  plays  a  great  role 
in  the  prognosis  of  gunshot  wounds.  In  the  fixed  hospi- 
tals ot  civil  life,  e(iuipped  with  every  necessary  appliance 
with  ample  help  of  the  most  intelligent  kind,  the  civil 
surgeon  has  entire  control  over  his  cases  at  all  times-  in 
other  words  he  dominates  the  environing  conditions'  as 
they  present  themselves ;  whilst,  on  the  other  hand  the 
military  surgeon  is  movable  and  moving  field  hospitals 


*  Op.  cit. 
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arc  ever  at  the  mercy  of  endless  conditions  far  beyond  tlie 
surgeon's  control.  The  confusion  incident  to  the  tur- 
moil of  battle  renders  it  impossible  to  do  more  than  apply 


Fig.  2383.— Apical  Lee-Metford  Ricochets.  From  Hythe  targets. 
Tendency  of  cupro-nickel  envelope  to  tear  in  transverse  direction. 
(Makin.) 

a  first-aid  dressing  to  a  dirty  wound.  When  the  battle 
waxes  fiercely  there  is  as  much  need  for  help  at  the  front 
as  at  the  rear,  to  say  nothing  of  all  the  labor  that  is  con- 
stantly required  of  the  relief  corps  in  transporting  the 
wounded  from  the  fighting  line  to  the  field  hospitals, 
oftentimes  several  miles  to  the  rear.  Under  these  circum- 
stances it  is  difficult  to  provide  an  adequate  amount  of 
help  to  the  three  places  at  the  same  time.  Deficiency 
in  lielp  for  the  wounded  is  the  result — a  fault  that  has 
existed  in  large  and  sudden  engagements  in  all  wars. 
Again,  military  necessity  compels  the  movement  of  the 
wounded  so  often  that  the  patient  is  robbed  of  needed 
rest,  it  is  a  difficult  matter  to  keep  his  dressings  clean,  and 
the  dangers  of  sepsis  are  thereby  magnified.  In  spite  of 
the  best  efforts  of  the  military  surgeon  in  times  of  peace, 
when  he  himself  has  but  few  opportunities  of  treating 
sick  and  wounded,  it  is  impossible  for  him  to  convert  the 
relief  corps  under  his  orders  into  nurses  having  the  same 
efficiency  that  one  finds  in  civil  life ;  so  that  this  valuable 
adjunct  to  the  care  of  the  wounded  is  far  below  the 
standard.  If  one  undertook  to  picture  the  reverse  of  the 
conditions  that  prevail  around  the  civil  surgeon  he  could 
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Fig.  2384.— Four  Common  Types  of  Lateral  Mauser  Ricochet  Bullets. 
From  left  to  right.  1,  Slipper  form ;  slight  broadening  and  turning 
of  tip.  3,  More  pronounced  degree  of  form  1,  with  laceration  of  the 
mantle  opposite  the  shoulder  of  the  bullet.  This  is  the  weakest 
spot,  for  two  reasons :  the  alteration  in  curve  at  this  position,  and 
the  junction  of  the  thickened  point  of  the  mantle  with  the  thinner 
sides.  3,  Lateral  ricochet  Involving  nearly  the  whole  length  of  bullet. 
Eupture  of  mantle  from  broadening  of  core  opposite  shoulder.  4, 
Similar  lateral  ricochet  with  extensive  longitudinal  rupture  of  man- 
tle, the  latter  being  turned  out  and  forming  a  cutting  nange. 
(Makin.) 

not  do  so  more  aptly  than  by  pointing  to  the  predicament 
of  the  military  surgeon  in  active  campaign.     Hence  the 
influence  of  environment  on  prognosis. 
4.  The  significance  of  the  management  of  a  gunshot 


wound  when  it  falls  under  the  care  of  the  surgeon  was 
never  so  thoroughly  expressed  as  by  Nussbaum's  trite 
saying :  "  The  fate  of  tlic  patient  with  a  gunshot  wound 
lies  in  the  hands  of  the  surgeon  who  applies  the  first 
dressing."  That  this  should  "be  done  under  strict  anti- 
septic precaulions  goes  without  saying.  More  than  that, 
the  caution  against  the  unnecessary  use  of  prolies  should 
be  strictly  adhered  to.  Even  in  gunshot  fractures  pre- 
senting extensive  comminution,  there  is  less  danger  in  a 
InisKi-z  fiiire  pcjlicy  than  there  is  found  in  an  attempt  to 
clear  out  the  wound  without  adequate  preparation. 
There  are  certain  wounds  that  need  close  investigation  as 
soon  as  possible.  This  should  be  thoroughly  done,  but 
not  before  the  proper  antiseptic  precautions  are  available. 
5.  The  evolution  of  the  military  rifle  has  witnessed 
some  change  in  the  general  mortality  on  the  field  of  bat- 


FIG.  2385.— "Disc "-sliaped  Lateral  Ricochet.  This  form  is  of  little 
practical  Importance,  as  the  velocity  retained  by  the  bullet  is  low. 
and  no  perforating  power  would  be  retained.  It  is  inserted  sepa- 
rately in  order  to  complete  the  series  shown  in  Fig.  2384.    (Makin.) 

tie,  but  contrary  to  expectations  the  mortality  has  not 
kept  pace  with  the  efficiency  in  firearms ;  if  anything,  it 
has  diminished.  This  is  due  partly  to  the  humane  char- 
acter of  the  armored  projectiles,  partly  to  fighting  in 
open  order  and  while  lying  down.  This  is  well  brought 
out  in  the  subjoined  table  if  we  compare  the  number  of 
killed  and  wounded  to  the  force  engaged  in  battles  with 
the  old  armament  and  in  the  more  recent  ones  fought 
with  reduced  calibres  and  superior  velocities,  like  the  as- 
sault on  Santiago,  and  two  of  the  prominent  battles  of 
the  Kimberley  Relief  Force,  viz. :  Belmont  and  Magers- 
fontein.  It  should  be  borne  in  mind  that  the  armies  con- 
cerned in  the  last  three  engagements  were  always  on  the 
offensive  against  an  enemy  well  entrenched  on  heights. 
The  wounds  from  the  artillery  arm  were  less  than  one 
per  cent,  at  Santiago,  and  according  to  press  reports 
they  did  not  exceed  five  per  cent,  at  Belmont  and  Magers- 
fontein,  so  that  the  casualties  as  a  whole  may  be  regarded 
as  a  fair  index  of  the  comparative  deadiiness  of  the  new 
military  rifle. 

Table  III.— Mortality  on  the  Field  or  Battle  from  the  Old 
AND  New  Arms. 


Waterloo,  1815 . . 

Solferino,  1&59  . . 

Shiloh,  1862 

Gettysburg,  1863 

Santiago,  1898  . . 

Belmont ., 

Magersf ontein  . . 


British,  Hanover- 
ians, and  German 
legions 

French  and  Sardin- 
ians  

Austrians 

Unionists 

Confederates 

Unionists 

Confederates 

United  States  forces 

Spaniards 

EngUsh 

English 
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is 

53,284 

2,353 

7,882 

135,234 

2,313 

12,103 

163,124 

2,386 

10,634 

63,000 

1,735 

7,882 

40,000 

1,728 

8,013 

117,a50 

2,834 

13,709 

68,352 

3,500 

14,500 

11,969 

222 

1,333 

.5,140 

87 

426 

8,693 

,58 

229 

11,447 

166 

717 

1-3.3 

1-5.2 

1-4.5 

1^.5 

1^.6 

1-4.8 

1-4.1 

1-6. 

1^.9 

1-3.9 

1-4.3 
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FIG.  2386.— Eupturea  Mauser  Mantle,  to 
Illustrate  the  Tendency  to  Complete 
Longitudinal  Kssuring.    (Makin.) 


Occasional  Complications. — In  former  times  the 
complications  of  gunshot  wounds  constituted  by  far  the 
most  important  clinical  picture  of  this  class  of  wounds ; 

they  consisted  of  in- 
flammation,    gan- 
grene,   secondary 
hemorrhage,     aneur- 
ism,    hospital     gan- 
grene,   pysemia,   tet- 
anus,   erysipelas, 
traumatic     delirium, 
etc.    With  the  excep- 
tion of  those  result- 
ing   from    injury   to 
blood-  vessels,    the 
complications    that 
follow    gunshot 
wounds  in   our   day 
are    exceptional. 
They  will   be  taken 
up    later    under   the 
heading    of  Wounds 
of  the  Blood-Vessels, 
etc. 
Remote  Effects  of  Gunshot  Wounds.' — The  ulterior 
and  disabling  effects  of  gunshot  wounds  as  treated  by 
authors  have  reference  to  conditions  that  have  remained 
after  the  healing  of  the  wound  has  been  accomplished. 
In  the  past,  the  amount  of  invaliding  resulting  from  the 
ulterior  effects  of  gunshot  wounds  among  the  soldiery 
has  been  a  cause  of  great  expense  to  the  state,  and  of 
much  pain  and  protracted  suffering  to  the  wounded. 
Pain  and  the  ills  that  ensue  after  the  lodgment  of  foreign 
bodies  have  been  a  fruitful  source  of  the  protracted  suf- 
fering referred  to.     As  one  might  suppose,  the  disabling 
effects  are  often  correlated  with  the  anatomical  structure 
or  bodily  region  involved.     A  source  of  remote  effects 
not  hitherto  described— plumbism  from  lodged  missiles 
—has  recently  been  touched  upon*  by  Nimier  and  Laval. 
In  this  articlethey  refer  to  what  seems  to  be  a  well-au- 
thenticated case  by  Kuster  and  Lewis  in  Arch,  fur  Oliir., 
t.  xhii.,  p.  321,  1892.     Cases  of  lead  poisoning  from  this 
source  are  seen  only  when  the  projectile  has  divided  into 
many  fragments,  or  when  the  wound  has  resulted  from 
fine  shot  that  remains  embedded  in  bone,  and  preferably 
in  the  bone  marrow  and  under  the  periosteum,  both  of 
which  possess,  to  a  remarkable  degree,  the  property  of 


absorbing  materials  into  the  general  circulation  In  the 
cases  mentioned  the  symptoms  from  lead  intoxication 
disappeared  as  soon  as  the  missiles  were  removed  Plur,r 
ism  as  a  remote  effect,  already  rare,  will  be  verv  exce  " 
tional  hereafter  in  military  surgery  because  of  tZ^fc?^; 
the  steel-jacketed  bulletsfand^fggr  t  I'gnosi" 


The  lead  core  of  the  latter  bullet  very  seldom  separates 
from  its  envelope,  so  that  the  opportunity  for  absorption 
under  the  most  favorable  conditions  will  very  seldom 
occur.  The  use  of  the  ROntgen  ray  in  diagnosis  will 
point  out  the  location  of  bullets  so  exactly  that  few  bul- 
lets will  be  allowed  to  remain  in  the  tissues  long  enough 
to  produce  any  kind  of  remote  effects. 

The  amount  of  suffering  from  remote  effects  in  gun- 
shot wounds  diminished  very  largely  with  the  introduc- 
tion of  clean  surgical  methods.  Again,  the  use,  in  war, 
of  hard  steel-clad  bullets,  that  seldom  deform  or  disinte- 
grate on  impact  with  hard  bone,  have  materially  curtailed 


*Le  Caducfe,  September  7th,  1901. 


Fig.  2388.— Apical  Ricochet  Mauser  Bullet  (see  text).  The  mush- 
rooming of  the  core  is  moderate,  but  the  destruction  of  the  anterior 
part  of  the  mantle  very  considerable.    (Makin.) 

the  after-effects  in  wounds.  Projectiles  of  this  class  sel- 
dom lodge,  and  when  they  do,  their  lighter  weight  and 
polished  exterior  favor  permanent  encystment  with  few 
or  no  symptoms.  It  may  be  stated  also  to  the  credit  of 
the  reduced-calibre  projectiles  that  they  seldom  carry 
clothing  or  pieces  of  the  accoutrement  into  the  wound 
track,  whereas  formerly,  with  the  employment  of  pro- 
jectiles of  larger  calibre,  this  complication  was  of  com- 
mon occurrence.  Lastly,  the  use  of  the  a;-ray  in  localiz- 
ing projectiles  and  defining  the  amount  of  bone  injury 
has  played  a  prominent  part  in  curtailing  the  remote  ef- 
fects of  gunshot  wounds.  The  following  skiagrams  ex- 
plain some  remote  effects  before  and  after  operation  (Figs 
2390  to  3398).  ^ 

General  Treatment.— The  treatment  of  gunshot 
wounds  has  been  very  much  simplified  in  late  years. 
The  civilian  treats  them  as  he  would  other  infected 
wounds,  in  accordance  with  the  rules  of  strict  antisepsis. 
He  does  not  invade  the  channel 
tract  except  for  special  reasons 
to  be  indicated  later.  In  simple 
uncomplicated  gunshot  wounds  a 
clean_  dressing  and  rest  in  bed 
constitute  about  the  necessary 
measures  of  treatment.  In  mili- 
tary practice,  when  the  lack  of 
transport  and  sudden  accessions 
of  large  numbers  of  wounded  are 
thrust  upon  an  inadequate  corps 
of  helpers,  the  medical  depart- 
ment resorts  to  the  expedient  of 
furnishing  each  man,  upon  going 
into  battle,  with  a  first-aid  dress- 
ing composed,  in  our  army,  of  a 
package  five  and  one-half  inches 
long,  one-half  inch  thick,  and 
two  and  one-half  inches  wide. 
Contents  of  package :  Two  anti- 
septic compresses  of  sublimated 
gauze  in  oiled  paper;  one  anti- 
septic bandage  of  sublimated  cam- 
bric with  safety  pin ;  one  triangu- 
lar bandage  and  a  safety  pin.  The 
mode  of  application  is  illustrated 
on  the  bandage.     This  dressing  is 


-* 

Fig.  2389.-Grooved  Mau- 
ser Bullet  Removed  from 
Anterior  Abdominal 
Wall  after  Crossing  the 
Bibs.  I  saw  several 
such  removed  from  the 
thoracic  wall,  and  am 
inclined  to  attribute  the 
grooving  to  impact  with 
the  margin  of  the  ribs. 
(Makin.) 
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usually  applied  by  a  comrade  or  offlcer  who  has  been  in- 
structed in  flrst-aid  work  by  the  medical  department;  or 
by  a  member  of  the  hospital  corps,  and  less  often  by  a  med- 
ical ofHcer.    The  want  of  water  and  time  seldom  permits 


Fig  2390.— Radiograph.  In  tie  case  o£  a  marine  offlcer  who  received  a 
charge  of  fine  shot  at  close  range  In  the  palm  of  the  left  hand  Au- 
Kust  1900.  Wound  of  exit  was  on  dorsal  surface  of  forearm  at 
Junction  of  lower  and  middle  thirds.  During  the  next  four  months 
he  had  four  attacks  of  lead  coUc  and  suffered  from  plumblsm.  In 
December,  1900,  the  shot  was  removed.  One  month  later  he  was 
free  from  all  symptoms  of  plumbism.    CNlmler.) 

more  than  the  application  of  the  dressings  without  first 
cleansing  the  hands  of  the  operator  or  cleansing  the  skm 
about  the  wound.  It  is  needless  to  state  that  a  lacerated 
wound,  already  infected,  dressed  in  this  way  will  invari- 
ably suppurate  unless  redressed  very  soon.  The  fact  that 
the  simple  wounds,  which  predominate  so  largely  in  war 
have  heretofore  done  well  under  this  treatment  has  caused 
many  observers  to  attribute  the  happy  results  m  gunshot 
wounds  to  the  value  of  the  flrst-aid  dressing.  The  most 
that  one  can  say  in  favor  of  the  practice  is  that  it  adds 
no  infection  to  an  already  infected  wound,  which  would 
certainly  occur  if  nothing  intervened  between  the  wound 
and  the  dirty  clothing  of  the  soldier.  The  simple  wounds, 
and  many  that  included  perforations  and  fractured  bones, 
brought  to  the  Reserve  Divisional  Hospital,  Siboney,  from 
the  line  near  Santiago,  exhibited,  as  a  rule,  no  evidence 
of  suppuration.  The  loose  state  in  which  the  dressings 
were  found  when  they  reached  us— having  oftentimes 
been  imperfectly  readjusted  by  the  wounded  soldier  him- 
self-made  it  difHcult  to  believe  that  the  happy  result 
was  to  be  ascribed  solely  to  the  dressing.  These  wounds 
were  generally  covered  by  dry  blood,  and  the  more  rea- 
sonabll  explanation  suggested  was  that  healmg  was  tak- 


ing place  under  the  protective  influence  of  a  blood  clot. 
Until  we  are  furnished  witli  something  better  the  military 
surgeon  will  have  to  continue  Iho  use  of  flrst-aid  pack- 
ages at  the  dressing  stations ;  later,  at  the  field  hospitals, 
where  the  appointments  are  better,  wounds  are  dressed 
when  necessary  under  such  asepsis  as  field  conditions  ordi- 
narily permit.  Here,  also,  necessary  explorations  and 
surgical  operations  can  be  done  with  some  degree  of 
safety.  Wounds  undergoing  suppurative  processes  can 
here  be  thoroughly  washed  with  antiseptic  solutions  and 
drained ;  the  dressings  can  be  changed  as  often  as  neces- 
sary, and  with  persistence,  to  the  end  that  suppurative 
cases  shall  be  kept  at  the  very  minimum  of  number,  for 
once  suppuration  sets  in  among  the  wounded  in  a  hospi- 
tal the  task  of  preventing  its  spread  becomes  doubly 
diflflicult,  and  this  is  especially  true  when  campaigns  are 
prolonged.  The  soldiers  in  prolonged  field  work  lose 
their  normal  resistance,  while  from  frequent  transmis- 
sion, pus  microbes  are  ever  acquiring  virulence  as  they 


Fig.  2391.— Radiograph.    In  the  case  of  J.  M showing  ununited 

fracture  ol  humerus  and  lodged  shot.  Wounded  June  2oth,  1880,  hy 
accidental  discharge  of  shotgun  within  a  distance  of  two  feet. 
Forearm  and  hand  totally  paralyzed  for  three  years.  Remote  effects: 
flail  joint  in  humerus  causing  weakness  and  impairing  motion  of 
arm.    Radiograph  taken  October  2d,  1901. 

go  from  host  to  host.  We  are  speaking  here  of  field  con- 
ditions where  the  military  surgeon  is  not  always  sure  of 
carrying  out  an  aseptic  technique. 

Lodf/ed  Balls.— The  questions  as  to  whether  it  is  neces- 
sarv,  in  any  given  case,  to  remove  a  lodged  ball  or  other 
missile,  and  as  to  what  is  the  proper  time  for  accompUsh- 
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J,^stW^ft7f&t^fJ^^vi?J^L'''^^"^>Pu^ ,  showing  the  course  of  a  Mauser  bullet  through  the  metatarsal  bones.    Wounded 

is  ol  heS  o4onf  hrirtSlf?„?^rf  ■,,  J?®  ^^^  '^,?^'^  transversely  across  the  foot,  grating  the  metatarsal  bones  in  transit.  In  the  proc- 
BldloCTanh  tol?en  Mav^q^  n^^tu^^u^l  '?S^™|«-  .  Remote  effects :  pain  at  site  of  wound  and  limping  due  to  the  bony  uSion. 
wlSMrSeS^'ir^'^^Sfas^lk^rinif^'^^^^^^^^  '""'  ""^  ""'''^'^'^=^'  '•°''^-    ««^'^'=  °"  ^^^'  '^'  ^'^  ^■^** 


ing  tliis,  calj  for  more  tliau  a  passing  notice,  at  least  in 
military  practice.     Save  in  cases  of  actual  necessity  (and 


FlG.^94.- Captain  K ,  United  States  Army  ;  lodged  bullets  from 

whole  charpre  of  No.  6  shot  four  feet  from  innzke,  entering  outerT- 
pect  of  upper  thigh  from  below  upward.  There  is  a  distinct  hr^f 
emanating  from  the  external  circumflex  artery,  possibly  due  to  shot 
lodged  m  or  around  arterial  coats.  pu»5iuij  uue  lo  snot 
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they  are  very  rare),  when  time  is  a  factor  as  it  often  is  in 
the  rush  of  field  practice,  bullets  should  be  let  alone. 
An  incision  for  a  bullet  requires  time  and  an  additional 
dressing,  and  it  exposes  tlie  patient  to  an  additional 
danger  of  infection  amid  doubtful  surroundings.  The 
morbid  curiosity  of  the  laity  to  find  the  ball,  the  restless- 
ness of  the  patient,  and  the  lack  of  resolution  on  the  part 
of  the  surgeon  are  only  too  often  exhibited  in  this  late  day. 
At  Siboney  it  was  impossible  to  restrain  the  surgeons  from 
the  practice  of  cutting  out  bullets,  notwithstanding  the 
strict  orders  to  the  contrary,  at  a  time  wlien  the  dressings, 
were  running  short,  and  military  necessity  was  keeping 
the  wounded  almost  constantly  on  the  move.  The  neces- 
sity and  the  time  for  the  extraction  of  a  lodged  missile 
are  questions  which  should  as  a  rule  be  left  to  the  sur- 
geons who  are  located  at  those  points  on  the  line  of  com- 
munication where  the  hospitals  are  fixed  and  provided 
with  x-ray  machines.  In  time  of  peace  the  military  sur- 
geon should  take  occasion  to  explain  to  the  soldiery  the 
evil  effects  of  probing  for  bullets,  and  of  haste  in  operat- 
ing tor  balls  whose  location  is  not  exactlv  defined  and 
the  utter  harmlessness  that  comes  from  bullets  that  lie 
embedded  in  tissues.  If  a  bullet  is  lying  immediately 
under  the  skin,  or  has  already  partially  protruded  through 
an  exit  wound,  it  should  be  at  once  removed.  Thtfse 
lying  at  the  bottom  of  infected  tracts  should  also  be  re- 
moved, as  they  are  generally  met  with  in  the  special  effort 
to  disinfect  the  wound  by  irrigation,  etc.  Those  interfer- 
ing with  function  or  that  cause  pain  by  pressure  on  a  nerve 
should  be  removed  as  soon  as  definitely  located;  the 
same  IS  true  of  projectiles  lodged  in  joints  or  inclose 
proximity  to  tlie  joint  structure.     An  effort  should  be 

X  thosr"]"'f  f  ""f^"'"^  "f  "■'•''S-lar,  sharp  contour 
hke  those  which  have  been  deformed  through  ricochet 

He  in^  &f  ■  f ""'  '"''^  '^^'^  P''^''™  °f  shells,lnless  they 
1  e  in  inaccessible  regions  very  near  or  in  the  laree  cavi- 
ties Figs.  2400  to  2404,  which  give  skiagapl  if  views 
of  the  head  and  thorax,  illustrate  how  bulllts  can  remai^ 
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FIG.  2395.  FIG.  239ti. 

Figs.  2395  and  2396.— Radiographs  taken  from  two  different  directions.    Fig.  2395,  view  at  riglit  angles  to  course  of  bullet ;  Flff.  2396,  view 

along  course  of  bullet.    In  the  case  of  F.  F ,  showing  explosive  efTects.    Wounded  October  8th,  1899,  by  an  unknown  bullet  at  a  distance 

of  100  yards.    Remote  effects  :  loss  of  pronation  and  supination  of  forearm ;  partial  paralysis  of  forearm  more  marked  on  the  e.xtensor  sur- 
face,    (Radiographs  taken  May  1st,  1900.) 


embedded   in   regions  not  accessible  and  yet  cause   no 
special  harm. 

Wounds  of  the  Blood-  Vessels. — Of  those  injuries  of  blood- 


vessels which  do  not  terminate  fatally  befors  surgical 
aid  can  be  obtained,  the  number  in  war  is  very  small 
when  compared  to  the  total  number  wounded.     It  is  re- 


FlG.239r.  FIG.  2398. 

FIGS  2397  AND  2398.-Radlographs  taken  from  two  different  directions.  Case  of  D.  M-—,  showing  fracture  of  radius  and  ulna  caused  by  a 
ikrgeialilbre  bullet  at  a  distance  of  150  yards.  The  four  fragments  united  in  a  solid  callus.  Remote  effects :  total  paralysis  of  wrist  and 
hand  with  loss  of  sensation  over  Angers. 
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Gunshot  Wounds.  

lated-thatlDut37  such  cases-,  007  per  cent -occurred 
out  of  36,508  wounds  in  the  army  o±  he  Potomac  trom 
the  Rapidan  to  the  James,  1864  In  the  Crimea  (Long- 
more)  of  4,434  wounds  recorded,  15  wounds  of  arteries  or 
.  03  per  cent,  of  the  whole,  came  under  observation,     i  ne 


wounded  in  war.  In  tlie  days  when  the  surgeon  wel- 
~d  the  appearance  of  "laudable  pus,"  "no  wounded 
mdent  was  considered  to  be  safe  from  secondary  hemor- 
?haee  s^long  as  his  wound  remained  open  to  suppura- 
ion"  (Longmore).  Disintegration  of  the  arterial  coats 
from  eptif  arteritis  was  the  main  cause  of  secondary 
hemorrhage  in  the  pre-antiseptic  era,  and  now  that  we 
exdude  suppuration  almost  entirely  by  clean  surgical 
methods  we  are  in  a  position  to  appreciate  the  frequency 
S  secondary  hemorrhage  from  other  causes.  These 
cLses  are  inl  measure  p'eculiar  to  gunshot  wou,d|,  and 
they  are  more  apt  to  be  seen  in  mihtary  Practice.  A  pro 
iectile,  some  of  its  fragments,  or  spicula  of  bone,  may 
n?ure  the  external  coats  of  an  artery  at  the  time  of  tie 
in  ury  without  causing  immediate  hemorrhage,  A  few 
hours  or  days  later,  in  transport,  when  rest  to  the  part 
cannot  be  s/cured,  hemorrhage  occurs  by  breaking  down 
of  the  inner  coat,  unconnected  with  suppuration.  Makm 
(op  cit.)  mentions  a  number  of  cases  of  his  kmd  m  his 
South  African  experiences.  He  saw  only  two  cases  of 
acute  traumatic  gangrene,  both  following  gunshot  fract- 


f,P   o'MQ  — Raaioffraph     Case  of  G.  W.  G ,  showing  leaden  slug 

^  M^d  in  bteliTngue.    The  ball  entered  behind  the  left  ear 
Radiograph  taken  lourteen  months  alter  mi  ury.  ,Rf>?«te_«flecte 
lelthemiparalysisol  tongue,  also  lossol  taste  °n  left  side ,  loss  oi 
hearing  in  left  ear;  left  optic  neuntis;  partial  ankylosis  of  lower 
jaw  and  painful  deglutition. 

wounds  in  those  days  were  inflicted  by  a  leaden  bullet 
prone  to  deformation.  There  has  been  much  speculation 
on  the  part  of  experimenters  as  to  what  would  be  the 
effect  of  the  new  military  rifle  upon  blood-vessels.  We 
are  now  in  a  position  to  give  some  facts  that  have  been 
gathered  from  the  actual  conditions  in  war.  Whether 
the  percentage  of  deaths  from  fatal  primary  hemorrhage 
on  the  field  has  increased  must  still  remain  doubtful. 
The  superior  velocitv  of  the  new  bullet,  its  direct  course 
through  tissues,  and"  pointed  form,  increase  the  chances 
of  its  wounding  vessels  in  its  path.  On  the  other  hand 
the  smaller  calibre  of  this  missile,  its  tendency  to  preserve 
its  shape  unaltered,  and  the  simpler  bony  lesions  which 
it  inflicts,  diminish  the  likelihood  that  any  of  the  blood- 
vessels will  be  wounded  by  secondary  projectiles— either 
portions  liberated  from  its  own  substance  or  fragments 
of  bone  to  which  the  bullet  itself  had  communicated  its 
own  momentum. 

Of  fourteen  hundred  wounded  among  the  United  States 
forces  at  Santiago  by  the  Mauser  bullet  there  was  no  in- 
stance of  a  wound  of  a  large  vessel  requiring  ligation  on 
the  field.     While  we  have  no  figures  to  quote  from  the 
South  African  war,  Makinf  informs  us  that  "  deaths  from 
external  primary  hemorrhage  were  rare. "     Those  that  re- 
cover from  injury  to  blood-vessels  forma  very  interesting 
class  to  the  surgeon  on  account  Of  the  primary,  secondary, 
and  recurrent  hemorrhages ;  as  well  as  on  account  of  the 
various  kinds  of  aneurisms  that  are  apt  to  occur  in  their 
clinical  history.     The  lesion  present  in  any  of  these  con- 
ditions may  be  contusion  or  laceration  without  perfora- 
tion, partial  or  complete  perforation  causing  complete 
division  of  the  vessel.     Of  the  fourteen  hundred  wounded 
above  mentioned  there  is  no  note  of  either  recurrent  or 
secondary  hemorrhage.     The  femoral,  the  external  iliac, 
and  the  ulnar  were  each  tied  once  for  diffuse  aneurism, 
the  radial  and  subclavian  were  tied  twice  for  the  same 
cause,  and  there  were  five  cases  of  gangrene  that  were 
caused  by  an  injury  to  blood-vessels  and  that  required 
amputation.      That   secondary  hemorrhage   should    be 
absent  in   the  clinical  record  of  these  cases  points    to 
the   great   boon   that  asepsis    has  conferred  upon   the 

*  Eeference  Handbook  of  the  Medical  Sciences,  first  edition, 
vol.  yil.,  p.  18.  +  Oj).  cit. 


Fig.  2400.— Lodgment  of  Mauser  7  mm.  Bullet  (Long  Range)  in  the 

Brain.     Recovery.     Priyat«  J.  G ,  1st  Nebraska    Volunteers, 

wounded  at  Mariboa,  P.  I.,  March  27th,  1899.  A  7  mm.  bullet  en- 
tered the  forehead  2  cm.  above  the  orbital  ridge  and  3  cm.  to  the 
left  of  the  median  Une,  passed  directly  backward  and  downward, 
and  lodged  about  on  the  tentorium,  well  within  the  skull.  He  was 
carried  one  mile  to  a  field  hospital,  and  reached  Manila  twelve  hours 
after  the  in.lury.  Complete  loss  of  consciousness  for  several  hours ; 
gradual  return  to  consciousness.  In  bed  four  weeks.  Primary 
healing  of  wound.  Returned  to  quarters  June  13th,  1899,  cured. 
First  few  days  of  illness  were  marked  by  severe  pain  in  head, 
nausea,  and  vomiting.  More  or  less  pain  existed  for  some  weeks, 
increased  by  mental  or  physical  exertion,  but  gradually  disappeared. 
Returned  to  San  Francisco  with  his  regiment  in  August,  quite  well. 
Radiograph  taken  August  20th,  1899.  No  history  of  paralysis  other 
than  a  slight  weakness  of  right  arm  and  leg,  now  nearly  gone. 
Some  confusion  of  ideas  and  slowness  of  expression  existed  for  a 
time,  but  no  convulsions  or  epileptiform  seizures  occurred.  No  loss 
of  vision  of  left  eye,  but  slight  ptosis,  diplopia,  and  photophobia 
were  present.  Senses  of  smell  and  taste  more  acute  on  the  right 
than  on  the  left  side.  Reflexes  active;  sphincters  not  involved. 
Entered  mail  service,  and  went  back  to  Manila  on  duty. 

ure  of  the  thigh.  Among  the  very  interesting  features 
of  his  experience  may  be  mentioned  the  number  of  trau- 
matic aneurisms  observed  "  and  most  frequently  of  all, 
perhaps,  aneurismal  varices  and  varicose  aneurisms.  The 
statement  is  made  of  the  increase  of  the  number  of  aneur- 
isms from  gunshot  wounds  in  direct  ratio  to  diminution 
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in  tlie  size  of  projectiles  emploj-ed."  AVe  sliould  not 
forget  tliat  our  linowledge  of  tlie  occurrence  of  traumatic 
aneurisms  witli  the  large  calibres  was  obtained  in  pre- 
antiseptic  days.  \Vc  have  reason  to  believe  that  sup- 
puration, ■which  was  so  univei'sal  in  gunshot  Avounds  at 
that  time,  played  a  marked  role  in  terminating  the  cases 
long  before  the  lesions  of  vessels  referred  to  had  time  to 
develop — say  in  death  from  secondary  hemorrhage,  in 
ligation  of  vessels  on  the  proximal  side,  or  in  amputation. 


Fie.  2401.— Radiograpb  Showing  Mauser  Bullet,  Deformed  by  Rico- 
chet, lod(,'ed  in  Right  Back  opposite  Seventh  Intercostal  Space. 

Until  we  learn  the  frequency  of  aneurisms  from  the 
effect  of  the  larger  calibres  under  our  present  methods  of 
wound  treatment,  we  are  hardly  in  a  position  to  estimate 
their  relative  frequency  from  the  smaller  calibres  under 
the  same  conditions. 

Injury  to  nerves  has  been  referred  to  under  Remote 
Effects  of  Gun.shot  Wounds. 

Wounds  of  JuiiiU.—lo.  point  of  gravity,  until  recent 
years,  gunshot  wounds  of  the  larger  joints  like  the  knee 
and  hip,  ranked  next  to  those  of  the  larger  cavities.  For 
the  civil  practitioner  antisepsis  has  upset  all  the  statistics 
of  former  times,  and  for  the  military  surgeon  antisepsis 
and  the  use  of  armored  bullets  have  operated  to  make 
joint  wounds  among  the  most  humane  in  Avar.  That 
this  should  be  so  was  appreciated  by  all  the  military  sur- 
geons who  entered  the  experimental  field  with  the  new 
mihtary  rifle  long  before  it  was  put  to  actual  test  in  bat- 
tle. As  already  stated,  the  destructive  effects  in  a  gun- 
shot wound  are  measured  by  the  velocity  of  the  projectile 
and  the  resistance  it  encounters.  The  spongy  structure 
of  the  epiphyseal  ends  of  bones  offers  a  minimum  of  re- 
sistance compared  to  the  compact  substance  of  the  diaph- 
yses,  and  for  that  reason  the  lesions  of  joints  even  with 
the  high  velocity  weapons  at  the  proximal  ranges  are 
very  limited  (Figs.  2403  to  3409).  The  tendency  of  the 
armored  bullet  in  passing  through  the  joint  ends  of  the 
long  bones  is  toward  a  clean-cut  perforation.  Fig.  240o 
shows  that  even  close  by,  the  tendency  to  inflict  a  per- 
foration remains  the  same.  At  the  remote  ranges  pr^  from 
ricochet,  when  the  projectile  has  lost  its  balance,  it  is  apt 
to  make  an  irregular  impact,  in  which  case  the  bone 
suffers  more  or  less  comminuti(m.  The  joint  wounds  in- 
VoL.  IV.— 29 


flicted  by  the  old  leaden  bullet  of  larger  calibre  are  al- 
ways serious  because  the  projectile  meets  enough  resist- 
ance to  flatten,  thereby  increasing  its  sectional  area;  the 
wounds  of  entrance  and  exit  are  largei-,  rendering  more 
likely  the  introduction  of  septic  matter ;  the  comminution 
and  fissuring  in  the  bone  are  more  exten.sivc;  and,  the 
remaining  velocity  being  always  less,  the  ball  is  more  apt 
to  lodge.  If  we  take  as  an  example  wounds  of  the  knee 
joint  as  observed  in  previous  wars  and  compare  them 
with  those  wliich  occurred  in  the  Spanish -Ameiican  war, 
the  value  of  tlie  modern  treatment  as  well  as  the  more 
favorable  lesion  inflicted  by  the  jacketed  bullet,  in  jjoint 
(if  economy  to  the  State,  in  saving  life  and  limb,  is  very 
striking.  A  study  of  all  the  gunshot,  wounds  of  tlie  knee, 
in  war,  in  which  the  bones  were  implicated,  gives  a  mor- 
tality of  57.3  per  cent.*  The  Surgeon-General's  Report 
tor  1900  records  "24  injuries  implicating  the  knee  joint, 
1  proved  fatal  .  after  amputation  of  the  thigh.  The 
missile  was  removed  in  4  cases,  and  amputation  was  per- 
formed in  1  case,  the  patient  recovering."  The  character 
of  the  missile  in  this  group  of  24  cases  is  not  stated,  but 
A\e  know  that  the  large  majority  of  the  bullets  were  tired 
from  reduced-calibre  rifles.  Of  17  cases  of  gunshot  wound 
of  the  knee  joint  reported  by  the  Surgeon-General  in 
1899,  from  the  Santiago  campaign,  14  were  returned  to 
dut}^  and  3  were  invalided. 

Wounds  of  the  Long  Bones. — The  injuries  inflicted  upon 
the  diaphyses  by  the  jacketed  bullet  do  not  make  so  favor- 
able a  showing  because  of  the  great  resistance  which  com- 
pact bone  offers  to  the  projectile  on  impact.  At  close 
range  the  bone  is  finely  comminuted,  bone  sand  being 
driven  into  the  channel  wound  and  in  all  directions.  The 
A\ound  of  entrance  is  about  the  calibre  of  the  bullet,  whilst 
the  wound  of  exit  is  much  larger,  showing  explosive 
effects.  The  bony  fragments  are'apt  to  be  detached  from 
their  periosteum  and  fissures  extend  vertically  above  and 


Fig.  2402.— Radiom-aph.    Case  of  T.  H ,  showing  Mauser  bullet 

lodged  above  and  posterior  to  the  hip-joint.  Wounded  July  1st,  1898. 
Radiograph  taken  October,  1901.  The  ball  entered  liase  flrst,  passing 
through  upper  left;  arm  and  entering  body  opposite  sixth  rib  in  the 
mid-axillary  line ;  it  passed  down  to  position  seen  in  radiograph. 


below  the  area  of  comminution.  In  the  mid  ranges  the 
fragments  of  bone  are  larger  and  are  still  attached  to  the 
periosteum ;  the  explosive  effects  are  absent  and  the  13s- 
sures  longer.  Guttering  of  the  bone  and  complete  per- 
forations without  solution  of  continuity  are  not  infre- 
quently seen;  subperiosteal  fractures  with  little  or  no 
tendenc}'  to  displacement  of  fragments  are  also  not  un- 

*  "  Wounds  in  War,"  W.  F.  Stevenson,  Colonel-Surgeon,  British  Army. 
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common.  The  results  of  the  treatment  of  gunshot  frac- 
tures in  the  shaft  of  the  long  hones  bring  out  more  forci_ 
bly  the  value  to  be  credited  to  our  present  method  ot 
wound  treatment  than  do  those  which  are  obtamed  m 


five  hundred  and  seventy-six  gunshot  fractures  of  the 
femur  in  the  Civil  War  gave  a  mortality  of  46.3  per  cent., 
upper  third  49.7  per  cent.,  middle  third  46.1  per  cent., 
lower  third  42. 8  per  cent.     Of  43  cases  reported  in  the  an- 


FIG.  24U3. 


FIG.  2404. 


Figs  2403  and  2404.— Raaioptraphs  from  two  different  directions.    Fig.  3403,  antero-posterlor  view ;  Fipr.  2404,  lateral  view.    In  ease  of  E.  K , 

showing  gunshot  wound  of  knee  with  ball  lodged  in  tibia.  Wounded  October  23d,  1899,  by  a  Remington  bullet  which  had  ricochetted. 
Distance  about  250  yards.  The  ball  entered  outer  aspect  of  knee  joint  1  cm.  above  the  articular  surface,  passed  down  and  in  through  the  joint, 
and  lodged  in  the  tibia.  Remote  effects :  chronic  arthritis  of  the  joint  with  weakness  and  partial  ankylosis.  The  bullet  was  removed  in 
May,  190). 


any  other  class  of  wounds.  As  stated  before,  the  destruc- 
tive effects  of  the  old  and  new  bullet  are  alike  severe,  and 
the  so-called  humane  factor  so  constantly  observed  in 
wounds  inflicted  by  the  small  calibre  in  other  regions  is  ab- 
sent in,  for  instance,  the  case  of  the  femur.     Six  thousand 


nual  report  of  the  Surgeon-General,  United  States  Army, 
for  1900,  in  which  16  are  known  to  have  occurred  from 
small-bore  bullets,  11  were  returned  to  duty,  5  died,  and  the 
remainder  were  discharged  from  the  service,  a  few  still  re- 
maining under  treatment.    It  is  apparent,  therefore,  that 


Table  IV. — Number,  Regional  Distribution,  and  Mortality  op  Gunshot  Wounds  in  the  Wounded  Who 
Came  Under  Treatment  in  the  American  Civil  War  and  the  Spanish-American  War. 


Seat  and  character  of 
injury. 


Number  of 

Per- 

eases. 

centage. 

7.739 

64 

4,350 

36 

40 

56 

31 

44 

11,996 

59 

8,268 

41 

61 

54 

63 

46 

4,748 

56 

3,690 

44 

30 

31 

44 

69 

54,801 

62 

32,992 

38 

289 

67 

140 

33 

59,139 

68 

27,274 

32 

433 

77 

130 

■2A 

Per  cent 

of  all 

wounds. 

3.14 

4.9 

1.76 

2.74 

4.S6 

3.13 

4.87 

8.23 

3.36 

4.18 

7.82 

3.64 

1.93 

3.43 

1.50 

1.37 

4.39 

3.02 

22.39 

35.68 

13.39 

19.84 

29.44 

8.91 

24.06 

35.15 

11.09 

29.69 

38.57 

8.91 

Re- 
coveries. 


Deaths. 


Undeter- 
mined 
results. 


Per  cent. 

of 
fatality. 


Civil  War 

Spanish- American  War. 

Civil  War 

Spanish-American  War. 

Civil  War 

Spanish- American  War. 

Civil  War 

Spanish-American  War. 

Civil  War 

Spanish-American  War. 


Head- 
Flesh  wounds 

Fractures 

Flesh  wounds 

Fractures  

Chest— 
Non-penetrating  . 

Penetrating 

Non-penetrating. , 
Penetrating 

Abdomen— 
Non-penetrating  . 

Penetrating 

Non-penetrating  . 
Penetrating 

Upper  extremities— 

Flesh  wounds 

Fractures 

Flesh  wounds 

Fractures  

Lower  extremities- 
Flesh  wounds 

Fractures  

Flesh  wounds 

Fractures  


6,573 
43 

13,921 
101 

3,455 
35 

8,090 
426 

73,665 
556 


2,676 
18 

5,373 
13 

3,393 
29 

5,608 
1 

11,813 


2,480 

970 
0 

1,600 

e 

2,095 
0 

935 
0 


28.93 
26.09 

27.85 
11.40 

48.80 
45.31 

6.54 
.0023 

13.82 
1.60 
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the  general  mortality  has  dropped  from  46.3  to  11. 1  in  favor 
of  antisepsis.  At  the  present  time  the  death  rate  of  this 
class  of  wounds  increases  as  the  Injury  nears  the  greater 
trochanter,  just  as  it  didin  the  preantiseptic  era  Prom  the 
Anglo-Boer  war,  Makin  reports  33  fractures  of  the  shaft  of 
the  femur.  Of  these  18. 7  per  cent,  needed  amputation,  15. 6 
per  cent,  were  fatal.  The  missile  noted  was  principally 
the  jacketed  bullet  from  the  jNIiiuser  rifle. 

Wounds  of  the  Head. — Gunshot  wounds  of  the  head 
are  usually  divided  into  flesh  wounds  and  fractures. 
The  latter  are  necessarily  very  fatal.  In  the  Civil  War 
the  fatality  among  all  head  wounds  that  reached  the  hos- 
pitals was  38.93  per  cent.  The  fatality  of  the  same  class 
under  similar  conditions  in  the  Spanish-American  war 
was  about  the  same,  36.09  per  cent.  The  figures  con- 
cerning the  relative  number  of  the  two  are  shown  in  the 
preceding  table.* 

The  figures  illustrate  the  frequency  of  glancing  shots 
with  the  slow-velocity  leaden  bullet  of  the  Civil  War  as 
compared  to  their  infrequency  with  the  high-velocity 
steel-jacketed  bullet  in  present  use.  The  latter  as  a  rule 
travels  in  a  straight  line  from  the  point  of  impact,  being 
seldom  deflected  from  its  course  by  resistant  bone.  The 
relative  increase  in  the  number  of  fractures  from  the  use 
of  the  modern  military  rifle  augments  the  fatality  in  head 
wounds,  so  that  the  humane  features  attributable  to  this 
weapon  already  referred  to  do  not  apply  to  wounds  of  this 
region.  These  results  were  foretold  by  the  experimenters 
before  the  opportunity  to  observe  the  effects  of  the  new 
arm  in  the  actual  conditions  of  war  had  presented  itself. 


FIG  2405.— Badiograpli.  In  case  ol  W.  K-  — ,  showing  perforation 
of  TOper  eSd  of  tibia.  Wounded  June  25tli,  1899,  by  a  Krag- Jorgen- 
sen  billet  at  a  (Jlstance  of  10  feet.  The  fracture  extended  up  Into 
the  knee  joint,  as  shown  by  the  escape  of  synovial  flmii  after  injury. 
Badiograph  taken  six  months  after  injury.  Remote  effects :  slight 
weakness  and  pain  at  site  of  wound. 

Stevenson  (op.  cii.l  writing  in  1897  upon  the  proportion 
of  flesh  to  fractured  wounds  of  the  skull,  states  as  follows : 
"In  future  wars  the  proportion  will  be  very  different. 


Omitting  indirect  and  grazing  hits,  almost  every  bullet 
which  hits  the  skull,  up  to  a  range  of  3, 300  yards,  will  per- 
forate it,  and  at  about  3,900  yards  they  will  penetrate 
and  remain  lodged.  The  destruction  produced  in  the 
skull  and  brain  by  modern  bullets  is  so  extreme,  even  at 
long  ranges,  that  comparatively  few  patients  will  survive 


*  Borden:  "Military  Surgery";  Prize 
Mil.  Surg..  1900. 


Essay,  Proceedings  Association 


Fig.  2406.— Case  of  Lodged  Bullet  In  Knee  Joint.  A  cavah-y  man  was 
shot  by  a  ricochet  bullet  which  passed  through  the  left  thigh  and 
Into  the  right  knee  ,1olnt,  where  It  lodged.  When  admitted  two 
days  later  he  was  found  to  be  In  the  second  week  ol  typhoid  fever. 
The  bullet  was  removed  six  weeks  after  Injury.  The  adhesions 
were  broken  up.  Result:  the  joint  became  perfectly  sound  and 
useful.    (From    A  Clvlhan  War  Hospital.") 

long  enough  to  reach  the  field  hospital  for  treatment,  and 
for  the  large  majority  of  those  who  do,  treatment  will  be 
unavailing. " 

Concerning  the  results  in  the  Anglo-Boer  war,  Makin 
(o]).  cit.)  states:  "injuries  to  the  head  formed  one  of  the 
most  fruitful  sources  of  death  both  upon  the  battlefield 
and  in  field  hospitals. "  He  mentions  some  "  sensational 
Immediate  recoveries"  among  head  wounds,  and  they 
doubtless  were  of  the  character  of  those  noted  by  us  in 
the  Santiago  campaign,  viz.,  oblique  perforations  of  the 
skull  cap  involving  the  brain  tissue  at  a  limited  depth. 
The  gunshot  fractures  about  the  base  and  those  running 
deeply  through  the  brain  from  base  to  vertex  or  vice 
versa  were  uniformly  fatal.  Of  68  cases  of  gunshot 
fracture  which  were  reported  in  the  Surgeon-General's 
Report  for  1900,  and  which  occurred  during  the  two  pre- 
ceding years,  54.4  per  cent,  ended  fatally  as  against  59.3 
per  cent,  out  of  3,514  cases  noted  in  the  Civil  War.  Un- 
like wounds  of  other  regions  those  of  the  head,  unless 
properly  treated  at  once,  undergo  suppuration,  a  fact 
which  is  not  surprising  when  the  amount  of  dirt  over- 
lying the  scalp  is  considered.  The  surgeons  in  the  Cuban 
and  South  African  campaigns  are  unanimous  in  recom- 
mending early  and  free  exploration  of  all  cases  of  fracture 
of  the  skull  by  gunshot.  The  aim  should  be  to  relieve 
pressure  and  to  rid  the  wound  of  all  dirt  and  loose  pieces 
of  bone  as  soon  as  possible. 

WouTids  of  the  ^iTie.— Gunshot  injuries  of  the  spine , 
are  the  most  fatal  in  war  hospitals.     Their  gravity  in- 
creases as  the  wound  approaches  nearer  to  the  head. 
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Fig.  2407.— Radiograpli  in  Case  of  L.  E.  K ,  Showing  Gunshot  Wound  Involving  the  SliouWer 

Joint.  Wound  inflicted  by  a  Mauser  bullet  at  a  distance  of  b  feet.  The  ball  passed  directly 
through  the  shoulder  ioint,  grooving  the  upper  end  of  the  humerus  and  emerging  over  the 
inner  border  of  the  scapula.  Remote  effects:  paralysis  of  deltoid  muscle  and  general  weak- 
ness and  impaired  nutrition  of  the  arm. 


Otis,  in  tlie  records  of  tlie  Civil  War,  places  the  mortality 
in  the  cervical,  dorsal,  and  lumbar  regions  at  70  per  cent. ; 
63.5  per  cent.  ;  and  45.5  per  cent,  respectively.  The  fa- 
tality increases  if  the  injury  involves  at  the  same  time 


among  the  French  tr 
sider  the  subsequent 


any  of  the  organs  in  the  neigh- 
boring large  cavities.  If  the 
spinal  column  alone  is  injured  the 
gravity  of  the  case  will  depend 
upon  the  fact  whether  or  not  the 
cord  is  also  implicated.  In  fract- 
ures of  the  body  or  laminae,  the 
cord  is  nearly  always  involved, 
and,  sooner  or  later,  the  termina- 
tion is  in  death.  Injuries  of  the 
spinous  and  transverse  processes 
are  less  likely  to  be  attended  with 
lesion  of  the  cord,  and  this  class 
therefore  constitutes  the  bulk  of 
recoveries  among  the  wounds  of 
the  spine.  Beyond  the  fact  that 
the  foyer  of  comminution  is  more 
restricted,  as  a  rule,  with  the  small- 
culi))re  bullets,  wounds  by  them- 
are  as  severe  in  their  results  as 
those  from  the  large  calibres  of 
olden  times.  When  the  spinal 
meilulla  is  implicated,  ]\Iakin,  in 
his  e.\]jeriences  in  South  Africa, 
states  that  "the  cases  were  pro- 
poi'tionately  the  most  fatal  of  any 
in  the  whole  body  to  the  wounded 
who  left  the  field  of  battle  or  field 
hospital  alive. " 

Wmmds  of  the  Client. — The  loss 
of  life  in  battle  from  penetrating 
gunshot  wounds  of  the  chest,  in- 
flicted by  bullets  of  the  larger  cal- 
ibres, has  been  very  great,  varying 
between  62.5  per  cent,  in  our 
Civil  War  and  91.6  per  cent, 
oops  in  the  Crimea.  When  we  con- 
mortality  from  secondarj'  involve- 


FIG.  3408.— Radiograph,  showing  track  of  bullet  through  lower  ends 
of  tibia  and  fibula.  Wound  was  caused  by  a  Mauser  bullet  Febru- 
ary 2d,  1901,  at  a  distance  of  IIX)  yards.  The  fracture  extended 
down  into  the  ankle  joint.  Remote  effects :  osteomyelitis  of  Dbula ; 
partial  ankylosis  of  ankle:  unable  to  bear  any  weight  on  foot. 
Radiograph  taken  nine  months  after  in.iury. 


Fig.  2409.-f  .smminu  ed  Fracture  of  the  Humerus.  Range  about  300 
Yards.  Ihe  wound  track  took  a  directly  antero-posterior  course. 
Inipact  ret'tangular.  The  musculo-spiral  nerve  was  completelv 
fll"  f i  t  "nl''-'  "?""■'''  ^  Kood  example  of  the  so-called  "  butter- 
fly fractu  e.  Two  long  doubly  wedge-shaped  lateral  fragments, 
and  pomted  extremities  to  both  main  fragments,  are  shown  The 
fracture  healed  well,  with  the  deposition  of  a  large  mass  of  pro- 
visional callus.    The  musculo-spiral  nerve  was  unite™  by  suture 
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ments  like  pneumonia,  plcuritis,  plitliisis,  etc.,  tlie  iiKir- 
tality  in  tlie  end  is  little  less  if  any  than  tluit  recorded  in 
penetrating  wounds  of  the  head  and  spine,  llappilj',  the 
humane  features  of  gunshot  wounds  inflicted  by  the  steel- 
clad  b\il!ets,  as  foretold  by  the  experimenters,  have  al- 
ready been  satisfactorily  shown  in  tlie  Spanish -American 
and  South  African  wars.     If  we  recall  the  factors  that 


Fifi.  241U.— Comminuted  Fracture  of  the  Humerus.  Ranse  .50  .varii> 
Velocity  extreme.  Impact  somewliat  oblique.  Tbe  bullet  enlen^il 
anteriorly  about  three  inches  above  the  elbow  crease.  The  wound 
ol  exit  was  on  the  inner  aspect  ol  the  arm  and  explosive  in  char- 
acter ;  it  still  measured  lour  inches  by  two  Inches  three  weeks  after 
the  iuiury  was  received.  The  wounds  suppurated  locally,  but  at 
the  end  of  six  weeks  fair  union  of  the  bone  had  taken  place  and  the 
wound  of  e.xit  had  contracted  to  a  sinus.  The  musculo-spiral  nerve 
was  concussed,  but  not  divided.  Tbe  skiagram  was  taken  three 
weeks  after  the  reception  of  the  in.iury.    (Makln.) 

are  correlated  to  destructive  effects  in  wounds— viz.,  ve- 
locity, sectional  area,  and  resistance  on  impact— we  find 
that  the  last  two  factors  (sectional  area  and  resistance) 
favor  a  limited  amount  of  destructive  effects.  Since  the 
Crimean  war  the  calibre  of  the  military  rifle  lias  been  re- 
duced nearly  one-half.  As  to  resistance,  the  lung,  com- 
posed of  elastic  tissue  and  filled  with  air,  invites  but  little 
lateral  displacement;  hence  the  great  diminution  in  the 
mortality  of  this  class  of  wounds.  Of  198  cases  of  pene- 
trating gunshot  wounds  of  the  chest  (reported  by  the 
Surgeon-General  of  our  army)  which  occurred  during  the 
years  1898  and  1899  in  Cuba,  Porto  Rico,  the  Phihppines, 
etc.,  55,  or  27  per  cent.,  ended  fatally.  As  to  the  results 
in  South  Africa,  where  the  e.vperience  of  the  medical  de- 
partment was  much  larger,  Makin  states  that  "  wounds 
of  the  chest  furnished  the  most  hopeful  class  of  the 
whole  series  of  trunk  or  visceral  injuries.  Cases  ot 
wounds  of  the  heart  <md  great  i:esseU  "  [the  italics  are  oursj 
"afforded  the  only  exceptions  to  an  almost  universally 
favorable  course,  both  as  regards  life  and  the  non-occur- 
rence of  serious  after-effects."  Notwithstanding  the  fa- 
vorable outcome  of  chest  wounds,  as  inflicted  by  the  new 
armament,  it  should  be  borne  in  mind  that  the  clinical 
history  of  these  cases  is  apt  to  be  accompanied  by  comp  i- 
cations  like  hfemothorax  and  pyothorax .  The  apparently 
trivial  nature  of  the  wound,  in  the  majority  ot  those  who 


lived  to  reach  the  field  h()S])itals,  was  exemplified  at  the 
Reserve  Divisional  Hospital  at  Siboney,  in  men  who, 
though  shot  through  and  through  a  few  days  before, 
could  be  kept  prone  in  bed  only  bj'  the  most  watchful 
care  over  Ihem  of  the  nurses.  Doubtless  a  number  of 
the  sequelte  observed  afterward  in  these  men*  was  due 
to  imprudence  on  the  part  of  the  patients  in  disregarding 
the  instructions  to  keep  quiet. 

As  relating  to  this  point  it  may  be  stated  that  Makin 
observed  in  South  Africa,  in  the  early  part  of  the  cam- 
paign when  the  patients  were  treated  near  the  place  of 
battle,  and  required  but  little  subseciueiit  transportation, 
that  iiiemothora.x  occurred  only  in  probably  thirty  per 
cent,  of  cases.  Later  on,  when  it  became  necessary  to 
transport  tlie  wounded  lor  much  greater  distances— re- 
quiring in  some  instances  journeys  of  two  or  even  three 
days, — at  least  ninety  per  cent,  of  I  hese  patients  "  suffered 
with  hemothorax  of  varying  degrees  of  severity."  In 
referring  to  the  only  case  of  empyema  seen  by  him  during 
the  whole  campaign,  he  informs  us  that  it  followed  the 


Fig.  2411.— Spurious  Perforation  of  the  Kibula.  Moderale  range  about 
1,000  yards.  The  injury  was  caused  by  an  8  mm.  bullet,  which  en- 
teredbase  foremost  and  lodged  in  the  calf.  The  fracture  is  really 
an  Incomplete  stellate  form,  two  well-marked  transverse  Assures  ex- 
tending from  the  point  struck.  The  position  of  the  bullet  suggests 
its  entry  into  the  limb  base  foremost,  and,  as  it  is  retained,  a  low 
velocity  may  be  assumed.  (From  Makin's  "  Surgical  Experience  in 
South  Africa.") 

removal  of  a  lodged  bullet,  and  that  the  additional  wound 
doubtless  proved  the  source  of  infection  because  of  the 
difficulty  of  maintaining  asepsis  in  Avounds  treated  under 


*Greenleaf:    "Gunshot   Wounds   of    the    Lungs."     X. 
Journal,  vol.  Ixx. 


Y.  Med. 
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such  questionable  surroundings  as  one  encounters  in  the 
field.  The  moral  which  he  draws  from  the  circumstance- 
is  one  to  which  we  have  already  adverted — remom  no  lodged 
missiles  in  the  field  save  for  exceptionally  good  reas&ns. 

Wounds  of  the  Abdomen.— Penetmting  gunshot  wounds 
of  the  abdomen,  under  the  expectant  plan  of  treatment, 


Fui.  241:;. 


FIG.  2413. 

Figs.  2412  and  2.113.-2412,  Wound  of  Entrance  ;  2413,  Wound  of  Exit. 
A.  F — -,  wounded  in  battle  ol  Calamba,  P.  I.,  July  30th,  1899,  by  a 
Mauser  bullet  at  a  distance  of  250  yards.  Bullet  passed  tbrouffh  lun^ 
and  liver,  and  injured  spine.  Remote  effects :  partial  paralysis  of 
left  leg  and  neuritis  of  nerves  of  lower  leg.  j    ^  "i 

were  the  most  fatal  of  the  regional  wounds  in  both  mili- 
tary and  civil  practice;  the  mortality  ranging  between 
ninety-live  and  ninety-nine  per  cent.  Under  a  wise  selec- 
tion of  cases  and  the  employment  of  expert  technique  in 
operating,  the  statistics  of  fatality  have  been  reduced  bv 
nearly  a  half  in  civil  hospitals,  while  on  account  of  un- 
avoidable causes  the  death  rate  in  military  practice  in  the 
field  still  remains  very  high.  In  civil  hospitals,' where 
one  fmds  all  the  modern  conveniences  and  comforts  to 
promote  the  well-being  of  the  wounded,  aud  where 
lurthei-,  tlie  surgeon,  almost  from  the  moment  of  the  re- 
ceipt of  the  injury,  holds  absolute  sway  over  his  sur 
roundmgs,  the  mortality,  as  shown  by  Grant's*  statistics 
of  operative  cases,  amounts  to  ,52..5  per  cent  in  a  series 
of  353  cases.     Morton,  of  Philadelphia,  reports  138  deaths 


*  Va.  Medical  Semi-Monthly,  January  12th,  1900. 


after  operation,  or  a  mortality  of  58.9  percent.,  out  of 
334  cases  collected  from  various  sources  in  this  country 
and  Europe.  Coley's  statistics  show  a  death  rate  of  53.8 
per  cent,  in  a  series  of  89  cases  operated  upon  during  the 
first  twelve  hours  after  injury;  and  a  mortality  of  77.3 
per  cent,  in  33  cases  operated  upon  at  a  later  period.  In 
military  practice,  in  the  conditions  that  obtain  in  active 
campaign,  as  already  stated,  the  mortality  has  been  very 
large,  the  death  rate  in  the  Crimea  for  the  French  and 
English  troops  being  respectively  91.7  per  cent,  and  93.5 
per  cent.  In  our  Civil  War  the  fatality  reached  90  per 
cent.  When  we  remember  that  in  many  of  those  who 
are  thus  reported  to  have  recovered,  the  abdomen  was  in 
reality  not  perforated,  we  are  forced  to  the  conclusion  that 
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FIG.  '^^^-^on^],t^^^^^c^^  iTn^^^r  """•^'  ^'''' 

the  high  mortality  given  would    probably  have   to  be 

XSctt ''  ''  '-'''  ^'^''"  l-'^'''^^  to^considi;°n?y^ 

The  encouraging  results  obtained   in  civil  hospitals 

gave  the  military-  surgeon  hope  that  his  results  might  be 
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nearly  as  good.  These  expectations,  as  the  sequel  shows, 
were  not  realized.  Of  116  cases  reported  in  the  Annual 
Report  of  the  Surgeon-General  of  the  army  for  1900,— cases 
which  occurred  in  the  Spanish-American  war  and  during 
the  Philippine  insurrection,— there  were  81  deaths,  or  a 


gunshot  perforation  of  the  small  intestine,  without  opera- 
tive interference,  is  as  fatal  to-day  on  the  field  of  battle 
as  it  was  during  the  Crimea.  Some  rare  cases  of  recov- 
ery with  few  symptoms,  cited  by  Makin,  make  it  diffi- 
cult to  conceive  how  a  projectile  could  plough  Its  way 


Figs.  3415  and  2il6. 


FIG.  3415.  riG.  2416. 

-Ttie  lesions  of  the  intestines  were  Inflicted  on  dogs  by  the  .'30  calibre  Krag-Jorgensen  bullet  at  300  yards. 


(Griffith.) 


mortality  of  70  per  cent.  The  evidence  of  perforation  was 
doubtless  based  upon  the  position  of  the  apertures  and 
the  course  of  the  ball  in  a  straight  line  between  these.  It 
Is  fair  to  state  that,  of  the  30  per  cent,  who  recovered,  the 
large  majority  sustained  no  injury  to  the  intestine.  The 
experiences  of  Makin  in  South  Africa  lead  him  to  the 
belief  that  perforating  wounds  of  the  small  intestine  are 
very  fatal  * — "  every  patient  in  whom  the  condition  was 
certainly  diagnosed  died."  The  table  given  below  in- 
cludes only  those  cases  which  survived  longer  than 
twenty-four  hours,  upon  six  of  whom  he  operated.  It  will 
be  seen  that  the  prognosis  varies  largely  with  the  anatomi- 
cal structure  involved  in  the  perforation.  It  should  be 
noted  that  of  the  ten  cases  of  possible  perforation  of  the 
small  intestine  there  were  ten  recoveries,  a  fact  that  goes 
to  show  that  in  all  probability  few  if  any  of  them  were 
perforative  cases  at  all ;  and  that,  of  the  five  cases  of  per- 
foration of  the  "small  intestine  certain,"  death  was  the  re- 
sult in  every  instance.     As  far  as  prognosis  is  concerned. 

Table  V. 


Viscus  wounded. 

Number  of 
cases. 

Localized 

secondary 

suppuration 

occurred. 

Ee- 

covered. 

Died. 

Stomach  certain 

2 

1 
5 
10 
8 
4 
3 
1 
6 
6 
3 

'6 
0 

4 

3 

1 
1 

io 
1 

4 

1 

1 

6 
4 

2 

1 

stomach  possible 

Small  intestine  certain  . . 
Small  intestine  possible  . 
Large  Intestine  certain . . 
Large  intestine  possible  . 

5 
4 
2 

Bladder  possible 

Liver 

3 

Spleen         

1 

Total      

49 

7 

34 

15 

*  Op.  at.,  p.  448. 


through  the  abdomen  from  one  flank  to  the  other  with- 
out cutting  the  intestine.  Several  cases  of  this  kind  were 
seen  at  Siboney  from  the  line  near  Santiago,  and  they 
go  to  show  that  the  small-calibre  bullet  is  likelj'  at  times 
to  traverse  the  intestinal  area  without  inflicting  injury 
of  a  fatal  kind.  Aside  from  the  small  sectional  area  of 
the  bullet  which  would  favor  such  an  occurrence,  it  has 
been  suggested  that  the  intestinal  lesion  is  apt  to  be 
minimized  by  fasting.  The  men  before  Santiago  had 
been  on  scant  rations  for  one  week,  and  the  remarkable 
recoveries  among  abdominal  wounds  were  at  the  time 
attiibuted  to  the  empty  condition  of  the  alimentary 
canal.  We  know  by  experimentation  that  the  reverse 
condition  would  have  been  highly  favorable  to  the  in- 
fliction of  extensive  lesions.  Resistance,  among  the  three 
factors  which  conduce  to  destructive  effects, — ^the  other  ■ 
two  being  velocity  and  sectional  area  of  the  projectile, — 
is  not  confined  to  the  compact  substance  of  bone.  The 
most  extensive  explosive  effects  are  met  in  cavities  filled 
with  fluid  or  semifluid  contents.  Grifliths'  *  experiments 
upon  dogs  on  the  Fort  Leavenworth  range  demonstrate 
that  when  all  the  conditions  are  favorable,  the  intestines 
will  show  rents  varying  from  two  to  eight  inches  in  their 
continuity.  Men  on  the  field  of  battle  so  wounded  do 
not  live  to  reach  tlie  relief  stations ;  they  die  as  a  rule  where 
they  fell,  from  shock  and  internal  hemorrhage.  In  gun- 
shot wounds  of  the  abdomen  the  vital  question  at  issue  is 
whether  or  not  the  wound  is  perforating  in  kind.  If  the 
evidence  points  with  reasonable  clearness  to  a  wound  of 
the  former  character,  the  treatment  resolves  itself  into  a 
coeliotomy  either  for  the  purpose  of  exploration  or  for 
that  of  remedying  the  injury  done  to  the  abdominal 
organs.  Whether  surgical  aid  of  the  latter  kind  is  to 
be  practised  will  largely  depend  on  the  confidence  and 
skill  of  the  operator  and  the  nature  of  the  environment. 
As  stated  before,  owing  to  the  unpropitious  character  of 
the  latter,  laparotomy  on  the  field  or  in  field  hospitals  in 
war  has  thus  far  been  limited,  and  the  results,  when  the 

*  Proceedings  of  the  Association  of  Military  Surgeons,  1893. 
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practice  has  been  carried  out,  have  been  anything  but 
encouraging.  Of  the  three  laparotomies  done  at  one  of 
the  advanced  hospitals  before  Santiago,  the  mortality 
was  one  hundred  per  cent.  In  order  to  accomplish  sue 
cessful  abdominal  work  in  war  it  will  be  necessary  to  use 
a  great  deal  of  forethought,  so  that  theoperators  may  not 
be  hampered  by  the  endless  difflclilties  that  are  apt  to 
occur  in  active  campaign.  It  is  possible  to  conceive  of 
a  field  hospital  so  thoroughly  equipped  with  material 
and  personnel,  and  so  favored  by  the  condition  of  the 
weather,  that  in  it  a  laparotomy  may  be  performed  with 
about  the  same  safety  as  is  experienced  in  a  civil  or  fixed 
hospital.  So  far,  the  idea  of  establishing  such  a  hospital 
has  not  been  acted  upon  seriously.  The  subject  is  one 
replete  with  possibilities.  Louis  A.  La  Qarde. 

GURJUN  BALSAM.— Wood  Oil.  A  viscid,  copaiba- 
like turpentine,  obtained  from  half  a  dozen  or  more  ma- 
jestic Asiatic  trees  of  the  genus  Biptenii'/trptiK.'^  The 
"  balsam  "  is  collected  by  making  deep  "  boxes  "  or  gashes 
in  the  trunk  of  the  tree,  scorching  them,  and  fitting  a 
bamboo  spout  to  their  lowest  parts.  The  yield  is  very 
great,  and  the  drug  forms  quite  an  important  article  of 
commerce  in  the  East.  It  is  officially  recognized  by  the 
Indian  Pharmacopoeia,  and  extensively  used  there  as  a 
substitute'  for  copaiba.  In  other  countries  it  is  consider- 
ably used  to  adulterate  the  latter  drug. 

It  is  an  intensely  fluorescent,  thick  liquid,  of  a  mild, 
terebinthinous  odor,  and  a  bitterish,  aromatic  taste.  By 
transmitted  light  it  is  of  a  deep  sherry  color,  and  per- 
fectly transparent ;  by  reflected  light  it  appears  opales- 
cent and  greenish-gray.  It  is  soluble  in  chloroform  and 
the  essential  oils,  but  not  completely  so  in  alcohol.  It 
consists  of  thirty  or  forty  per  cent,  of  a  mild-smelling 
essential  oil  associated  with  a  composite  resin,  composed 
of  a  crystalline  yurjunic  (iclO,  and  an  amorphous  portion. 
As  it  is  collected  from  several  different  trees,  its  appear 
ance,  and  also  probably  its  composition,  are  subject  to 
considerable  variation. 

Uses.— In  India  and  Asia  generally  as  a  substitute  for 
copaiba  in  the  treatment  of  gouorrha?a,  etc.,  and  as  a 
varnish.  It  is  occasionally  to  be  got  in  this  country,  but 
is  prescribed  only  as  a  novelty.  IF.  P.  Bolles. 

GUTTA  PERCHA.— The  inspissated  milk-juice  of 
Paldqiiium  Giittit  (Hook,  f.)  Burck  (fam.  Sapotdd'U').  (No 
longer  official  in  the  United  States.)  This  remarkable 
substance  is  admitted  into  the  pharmacopoeias  of  most 
countries  on  account  of  the  elastic  varnish  which  can  be 
made  from  it,  and  of  its  value  in  the  making  of  plastic 
spHnts  in  surgery.  The  plant  is  a  large  tree  growing, 
now  or  formerly,  in  many  parts  of  Southei'n  Asia,  and  in 
the  great  islands  of  the  Pacific.  Gutta  percha  was  first 
brought  into  European  use  in  1843,  having  been  previ- 
ously employed  by  the  aborigines  in  the  manufacture  of 
knife  and  weapon  handles.  From  the  vicinity  of  Singa- 
pore, where  it  was  previously  abundant,  from  Penang 
and  other  accessible  places,  the  tree  has  been  practically 
extermmated  by  the  wa.steful  methoil  of  collecting  its 
valued  product.  It  still  exists,  however,  inaljundance  in 
the  Malay  peninsula,  whence  most  of  tlie  gutta  percha 
now  comes,  in  Borneo,  Sumatra,  and  other  places  The 
method  of  collection  is  asfoUoAvs:  The  liees  are  felled 
and  the  bark  is  stripped  off,  Avhen  the  milky  product  be- 
neatli  it  collects  upon  the  surface  of  the  wood  and  is 
scra])ed  ofE  and  put  into  a  hollow  leaf  or  other  convenient 
receptacle.  This  j  uice  quickly  coagulates  upon  exposure 
to  the  air,  and  the  putty  like  curd  is  moulded  while  yet 
soft  into  blocks  or  cakes  of  various  sizes  and  shapes  It 
IS  of  a  light  or  medium  brown  color,  often  giay  upon 
the  surface,  sometimes,  when  nearly  pure,  white'or  ash- 
colored,  of  a  peculiar  rubber  like  odor,  and  a  rather  flexi- 
ble consistence  at  common  temperatures  At  something 
above  120°  F.  it  becomes  very  plastic,  anil  may  be  moulded 
mto  any  shape  and  welded,  resuming  its  hardness  upon 

.*  The  following  are  mentioned  in  the  Pharmacogriiphla  ■  D  lur- 
bmatnsG^eHn  D.mcanm Roxburgh, D. alatus Rox.. C. zemnicus 
Thw.,  D.  hmndus  Thw.,  J).  criispalatu.\  and  several  others 
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cooling.  Ordinary  gutta  percha  is  an  impure  substance, 
containing  inevitably,  by  the  method  of  its  collection,  a 
considerable  amount  of  coarse  admixture  of  vegetable 
tissue,  chips,  etc.,  besides  the  residues  of  the  evaporation 
of  portions  of  the  liquid  juice,  imperfectly  separated  from 
_it.incoagulating,_.  It-i^  soluble  in  chloroforni,  turpentine, 
carbon  disulphid'e,  etc.,  but  not  in  water,  alcohol,  acids, 
or  alkalies.  Its  purification  may  be  effected  by  .solution 
in  one  of  the  above,  or  by  mixing  with  hot  water  and 
straining.  The  sheets,  in  which  form  it  is  generally  sold 
for  surgical  use,  are  made  by  rolling  it  while  hot  between 
cylinders. 

The  principal  portion,  seventy-five  per  cent,  or  so,  of 
good  gutta  percha,  consists  of  an  amorphous  white  mass 
or  powder  having  the  general  properties  given  above, 
named  fjiitla.  It  contains,  further,  from  fourteen  to  six- 
teen per  cent,  of  ti/./mii,  a  light  flaky  powder  soluble  in 
boiling  alcohol,  and  from  four  to  six  and  a  half  of  fluaml, 
which  is  luthei'  more  soluble  than  either  of  the  above 
(Payen). 

Gutta  percha  is  employed  in  medicine  only  on  account 
of  its  physical  properties.  A  nine-per-cent.  solution  of 
it  in  chloroform,  with  ten  parts  of  carbonate  of  lead 
added  mechanically  to  carry  down  coloring  matters  and 
impurities,  is  an  excellent  iDrotective  variiLsh  for  abra- 
sions, excoriations,  and  small  wounds,  to  be  used  in  the 
same  way  as  collodion.  In  sheets,  from  one-eighth  to  one- 
fourth  of  an  inch  thick,  it  is  to  be  had  of  the  instrument 
makers  as  a  splint  material.  For  cases  in  which  there  is  a 
good  deal  of  irregularity  of  surface  to  be  fitted,  as  in 
fractures  of  the  jaw,  the  bones  of  the  thumb  or  great  toe, 
or  the  metacarpal  or  tarsal  bones,  it  is  very  useful ;  also 
in  making  splints  that  must  be  often  taken  off  and  reap- 
phed.  The  form  of  the  sphnt  should  be  cut  about  one- 
fourth  larger  each  way  than  the  desiicd  splint,  as  it 
shrivels  when  softened  and  when  thrown  into  water  at  a 
temperature  of  about  130°  or  140°  F.  or  more.  The  limb 
having  been  prepared  by  adjusting  the  parts,  shaving, 
bandaging,  etc.,  as  required,  the  softened  splint  is  laid 
on  the  part  and  quickly  moulded  by  the  fingers  to  the 
desired  form.  A  bandage  where  necessary  is  then  ap- 
plied, and  cold  water  poured  over  all.  A\'heu  hardened 
the  gutta-percha  splint  may  be  taken  off,  trimmed,  and 
permanently  reapplied.  If  it  is  desired  to  piece  or  weld 
the  gutta-percha,  it  should  be  softened  bv  dry  heat,  as 
over  a  lamp  or  gas.  The  fingers  may  be  wet  while  hand- 
hng  it.  Its  use  in  submarine  cables  and  other, electrical 
apparatus  is  very  extensive.  IF.  P.  Bolles. 

GYN/ECOLOGICAL     EXAMINATIONS.— History.— 

A  proper  history  is  a  necessary  preface  to  the  diagnosis 
of  every  gynaecological  case.  It  should  not  of  necessity 
be  lengthy,  but  certain  facts  in  the  life  history  of  the 
patient,  peculiar  to  her  sex,  which  may  have  an  especial 
bearing  upon  the  C(mdition  of  the  female  organs,  should 
be  carefully  inquired  into. 

AVe  will  pass  over  the  points  common  to  all  histories 
and  simply  emphasize  those  having  a  gynecological 
bearing.  The  menstrual  history  should  be  thoroughly 
ascertained.  The  age  at  which  tlie  menses  first  appeared  • 
the  duration  of  the  How;  the  quantity  and  character-  if 
accompanied  by  pain,  whether  it  develops  before  dur- 
ing or  after  the  flow  ;  the  regularity  of  the  periods ;'  and, 
finally,  the  history  of  the  menopause— these  are  all  sub- 
jects tor  inquiry. 

In  judging  the  condition  of  the  menstruation  as  to 
dura  ion.  quantity,  and  regularity,  it  is  well  to  remem- 
ber that  in  this  respect  every  woman  is  a  law  unto  her. 
self,  and  she  must  therefore  be  judged  according  to  hei 
own  standard^  But.  her  habit  in  this  respect  "having 
once  been  established,  she  should  not  deviati  from  it.  ^ 

1  lie  history  of  her  pregnancies  should  be  thoroughly 
Ion,!  Ivn'."'  f'"T'  '*"■""■•'!«  of  all  patients  comfil 
to  the  gyna^cdogist  can  trace  their  sufferings  from  a  mis 
carriage,  a  difficult  labor,  or  an  abnormal  puerperiun^ 

Pam  in  some  form  or  other  is  the  most  promSent 
gyncecological  symptom,  and  is  usually  ,espons°ble  for 
the  patient  s  seeking  the  aid  of  her  physician^    The  paL 
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may  be  in  the  form  of  iieadache,  backache,  pelvic  tenes 
mus,  or  a  sensation  of  bearing  down;  or  it  may  be  re- 
ferred to  some  particular  part  of  the  pelvis.     Its  charac 

ter  and  locatiou 
should  be  carefully 
ascertained.  The 
condition  of  the  bow- 
els is  a  very  impor 
tant  point  for  in- 
quiry, as  so  many  of 
the  troubles  in  this 
class  of  patients  are 
due  to  pelvic  con- 
gestion induced  by 
chronic  constipation 
and  irregular  habits 
of  going  to  stool. 

Any  bladder  symp- 
toms should  be  noted, 
especially  burning  or 
pain  on  micturition 
and  frecjuency  of  the 
act,  as  thej'  may  be 
an  indicatiou  of  gon- 
orrhoea, a  disease 
which  is  now  recog- 
nized as  one  of  the 
most  potent  factors 
in  the  etiology  of 
gynecological  cases. 
The  character, 
quantity,  etc.,  of 
any  discharge  should 
be  determined. 

Finally,  the  pres- 
ence of  those  symp- 
toms  known  as 
neuroses,  of  a  refle.x 
character,  should  be 
recognized. 

For  the  details  of 
more  extended  his- 
tory-taking the  read- 
er is  referred  to  such  works  as  those  of  Kelly,  Reed, 
and  Montgomery,  the  "American  Text-Book  of  Gynas- 
cology,"  etc.  For  ready  reference,  speed,  and  accuracy, 
we  believe  that  the  card-catalogue  system,  used  in  con- 
junction with  outline  diagrams  of  the  various  pelvic 
planes,  in  which  it  is  possible  graphically  to  note  the  size, 
situation,  and  shape  of  growths,  displacements,  etc.,  is  of 
especial  value  in  recording  gynaecological  cases.  Rubber 
stamps  of  diagrams  of  the  pelvis  and  abdomen  have  been 
devised  by  Dr.  R.  L.  Dickinson,  of  Brooklyn,  and  their 
utility  is  testified  to  by  many  eminent  gynacologists  (see 
Fig.  2417).  Whatever  system  of  history-taking  is  adopted 
it  should  be  strictly  adhered  to,  as  routine  habits  will 
undoubtedly  guard  against  error. 

The  novice  will  do  well  to  remember,  if  he  wishes  to 
avoid  embarrassment  both  to  himself  and  to  his  patient, 
that  all  subjects  of  a  delicate  nature  should  be  approached 
in  an  open,  frank  manner,  devoid  of  subterfuge  orinsinu- 
ations  of  any  kind,  and  coupled  with  the  kindness  and 
dignity  of  manner  befitting  a  gentleman. 

That  the  patient  will  submit  to  an  examination  should 
be  taken  as  a  matter  of  course,  as  at  the  present  day  most 
women  know  that  such  a  procedure  is  a  necessity  and 
are  prepared  accordingly. 

Anesthesia. — In  virgins  it  is  desirable  when  possible 
to  examine  under  anaasthesia,  for  as  a  rule,  a  first  exam- 
ination of  such  patients  is  very  unsatisfactory,  and  there- 
fore productive  of  no  positive  diagnosis.  Nitrous  oxide 
is  an  ideal  anaesthetic  for  such  a  case. 

If  it  is  possible  to  avoid  it,  a  vaginal  examination 
should  not  be  made  in  mrgines  intacta.  In  the  majority 
of  cases  a  rectal  examination  will  answer  all  purposes. 
The  method  of  recto-abdominal  palpation  to  be  used  will 
be  described  later. 
Not  infrequently  in  married  women,  if  there  happens 


Fig.  2417.— Outline  Diagrams  for  Record- 
ing? Displacements,  Growths,  etc.,  in 
History-Taking. 


to  be  an  unusual  rigidity  of  the  abdominal  muscles  or  a 
superabundance  of  fat,  it  is  desirable  to  employ  an  an- 
testhetic,  especially  when  the  advisability  of  an  operation 
is  dependent  upon  an  accurate  diagnosis.  When  an  ex- 
amination is  decided  upon  it  should  always  be  carried 
out  in  a  thorough  manner,  and  this  necessitates  that  a 
systematic  plan  of  procedure  should  be  followed. 

Nurse. — Whenever  possible,  a  third  party  should  be 
present,  not  only  for  the  comfort  of  the  patient,  liut  iis  a  ' 
protection  to  the  physician  from  the  malicious  charges 
which  the  records  show  are  by  no  means  uncommon. 
If  the  physician  can  have  a  nurse  at  his  disposal,  this 
plan  is  by  far  the  best,  as  the  ready  assistance  and  sooth- 
ing influence  of  a  trained  female  assistant  go  far  toward 
rendering  the  ordeal  less  trying  to  the  patient,  and  en- 
able the  physician  to  conduct  his  examination  with 
much  greater  facility.  When  a  nurse  is  not  available, 
a  female  friend  brought  with  the  patient  maj'  often  be 
of  great  assistance  in  holding  a  speculum,  etc. ,  but  there 
will  be  manj'  occasions  when  the  general  practitioner  will 
have  to  conduct  his  examination  unaided.  While  an 
assistant  is  certainly  desirable,  she  is  by  no  means  indis- 
pensable. 

Table. — The  question  as  to  what  is  the  best  table  for 
gynaBcological  examinations  is  one  that  is  often  asked 
by  the  novice.  The  simpler  the  table  the  better.  A 
costly  complicated  table  or  chair  is  not  at  all  necessary, 
and  a  great  many  gyn;ecologists  work  with  one  of  the 
simplest  construction.  An  ordinary  solid  table,  four 
feet  long,  two  feet  wide,  and  two  and  one-half  to  three 
feet  high,  will  answer  for  all  ordinary  purposes.  The 
foot  of  the  table  should  be  raised  about  two  inches,  and 
should  be  fitted  with  foot-rests.  An  extension  arm  or 
leaf  attached  to  the  right-hand  corner  is  of  great  utilit}- 
when  employing  Sims'  position,  as  it  allows  the  legs  and 
feet  of  the  patient  to  have  a  proper  support,  when  the  but- 
tocks are  drawn  to  the  edge  of  the  table. 

A  valuable  adjunct,  in  the  writer's  opinion,  is  a  pair  of 
Edebolils'  leg-holders.*  They  consist  of  two  perpendic- 
ular rods  that  are  attached  to  the  corners  of  the  table  and 
have  slings  at  their  upper  ends.  The  feet  being  fastened  in 
the  slings,  are  elevated  to  such  an  extent  that  the  thighs 
are  flexed  upon  the  abdomen  and  rotated  outward.  This 
insures  the  greatest  amount  of  relaxation  of  the  abdomi- 
nal muscles,  and  successfully  prevents  the  approximation 
of  the  patient's  knees.  It  is  therefore  of  especial  value 
in  nervous  patients. 

Find  11//  the  Patient  upon  the  Table. — If  a  nurse  is  not 
available,  the  physician  should  understand  how  properly 
to  place  the  patient  upon  the  table,  so  that  he  may 
not  appear  awkward  or  render  the  ordeal  unnecessarily 
embarrassing.  A  screen  should  always  be  at  hand,  be- 
hind which  the  patient  is  instructed  to  retire  in  order  to 
loosen  all  tight  clothing  about  her  waist,  and  especially 
to  unfasten  her  corsets. 

In  all  cases  the  patient  should  empty  her  bladder  be- 
fore going  on  the  table.  This  is  a  detail  that  is  frequently 
neglected,  and  it  is  the  cause  of  an  unsatisfactcjry  exam- 
ination in  many  instances.  It  is  likewise  of  advantage 
that  the  lower  bowel  should  be  emptied,  and  when  possi- 
ble the  patient  should  be  instructed  to  take  an  enema  be- 
fore coming  to  the  physician's  office.  The  patient  should 
be  first  placed  in  the  dorsal  position  to  permit  of  the  bi- 
manual examination.  A  stool  or  chair  is  placed  at  the 
foot  of  the  table  and  the  patient  is  directed  to  stand  upon 
it,  while  the  physician  holds  up  a  sheet  between  the 
patient  and  himself.  She  is  then  instructed  to  lift  up  all 
her  skirts  behind  and  sit  down  upon  the  edge  of  the 
table.  She  next  lies  down  and  the  sheet  is  thrown  over 
her,  while  her  feet  are  adjusted  in  the  foot-rests.  The- 
folds  of  the  sheet  are  then  wrapped  about  each  leg  so 
that  there  is  no  part  exposed  but  the  vulva. 

The  Examination. — The  examination  for  purposes'of 
diagnosis  should  consist  of  two  parts — the  first  without 
instruments,  and  the  second  with  instruments.  It  may 
be  possible  to  arrive  at  a  diagnosis  by  the  bimanual  touch 
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alone,  but  an  examination  confined  to  this  procedure 
alone  cannot  be  considered  thorough  or  complete;  an 
actual  inspection  of  the  cervix,  and  an  exploration  of  the 
uterine  cavity  are  in  many  cases  indispensable  if  an  ac- 
curate opinion  is  to  be  given  as  to  the  conditions  present. 
Tlis  Examination  witlumt  Instruments. — This  should 
be  conducted  systematically.  A  good  plan  is  to  investi- 
gate the  parts  from  without  inward,  commencing  with 


riG.  2418.- 


-Metbod  of   Separating  the  Labia  for  Inspection  of  Ex- 
ternal Genitals. 


the  external  genitals;  then  the  vagina,  cervix,  uterus, 
ligaments,  and  the  appendages  are  examined  in  order. 

The  Inspection. — Tliis  is  an  extremely  important  part 
of  the  examination,  and  it  is  too  frequently  omitted. 

The  labia  majora  are  separated  with  the  fingers  of  both 
hands,  and  the  hood  of  the  clitoris  is  retracted,  so  as  to 
reveal  any  adhesions  or  retained  concretions  which  may 
be  the  cause  of  irritation  sutficient  to  produce  neurotic 
disturbances.  The  meatus  urinarius  is  examined  for  car- 
uncle, prolapse  of  urethral  mucous  membrane,  or  urethri- 
tis. Skene's  glands  are  to  be  observed  for  evidences  of 
inflammation  and  discharge.  These  glands  are  verj- 
often  the  site  of  a  latent  gonorrhoea  which  would  be 
overlooked  unless  they  were  carefully  examined.  The 
presence  of  a  discharge  in  the  urethra  or  from  Skene's 
glands  can  best  be  determined  by  "  milking  "  the  anterior 
vaginal  wall  with  the  palmar  surface  of  the  index  finger. 
A  suspicious  discharge  should  be  stained  for  gonoccocci. 

Prolapsus  of  the  anterior  and  posterior  vaginal  walls 
Ccystocele  and  rectocele)  and  procidentia  uteri  should 
be  looked  for,  and  so  also  should  varicose  veins  of  the 
vulva  which  arc  the  result  of  some  obstruction  to  the 
■circulation  and  may  be  indicative  of  a  tumor  or  growth 
blocking  the  pelvis. 

The  amount  of  prolapsus  can  be  best  judged  by  get- 
ting the  patient  to  strain  or  bear  down  as  if  at  stool, 
while  the  examiner's  fingers  separate  the  labia.  This 
metliod  shows  the  degree  of  relaxation  of  the  vulvar 
outlet  and  the  amoimt  of  supporting  power  of  the  pelvic- 
floor  muscles.  Injuries  to  the  levator  fibres  and  the  pel- 
vic fascia  are  thus  accentuated.  The  degree  of  lacera- 
tion of  the  perineum  should  never  be  estimated  by  a 
superficial  inspection,  as  there  may  be  an  ample  cutaneous 
covering,  but  with  no  body  back  of  it.  If  the  body  of 
the  perineum  be  grasped  between  the  thumb  and  fore 
finger,  after  the  latter  has  first  been  introduced  into  the 
rectum,  the  amount  of  muscular  structure  can  be  readily 
■determined. 


Bartholin's  glands  should  always  be  examined  for  evi- 
dences of  inflammation,  which  is  almost  invariably  gonor- 
rhceal  in  character.  Latent  gonorrhoea  will  be  discovered 
bv  the  careful  examiner  in  the  vicinity  of  these  glands 
in  a  surprising  number  of  cases.  Normally  the  mouths 
of  the  ducts,  which  are  situated  on  each  side  of  the  labia 
majora  just  below  the  centre,  and  usually  behind  a  tag 
or  ear  of  the  remains  of  the  hymen,  are  of  the  same  color 
as  the  surrounding  mucous  membrane.  The  normal  se- 
cretion which  can  be  expressed  from  them  is  a  glairy, 
colorless  fluid  like  white  of  egg.  Whenever  the  mouths 
of  the  glands  seem  to  be  much  darker  in  color  and  to  be 
eroded,  suspicion  should  at  once  be  aroused.  If  gonor- 
rhoia  is  still  present,  the  secretion  expressed  from  the 
glands  will  be  found  to  be  turbid  or  purulent,  and,  if  care- 
ful search  is  made,  gonoccocci  will  usually  be  found.  In 
such  a  case  the  gland  itself  can  be  felt  between  the  thumb 
and  finger  to  be  decidedly  enlarged  and  sometimes  tender. 

The  anus  and  rectum  should  be  searched  for  hemor- 
rhoids, fissure,  fistula,  etc.  The  rectal  mucous  mem- 
brane can  be  readily  everted  by  the  finger  placed  within 
the  vagina. 

Any  inflammatory  condition  of  the  vulvo-vaginal 
mucous  membrane,  if  associated  with  copious  purulent 
discharge,  can  hardly  escape  the  notice  of  the  careful  ob- 
server, who  will  recognize  it  as  a  specific  infection.  Like- 
wise the  presence  of  condylomata,  chancroids,  venereal 
warts,  etc.,  will  readily  be  detected.  It  should  always  be 
borne  in  mind  that  an  innocent  wife  is  frequently  a  suf- 
ferer from  diseases  of  this  class  through  no  fault  of  her 
own,  and  in  utter  ignorance  of  their  nature. 

The  Bimanvol  Touch. — After  completing  the  inspec- 
tion, the  physician  will  next  lubricate  the  examining  fin- 
gers with  some  lubricant,  as  vaseline,  glycerin,  or  lubri- 
chondrin.  (The  advantage  of  the  latter  is,  that  it  is 
readily  soluble  in  water,  so  that  the  hands  can  be  speed- 
ily cleansed  after  they  have  been  smeared  with  it.) 

The  examiner  should  accustom  himself  to  the  use  of 
the  fingers  of  either  hand  in  the  vagina,  as  it  is  easier  to 
reach  the  left  appendage  with  the  left  hand,  and  the 
right  appendage  with  the  right  hand. 

At  first  it  is  best  to  use  the  index  finger  alone  in  the 
vagina,  but  later,  if  the  vagina  will  permit,  the  middle 
finger  should  be  used  in  conjunction  with  the  index 
finger.  In  introducing  the  fingers,  they  should  be  first 
flexed  and  the  vulvar  opening  approached  by  sweeping 
tlie  knuckles  of  the  flexed  fingers  over  the  perineum  from 
below,  until  the  knuckles  slip  into  the  vaginal  orifice,  then 
the  fingers  are  straightened  until  they  find  their  way  over 
the  perineum  into  the  vagina.     By  the  employment  of  this 
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Fig.  2419.— Position  of  Fingers  for  Vaginal  Examination 

method  it  will  be  possible  to  avoid  touching  the  clitoris 
urethra,  and  vestibule  with  the  tips  of  the  fingers,  and 
should  the  circumstances  of  the  case  not  permit  of  an 
nispeetion  (as  in  an  emergency  examination,  with  the  pa- 
tient in  bed),  the  entrance  to  the  vagina  can  always  be 
found  with  the  greatest  ease  and  without  causing  any  pain 
or  distress  whatever  to  the  patient 
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After  the  fingers  have  gained  entrance  into  the  vagina, 
the  size,  thickness,  and  sensitiveness  of  the  organ  are  to 
be  noted.  The  mucous  membrane  may  present  a  smooth, 
velvety  feel  as  when  the  rugse  are  obliterated,  or  it  may 


Fig.  2420.— Bimanual  Examination,  with  the  Patient  on  the  Table. 

feel  harsh  and  granular  as  in  certain  forms  of  vaginitis. 
Spasm  of  the  vagina  (vaginismus)  may  be  observed  as 
the  fingers  pass  the  introitus. 

It  is  important  that  the  fingers  should  be  held  in  a 
manner  that  will  insure  deep  penetration  into  the  pelvic 
cavity.  The  hand  must  be  rendered  as  narrow  as  possi- 
ble to  permit  its  passage  between  the  ischial  tuberosities. 
When  this  is  accomplished  the  whole  pelvic  fioor  can  be 
pushed  up  or  invaginated  so  as  greatly  to  increase  the 
penetration  of  the  examining  fingers,  and  thus  render 
accessible  to  the  touch  parts  which  cannot  otherwise  be 
reached. 

The  hand  should  be  held  in  a  perpendicular  position 
with  the  thumb  extended  so  as  to  avoid  the  symphysis. 
The  index  and  middle  fingers  rest  in  the  vagina  with  the 
palmar  surface  of  their  tips  inclining  upward.  The  ring 
and  little  fingers  are  flexed  upon  the  palm  at  the  middle 
joint.  It  will  be  seen  that  this  will  give  the  minimum 
of  breadth  to  the  hand,  allowing  its  passage  between  the 
tuberosities,  while  the  perineum  is  pushed  up  on  the 
knuckles  of  the  ring  and  little  finger  (see  Fig.  2419).  The 
mistake  is  frequently  made  of  fiexing  the  fingers  at  their 
junction  with  the  metacarpal  bones.  This  will  bring  the 
whole  length  of  the  third  phalanx  of  the  fingers  across 
the  pelvic  outlet  wliich  will  render  it  impossible  for  the 
hand,  which  is  then  at  its  greatest  width,  to  enter  the 
pelvis.  If  necessary,  the  thumb  may  be  closed  upon  the 
index  finger  so  that  it  will  pass  under  the  pubic  arch. 

The  elbow  of  the  examining  hand  should  rest  against 
the  examiner's  hip,  and  all  pressure  should  be  made  by 
throwing  the  weight  of  the  body  upon  the  elbow,  thus 
allowing  the  muscles  of  the  forearm  and  arm  to  be  at 
rest,  which  greatly  facilitates  the  vaginal  toucli  (see  Fig. 
2420).  As  the  fingers  pass  on  toward  the  upper  portion 
of  the  vagina,  they  should  convey  to  the  examiner  a 
knowledge  of  the  direction  of  the  canal,  of  any  abnormal 
relaxation  of  its  walls,  and  of  the  presence  of  cysts  or 
other  abnormal  growths.  The  presence  or  absence  of 
fsecal  matter  in  the  rectum  can  be  readily  made  out 
with  the  finger  in  the  vagina.  Sometimes  hard  scybalous 
masses  may  be  mistaken  for  an  abnormal  growth  by 
a  careless  observer,  but  they  can  usually  be  indented  on 
pressure.  However,  if  there  is  any  doubt,  an  enema  will 
promptly  clear  up  the  diagnosis.  As  soon  as  the  cervix 
has  been  reached,  the  fingers  should  be  rotated  until  their 
palmar  surfaces  are  directed  upward,  and  their  tips  should 
be  slipped  under  the  cervix  until  that  organ  rests  upon 
.them.     The  relation  that  the  cervix  bears  to  the  axis  of 


the  vagina  should  be  accurately  noted.  When  the  uterus 
is  in  its  normal  position,  its  axis  is  approximately  at  right 
angles  to  the  axis  of  the  vagina.  Therefore  the  tip  of 
the  examining  finger  should  touch  the  anterior  wall  of 
the  cervix  as  it  reaches  the  upper  portion  of  the  vagina. 
Should  the  examining  finger  directly  enter  the  mouth 
of  the  cervix,  it  would  be  an  indication  that  the  uterus 
was  displaced  backward  (retroverted),  and  that,  therefore, 
the  axis  of  that  organ  was  parallel,  or  continuous,  with 
the  vaginal  axis— unless  further  examination  showed  that 
the  body  of  the  uterus  was  flexed  upon  the  cervix.  In 
cases  of  extreme  retrodisplacement,  the  cervix  would  be 
found  to  be  pointing  upward  toward  the  symphysis,  and 
the  entering  finger  would  encounter  the  posterior  cervi- 
cal wall  (see  Fig.  2431). 

In  antevorsion  the  cervix  will  be  found  to  point  back- 
ward, its  axis  forming  an  acute  angle  with  the  axis  of 
the  vagina. 

It  must  be  borne  in  mind  that  the  position  of  the  uterus 
can  1)6  greatly  influenced  by  the  amount  of  urine  in  the 
bladder.  A  full  bladder  will  throw  the  uterus  into  a 
position  of  retroversion.  Errors  will  be  avoided  if  the 
precaution  is  taken  to  have  the  bladder  emptied  before 
the  examination. 

The  condition  of  the  cervix  itself  can  readil}'  be  deter- 
mined by  the  sense  of  touch.  The  number,  extent,  and 
location  of  lacerations  (if  any  are  present)  should  be  noted. 
It  is  important  also  to  determine  the  degree  of  patulency 
of  the  OS,  and  whether  any  granular  erosion  or  carcinoma- 
tous induration  exists.  The  presence  of  dense  scar  tissue 
in  the  angles  of  lacerations  should  be  felt  for,  and  the  ef- 
fort should  be  made  to  ascertain  whether  there  is  any 
hj'perplasia  of  the  cervix  or  any  cystic  degeneration  of 
the  Nabothian  glands.  Cysts  of  the  glands  of  the  cervix 
give  to  the  touch  the  impression  of  the  presence  of  buck- 
shot under  the  mucous  membrane. 

The  normal  position  of  the  cervix  in  the  vagina  is  usu- 
ally at  a  point  corresponding  to  about  the  junction  of  the 
upper  and  middle  thirds,  and  ordinarily  it  is  not  difficult 
to  reach.  In  some  cases,  when  there  is  a  very  deep  va- 
gina, or  when  the  pelvic  muscles  are  rigid  and  unyield- 
ing, it  may  be  difficult  to  reach  the  cervix.  It  is  a  good 
plan  to  place  the  external  hand  gently  upon  the  lower  ab- 
domen in  commencing  the  examination  ;  then,  if  the  cer- 
vix cannot  be  readily  reached,  gentle  pressure  should  be 
exerted  in  the  direction  of  the  axis  of  the  pelvic  inlet. 
This    will    depress 

the  uterusand  ., -,.  ,-■ ■-._ 

bi'ing  it  w  i  t  h  i  n 
touch  of  the  fin- 
gers in  the  vagina. 

If  the  uterus  is 
prolapsed,  the  cer- 
vix will  naturally 
be  found  nearer  the 
vulva  than  is  nor- 
mal. Care  must  be 
taken  to  differenti- 
ate a  prolapsus  of 
the  uterus  from  an 
elongated  or  hyper- 
trophied  cervix. 

After  the  exami- 
nation of  the  cer- 
vix as  above  de- 
scribed, the  next 
step  will  be  to  ex- 
amine the  uterus  as 
a  whole.  The 
knowledge  ob- 
tained by  the  sim- 
ple vaginal  touch  of  the  cervix  must  be  further  ampli- 
fied by  the  bimanual  touch,  if  one  wishes  to  arrive  at  a 
complete  diagnosis  of  the  position  and  condition  of  the 
uterus.  It  is  obvious  that  if  a  flexion  of  the  uterus  ex- 
ists, the  position  of  the  fundus,  as  indicated  by  the  rela- 
tion of  the  cervix  to  the  vaginal  axis,  will  be  incorrect. 

In  commencing  the  bimanual  examination  the  physician 


FIG.  2431.— The  Relation  ol  the  Uterus  to 
the  Vaginal  Axis  in  the  Different  Dis- 
placements. 
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should  pass  the  tips  of  the  vaginal  fingers  under  the  cer- 
vix, so  that  it  shall  rest  upon  their  palmar  surfaces.  The 
external  hand  rests  upon  the  abdomen  midway  between 
the  symphysis  and  the  umbilicus,  ready  to  make  counter- 
pressure  from  above. 

The  management  of  the  external  hand  is  a  very  impor- 
tant matter.  Too  vigorous  pressure  is  the  rule  with  the 
novice,  and  it  will  promptly  insure  failure.  Such  a  pro- 
cedure will-  cause  the  patient  to  resist  to  the  utmost  the 
rude  invasion,  by  contracting  her  abdominal  and  pelvic 
muscles.  It  is  therefore  well  to  bear  in  mind,  from  tlie 
very  beginning,  that  in  the  majority  of  cases  more  can  be 
accomplished  by  gentleness  of  manipulation  and  skill, 
than  by  physical  force.  "When  it  is  necessary  to  use 
deep  pressure,  it  must  be  done  slowly  and  gradually,  so 
as  not  to  alarm  the  patient.  By  the  exercise  of  strategy 
in  distracting  the  patient's  mind  from  the  examination,  • 
as  by  asking  questions  and  by  getting  lier  to  take  deep 
inspirations,  we  sliall  be  able  to  seize  the  moment  when 
the  abdominal  muscles  are  relaxed  and  gain  the  desired 
entrance  into  the  pelvis  with  the  external  hand. 

The  four  fingers  of  the  external  hand  should  always  be 
kept  close  together,  and  the  palmar  surfaces  of  the  fin- 
gers should  be  used  as  much  as  possible  and  not  the  tips. 
To  separate  the  fingers  and  to  use  the  tips  is  decidedly 
unpleasant  to  the  patient,  and  will  cause  her  to  resist. 

The  first  object  of  the  bimanual  examination  should  be 
to  get  the  uterus  between  tlie  two  hands,  so  that  it  can 
be  palpated.  With  the  cervix  resting  upon  the  fingers  in 
the  vagina,  slight  upward  pressure  in  tiae  direction  of 
the  inlet  of  the  pelvis  is  made,  while  the  external  hand 
makes  gentle  counter-pressure  from  above,  gradually 
increasing  until  the  fundus  of  the  uterus  is  reached. 
This  can  be  told  by  the  fact  that  the  pressure  on  the 
fundus  is  at  once  communicated  to  the  fingers  in  the 
vagina,  upon  which  rests  the  cervix  (see  Fig.  2422). 

While  liolding  the  uterus  in  this  manner,  the  size  and 
shape  of  the  organ  can  be  judged,  and  also  the  amount 
of  mobility  that  it  possesses.  The  uterus  should  nor- 
mally give  the  impression  of  being  suspended  between 
elastic  ligaments.  It  is  movable  forward  or  backward, 
upward  or  downward,  in  response  to  moderate  pressure. 
On    the   pressure    being    removed,    the    organ    should 


Fig.    2422.-Loi'atlng    the   Fundus   and    Cervix   by   the   Bimanual 
Metbod. 

promptly  regain  its  normal  position.  In  examining  for 
the  mobility  of  the  uterus  in  this  way,  valuable  knowl- 
edge can  be  gained  as  to  the  presence  or  absence  of  adhe- 
sions, or  of  infiltration  of  tlie  vaginal  vault  or  broad  liga- 
ments, which  would  cause  various  degrees  of  fixation  of 
the  uterus. 
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The  size  of  the  uterus  can  be  judged  after  a  little 
practice,  as  one  soon  learns  the  impression  that  the  nor- 
mal uterus  conveys. 

Any  irregularity  on  the  surface  of  the  fundus  uteri, 
such  as  might  be  caused  by  fibroids  or  malignant  growths, 
may  be  determined  by  the  external  hand. 

The  various  positions  that  the  uterus  may  assume  must 
be  diagnosed  by  comparing  the  relation  that  the  cervix 
bears  to  the  vaginal  axis,  and  the  position  that  the  fun- 
dus occupies  as  determined  by  the  external  hand. 

If  the  cervix  is  at  right  angles  to  the  vagina,  and  the 
external  hand  discovers  the  fundus  about  midway  be- 
tween the  umbilicus  and  the  symphysis,  the  position  of 
the  uterus  is  normal. 

Should  the  uterus  be  anteverted  or  anteflexed,  it 
would  be  necessary  to  explore  with  the  external  hand 
right  up  to  and  behind  the  symphysis,  until  the  fundus 
had  been  located.  The  position  of  the  cervix  would  in- 
dicate whether  the  uterus  was  anteverted  or  anteflexed, 
and  this  cotdd  be  further  confirmed  by  slipping  the  va- 
ginal fingers  in  front  of  the  cervix,  when  with  the  external 
hand  on  the  fundus  any  sulcus  or  bend  in  the  organ  could 
be  easily  appreciated. 

Three  varieties  of  anteflexion  may  be  recognized.  The 
body  of  the  uterus  maybe  in  its  normal  relation  with  the 
pelvis,  while  the  cervix  is  bent  so  as  to  lie  in  the  axis  of 
the  vagina,  instead  of  at  right  angles  to  it.  This  is 
spoken  of  as  anteflexion  of  the  cervix.  The  opposite  of 
this  condition  may  exist,  the  cervix  being  in  its  proper 
position,  while  the  body  is  bent  forward  upon  the  cer- 
vix. This  variety  is  designated  as  anteflexion  of  the 
body,  in  contradistinction  to  the  above.  Then  again  the 
third  variety  may  occur,  in  which  both  cervix  and  body 
are  out  of  their  normal  positions,  the  flexion  being  very 
acute,  and  the  cervix  and  body  closely  approaching  each 
other. 

When  the  uterus  is  displaced  or  flexed  backward,  the 
search  for  the  fundus  is  made  toward  the  sacral  promon- 
tory. It  is  apparent  that  if  the  fundus  is  at  or  below  the 
level  of  the  promontory,  it  will  be  found  extremely  diffi- 
cult— unless  there  is  unusual  relaxation  of  the  abdominal 
muscles,  or  vmless  we  employ  a  general  anaesthetic — to  get 
the  uterus  between  the  hands:  indeed,  in  some  cases,  it 
is  simply  impossible  to  accomplish  this. 

The  fact  that  the  fundus  could  not  be  foimd,  and  that 
the  cervix  was  pointing  in  the  axis  of  the  vagina,  would 
be  strong  presumptive  evidence  that  there  was  a  back- 
ward displacement  of  the  organ  beyond  the  sacral  prom- 
ontory. 

Retroversion  is  classified  by  most  authors  into  three 
degrees-  When  the  fundus  points  toward  the  sacral 
promontory,  it  is  a  retroversion  of  the  first  degree.  If 
it  points  into  the  hollow  of  the  sacrum,  being  practically 
continuous  with  the  vaginal  axis,  it  is  the  second  degree. 
When  the  fundus  is  still  lower  in  the  pelvis,  and  the 
cervix  begins  to  point  upward  toward  the  symphysis,  it 
is  classified  as  the  third  degree.  (See  Fig.  2-121.)  In  the 
second  and  third  degrees  of  retroversion,  it  is  often  im- 
possible to  reach  (he  fundus  with  the  external  hand  br  the 
ordinary  method  of  examining.  In  such  cases  the  diffi- 
culty may  be  overcome  if  the  uterus  be  drawn  d.nvn  by  a 
tenaculum,  until  the  cervix  is  nearly  at  the  site  of  the 
hymen.  If  the  index  finger  be  inserted  into  the  rectum 
while  the  uterus  is  drawn  down  it  is  frequently  pos- 
sible to  palpate  the  body  and  fundus  with  great  facility. 
Kelly's  corrugated  tenaculum  is  designed  especially  for 
this  purpose,  as  it  enables  the  examiner  firmly  to  hold 
the  tenaculum  with  the  external  fingers  of  the  lower 
hand,  while  the  counter  pressure  is  made  as  usual  with  the 
upper  hand  on  the  abdomen  (see  Fig.  2423).  This  method 
enables  the  examiner  to  reach  the  fundus  with  both 
hands. 

Retroflexion  of  the  uterus  can  be  differentiated  from 
retroversion  by  the  presence  of  a  distinct  sulcus  or  angle 
being  felt  at  the  junction  of  the  cervix  with  the  body 
When  a  sulcus  cannot  be  felt,  and  the  fundus  is  out  of 
reach  ot  the  finger  in  the  posterior  vaginal  fornix,  it  is 
to  be  interred  that  the  uterus  is  not  retroflexed      The 
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afore-mentioned  metbodof  drawing  down  tlie  uterus  will 
permit  this  point  to  be  accurately  determined,  unless  ad- 
hesions prevent,  in  which  case  the  diagnosis  must  be  left 
until  it  can  bo  settled  b}-  the  uterine  sound  or  probe. 

It  is  wise  always  to  confirm  a  diagnosis  of  flexion  by 
the  sound,  as  a  subperitoneal  fibroid  on  either  theantcricjr 
or  the  posterior  uterine  wall  will  frequently  be  a  cause  of 
deception. 

Lateral  displacement  of  the  uterus  to  the  right  or  left 
of  the  median  line  should  be  carefully  noted.     A  uterus 


Fig.    2423.— Kecto-Abdominal    Palpation    while    Drawing    Down   a 
Retrodisplaced  Uterus  witli  Kelly's  Corrugated  Tenaculum. 

in  such  a  position  has  either  been  drawn  over  to  one  side 
by  the  contraction  of  adhesions,  or  it  is  pushed  over  by 
the  presence  of  a  cyst  or  growth  filling  the  opposite  side 
of  the  pelvis. 

Normally  the  pelvic  organs,  with  the  exception  ot  the 
ovaiies,  are  not  sensitive  to  ordinary  palpation.  Deep 
pressure  upon  these  organs  will  cause  a  nauseating  pain, 
accompanied  with  faintness,. similar  to  that. produced  by 
pressure  upon  the  testicles.  Tenderness  of  the  uterus  will 
generally  indicate  disease  of  that  organ,  as  endometritis  or 
metritis,  although  there  is  a  certain  class  of  patients 
whose  organs,  even  when  not  appreciably  diseased,  mani- 
fest an  abnormal  degree  of  hypeiU'Sthesia.  Pelvic  sen- 
sitiveness is  one  of  the  prominent  symptoms  of  an  hys- 
terical patient. 

One  of  the  most  important  items  of  information  to  be 
derived  from  the  examination  is  the  consistency  of  the 
uterus  and  the  surrounding  structures,  as  determined  by 
the  sense  of  touch.  Each  structure  has  its  own  standard, 
and  the  examiner  must  first  become  thoroughly  familiar 
with  the  normal  consistency  before  he  can  appreciate  de- 
viations which  indicate  pathological  changes.  The  sott, 
friable  condition  of  a  carcinomatous  cervix,  the  boggy 
impression  conveyed  by  a  subinvoluted  or  a?dematous 
uterus,  the  hard  plaster-of-Paris-like  feel  of  the  vaginal 
vault  in  pelvic  peritonitis,  the  fluctuating  sensation  of  a 
fluid  tumor  or  abscess,  are  but  a  few  of  the  conditions 
whicli  must  depend  upon  a  comparison  with  the  normal 
for  their  diagnosis. 


After  the  examination  of  the  uterushas  been  completed, 
the  attention  should  next  be  directed  to  the  ligaments 
which  aid  in  its  support.  These  ligaments  are  prone  to 
inflammatoi-y  thickening,  which  may  give  rise  to  pain, 
and  which  frecpiently  interferi'S  with  the  normal  mobility 
of  the  organs. 

The  anterioi-,  posterior,  and  lateral  fornices  of  the 
vagina  are  to  be  jialpated  to  ascertain  the  condition  of 
the  utero- vesical,  utero-sacral,  and  broad  ligaments. 
Normally  the  \aginal  \'ault  is  elastic  to  the  touch,  and 
should  induration  and  thickening  of  the  ligaments  be 
present,  these  conditions  can  usually  be  made  out  b}'  pal- 
pation. 

The  vaginal  furniees  must  be  eurefully  c'xplored  by 
bimanual  touch,  for  the  presence  of  cysts,  growths,  pro- 
lapsed ovaries,  ((lUections  of  fluid,  etc.,  which  may  oc- 
cupy the  cul-de  sac  of  Douglas  or  Ihe  utero-vesical 
space. 

By  eiimiiarhig  one  lateral  fornix  with  the  other,  as  re- 
gards the  ease  with  which  tlie  examining  fiugias  maj' 
be  moved  in  different  directions,  and  also  by  comparing 
the  two  sides  as  regards  the  degree  of  pain  elicited  by 
pressure,  one  may  obtain  C(in,sideral)le  information  in  re- 
gard to  the  pathological  conditions  that  may  be  i)resent. 

It  is  not  possible  in  a  limited  article  like  the  present 
one  to  do  more  than  hint  at  the  diagnosis  of  the  many 
complicated  conditions  which  will  be  found  in  examina- 
tions of  the  \'agiiial  fornices.  It  is  hardly  necessary  to 
say  that  years  of  experience  may  be  required  before  it  is 
possible  for  one  to  acquire  the  iactus  ervditiis  necessai)-  to 
ascertain,  by  digital  exploration,  the  pathological  condi- 
tions that  are  present  in  the  pelvic  cavity  in  any  given 
case.  The  most  expert  gynfccologists  not  infrequently 
see,  on  opening  the  abdomen,  that  their  diagnosis  was  at 
fault.  A  thorough  appreciation  of  the  normal  condition 
of  the  parts  will  enable  the  novice  more  readily  to  recog- 
nize pathological  deviations,  and  especially  is  this  true  of 
the  uterine  appendages.  It  is  a  frequent  occurrence,  in  the 
writer's  experience,  to  come  across  men,  in  active  general 
practice,  who  state  that  the  palpation  of  the  uterine  ap- 
pendages is  a  closed  book  to  them.  Diagnosis  of  diseases 
of  these  important  organs  is  entirely  beyond  their  reach 
for  the  reason  that  they  cannot  feel  the  adnexa,  although 
they  repeatedly  examine  cases  in  their  practice.  They 
can  often  make  a  diagnosis  as  to  the  position  of  the 
uterus,  the  condition  of  the  cervix,  or  the  pelvic  floor, 
but  the  condition  of  the  o^-ary  and  tube  is  like  the  "  will- 
o'-the-wisp  ;'  it  easily  evades  the  simpler  methods  of  ex- 
amination. 

In  examining  for  the  ovaries  and  tubes,  the  novice  will 
frequently  attribute  his  failures  to  the  shortness  of  his 
phalanges,  and  he  Avill  endeavor  by  pure  physical  force 
to  gain'furtlier  entrance  into  the  pelvis,  with  the  result 
that  he  causes  needless  pain  to  the  suffering  patient.  As 
she  is  frightened  by  fears  of  worse  pain  to  come,  she  sets 
to  the  utmost  her  abdominal  and  pelvic -floor  muscles,  in 
order  to  resist  the  rude  invasion  with  which  she  is  threat- 
ened, and  thereby  makes  it  impossible  for  the  examiner 
to  get  within  reach  of  thi.'  adnexa  with  his  examining 
fingers.  The  novice  usually  has  no  definite  plan  of  pro- 
cedure in  his  mind,  and  his  one  idea  as  to  the  position  of 
the  ovary  is,  that  it  lies  on  one  side  of  the  uterus  at  or 
near  the  'plane  of  the  fundus,  just  as  he  has  seen  it  pic- 
tured so  often  in  his  text-books. 

A  careful  observance  of  the  preliminaries  to  the  ex- 
amination— such  as  loosening  the  corsets  and  clothing, 
emptying  the  bladder,  etc.— is  essential  to  success.  It  is 
well  to  remember  that  it  is  easier  to  reach  the  left  ap- 
pendage with  the  left  hand  in  the  vagina,  and  the  right 
appendage  with  the  right  hand. 

The  first  step  necessary  to  the  palpation  of  the  adnexa 
is  to  locate  the  fundus  of  the  uterus,  as  with  the  fundus 
as  a  guide  the  location  of  the  appendages  is  made  easier. 
This  is  done  after  the  manner  previously  described  and 
shown  in  Pig.  3423.  After  the  cervix  and  the  fundus  of 
the  uterus  have  been  located,  the  next  step  is  to  remember 
that  the  tube  and  ovary,  unless  bound  down  by  adhe- 
sions, are  movable,  as  can  well  be  brought  to  the  exam- 
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iner's  mind  when  he  remembers  liow  often  he  has  seen 
the  operator  bring  up  the  appendages  out  of  the  pelvis 
upon  the  abdomen  of  a  patient  through  an  abdominal  in- 
cision, and  how  loosely  they  have  appeared  to  him  to  be 
attached  to  the  horn  of  the  uterus. 

To  this  fact  is  to  be  attributed  the  failure,  in  many 
cases,  to  reach  these  organs.     The  novice  examines  in  one 


Fig.  2424.— Palpatinf?  the  Adnexa  by  the  Bimanual  Method.    Catch- 
ing the  appendage  between  the  tips  of  the  opposing  Angers. 

place  for  them,  and  as  they  are  slippery  bodies,  they  are 
as  difficult  for  him  to  get  hold  of  with  his  external  and  in- 
ternal examining  fingers,  as  the  proverbial  eel.  There- 
fore he  must  endeavor  to  catcJi  these  organs,  and  as  they 
may  lie  or  be  pushed  into  any  part  of  the  space  between 
the  middle  line  of  the  body  and  the  lateral  pelvic  wall, 
he  must  systematically  search  each  half  of  the  pelvis. 

It  is  better  that  one  hand  do  the  searching,  the  other 
remaining  stationary  for  the  time  being,  to  act  as  a 
counterpoint.  After  locating  the  cervix  and  fundus 
uteri,  the  examiner  should  slip  the  vaginal  finger  or 
fingers  to  one  side  of  the  cervix  into  the  lateral  fornix, 
and  should  make  pressure  with  them  in  a  direction  up- 
ward and  backward,  at  a  point  midway  between  the  cer- 
vix and  the  pelvic  walls.  These  fingers  should  then  re- 
main stationary,  while  the  four  fingers  of  the  external 
hand,  curved  in  the  shape  of  a  scoop,  are  employed  in 
systematically  exploring  the  area  from  the  fundus  to  the 
side  of  the  pelvis,  in  lines  radiating  to  the  examining 
fingers  in  the  vagina.  It  may  frequently  be  necessary 
to  go  over  the  ground  repeatedly  before  the  ovary  can 
be  caught.  The  position  of  the  vaginal  fingers  is  to  be 
varied  from  time  to  time,  antero-posteriorly  and  laterally, 
so  as  to  cover  new  planes.  As  soon  as  the  ovary  and 
tube  are  imprisoned  between  the  scoop  formed  by  the 
external  hand  above,  and  the  fingers  in  the  vagina  below, 
their  character,  size,  sensibility,  and  consistency  can  be 
made  out  as  they  slip  between  the  opposing  finger  tips 
(see  Pig.  2424),  The  normal  tube  can  be  traced  from  the 
horn  of  the  uterus;  it  feels  like  a  cord  of  about  the  diam 
eter  of  a  slate  pencil,  and  it  is  not  painful  to  moderate 
pressure. 

The  normal  ovary  feels  as  large  as  a  walnut,  and  when 
it  is  subjected  to  pressure  the  patient  experiences  the 
same  sickening  sensation  and  pain  as  does  the  male  when 
his  testicle  is  similarly  pressed  upon.  The  opposite  side 
of  the  pelvis  is  to  be  explored  in  a  similar  manner  for  the 
other  appendage,  the  right  hand  being  used  in  tlie  vagina 
for  the  right  adnexa  and  vice  versa. 

In  cases  in  which  this  method  does  not  succeed,  the 
examiner  should  resort  to  recto-abdominal  palpation.'  In 
this  method  the  index  finger  is  introduced  into  the  rec- 
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tum  instead  of  into  the  vagina,  and  the  palpation  is  made 
with  the  opposing  hand,  as  in  the  bimanual  examination 
just  described. 

When  the  uterus  is  retroverted  or  retroflexed,  recto- 
abdominal  palpation  is  usually  preferable,  and  is  a  great 
gain,  especially  if  the  uterus  is  drawn  down  to  the  vaginal 
outlet  by  a  tenaculum  or  volsellum,  which  permits  the 
fundus  to  be  reached  posteriorly,  and  brings  the  adnexa 
within  the  radius  of  the  examining  finger  (see  Pig.  2423). 
In  commencing  the  practice  of  bimanual  palpation  it  is 
wise  to  select  a  patient  who  has  borne  children,  who  is 
thin,  and  who  has  relaxed  abdominal  walls.  In  women 
who  are  fat,  and  who  have  rigid  abdominal  muscles, 
even  the  expert  must,  in  many  cases,  necessarily  resort 
to  complete  anesthesia  before  he  can  make  a  positive  diag- 
nosis. The  beginner  must  not  feel  discouraged  if  he  fails 
satisfactorily  to  feel  the  adnexa  in  his  first  attempts,  but 
by  exercising  patience  and  persistence,  avoiding  haste, 
paying  careful  attention  to  all  the  minor  details,  and  hav- 
ing a  definite  plan  of  procedure  in  his  mind,  he  will 
surely  attain  ultimate  success. 

The  differential  diagnosis  of  the  various  pathological 
conditions  that  may  be  found  about  the  uterus  is  such  an 
extensive  subject  that  it  can  only  be  touched  upon  here. 
In  general,  fluid  accumulations  or  cystic  growths  that 
can  be  felt  through  the  vaginal  vault  are  diagnosed  by 
the  sense  of  fluctuation  and  elasticity. 

If  a  mass  is  diffuse,  boggy,  ill-defined,  immovable,  and 
tender,  one  would  suspect  an  inflammatory  exudate.  If  a 
mass  gives  evidence  of  fluctuation,  of  increased  heat,  and 
of  being  very  painful  when  pressed  upon,  while  the  pa- 
tient at  the  same  time  gives  a  history  of  exposure  to  in- 
fection, of  fever,  and  possibly  of  chills,  the  presence  of 
an  abscess  would  be  indicated.  In  inflammatory  affec- 
tions of  the  tubes  and  ovaries,  these  organs  frequently 
are  displaced  into  the  cul-de-sac  and  fixed  by  adhesions. 
Generally  a  hydro-  or  pyo-salpinx  is  of  a  sausage  shape, 
and  can  be  traced  to  the  uterine  cornua. 

Whenever  the  bimanual  examination  discovers  the 
presence  of  a  large  growth,  or  it  is  self-evident  that  the 
patient  has  an  enlargement  of  the  abdomen,  abdominal 
palpation  must  be  practised.  Special  works  will  have 
to  be  consulted  for  the  details  of  the  technique  necessary. 
Gentleness  of  touch  is  here  as  essential  to  success  as  in 
the  vaginal  examination.  The  novice  will  do  well  to 
avoid  giving  a  positive  opinion  as  to  the  nature  of  an 
abdominal  enlargement.  Pregnancy,  ascites,  fat,  gas, 
foecal  accumulations,  a  distended  bladder,  are  but  a  few 
of  the  conditions  that  must  be  differentiated  from  tumors. 

When  the  presence  of  a  growth  is  certain,  not  only  its 
character,  but  also  its  relations  to  the  pelvic  organs, 
must  be  carefully  studied.  The  presence  of  adhesions  is 
judged  by  the  amount  of  fixation  that  exists.  It  is  a 
good  plan  to  examine  all  abdominal  enlargements  in 
various  postures.  Percussion  is  of  value  in  mapping  out 
the  relations  of  the  intestines. 

It  should  be  borne  in  mind  that  in  acute  inflamma- 
tory affections  of  the  pelvic  contents,  appendicitis  and 
ectopic  gestation  should  be  carefully  differentiated. 
Likewise,  at  the  present  time,  a  gynsecological  examina- 
tion can  scarcely  be  considered  complete  without  an  in- 
vestigation of  the  mobility  of  the  kidneys. 

Examination  with  Instruments.— AUer  the  bimanual 
examination  has  been  completed,  the  instrumental  ex- 
amination is  in  order. 

The  instruments  necessary  are  few,  and  comprise  a 
Sims  speculum,  a  bivalve  speculum,  a  depressor,  dress- 
ing forceps,  single  tenaculum,  double  tenaculum  or  bullet 
forceps,  probe,  sound,  and  a  small  flexible  spoon  curette. 
Cystoscopic  tubes,  a  urethral  endoscope,  and  an  aspirat- 
ing syringe  would  render  the  armamentarium  complete. 
Suitable  basins  for  cleansing  solutions,  etc.,  should  be  at 
hand,  and  also  an  abundance  of  absorbent  cotton.  The  ab- 
sorbent cotton  should  be  made  into  cotton  balls,  as  they 
are  convenient  and  greatly  facilitate  the  cleansing  of  the 
vulva,  vagina,  etc. 

T/ie  8peculi,m.~0{  all  the  many  varieties  of  specula 
that  liave  been  devised,  there  is  none  better  than  the 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Gynaecological 
Examinatious. 


original  Sims  instrument,  a  description  of  which  can 
scarcely  be  necessary.  The  bivalve  or  trivalve  specula 
are  but  substitutes  for  the  Sims  and  should  be  resorted  to 
only  from  necessity  and  not  from  choice.  When  an  at- 
tendant or  nurse  is  not 
available,  the  examiner 
may  have  no  option  but 
to  use  the  bivalve  spec- 
ulum ;  otherwise,  the 
Sims  should  be  used,  be- 
cause by  no  other  meth- 
od can  such  a  satisfac- 
tory examination  of  tlie 
vagina  and  the  uterus  be 
made. 

The  Sims  speculum 
alone  does  only  a  small 
part  of  the  exposing  of 
the  vagina.  It  is  in  the 
Sims  posture  that  the 
great  virtue  of  this  meth- 
od lies.  In  the  correct 
Sims  position,  the  pelvis 
is  tilted  over  at  an  angle 
of  forty-five  degrees,  so 
that  the  intestines,  etc., 
gravitate  out  of  the  pel- 
vic brim,  as  if  out  of  a 
basin.  This  produces  a 
vacuum  in  the  pelvis, 
and  when  the  speculum 
retracts  the  perineum 
and  opens  the  labia,  the 
air  rushes  in  and  bal- 
loons the  vagina,  so  that 
its  folds  are  obliterated, 
permitting  an  unob- 
structed view  of  the  vaginal  vault  and  the  cervix.  In 
this  position  the  uterus,  unless  fixed,  can  be  drawn  down 
nearly  to  the  orifice  of  the  vagina,  so  that  treatment  or 
examination  is  greatly  facilitated. 

The  bivalve  speculum  gives  but  a  limited  view  of  the 
cervix,  and  affords  only  a  small  amount  of  space  in 
which  Instrumental  manipulations  can  be  carried  out. 
Furthermore,  if  the  uterus  is  in  the  normal  or  in  an  ante- 


justable  at  the  vaginal  orifice,  and  it  can  be  converted 
into  a  Sims  speculum.  In  selecting  a  bivalve  speculum, 
care  should  be  taken  to  see  that  the  anterior  blade  is  from 
a  half  an  inch  to  an  inch  shorter  than  the  posterior  blade. 


Fig.  2425.— Graves'  Bivalve  Vaginal  Speculum. 

verted  position  it  is  sometimes  extremely  diflacult,  through 
this  pattern  of  speculum,  to  pass  a  sound  or  to  make  mtra- 
uterine  applications.  .    ^-,    ^     c 

A  good  example  of  a  bivalve  speculum  is  that  ot 
Graves  (Fig.  3435).    It  has  the  advantage  of  bemg  ad- 


FIG.  2426.  -Correct  Posture  of  Patient  and  Nurse  In  the  Sims  Position. 


Various  self-retaining  Sims  specula  have  been  devised, 
and  while  none  of  them  is  as  good  as  the  instrument 
held  by  an  assistant,  the  examiner  will  be  able  to  get 
along  fairly  well  with  one  of  these  instruments.  Perhaps 
one  of  the  simplest  and  best  is  Cleveland's.  Bhrich's 
modification  is  also  very  serviceable. 

The  first  requisite  to  a  successful  examination  with  the 
Sims  speculum  is  a  proper  Sims  posture.  The  nurse, 
or  tlie  physician,  will  direct  the  patient  to  sit  up  on  the 
table  and  then  to  lie  on  her  left  side  with  the  left  arm 
flexed  behind  her  back.  Both  knees  are  then  to  be  drawn 
up  in  the  direction  of  the  chin,  the  uppermost  knee 
lying  above  the  under  one.  In  this  position  the  sole  of 
the  right  foot  will  come  to  lie  above  the  left  ankle.  The 
left  hand  of  the  nurse  should  then  be  passed  under  the 
lower  buttock  until  the  crest  of  the  ilium  can  be  grasped. 
Traction  should  then  be  made  on  the  crest  of  the  ilium 
until  the  lower  buttock  shall  have  been  drawn  to  the- 
edge  of  the  table,  while  at  the  same  time  the  right  hand 
pushes  the  upper  buttock  in  the  opposite  direction.  This 
mancEuvre  will  tilt  the  pelvis  so  that  the  brim  will  lie  at 
an  angle  of  about  forty-five  degrees  with  the  table.  To 
prove  that  the  pelvis  is  properly  tilted,  all  that  is  necessary 
is  to  hold  a  straight  rod  at  right  angles  to  the  table  and 
against  the  lower  buttock,  when  it  will  be  seen  that  the- 
upper  buttock  is  four  or  five  inches  beyond  its  neighbor. 
If  the  clothing  has  been  previously  loosened  about  the 
lower  abdomen  and  waist,  the  intestines  will  gravitate 
out  of  the  pelvis.  The  legs  and  feet  should  lie  on  an  ex- 
tension leaf  at  the  right-hand  corner  of  the  table.  Fi- 
nally, the  patient  is  covered  with  a  sheet  so  that  only  the 
vulva  is  exposed  (see  Fig.  8426). 

The  physician  sits  at  the  foot  of  the  table,  and  at  his 
right  hand  there  should  be  a  stand  upon  which  the  in- 
struments, basins,  etc.,  are  arranged  within  convenient 
reach.  A  warm  carbolized  solution  should  be  used  for 
immersing  the  instruments.  Care  should  be  taken  to 
warm  them  properly  before  they  are  used.  The  nurse 
stands  on  the  physician's  left,  facing  him  and  close  to  the 
side  of  the  table.  With  her  left  hand  the  nurse  raises  the 
upper  buttock  and  labium,  keeping  her  fingers  separated 
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and  extended,  and  taking  care  not  to  use  the  tips  at  all, 
but  to  i-oll  up  the  buttock  with  the  palmar  surfaces  of  the 
fingers  only.     If  the  points  of  the  fingers  arc  used  like  a 


Fig.  2427.— Introducing  Sims'  Speculum. 

claw,   it   is  decidedly  unpleasant  to  the  patient.     The 

physician  draws  down  the   lower  buttock  and  labium 

with  his  left  hand  in  a  precisely  similar  manner,  while  he 

grasps   one  end  of  the  speculum  with  his  right  hand, 

being  careful  to  have  the  index  finger  project  beyond  the 

bill  of  the  speculum  for  an  inch  or 

more  (see  Pig.  2427).    The  speculum 

and  linger  should  have  previously 

been  well  lubricated.     The  idea  of 

the  projecting  finger  is,  that  it  is  to 

enter  the  vagina  in  advance  of  the 

speculum  as  a  pilot,  so  as  to  guide 

the  tip   of   the   instrument  behind 

the  cervix. 

The  direction  of  the  vagina  must  be  borne  in  mind. 
As  the  patient  lies  in  this  position,  the  vagina  will  run 
in  a  direction  toward  the  centre  of  the  sacrum.  As  the 
finger  enters  the  vagina,  the  speculum  follows  after,  en- 
tering laterally ;  that  is,  the  flat  of  the  blade  corresponds 


the  instrument  is  given  to  the  nurse,  who  should  grasp 
it  firmly,  the  fingers  surrounding  the  external  blade  while 
the  thumb  lies  in  the  groove. 

The  nur.se 's  duties  ai-e  to  hold  the 
speculum  exactly  as  it  is  given  her, 
and  to  keep  the  upper  buttock  re- 
tracted. She  can  best  do  this  with 
comfort  to  herself  and  satisfaction 
to  the  examiner,  if  she  stands 
straight  up,  facing  slightly  away 
from  the  physician,  so  that  the  arm 
holding  the  speculum  is  wrapped 
about  her  body  Her  arm  is  thus 
steadied,  and  there  is  no  occasion 
for  any  strain  on  the  muscles  of  the 
hand  or  forearm  (see  Fig.  2427).  If 
she  is  directi.'d  to  increase  the  trac- 
tion on  the  instrument,  she  simplj' 
rotates  her  whole  body  and  does  not 
bring  into  i^lay  the  muscles  of  lier 
arm.  By  this  method  a  nurse  can 
hold  a  speculum  for  a  long  period 
without  becoming  tired,  and  it  is 
far  more  satisfactory  than  stooping 
over  the  patient,  grasping  the  spec- 
ulum l)y  the  shank,  and  keeping  up 
all  the  tension  with  the  arm  mus- 
cles which  soon  tire  and  cause  un- 
steadiness. 

The  Depressor. — As  the  perineum 
is  retracted  and  the  vaginal  walls 
are  exposed  to  view,  the  cervix  will 
usually  be  hidden  beliind  the  an- 
terior wall  of  the  vagina,  which 
bulges  somewhat  in  front  of  it.  We 
should  therefore  next  use  an  instru- 
ment called  a  depressor,  to  depress 
the  anterior  vaginal  wall.  The  depressor  is  practically 
a  spatula  or  spoon  (see  Pig.  2438) ,  which  should  be  held 
between  the  thumb  and  fingers  of  tlie  left  hand  and  gently 
used  to  push  aside  the  bulging  anterior  wall  so  that  the 
cervix  may  be  brought  into  view.     Care  should  be  taken 


Fig.  242.S.— Hunter's  Depressor. 


while  using  this  instrument  that  the  wrist  of  the  hand 
is  dropped  below  the  line  of  vision. 

The  DresKiiifj  Fureeps. — As  soon  as  the  cervix  is  brought 
into  view  a  dressing  forceps,  holding  a  cotton  ball,  is 
used  to  cleanse  the  cervix  and  vagina  of  any  secretion 


Fig.  2429.— Bozeman's  Uterine  Dressing  Forceps. 


to  the  direction  of  the  cleft  between  the  labia  As  soon 
as  the  index  finger  feels  the  cervix,  the  speculum  can  be 
easily  guided  behind  it  into  the  posterior  vaginal  fornix. 
The  speculum  is  then  rotated  to  its  final  position  so 
that  it  will  retract  the  perineum.     The  external  end  of 


that  may  be  present,  after  which  a  cotton  ball  saturated 
with  carbolic  or  other  solution  is  used  to  bathe  the  parts. 
Of  the  different  forms  of  dressing  forceps  there  is  a  suf- 
ficient variety  to  suit  the  taste  of  the  examiner.  One 
having  a  curve  is  of  advantage  as  it  enables  the  right 
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hand  to  keep  out  of  the  line  of  vision.  Bozeman's  for- 
ceps is  a  good  illustration  of  this  instrument  (see  Pig. 
a439). 

By  the  inspection  of  tlie  cervix  and  the  vagina,  we  are 
enabled  to  verify  the  diagnosis  made  by  vaginal  touch. 
The  condition  of  the   vaginal  mucous  membrane,   the 


r 


&.■\\^v^M\^  Sttii, 


Fig.  2430.— Tenaculum. 


presence  of  fistulre  or  of  cicatrices,  the  extent  of  cervical 
lacerations,  hyperplasia  of  the  cervix,  and  erosions  are 
all  brought  into  view. 

The  Tenaculum. — The  next  step  is  to  seize  the  cervix 
by  the  anterior  lip,  so  that  it  may  be  drawn  down  for 
closer  inspection  and  also  for  the  purpose  of  steadying 
the  organ  while  a  sound  or  other  instrument  is  being 
passed  into  the  uterus.  The  single-hook  tenaculum,  as 
shown  in  Pig.  3430,  is  the  style  of  instrument  usually  em- 
ployed. It  should  be  hooked  into  the  cervix  through 
the  OS. 

Por  the  piirposes  of  examination  and  of  making  intra- 
uterine applications,  the  double  tenaculum  has  many  ad- 
vantages over  the  single  in- 
strument. 

No  matter  how  expert 
the  examiner  may  be,  he 
cannot  help  making  a  num- 
ber of  punctures  with  the 
single  instrument  during 
the  course  of  his  examina- 
tion and  treatment.  The 
Instrument  cannot  be  left 
on  the  cervix,  but  must  be 
held  by  one  hand,  so  that  if 
both  hands  are  needed  dur- 
ing the   preparation  of  an 

applicator,  etc.,  the  instru-  fig. 

ment  must  be  removed  and 
then    afterward   reapplied. 

It  frequently  tears  through  a  friable  cervix,  causing  at 
times  a  bothersome  hemorrhage.     All  of  these  disadvan- 
tages can  be  avoided  by  using  a  double  tenaculum  such 
as  Skene's  (see  Pig.  2431),  or  the  ordinary  bullet  forceps 
will  answer.     With  the  double  tenaculum  two  punctures 
only  are  made  in  the  anterior  lip  of  the  cervix,  instead  of 
half  a  dozen.     The  instrument  is  clamped  on  by  means 
of  the  catch,  so  that  no  hand  is  required  to  hold  it.     It 
will  of  itself  act  as  a  depressor  to  keep  back  the  bulging 
anterior  wall.     So  long  as  it  remains  fast- 
ened to  the  cervix,  the  uterus  will  be  under 
perfect  control.     A  retroverted  uterus  can 
be  replaced  with  great  ea,se  with  this  instru- 
ment.   This  is  accomplished  by  drawing  on 
the  cervix  and  making  it  describe  a  circle 
backward  into  the  posterior  fornix.     It  is  of  course  to 
1)6  understood  that  ordinary  care  will  be  exercised,  and 
that  the  Instrument  is  at  all  times  to  be  used  with  the 
same  gentleness  and  delicacy  as  the  single  tenaculum. 
Great  care  should  be  used  in  drawing  down  the  cer- 
vix,  as  this  is  a    procedure 
that  may  do  much  harrn  and 
■cause    considerable    pain,    if 
adhesions    or    inflammatory 
conditions  exist.    The  biman- 
ual examination  should  have 
previously  disclosed  any  con 

dition  of  immobility  of  the  ,   ,     ,.  ,       tt„ 

■organ,  or  any  lack  of  elasticity  of  the  ligaments.  Un- 
less the  uteris  can  be  drawn  down  easily  without  torce, 
the  procedure  should  not  be  attempted. 

The  Probe  and  the  Sound.— Mter  the  cervix  and  its  sur- 
roundings have  been  inspected,  the  next  procedure  will 
Ije  to  examine  the  cavity  of  the  uterus  by  means  of  the 
probe  or  the  sound.  .  ., 

The  probe  is  a  very  flexible  piece  of  copper  or  silver 
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wire,  with  an  olive-shaped  tip,  and  is  designed  to  bend 
on  meeting  the  slightest  obstruction.  It  is  therefore  a 
safe  instrument  with  which  to  make  an  exploration  of 
the  uterine  cavity  (see  Pig.  2432). 

The  sound  is  of  a  larger  diameter,  and  is  much  stiSer 
than  the  probe,  but  is  capable  of  being  bent  into  any 
shape  that  m&y  be  required. 
Simpson's  sound  is  the  instru- 
ment usually  employed  (see  Pig. 
2433).  It  has  a  bulbous  tip  and 
at  a  point  two  and  a  half  inches 
from  the  end  there  is  an  enlarge- 
ment which  denotes  the  normal  length  of  the  uterine 
canal.  The  shaft  is  marked  in  inches  for  purposes  of 
measurement. 

The  sound  is  an  instrument  capable  of  inflicting  much 
damage,  and  requires  great  care  in  its  use.  Great  liarm 
may  be  done  bj'  emjiloying  it  recklessly  and  unskilfully. 
The  uo\'ice  had  better  by  far  use  the  probe  only,  for  his 
investigations,  until  he  has  acquired  a  sufficient  knowl- 
edge of  the  technique,  and  some  skill  in  his  manipulations. 
The  probe  will  reveal  nearly  as  much  as  the  sound, 
and  there  is  no  especial  advantage,  in  the  majority  of 
instances,  in  employing  the  more  dangerous  instru- 
ment. 

The  first  precaution  to  be  taken  before  invading  the 
uterine  cavity  witli  any  instrument,  is  to  ascertain  the 
date  of  the  last  menstruation.  If  this  precaution  is 
omitted  the  physician  will  frequently  find  that  he  has  un- 


intentionally interrupted  a  com- 
mencing ijregnancy,  sometimes 
to  the  delight  of  his  patient, 
who  may  have  had  such  an  ob- 
ject in  view  in  requesting  an  examination  for  other 
trouble.  The  technique  of  using  the  sound  is  practi- 
cally the  same  as  that  for  introducing  the  probe. 

The  instrument  should  never  be  introduced  without 
having  the  cervix  clearly  in  view,  so  that  it  may  be 


Fig.  2433.— Uterine  Probe. 


passed  directly  into  the  canal  of  the  cervix  without  com- 
ing in  contact  with  the  surrounding  parts.  The  method 
of  introducing  the  instrument  by  sense  of  touch  should 
be  condemned  just  as  strongly  as  the  old  method  of 
catheterizing  a  patient,  when  it  was  considered  desir- 


G^oT/EMANN&Co. 


FIG.  2433.— R.  Simpson's  Sound. 

able  for  the  physician  to  be  able  to  introduce  a  catheter 
into  the  bladder  under  a  sheet. 

Any  instrument  that  is  to  enter  the  uterus  in  the  course 
of  an  examination  should  be  sterilized  as  if  for  an  opera- 
tion. Boiling  is  perliaps  the  safest  plan,  but  when  the 
conveniences  are  not  at  hand,  the  instrument  can  be  im- 
mersed in  ninety-five-per-cent.  carbolic  acid  for  a  few 
moments,  and  then  in  alcohol  to  neutralize  the  acid.     The 
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bimanual  examination  will  have  given  the  physician  a 
fairly  accurate  idea  as  to  the  shape  of  the  uterus,  and  he 
should  shape  his  probe  or  sound  accordingly.  The  instru- 
ment is  to  be  held  lightly  between  the  thumb  and  fore- 
finger and  the  cervix  steadied  by  the  tenaculum.  The  tip 
is  then  passed  into  the  external  os  and  allowed  to  find 
its  way  along  the  canal.  It  will  frequently  become 
obstructed  at  the  internal  os  by  a  slioulder  or  pocket  in 
the  mucous  membrane,  in  which  case  a  gentle  twisting 


duction  througli  the  vaginal  vault.  Cystic  or  inflamma- 
tory masses  which  are  situated  low  down  in  the  pelvis,  and 
which  can  be  palpated  by  the  examining  finger  through 
the  vaginal  vault,  can  be  safely  punctured  with  the 
needle  and  the  contents  withdrawn  by  the  syringe  for 
examination. 

TM  Microsarpe. — The  aid  of  the  microscope  for  differ- 
ential diagnosis  is  of  especial  value  in  gynaecological  ex- 
aminations.    The  recognition  of  the  gonococcus  by  the 


Fig.  2434.— Skene's  Curette. 


motion  or  withdrawal  will  enable  the  sound  to  pass  the 
obstacle.  The  probe  will  pass  a  constriction  at  the  in- 
ternal OS,  while  the  sound  may  be  arrested.  Sometimes, 
in  anteflexion,  the  constriction  may  be  spasmodic  in  char- 
acter; if  such  is  the  case,  the  stricture  will  relax  if  the 
so\md  is  held  firmly  against  it  for  a  few  moments.  When 
the  instrument  reaches  the  fundus,  the  forefinger  is  slid 
along  the  shaft  until  it  comes  in  contact  with  the  cervix. 
Tiie  probe  or  sound  is  then  withdrawn  and  the  depth  of 
the  uterine  canal  can  readily  be  noted. 

The  sound  should  not  be  used  to  determine  the  mobil- 
ity of  the  uterus.  It  is  such  a  powerful  lever  'tliat  the 
uterine  mucosa  will  be  unnecessarily  injured  even  if 
worse  damage  is  not  done.  The  degree  of  mobility  of 
the  uterus  can  be  determined  better  and  more  safely  by  the 
bimanual  examination.  In  the  healthy  uterus  the  sound, 
if  skilfully  passed,  should  not  cause  either  pain  or  hemor- 
rhage. The  occurrence  of  one  or  both  of  these  symptoms 
denotes  a  diseased  condition  of  the  endometriiim.  The 
patency  of  the  external  and  internal  os,  irregularities  on 
the  uterine  mucosa,  and  the  presence  of  growths  in  the 
canal  are  ascertained  by  means  of  the  sound.  The  sense 
of  touch,  as  communicated  through  tlie  sound,  is  here 
brought  into  play,  and  this  necessitates  that  the  instru- 
ment must  be  held  very  lightly  between  the  thumb  and 
fingers  in  order  to  appreciate  any  delicate  variation. 

The  use  of  the  sound  as  a  repositor  is  to  be  condemned. 
Any  evidence  of  acute  inflammation  of  the  uterus  or  its 
appendages  prohibits  any  intra-uterine  manipulations. 

Tlie  Curette.— The  curette  is  a  valuable  instrument  for 
diagnostic  purposes.  The  curette  for  this  purpose  should 
be  small,  so  as  to  pass  the  internal  os  without  difficulty. 
It  should  be  dull  and  very  flexible,  so  that  no  damage 
can  be  done  with  it.  The  spoon-shaped  curette,  as 
shown  in  Fig.  2434,  is  especially  adapted  for  diagnosis, 
although  a  dull  wire  curette  may  be  used.  The  spoon 
curette  enables  one  to  scrape  off  shreds  of  tissue  and 
epithelium  from  the  endometrium,  which  should  be  ex- 
amined under  water  to  disclose  their  gross  appearance, 
while  they  are  to  be  submitted  to  microscopic  examina- 
tion for  more  accurate  diagnosis.  All  that  has  been  said 
m  regard  to  employing  tlie  sound  applies  equally  to  the 
curette.  The  instrument  must  be  properly  sterilized, 
and  given  the  shape  of  the  canal  which  has  been  accu- 
rately ascertained  by  means  of  the  sound  or  probe  It  is 
to  be  used  with  all  gentleness.  The  curette  is  not  to  be 
used  m  the  office  to  curette  the  uterus  as  for  an  operation  ■ 
It  should  serve  simply  as  a  means  of  procui-ing  a  small 
amount  of  tissue  or  debris  from  the  uterine  canal  for 
diagnosis  only. 

Dilatation  of  the  Cenix.—Thin  is  a  procedure  whicli  is 
somefjimes  necessary  in  order  to  admit  the  passage  of  tlie 
examiner  s  finger  into  the  uterine  canal  for  purposes  of 
diagnosis.  As  it  is  of  such  a  nature  as  to  require  an 
anassthetic  for  its  proper  peiformance,  as  well  as  the 
usual  preparations  for  a  surgical  operation,  its  descrip- 
tion does  not  belong  m  this  article 

_   Examination  of  the  Urethra  and  Bladder. -This  subiect 
IS  fully  treated  in  Volume  II.  of  this  work     ^'"'"''""J'''^' 

The  A.ipiraHuf/  Syringe.-The  ordinary  aspirating 
fJ^M  f>."f  ■  '"  '^^P'°"ng  ««  chest  for  pleuritic  effusions 
IS  ail  that  is  necessary.  It  is  desirable  to  have  a  long 
curved  needle,  as  the  curve  greatly  facilitates  its  intro 
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microscope  is  of  prime  importance  in  investigating  the 
character  of  vaginal  or  other  discharges.  In  fact  it  is 
impossible  to  be  sure  of  the  character  of  a  discharge 
without  its  aid.  As  the  important  position  that  the 
gonococcus  holds  as  an  etiological  factor  in  diseases  of 
women  becomes  better  known,  the  necessity  for  the  use 
of  the  microscope  by  the  gynaecologist  appears  in  a 
clearer  light.  Commencing  epithelioma  and  carcinoma 
are  to  be  detected  with  positiveness  only  by  submitting 
uterine  scrapings  or  small  pieces  of  cervical  tissue  to  mi- 
croscopical examination.  It  must  also  be  resorted  to,  in 
many  cases,  in  differentiating  malignant  from  non-malig- 
nant growths.  George  Gray  Ward,  Jr. 

H>€IVIATEIVIESIS.     See  ,S'<o//»rc/t,  Diseimaof. 

H/€MATIDROSIS  is  a  functional  disturbance  of  the 
sweat  apparatus  whereby  blood,  through  diapedesis  into 
the  coils  and  ducts  from  their  surrounding  vascular 
plexus,  becomes  mingled  with  the  sweat  and  appears 
with  it  upon  the  normal  skin,  producing  the  phenomenon 
of  so-called  "  bloody  nweat. "  It  is  an  exceedingly  rare  occur- 
rence, and  when  observed  the  subject  has  been  generally 
a  highly  neurotic  person  undergoing  some  strong  emo- 
tional disturbance.  In  some  instances  it  has  seemed  to  be 
a  form  of  vicarious  menstruation.  It  has  been  observed 
in  the  newborn.  The  points  where  it  has  been  observed 
to  occur  are  the  face,  ears,  umbilicus,  feet  and  hands  in 
limited  areas,  giving  rise  to  the  term  "  bleeding  stigmata  " 
and  other  names.     Treatment  is  that  of  the  patient. 

Charles  Town^hend  Dade. 

Hy€lVlATOCELE,     RETRO-UTERINE     OR     PELVIC. 

See  Bxtra-  Uterine  Pregnancy. 

H/EMOGALLOL,  H/EMOL.— Two  patented  compounds 
prepared  from  the  coloring  matter  in  the  blood  and 
thought  to  be  more  readily  absorbed  than  other  prep- 
arations of  iron.  The  first  is  obtained  by  the  action 
of  pyrogallol,  the  latter  by  the  action  of  zinc  dust. 

HiBmogallol  is  a  brownish-red  powder,  very  soluble  in 
water.  The  dose  is  from  gr.  v.  to  x.  three  times  a  day. 
Hfemol  is  a  black  powder,  also  very  soluble  and  admin- 
istered in  the  same  dose.  They  have  been  recommended 
for  the  treatment  of  chlorosis  and  antemia. 

Beaumont  iSmuU. 

H/EMOLYMPH  GLANDS.  (HISTOLOGY  AND  PA- 
THOLOGY.)—The  hiemolyniph  glands  are  Ivmphadenoid 
structures  occupying  a  position  intermediate  between 
the  spleen  and  ordinary  lymphatic  glands.  In  structure 
they  closely  resemble  the  latter,  the  essential  difference 
between  the  two  being  that  they  possess  blood  sinuses 
in  place  of  lymph  sinuses.  Transition  forms  between 
the  two,  however,  exist;  a  gland  may  contain  both 
lymph  and  blood  sinuses ;  but  the  presence  of  the  latter, 
however  small,  is  suflicient  warrant  for  its  classification 
as  a  hsemolymph  gland.  There  arc  also  transition  forms 
between  the  hsemolymph  glands  and  spleen,  many  of 
the  former,  particularly  in  the  lower  animals,  possessing 
a  spleen-like  pulp.  The  spleen  itself  may  be  regarded 
as  a  haimolymph  gland ;  and  undoubtedly  many  of  the 
so-called  accessory  spleens  fall  into  the  class  of  hsemo- 
lymph glands. 
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Occurrence. — The  existence  of  haemolymph  glands 
was  first  noticed  in  the  lower  animals,  particular!}'  those 
used  for  food  purposes.  In  the  steer,  pig,  and  sheep 
these  structures  are  very  numerous  in  the  prevertebral 
fat,  and  conspicuous  because  of  their  deep  blood  color. 
From  their  number  and  size  in  these  animals  it  is  reason- 
able to  suppose  that  their  function  is  of  importance. 
Butchers  and  meat  dealers  have  long  been  acquainted 
with  tlieir  gross  appearances,  but  have  usually  regarded 
them  as  blood  clots.  From  the  scientific  side  they  have 
been  strangely  neglected,  though  as  early  as  1857  Ley- 
dig  pointed  out  the  close  resemblance  between  these 
glands  and  the  spleen.  More  recently  they  have  become 
objects  of  scientific  investigation,  and  have  been  found 
to  be  present  also  in  the  goat,  horse,  dog,  rat,  guinea- 
pig,  common  fowl,  and  turkey. 

Their  presence  in  man  has  only  lately  become  a  matter 
of  careful  study,  though  lymph  glands  with  blood - 
containing  sinuses  have  been  many  times  observed. 
Such  findings  were,  however,  interpreted  as  ordinary 
lymph  glands  into  whose  lymph  sinuses  there  had  been 
a  hemorrhage  or  backward  flow  of  blood.  H.  Gibbes, 
in  1884,  was  the  first  observer  to  consider  such  glands  to 
be  permanent  and  independent  structures.  A  similar 
view  was  taken  by  Robertson  in  1890,  and  to  this  ob- 
server we  owe  the  designation  haemolymph  gland,  this 
name  having  been  suggested  to  him  by  Dr.  Russell. 
The  constant  presence  of  these  glands  in  the  human  body 


First.  Ijymph  glands  containing  blood  sinuses  are  con- 
stantly present  in  the  human  body  in  all  conditions  and 
at  all  ages. 

Second.  The  structure  of  such  glands  differs  in  many 
respects  from  that  of  ordinary  lymphatic  glands;  and 
the  appearance  presented  by  hemorrhagic  lymphatic 
glands  is  wholly  unlike  that  of  a  haemolymph  gland. 

Tliird.  These  glands  in  the  human  body  show  many 
points  of  similarity  to  the  hsemolymph  glands  found  in 
the  steer  and  sheep,  and  the  latter  from  their  number, 
size,  constant  occurrence,  and  individual  structure  must 
be  regarded  as  organs  sui  generis  witliout  question. 

Location. — In  the  lower  animals  the  hsemolymph 
glands  are  found  chiefly  in  the  prevertebral  fat,  along  llie 
course  of  the  aorta,  renal  and  adrenal  vessels,  brim  of  the 
pelvis,  and  in  the  root  of  the  mesentery.  They  rarely 
extend  far  out  into  the  latter,  but  are  occasionally  found 
in  the  omentum  and  epiploica.  They  are  also  of  rare  oc- 
currence in  the  mediastinal  region.  In  man  they  are 
found  in  greatest  numbers  in  the  prevertebral,  retroperi- 
toneal, and  cervical  regions,  in  the  neighborhood  of  the 
adrenal  vessels,  along  the  brim  of  the  pelvis,  in  the  root 
of  the  mesentery,  but  rarely  extending  far  out  into  it, 
and  are  of  very  rare  occurrence  in  the  epiploica  and  omen- 
tum. They  are  also  rare  in  the  mediastinal  tissues  and 
along  the  thoracic  aorta,  except  under  conditions  in  which 
there  is  a  general  enlargement  of  all  the  hsemolymph 
glands  of  the  body,  as  in  certain  forms  of  anaemia  and 


^^c^COLO^^^^fT^^. 


P,G.  2435.-Common  Type  ot  Hsemolymph  Gland  from^Steer.  jPer^P^era,^blo,,d.ln^^^     Camera  luclda  drawing.    Leit.  ob.1ectlve  3;   eye- 


was  confirmed  later  by  Gibbes  and  Vincent,  and  more 
recently  by  the  present  writer.  Accordmg  to  the  mves- 
tigations  of  the  latter,  lymph  glands  contammg  blood 
sinuses  are  found  constantly  in  the  human  body  at  all 
ages  and  in  both  normal  and  pathological  mdividuals. 
That  these  glands  are  organs  mi  generu  and  not  hemor- 
rhagic lymphatic  glands  is  evident  from  the  following 
facts : 


leukaemia.  This  fact  suggests  the  possibility  of  new 
formation  of  these  structures  in  these  diseases  or  their 
existence  as  resting  glands  too  small  to  be  found  under 
normal  conditions. 

Histology.— B«WocA;.— Haemolymph  glands  are  found 
in  the  prevertebral  fat  of  this  animal  to  the  number  of 
several  hundred.  Their  deep  red  color  contrasted  with 
tlie  white  fat  in  which  they  lie  embedded  makes  them 
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very  conspicuous.  They  vary  in  size  from  a  pinpoint 
to  that  of  a  large  cheri-y  or  almond.  In  many  the  blood 
sinuses  occupy  so  large  a  part  of  the  gland  that  they  i-e- 
semble  blood    clots.      Their    gross    appearance    varies 


/<:r>^2 


Fig.  2436.— One  of  the  varieties  of  Hsemolymph  Gland  from  Sheep.  The  blood-sinuses  form  the  greater  part 
of  the  gland;  the  small,  irreguar  islands  of  lymphadenoid  tissue  are  surrounded  on  all  sides  by  blood- 
sinus.    Camera  lucida  drawing.    Leitz  objective  3  ;  eye-piece  No.  II.    Keduced  one-third. 


greatly  owing  to  the  different  proportions  between  the 
amount  of  lymphoid  tissue  and  the  size  of  the  blood  si- 
nuses in  different  glands.  On  microscopical  examination 
they  show  a  great  variation  of  structure  in  regard  to  the 
amount  and  ari'angement  of  the  lymphoid  tissues  and  the 
number,  size,  and  course  of  the  blood  sinuses.  The  caiJ- 
sule  of  the  gland  is  usually  very  thin  and  contains  yel- 
low elastic  tissue  and  unstriped  muscle.  The  lymplioid 
tissue  is  often  very  scanty,  consisting  of  small  islands 
lying  in  the  large  blood  sinuses,  or,  on  tlie  other  hand, 
the  greater  part  of  the  gland  may  be  composed  of  lym- 
phoid cells  while  the  sinuses  are  small.  In  the  large 
glands  trabeculas  of  connective  tissue  pass  from  the  cap- 
sule toward  the  centre  of  the  gland.  The  sinuses  are 
usually  large  and  prominent,  and  in  the  majority  of 
cases  make  up  the  greater  part  of  the  organ.  They  are 
both  peripheral  and  central,  with  communicating 
branches,  and  are  traversed  by  a  coarse  reticulum,  which 
may  be  very  scanty  or  so  close  and  mesh-like  as  to  give 
an  appearance  resembling  spleen  pulp.  The  reticulum 
is  lined  throughout  with  flattened  endothelium.  The 
lymphoid  portion  shows  usually  a  division  into  cortical 
and  medullary  zones.  Germinal  centres  may  be  present 
in  the  cortical  portion,  and  in  these  numerous  mitotic 
figures  may  be  found.  In  the  medullary  portion  the 
lymphoid  tissue  is  usually  arranged  in  columns  between 
the  blood  sinuses.  The  cells  of  the  lymphoid  areas  are 
chiefly  lymphocytes,  but  large  mononuclear  cells,  mono- 
nuclear eosinopliiles,  transitional  and  polynuclear  forms 
are  numerous.  Many  of  the  cells  of  the  i-eticulum  and 
also  of  the  endothelial  cells  lining  the  blood  sinuses  show 
a  mast-cell  granulation.  In  the  central  sinuses  large 
mononuclear  phagocytes  are  found  in  great  numbers  in 
the  meshes  of  the  reticulum,  and  these  usually  contain 
disintegrating  red  cells  and  blood  pigment.  The  glands 
are  supplied  by  numerous  large  arteries  which  on  enter- 
ing the  organ  quickly  break  up  into  small  vessels  feeding 
the  sinuses. 

-The  hsemolymph  glands  are  as  large  and  prom- 


inent in  this  animal  as  in  the  steer,  and  in  structure 
closely  resemble  those  found  in  that  animal.  As  a  rule, 
they  contain  more  lymphoid  tissue,  and  the  sinuses  are 
relatively  smaller.     Their  capsule  is  also  more  delicate. 

The  type  with  central 
lymphoid  tissue  and  peri- 
pheral sinus  is  more  com- 
mon than  in  the  ox. 
Phagocytes  containing 
red  cells  and  pigment  are 
also  less  common,  and  the 
degree  of  hoemolysis  is 
evidentl3rless.  Giant  cells 
resembling  those  of  the 
bone  marrow  are  not  in- 
frequently found  in  the 
reticulum.  A  -s-erj^  re- 
markable feature  is  the 
large  number  of  mast  cells 
present;  in  many  glands 
nearly  all  of  the  cells  in 
the  central  lymphoid  area 
may  show  this  granula- 
tion. Germinal  centres  are 
not  so  numerous  as  in  the 
glands  of  the  steer.  Red 
blood  cells  are  found 
throughout  the  reticulum 
of  the  lymphoid  areas. 

Horse. — The  hsemo- 
lymph glands  of  the  horse 
have  received  but  slight 
attention.  They  have 
been  found  chiefly  in  the 
neighborhood  of  the  kid- 
neys, no  thorough  study 
of  the  prevertebral  region 
having  been  made.  They 
appear  as  dark-red  bodies 
of  varying  size  and  shape,  the  largest  about  3.5  cm.  in 
diameter,  the  average  diameter  being  about  1.5  cm.  On 
section  they  resemble  very  clcselj'  the  glands  of  the 
sheep ;  but  usually  contain  a  larger  amount  of  lymphoid 
tissue  which  is  grouped  in  regular  nodes,  each  of  which 
is  sun-ounded  by  a  well-defined  blood  sinus,  usually  of 
uniform  width.  Cells  containing  disintegrating  red  cells 
and  blood  pigment  are  numerous,  more  so  than  in  the 
case  of  the  steer  and  sheep. 

Ooat. — Hoemolymph  glands  similar  to  those  in  the  steer 
and  sheep  are  stated  to  have  been  found  in  this  animal, 
but  no  detailed  description  has  been  given  of  them. 

Pig. — The  first  observations  of  hoemolymph  glands 
were  those  made  by  Leydig  in  1857,  on  the  gross  ap- 
pearances of  glands  lying  along  the  thoracic  aorta  in  the 
pig,  which  bore  a  close  resemblance  to  splenic  tissue,  and 
were  regarded  by  him  as  intermediate  structures  between 
lymphatic  glands  and  the  spleen.  Hsemolymph  glands 
are  also  mentioned  by  Clarksou  as  occurring  in  this  ani- 
mal, but  no  description  of  their  microscopical  appearance 
has  ever  been  published. 

-Doi/.— Ha'inolymph  glands  occur  constantly  in  the  pre- 
vertebral peritoneal  fat,  along  the  brim  of  the  pelvis,  and 
near  the  renal  vessels.  They  may  be  of  large  size.  In 
puppies  they  resemble  closely  those  of  the'sheep ;  but 
in  older  dogs  they  are  not  very  easily  distinguished  by 
the  naked  eye  from  ordinary  lymphatic  glands,  in  this 
respect  being  similar  to  those  of  the  human  body.  They 
may  often  be  recognized  by  a  reddish  peripheral  zone 
or  by  red  streaks  corresponding  to  the  blood  sinuses. 
Phagocytes  are  numerous,  and  haemolysis  may  occur  to 
a  great  degree  as  shown  by  the  large  amounts  of  blood 
pigment  present. 

i?rf<.— Small  oval  or  lenticular  hfemolvmph  glands  can 
almost  always  be  found  at  the  lower  border  of  the  pan- 
creas, near  the  kidneys,  and  in  the  gastrosplenic  omen- 
*"•"      The  sinuses  are  both  peripheral  and  central ;  and 


turn. 


are  of  large  size.     They  are  usuallv  filled  with  Ved'ceils" 
but  may  be  partly  or  wholly  empty.     Phagocytes  are 
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numerous,  and  tlio  t'vidences  of  luumolysis  are  usually 
marke<l.  The  lymphoid  tissue  consists  of  both  cortical 
and  medullary  zones,  the  former  very  dense  but  showing 
no  germinal  centres. 

Guinea-Picj. — HosmoiympU  glands  have  been  observed 
in  this  animal  by  workers  in  the  writer's  laboratory. 
They  occur  in  the  pi-evertebral  tissues  as  minute  points 
usually  too  small  to  be  I'ecognized  by  the  naked  eye. 
Their  microscopical  appearance  is  very  similar  to  that  of 
many  of  the  hsemolymph  glands  in  luan.  The  sinuses 
are  small  and  are  usually  partly  collapsed,  the  lymphoid 
areas  are  dense  and  only  rarely  show  germinal  centres. 

Chicken. — Dark  red  glands  resembling  ha;raolymph 
glands  to  the  naked  cj-e  have  been  found  in  the  abdomi- 
nal fat,  near  the  stomach,  and  below  the  rectum.  On 
microscopical  examination  the  greater  ijait  of  the  gland 
is  found  to  be  composMi  of  blood  sinus  lilted  with  nucle- 
ated red  cells.  There  are  numerous  communicating 
brandies  between  the  central  and  pedpheral  sinuses. 
Pigmenit  and  phagocytics  containing  red  cells  are  abun- 
dant. Red  cells  are  nmmerous  througibout  the  reticulum 
of  the  lymphoid  areas. 

Turkey. — Glands  siimilajr  to  tlanKse  in  the  chicken  are 
found  aJso  in  the  turkey. 

Frnlms. — The  head  kidney 'Of  certain  Teleostean  fishes 
is  anal'Ogous  in  structure  to  tlie  hsemolymph  glands  of 
the  Mgher  vertebrates,  being  loamposed  of  irregular 
masses  ©f  lymphoid  tissue  separated  from  each  other  by 
blood  sinuses.     The  peripheral  sinus  is  of  large  size. 

Haemolymph  glands  have  .also  .been  sought  in  the  mon  - 
key^  radbit,  cut,  ^qiiirrel,  moii«e,  hedgehog,  mole,  pigeon, 
parrot,  duck,  frog,  tomi,  and  many  tishes  without  success. , 
As  these  investigations  were  toased  -almost  wholly  upon 
naked^eye  appearances, 
it  is  highly  probable 
that  caneful  microscopi- 
cal investigation  of  the 
tissues  of  these  animals 
will  show  them  to  be 
present. 

Ma  n. — L  y  m  p  h  o  i  d 
structures  '  containing 
sinuses  tilled  with  red 
blood  cellsare  constantly 
present  in  the  human 
body.  To  the  naked 
eye  they  are  not  nearly 
so  prominent  as  the 
glands  of  the  sheep  and 
steer  because  of  the  fact 
that  their  blood  sinuses 
under  ordinary  condi- 
tions are  more  or  less 
collapsed  after  death. 
Those  possessing  large 
sinhses  are  dark  red  in 
color;  those  with  small 
or  collapsed  sinuses  are 
recognized  by  their  dark 
peripheral  zone  and  red 
streaks  corresponding  to 
the  blood  sinuses.  The 
search  for  these  glands 
may  be  greatly  facili- 
tated by  fixing  the  pre- 
vertebral tissues  in  four- 
percent,  formalin, 
which  bleaches  other 
tissues,  but  darkens  the  ,     , ,      ,     . 

blood-containing  areas.  In  this  way  the  blood  sinuses 
are  brought  out  very  much  more  distinctly.  _ 

The  human  hfcmolymph  glands  vary  greatly  in  loca- 
tion number,  and  size,  seldom  occurring  in  exactly  sim- 
ilar manner.  They  are  larger  and  consequently  more 
easily  found  in  early  adult  life  than  in  old  age,  becoming 
atrophic  in  late  years.  They  are  present  in  the  new- 
born No  difference  has  been  observed  in  their  occur- 
rence in  the  sexes.     They  lie  for  the  greater  part  deeply 


embedded  in  fat  tissue,  and  possess  a  very  lich  vascular 
supply.  The  average  size  is  tluit  of  a  small  pea;  their 
relative  proportion  to  ordinary  lymphatic  glands  is 
1  to  20-1  to  50,  but  in  some  cases  they  are  found  in 
such  large  numbers  as  to  suggest  the  possibility  of 
new  formation  or  of  resting  glands  taking  on  an  active 
state. 

On  microscopical  examination  the  human  liKinolymph 
glands  show  an  exceedingly  great  variation  in  structure. 
It  would  seem  inadvisable  to  attempt  to  classify  these 
variations,  inasmuch  as  confusion  would  result  from  the 
numerous  transition  forms  found.  Broadly,  two  distinct 
types  may,  however,  be  distinguished,  and  to  these  I  have 
applied  the  terms  splenolymph  glands  and  marrow-lymjyh 
gUiiids  as  indicating  their  structure  and  probable  function. 
It  must  be  understood  that  there  are  no  haid-and-fast 
lines  between  these  types,  all  possible  transition  forms 
existing  between  them,  as  also  between  them  and  ordi- 
nary lymphatic  glands. 

The" splenolymph  gland  is  the  more  common  form  and 
is  found  chiefly  in  thc^  neighborhood  of  the  solar  plexus, 
adrenal  and  renal  vessels,  and  in  the  deep  tissues  of  the 
cervical  region,  and  occasionally  in  the  mediastinal  region, 
omentum,  and  mcsentei-y.  These  glands  are  usually 
round,  possessing  a  distinct  hilum  into  which  a  large 
plexus  of  vessels  passes.  The  capsule  of  connective  tis- 
sue contains  unstriped  muscle  and  yellow  elastic  tissue. 
It  may  be  very  thick  in  proportion  to  the  size  of  the 
gland,  but  not  infrequently  is  very  thin  and  delicate. 
Prom  the  capsule  trabeculae  of  varying  size  run  into  the 
organ  cutting  it  up  into  irregular  lobules;  in  small 
glands  no  distinct  trabeculse  may  be  present.  Immedi- 
ately beneath  the  capsule  there  is  a  blood  sinus  of  vary- 


FiG  2437  —A  CominoQ  Variety  of  Haemolymph  Gland  from  the  Human  Retroperitoneal  Resion.  Peripheral, 
communicating  and  central  sinuses,  between  which  lie  the  masses  of  lymphadenold  tissue.  Camera  lucida 
drawing.    Leitz  objective  3 ;  eye-piece  No.  II.    Reduced  one-third. 


ing  width  which  usually  runs  entirely  around  the  periph- 
ery of  the  gland,  but  very  often  only  for  a  portion  of  the 
way,  being  frequently  interrupted  by  masses  of  lym- 
phoid tissue  reaching  to  the  external  capsule.  Branches 
of  the  peripheral  sinus  run  toward  the  centre  of  the 
gland  accompanying  the  trabeculae.  In  the  central  por- 
tion they  often  become  very  large  and  prominent.  The 
lumen  of  the  sinuses  is  traversed  by  a  coarse  reticulum 
through  the  meshes  of  which  the  blood  circulates.     In 

469 


Hseinolympk 
Glands. 


REFERENCE  HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


the  large  central  sinuses  the  reticular  meshwork  may  at 
times  be  very  scanty. 

The  reticulum  of  "the  sinus  appears,  in  part  at  least,  to 
be  lined  with  endothelial  cells,  but  these  are  with  great 
difficulty  made  out,  and  in  many  places  the  blood  seems 
to  be  in  direct  contact  with  the  reticular  surfaces.  The 
circulation  is  therefore  of  the  type  described  as  sinu- 
soidal. The  nuclei  of  the  cells  of  the  reticulum  stain 
much  more  lightly  than  those  of  the  neighboring  lym- 
phoid tissue.  There  is  apparently  a  direct  continuation 
of  the  sinus  reticulum  with  the  reticulum  of  the  lym- 
phoid areas ;  and  the  latter  may  be  regarded  as  the  same 
structure  enclosing  in  its  meshes  masses  of  lymphocytes. 
The  number  and  size,  as  well  as  the  general  arrangement 
of  the  blood  sinuses,  ^'ary  greatly,  so  that  scarcely  any 
two  glands  resemble  each  other  in  these  respects. 

The  lymphoid  tissue  lying  between  the  blood  sinuses 
resembles  that  of  the  spleen  or  ordinary  lymphatic  gland. 
It  varies  very  much  in  amount,  sometimes  forming  a 
mere  network  between  the  sinuses,  while  in  other  cases 
it  may  form  the  chief  part  of  the  gland.  Usually  the 
greater  mass  of  l_yraphoid  tissue  is  toward  the  peripher}', 
forming  the  inner  border  of  the  peripheral  sinus;  but 
frequently  extending  to  the  capsule,  breaking  up  the 
peripheral  sinus  into  small  sections  that  run  for  a  short 
distance  only.  Small  round  collections  of  lymphoid  cells 
resembling  splenic  follicles  are  often  seen.  These  occur 
more  frequently  at  or  near  the  periphery,  but  they  may 
occasionally  "be  found  near  the  central  portion  of  the 
gland.  They  may  be  partly  or  wholly  surrounded  by 
the  blood  sinus.  The  cells  in  the  central  portion  of  the 
follicle  stain  more  lightly  than  those  at  its  periphery. 
Serial  sections  show  that  these  nodes  are  almost  perfectly 
round  in  the  majority  of  cases.  Usually  they  possess  no 
arterial  relations,  but  occasionally  a  small  capillary  is 
found  in  them  which  under  certain  pathological  condi- 
tions may  become  gradually  converted  into  a  small  ar- 
teriole with  thickened  walls.  The  resemblance  in  this 
case  to  the  splenic  follicle  is  very  complete. 

The  cells  of  the  lymphoid  area  are  for  the  greater  part 
small  lymphocytes.  These  vary  greatly  with  respect  to 
the  relative  size  and  staining  power  of  the  nucleus  and 
the  relative  amount  of  protoplasm.  Next  to  the  small 
lymphocytes  the  large  mononuclear  leucocytes  are  the 
most  common  form  present.  These  also  vary  much  in  size, 
form,  and  staining  power.  Transitional  and  polynuclear 
leucocytes  are  also  present  in  varying  numbers.  A  small 
number  of  basophile  and  mononuclear  eosinophiles  is  also 
usually  present;  mast  cells  are  rare  in  the  majority  of 
cases,  but  occasionally  a  gland  may  be  found  in  which 
the  majority  of  the  cells  of  the  central  portion  are  mast 
cells,  as  is  so  frequently  the  case  in  the  haemolymph 
glands  of  the  steer  and  sheep. 

The  reticulum  of  the  lymphoid  areas  resembles  that  of 
the  blood  sinuses,  and  is  directly  continuous  with  it. 
In  its  meshes  lie  the  cells  of  the  lymphoid  tissue  and  also 
numerous  red  blood  cells.  The  latter  fact  suggests  the 
presence  in  the  lymphoid  tissue  of  very  fine  blood  spaces 
similar  to  those  in  the  spleen  pulp,  but  differing  from  the 
latter  in  that  the  blood  spaces  are  smaller  and  the  reticu- 
lum is  more  dense.  The  reticulum  of  the  large  sinuses  is 
much  more  abundant  and  of  a  coarser  mesh  than  that  of 
the  lymph  sinuses  of  the  lymphatic  glands.  Small 
fibrillre  of  elastic  tissue  and  unstriped  muscle  may  be 
scattered  through  it.  In  its  meshes  there  are  constantly 
present  large  mononuclear  phagocytes  containing  disin- 
tegrating red  cells  and  blood  pigment.  These  cells  are 
also  found  in  the  reticulum  of  the  lymphoid  tissue  in 
connection  with  free  pigment ;  but  they  are  always  more 
numerous  in  the  reticulum  of  the  medullary  sinuses  than 
elsewhere.  Under  normal  conditions  their  number  in 
individual  glands  varies  greatly,  the  appearances  sug- 
gesting a  possible  cyclical  function  of  hemolysis. 
Glands  containing  many  of  these  cells  may  be  found  side 
by  side  with  others  whose  reticular  spaces  contain  but 
few.  The  same  appearances  are  found  in  the  hsemo- 
lymph  glands  of  the  lower  animals,  particularly  in  those 
of  the  dog  and  rat.     Multinuclear  giant  cells,  eosinophile, 
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basophile,  and  mast  cells  may  at  times  be  found  in  the 
reticular  meshes.  The  origin  of  the  phagocytes  has  not 
yet  been  definitely  determined;  they  may  arise  either 
from  leucocytes  or  from  the  endothelial  cells  lining  the 
reticulum. 

Scattered  masses  and  droplets  of  a  fuchsinophile  hya- 
line substance  are  often  found  throughout  the  lymphoid 
tissue ;  they  are  usually  most  numerous  toward  the  per- 
iphery of  the  gland.  They  are  frequently  seen  as  highly 
retractile  spherules  lying  in  the  meshes  of  the  reticulum 
or  enclosed  in  phagocytes.  They  are  evidently  the  prod- 
uct of  the  destruction  of  red  cells,  as  all  stages  of  their 
formation  can  be  found.  In  some  cases  the  spherules 
are  seen  partly  extruded  from  the  phagocyte.  They  fre- 
quently give  "an  iron  reaction,  especially  those  found  in 
phagocytic  cells. 

Makkow-lymph  Glands.— This  type  of  hsemolymph 
gland  is  of  very  much  less  frequent  occurrence  in  the 
normal  body;  but  is  much  more  prominent  in  certain 
pathological  conditions,  suggesting  the  possibility  of 
resting  glands  or  new  formations.  In  some  cases  they 
appear  to  arise  directly  out  of  adipose  tissue.  They  have 
been  found  only  in  the  retroperitoneal  region,  along  the 
vertebrae  and  brim  of  pelvis,  and  always  in  close  proxim- 
ity to  the  large  vessels,  abdominal  aorta,  vena  cava,  com- 
mon iliacs,  adrenal  and  renal  vessels.  They  are  present 
most  frequently  behind  the  aorta  or  between  it  and  the 
vena  cava.  These  glands  are  usually  flattened  and 
elongated,  their  greatest  dimension  lying  parallel  to  the 
axis  of  the  neighboring  vessel.  They  may  possess  a 
distinct  hilum,  but  the  number  of  vessels  entering  is  not 
so  great  as  in  the  case  of  the  splenolymph  gland.  Lymph 
vessels  are  also  found  in  connection  with  these  glands. 
Not  rarely  the  marrow-lymph  gland  is  found  as  a  slender 
cylinder  several  centimetres  in  length  embedded  in  fat. 
On  section  these  glands  are  white  or  pinkish  in  color 
with  fine  red  streaks  corresponding  to  the  course  of  the 
blood  sinuses.  Their  consistence  is  very  soft,  and  on 
section  they  present  an  almost  homogeneous  surface. 

The  capsule  is  thin  and  contains  but  little  unstriped 
muscle  and  yellow  elastic  tissue.  Delicate  trabeculse  run 
from  it  toward  the  centre  of  the  gland.  Beneath  the 
capsule  there  is  a  peripheral  blood  sinus  of  small  size 
which  usually  runs  entirely  around  the  gland,  and  from 
this  there  are  narrow  branching  sinuses  accompanying 
the  trabeculae  toward  the  centre  of  the  gland.  All  of  the 
sinuses  are  filled  with  a  coarse  reticulum  through  the 
meshes  of  which  the  blood  circulates.  Dilated  sinuses  as 
in  the  splenolymph  glands  are  not  present.  The  course 
of  the  sinuses  is  distinctly  shown  by  the  lighter  staining 
nuclei  of  the  reticulum  and  the  presence  of  red  cells. 
Lymph  sinuses  may  also  be  present.  Between  the  si- 
nuses lies  the  lymphoid  tissue  arranged  in  irregular  lob- 
ules. It  is  in  much  greater  amount  than  in  the  case  of 
the  splenolymph  glands.  Throughout  the  lymphoid 
tissue,  near  the  central  portion  of  the  gland,  fat  cells  are 
present,  either  singly  or  in  small  groups.  This  may  be 
regarded  as  one  of  the  most  striking  characteristics  of 
this  type.  Collections  of  cells  resembling  follicles  are 
not  present.  The  reticulum  of  the  lymphoid  areas  is 
more  delicate  and  scanty,  and  contains"  but  little  elastic 
tissue.  The  cells  of  the  lymphoid  areas  present  a  much 
more  striking  variety  of  form  and  staining  properties 
than  in  the  splenolymph  glands.  Mononuclear  eosino- 
philes and  mast  cells  are  more  numerous;  and  multi- 
nuclear  as  well  as  large  mononuclear  forms  with  deeply 
staining  knobbed  nuclei  may  be  present.  Giant  cells 
resembling  those  of  the  bone  marrow  are  occasionally 
found,  and  in  certain  pathological  states  of  the  blood 
may  be  very  numerous.  No  nucleated  red  cells  have 
been  found  under  normal  conditions.  Phagocytes  con- 
taining red  cells,  pigment,  fuchsinophile,  hyaline  bodies, 
and  leucocytes  occur  to  a  less  extent  than  "in  the  spleno- 
lymph glands.  Numerous  red  cells  are  found  scattered 
throughout  the  reticulum  of  the  lymphoid  tissue  sug- 
gestmg  the  presence  of  smaller  blood  spaces. 

Transition  forms  between  spleno-  and  marrow-lymph 
glands  are  found,  and  also  between  the  latter  and  ordi- 
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Fig.  2438.— Portion  of  Human  Hfemolvrnph  Gland  (Marrow-lymph  Gland)  from  Retroperitoneal  Beglon  of  an 
Individual  who  had  Died  of  Hemorrhage  from  the  Noae.  In  the  lymphadenoid  tissue  are  giant  cells 
resembling  those  of  the  marrow,  nucleated  red  cells,  mononuclear  eosinophlles,  etc.  A  numher  of  fat  cells 
are  also  seen  scattered  through  the  lymphadenoid  tissue.  Leitz  objective  No.  7 ;  eye-piece  No.  IV. 
duced  one-third. 


nary  lymphatic  glands.  The  various  forms  found  are 
such  as  to  suggest  the  idea  that  hsemolymph  glands  are 
not  permanent  structures  in  any  one  form,  but  possibly 
show  a  certain  amount  of  fluctuation.  Thus  the  blood 
sinuses  may  become  in- 
creased in  size  by  a  de- 
crease of  the  lymphoid 
portion,  while,  on  the 
other  hand,  an  increase 
of  lymphocytes  may  oc- 
cur at  the  expense  of  the 
blood  sinuses. 

ClKCULATION.  —The 
exact  mode  of  circula- 
tion in  the  hsemolympli 
glands  has  not  yet  been 
worked  out.  It  is  prob- 
able that  the  arteries  en- 
tering the  hilum  quickly 
divide  into  smaller 
branches  which,  passing 
toward  the  periphery, 
empty  into  the  blood 
sinuses  from  which  the 
blood  is  again  gathered 
into  veins  which  pass 
out  at  the  hilum  or 
obliquely  through  the 
capsule.  The  circula- 
tion in  the  sinuses  is  of 
the  type  known  as  sinu- 
soidal, only  the  endothe- 
lium separating  the 
blood  from  the  cells  in 
the  reticular  meshes. 
The  current  in  these 
spaces  must  be  very 
slow,  and  a  long  period 

of  time  must  be  required  for  the  complete  circulation 
through  the  intricate  meshes  of  the  reticulum  crossing 
the  sinuses.  The  relations  of  the  lymphatic  and  blood 
systems  in  these  glands  are  also  unknown.  It  is  possible 
that,  in  the  human  body  at  least,  a  mixture  of  blood  and 
lymph,  the  so-called  hsemolymph,  may  be  present  in  the 
sinuses,  and  that  direct  communication  between  the  two 
systems  occurs  in  these  glands. 

Development. — No  work  has  yet  been  done  upon  the 
development  of  these  structures.  They  are  found  as 
fully  developed  organs  in  the  new-born  child,  and  have 
been  found  at  an  early  period  in  the  foetal  calf.  They 
are  without  doubt  to  be  regarded  as  Individual  organs 
whose  early  stage  of  development  runs  parallel  with 
those  of  the  lymphatic  glands.  Under  certain  patholog- 
ical conditions  it  is  possible  that  they  may  be  developed 
from  ordinary  lymphatic  glands  or  from  adipose  tissue 
in  compensation  for  the  spleen  or  bone  marrow. 

Function.— The  hajmolymph  glands  are  so  numerous 
in  the  steer  and  sheep  that  their  function  is  obviously  of 
importance.  In  other  animals  and  in  man,  while  con- 
stantly present,  they  do  not  under  ordinary  circumstaiices 
attract  attention  through  either  their  numbers  or  their  size. 
The  constant  presence  of  phagocytes  contaming  dismte- 
grating  red  cells  and  pigment  would  indicate  that  exten- 
sive hemolysis  is  one  function  carried  on  in  these  struct- 
ui-es  As  before  mentioned,  the  presence  of  glands 
containing  many  phagocytes  in  their  sinuses  side  by  side 
with  those  whose  sinuses  contain  only  red  cells  would  in- 
dicate a  cyclical  function;  and  there  are  many  other 
appearances  to  suggest  this.  Under  normal  conditions 
no  evidence  of  the  formation  of  red  cells  has  been  ob- 
served, unless  the  occasional  presence  of  bone-marrow 
giant  cells  may  be  taken  as  an  indication  of  this  process. 
The  presence  of  these  in  the  sinuses  may,  however,  be 
explained  on  the  assumption  of  giant-cell  embolism. 
Under  pathological  conditions,  such  as  anaemia  and  leu- 
ksemia,  the  haimolymph  glands,  particulariy  those  de- 
scribed as  marrow  glands,  show  evidences  of  increased 
functional  activity  in  the  hyperplasia  of  all  the  glandular 


elements  and  the  increased  number  of  mitoses  in  the 
lymphoid  cells.  In  addition  large  numbers  of  giant  cells 
may  be  found  in  the  reticulum  of  the  sinuses  and  in  the 
lymphoid  areas,  evidently  formed  in  the  gland;  also  nu- 
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cleated  red  cells,  myelocytes,  etc.,  may  be  present,  so 
that  the  gland  may  come  to  resemble  lymphoid  marrow. 
These  changes  are  not  shared  by  the  other  lymph  glands 
of  the  body.  The  hsemolymph  glands  are  also  to  be 
regarded  as  important  centres  of  leucocyte  formation. 
After  splenectom}'  or  in  certain  pathological  conditions 
of  the  spleen  the  splenolymph  glands  may  compensate 
for  this  organ  through  hyperplasia  and  increased  hsemo- 
lytic  activity.  In  short,  the  hsemolymph  glands  normally 
possess  a  hsBmolytic  function  and  give  rise  to  leucocytes; 
under  pathological  conditions  they  may  also  become  cen- 
tres of  red-cell  formation. 

Pathology. — The  more  common  patliological  proc- 
esses, such  as  congestion,  inflammation,  tuberculosis, 
metastases  of  malignant  tumors,  etc.,  have  been  found 
affecting  these  glands  in  common  with  the  ordinary  lym- 
phatic glands.  In  a  limited  group  of  conditions  such 
striking  changes  occur  that  they  must  be  regarded  as 
specific  in  character.  These  changes  are  confined  entirely 
to  cases  showing  more  or  less  marked  pathological  alter- 
ations of  the  blood. 

AN^MiA.^In  all  of  the  cases  of  an.'emia  examined 
either  the  splenolymph  or  the  marrow-lymph  glands 
showed  changes  of  greater  or  less  extent.  These  changes 
varied  with  the  nature  and  degree  of  the  anaemia. 

Post-heinm'rhagic  Anmmia.— In  a  case  of  fatal  anaemia 
following  repeated  and  prolonged  attacks  of  epistaxis 
the  only  lymph  glands  showing  change  were  those  of 
the  retroperitoneal  region,  particularly  those  in  the 
neighborhood  of  the  solar  plexus.  These  were  moder- 
ately enlarged,  of  a  pink  color  and  soft  consistence.  On 
microscopical  examination  they  presented  a  structure  re- 
sembling in  the  most  striking  way  the  lymphoid  marrow. 
Throughout  the  reticulum  of  the  sinuses  and  lymphoid 
areas  were  numerous  giant  cells  in  all  respects  resembling 
those  of  the  marrow.  The  findings  admitted  of  but  one 
interpretation :  these  giant  cells  must  have  been  formed 
within  the  gland,  most  probably  from  the  reticulum  or 
the  endothelium  lining  it.  Large  numbers  of  mononu- 
clear eosinophiles,  nucleated  red  cells  of  large  and  small 
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size,  large  mononuclear  leucocytes  corresponding  to 
myelocytes,  and  all  possible  varieties  of  transitional 
forms  were  also  present.  The  bone  marrow  of  this  case 
showed  scattered  areas  of  lymphoid  marrow,  and  in  both 
the  liver  and  spleen  changes  were  found  suggesting  a 
return  to  a  foetal  mode  of  blood  formation.  Numerous 
nucleated  red  cells  were  present  in  the  blood.  The  re- 
maining lymph  glands  showed  only  a  fibroid  hyperplasia. 
Secondary  Cachectic  Anaemia. — In  a  large  number  of 
cases  examined  showing  a  more  or  less  severe  cachectic 
anaemia  both  marrow-  and  splenolymph  glands  showed 
increased  hfemolysis,  but  no  evidences  of  the  formation  of 
red  blood  cells  were  present. 

Splenic  Anaemia. — In  a  case  of  splenomegaly  with 
severe  aneemia,  the  patient  dying  after  splenectomy, 
numerous  minute  nodes  of  lymphoid  tissue  were  found 
scattered  throughout  the  adipose  tissue  of  the  mesentery 
and  retroperitoneal  region.  The  majority  of  these  pos- 
sessed a  small  arteriole  showing  a  much  thickened  wall ; 
in  some  cases  the  lumen  was  completely  obliterated  by 
the  proliferation  of  the  intima.  The  new  tissue  blocking 
the  vessel  in  many  cases  showed  a  hyaline  change,  and 
the  concentric  arrangement  in  some  instances  bore  a 
strong  resemblance  to  the  thymus  corpuscles.  In  some 
cases  the  hyaline  tissue  had  undergone  calcification. 
This  new  formation  of  lymphoid  tissue  resembles  very 
much  the  changes  found  in  the  omentum  of  animals 
whose  spleens  had  been  experimentally  removed,  and  is 
probably  to  be  interpreted  as  compensation  for  the  dis- 
eased spleen.  The  splenolymph  glands  in  this  case 
showed  also  such  changes  that  they  resembled  spleijic 
tissue,  both  to  the  naked  eye  and  on  microscopical  ex- 
amination, being  regarded  at  the  autopsy  as  accessory 
spleens. 

Pernicious  Anaemia. — In  five  cases  of  pernicious  anae- 
mia examined  the  changes  in  the  hsemolymph  glands 
were  so  constant  and  so  marked  that  the  writer  regards 
them  as  specific  in  nature.  In  the  more  rapidly  progress- 
ing forms  the  number  of  splenolymph  glands  is  so  great 
that  they  must  be  regarded  either  as  new  formations  or 
as  resting  glands  become  active.  In  one  case  over  sixty 
of  these  glands  were  removed  from  the  cervical,  thoracic, 
and  retroperitoneal  regions ;  and  in  another  over  thirty 
from  the  retroperitoneal  region  alone.  The  glands  aie 
enlarged  and  darker  in  color,  often  a  chocolate  brown. 
On  microscopical  examination  the  central  and  communi- 
cating sinuses  are  found  almost  filled  with  large  phago- 
cytes containing  red  cells  and  pigment.  The  processes 
of  haemolysis  are  increased,  to  an  extraordinary  degree, 
particularly  in  the  rapidly  progressing  forms.  The 
spleens  in  these  cases  showed  but  little  evidences  of  hfe- 
molysis, while  liver  and  kidneys  showed  marked  haemo- 
siderosis.  No  evidences  of  increased  activity  on  the  part 
of  the  bone  marrow  were  found ;  on  the  contrary,  in  all 
of  the  cases  there  was  marked  atrophy  of  the  red  rnarrow 
associated  with  osteoporosis  and  the  formation  of  cystoid 
cavities  filled  with  liquid  fat. 

In  one  case  of  progressive  anaemia  extending  over 
three  years,  characterized  by  repeated  severe  attacks  of 
epistaxis,  haematemesis,  and  bloody  stools,  the  only  path- 
ological changes  of  importance  found  on  autopsy  were 
in  the  retroperitoneal  lymph  glands.  These  were  enor- 
mously enlarged,  forming  an  almost  continuous  double 
row  on  each  side  of  the  abdominal  aorta  and  diverging 
below  along  tlie  brim  of  the  pelvis.  Each  gland  was  3 
to  4  cm.  in  length  and  1  to  3  cm.  in  thickness.  They 
were  almost  cylindrical,  somewhat  flattened,  and  were 
dark  red  in  color,  almost  black.  On  section  the  blood 
flowed  freely  from  the  greatly  dilated  veins.  On  micro- 
scopical examination  a  great  hyperplasia  of  the  lymphoid 
tissue  was  found,  extending  beyond  the  original  capsule 
of  the  gland  into  the  surrounding  fat  tissue.  The  ap- 
pearances suggested  strongly  the  possibility  of  a  direct 
conversion  of  fat  into  lymphoid  tissue.  Numerous 
mononuclear  eosinophiles,  nucleated  red  cells,  and  occa- 
sional giant  cells  were  present  throughout  the  reticulum 
of  the  lymphoid  areas.  Mitotic  figures  were  numerous 
The  presence  of  blood  sinuses  proved  these  glands  to  be 
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haemolymph  glands  of  the  marrow-lymph  type,  and  the 
process  was  interpreted  as  a  compensatory  hyperplasia 
for  the  bone  marrow  which  was  atrophic  and  cystoid. 

Leukaemia. — In  a  case  of  mixed  leukaemia  an  enormous 
hyperplasia  of  the  marrow-lymph  glands  similar  to  the 
above  was  found.  On  microscopical  examination  the 
blood  sinuses  were  found  filled  with  giant  cells  which 
were  also  scattered  throughout  the  lymphoid  areas. 
Mononuclear  eosinophile  cells,  nucleated  red  cells,  mye- 
locytes, and  an  almost  infinite  variety  of  leucocytes,  es- 
pecially well  shown  in  specimens  stained  with  the  tri-acid 
stain,  made  up  the  lymphoid  portions.  The  resemblance 
to  lymphoid  marrow  was  very  close,  as  in  the  case  of 
fatal  anaemia  following  epistaxis.  The  other  lymph 
glands  showed  but  slight  enlargement  due  to  the  in- 
creased number  of  leucocytes  present.  The  bone  marrow 
showed  but  little  lymphoid  increase;  the  spleen  was 
greatly  enlarged.  The  changes  in  the  marrow-lymph 
glands  are  to  be  interpreted  in  this  case  also  as  being 
evidence  of  the  ability  on  the  part  of  these  glands  to  take 
up  the  blood-forming  function  of  the  bone  marrow. 

Leucocytosis.—\n  cases  of  pyaemia  showing  marked 
leucocyte  increase  the  haemolymph  glands  exhibit  evi- 
dences of  increased  activity  in  the  cells  of  the  lymphoid 
areas,  as  shown  by  numerous  mitoses.  The  mononuclear 
eosinophiles  are  also  increased  in  number,  and  nucleated 
red  cells  and  giant  cells  may  also  be  found. 

Experimental  Patiiology.  —  In  animals  whose 
spleens  have  been  removed  the  haemolymph  glands  show 
hyperplasia  and  evidences  of  increased  haemolysis.  In 
poisoning  with  hsemolytic  agents  such  as  pyrogallic 
acid,  muscarin,  toluylendiamin,  etc.,  these  glands  show 
greatly  increased  haemolysis,  the  sinuses  being  packed 
with  phagocytes  containing  red  cells  and  pigment. 

SuJiMARY. — By  the  above  cases  it  is  shown  that  under 
pathological  conditions  of  either  the  spleen  or  bone  mar- 
row, the  haemolymph  glands  may  assume  either  a  haemo- 
lytic  or  a  haematopoietic  function ;  and  that  in  all  condi- 
tions characterized  by  increased  haemolysis  the  chief  seat 
of  the  blood  destruction  appears  to  be  located  in  the 
sinuses  of  these  organs.  Aldred  Scott  Warthin. 
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H/€MOPERICARDIUM.— Blood  in  the  pericardium  is 
a  rare  condition  and  of  small  clinical  interest. 

Etiology.— In  tuberculous  and  malignant  diseasesof  the 
pericardium,  just  as  in  similar  diseases  of  the  peritoneum 
the  exudate  is  usually  bloody.     By  haemopericardium  is 
meant  a  hemorrhage  into  the  pericardium.     Thisaccident 
occurs  under  the  following  conditions : 

(1)  As  a  result  of  traumatic  injury  from  without,  or 
by  foreign  bodies  penetrating  the  oesophagus  from  within. 

{i)  Such  hemorrhages  have  been  found  associated  with 
^'^^J^^'  P"''Pui-a,  leukaemia,  and  allied  conditions 

)A  i''"™  "'^iPture  of  the  heart  or  a  cardiac  aneurism 

(4)  jHrom  rupture  of  an  aneurism  of  the  aorta  or  pul- 
monary artery.  The  first  part  of  the  aorta  is  usually  in- 
volved and  It  may  be  by  only  a  pinhole  rupture 

(5)  if  rom  rupture  of  smaller  vessels,  namely,  one  of  the 
coronary  artenes,  or  of  vessels  in  a  new  growth 
^rmiorn^cal  Ghavacters.-T\,^  quantity  of  blood  varies 

lall ■  Wl  Pn^f ''*"'  '^'•'°  ^^^  "P-^^i^S  '°  t'>e  aorta  is 
small.  When  an  aneurism  bursts  into  the  pericardium 
the  average  amount  of  blood  usually  found  is  said  to  te 
about  seven  ounces.    When  the  hemorrhage  takes  place 
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through  a  small  hole,  it  may  reach  twenty-four  ounces. 
A  traumatic  case  has  been  reported  in  which  over  six 
pints  of  thin,  dark,  fluid  blood  were  removed  from  the 
pericardium  in  the  course  of  three  hours.  The  patient 
recovered.  The  blood  may  appear  as  a  soft,  red,  jelly- 
like clot.  A  variable  amount  of  serum  may  have  sepa- 
rated from  it. 

Clinical  History. — The  condition  may  occur  suddenly. 
The  associated  disease,  such  as  aneurism,  ma}'  have  been 
previously  demonstrated.  When  the  hemorrhage  takes 
place  through  a  large  rent,  immediate  or  very  rapid  death 
usually  occurs,  either  from  the  effects  of  the  hemorrhage, 
or  from  paralysis  of  the  heart.  The  fatal  event  may  "be 
preceded  by  grave  cardiac  symptoms.  When  the  accu 
mulation  takes  place  gradually  the  patient  may  live  for 
some  time,  complaining  of  cardiac  oppression  or  pain, 
dyspnoea,  and  faintness. 

Physical  Signs. — These  are  not  likely  to  be  noted  in  the 
sudden  cases.  When  the  progress  is  slower  there  is  a 
more  or  less  rapid  increase  in  the  area  of  cardiac  dulness ; 
the  apex  beat  disappears  and  the  heart  sounds  become 
weak. 

Treatment. — In  the  majority  of  cases  treatment  is 
limited  to  the  relief  of  symptoms.  Hsemostatics  are  use- 
less. In  the  protracted  cases  cardiac  stimulants  may 
prolong  life.  A  few  patients  recover  as  a  result  of  aspi- 
ration of  the  pericardial  sac.  James  Rae  Arneill. 

HEMOPHILIA.— (Synonyms:  Hemorrhagic  Diathesis 
or  Idiosyncrasy,  Haemorrhaphilia,  Hsematophilia,  Hered- 
ity Hemorrhage;  Ger.,  Hilmophilie,  Bluterkrankheit, 
BhitsucJit,  Blutungssncht ;  Fr.,  Hemophilic.  Otto,  an 
American  physician,  gave  the  name  Bleeder  [Ger.,  Bhtter; 
Fr..  Homme  saignant]  to  an  individual  patient.) 

Definition, — An  hereditary  and  congenital  disease, 
characterized  by  a  tendency  to  frequent,  obstinate,  and 
prolonged  hemorrhages,  external  or  interstitial,  sponta- 
neous or  traumatic,  associated  with  swelling  of  the  joints. 

History. — ^Our  knowledge  of  this  disease  is  modern. 
Its  historians  have  been  able  to  find  the  records  of  but 
few  probable  cases  or  families  prior  to  the  present  cen- 
tury, and  even  these,  with  the  exception  of  the  cases  re- 
ported by  Hochstetter  and  Sir  W.  Fordyce,  may  all  be 
considered  doubtful  examples,  and  Legg  cannot  admit 
Banyer's  case  to  be  beyond  doubt.  It  was  left  for  Amer- 
ican physicians  accurately  to  fix  the  characteristics  of 
the  disease.  Otto,  E.H.  Smith,  Hay,  the  Buel  brothers,  and 
Coates,  in  the  early  part  of  the  last  century,  and  Hughes, 
Gould,  Harris,  Hutchinson,  Holton,  and  Dunn,  in  the 
past  thirty  years,  have  been  the  chief  contributors  to  its 
literature.  The  early  writers  first  demonstrated  its  hered  ■ 
itary  nature.  In  the  second  and  third  quarters  of  the 
last  century  the  Germans  were  prolific  workers.  Nasse, 
Rieken,  Schonlein,  and  others,  were  of  the  earlier  writers. 
Wachsmuth's  monograph,  Lange's  statistics,  Virchow's 
complete  description  in  his  "Handbuch,"  the  monograph 
of  Grandidier,  the  most  complete  published,  and  the  arti- 
cle in  "Ziemssen's  Handbuch,"  by  Immermann,  familiar- 
ized modern  German  physicians  with  the  affection.  The 
exhaustive  monograph  of  Legg  is  the  principal  contri- 
bution made  by  any  English  physician. 

Etiology.— Sex  and  heredity  are  the  most  important 
factors  in  the  etiology  of  haemophilia.  It  occurs  with 
greatest  frequency  in  the  male,  the  ratio  having  been 
put  as  high  as  eleven  males  to  one  female.  Females  do 
not  usually  present  typical  cases,  and  danger  to  life  is 
less  in  the  latter  sex. 

Hereditary  disposition  is  so  essential  that  its  absence 
in  a  supposed  case  is  sufficient  to  negative  the  diagnosis, 
although,  it  is  true,  it  is  difficult,  often  impossible,  to 
trace  genealogy  among  the  lower  classes.  Legg  believes 
all  or  nearly  all  cases  may  be  traced  to  an  hereditary 
origin.  It  has  been  suggested  that  this  hereditary  ten- 
dency is  the  result  of  the  intermarriage  of  near  relations. 
The  fact  that  it  occurs  largely  among  Germans  and  Jews 
favors  this  argument,  for  in  both  classes  such  marriages 
are  common.  A  common  ancestry  for  all  bleeders  has 
been  assumed  by  some  authors. 


While  the  females  are  not  tlie  bleeders  of  a  hemophilic 
family,  the  disposition  is  transmitted  through  them. 
The  mother,  not  a  bleeder,  will  transmit  the  tendency  to 
her  sons.  They  in  turn  are  not  likely  to  conduct  the  dis 
ease  to  their  children,  but  the  tendency  passes  through 
the  daughters  to  the  grandson.  The  females  that  trans 
mit  the  tendency  are  usually  in  perfect  health,  although 
cases  have  been  reported,  in  rare  instances,  in  which  the 
mother,  a  bleeder,  transmitted  it  to  the  children  of  both 
sexes.  The  cases  are  still  more  rare  in  which  the  father, 
a  bleeder,  will  pass  down  the  tendency  to  either  the  sons 
or  the  daughters,  respectively.  A  male  non-bleeder,  in 
a  hemophilic  family,  seldom  transmits  the  disease  to  his. 
descendants.  Transmission  through  the  female  line  is. 
the  rule.  It  is  said  that  the  first-born  of  a  family  are 
less  liable  to  become  bleeders.  This  tendency  to  bleed- 
ing may  continue  for  many  generations.  The  Clitherow 
family,  reported  by  Legg,  have  exhibited  the  tendency 
for  two  hundred  years.  The  families  of  Tenna,  Switzer- 
land, trace  the  disposition  through  five  generations. 

One  peculiarity  of  bleeder  families  that  has  been  noted 
is  the  marked  intellectual  power  of  the  individuals; 
another,  the  great  fertility  of  the  families.  Although 
they  have  many  children,  few  reach  adult  age,  as  the 
number  is  much  lessened  by  death  from  hemorrhages 
in  early  life,  the  mortality  at  that  period  being  very 
great. 

The  disposition  to  bleed,  Grandidier  believes,  may 
gradually  be  lost  in  a  family.  He  has  himself  seen  one 
such  example,  and  another  has  been  reported  by  Legg. 

It  was  noted  above  that  among  Germans  haemophilia 
is  common.  In  fact,  some  think  it  a  disease  peculiar  to 
the  Anglo-Germanic  races.  Dunn's  analysis  of  219  fam- 
ilies shows  its  distribution  about  as  follows :  Germany, 
94;  Great  Britain,  52;  North  America,  23;  France,  22; 
Prussia  and  Poland,  10;  Switzerland,  9;  and  the  remain- 
der in  other  European  countries.  The  condition  is  rarely 
found  in  the  negro,  as  has  been  pointed  o>it  recently  by 
Steiner  (Johns  Hopkins  Hosp.  Reports,  1900)  who  re- 
ports one  case  and  refers  to  one  other  decribed  by  Had- 
look. 

Haemophilia  spares  no  social  class,  though  cases  are 
reported  more  frequently  from  the  middle  and  lower 
classes.  Its  presence  or  absence  is  not  influenced  by 
geographical  position,  and  the  nature  of  the  food  is  also 
without  effect  on  it. 

While  it  has  been  asserted  of  many  cases  of  haemo- 
philia that  they  arose  spontaneously,  yet  nothing  is 
known  of  the  circumstances  contributing  to  their  origin. 
Legg  rightly  criticises  the  case  of  Mutzenbecher,  in 
which  the  disease  was  reported  to  have  arisen  de  noi-o. 
A  mother,  suckling  hei'  child,  received  a  great  fright, 
after  which  the  child  nursed.  Shortly  afterward  symp- 
toms of  haemophilia  developed.  Two  other  sons,  also 
bleeders,  were  subsequently  born,  a  fact  which  renders 
very  probable  the  hereditary  transmission  in  this  case. 

The  circumstances,  aside  from  traumatism,  influencing 
the  occurrence  of  hemorrhage,  or  which  may  be  the  pre- 
disposing or  exciting  causes  of  the  accident,  in  a  person 
belonging  to  a  liaBmophilic  family,  are  the  age,  the  con- 
stitution, and  the  temperament  of  the  individual;  the 
time  of  day,  the  season  of  the  year,  and  the  climate. 
Hemorrhages  have  not  appeared  for  the  first  time  after 
the  twenty-second  year;  it  is  rare  for  them  to  appear 
after  the  twelfth  year,  and  in  the  larger  number  of  in- 
stances the  first  attack  occurred  before  the  fifth  year. 
Its  most  usual  appearance  is  about  the  end  of  the  first 
year.  Hemorrhage  from  the  umbilicus,  after  sloughing 
of  the  cord,  is  very  rare. 

Bleeders  are  always  in  good  health  except  that  they 
suffer  from  anaemia.  They  often  have  blue  eyes,  light 
hair,  a  thin  skin,  and  prominent  veins. 

Instances  are  recorded  in  which  the  hemorrhages  oc- 
curred most  frequently  at  night.  The  winter  season  and 
a  cold,  damp  climate  favor  attacks  of  hemorrhage. 

Those  who  consider  the  disease  to  bean  infectious  con- 
dition have  scanty  evidence  to  support  their  view.  Bac- 
teriological examinations  have  been  entirely  negative, 
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and  the  manifestations  of  the  disease  cannot  be  explained 
by  the  theory  of  infection. 

Symptoms. — The  occurrence  of  frequent,  obstinate, 
and  prolonged  hemorrhages,  spontaneous  or  traumatic, 
with  their  sequelse,  and  the  joint  manifestations,  are  the 
essential  symptoms. 

Legg  makes  three  degrees  of  hsemopliilia ;  in  the  first 
form,  the  most  typical  and  severe,  there  is  a  tendency 
to  every  kind  of  hemorrhage,  spontaneous  or  traumatic, 
interstitial  or  superficial.  The  joint  swellings  are  also 
marked.  In  the  second  form,  spontaneous  hemorrhages 
only  are  present,  with  rheumatic  pains.  In  the  third 
degree  spontaneous  ecchymoses  alone  are  observed.  The 
first  degree  is  most  often  seen  in  men,  the  second  in 
•women,  and  the  third  in  members  of  bleeders'  families. 

Exienwl  Hemorrhages. — These  are  usually  capillar}'. 
Even  a  traumatic  hemorrhage  is  of  that  nature.  In  one 
case  (Blagden's)  a  vessel  which  had  been  ligated  soon 
_gave  way  on  account  of  the  thinness  of  its  coats.  One 
of  the  cases  i-eported  by  Dunn  had  an  ulcer  in  the  nostril, 
from  which  the  spontaneous  hemorrhages  would  spring. 

Spontaneous  liemorrhages  are  often  preceded  by  pro 
dromal  manifestations.  These  are  usually  the  symptoms 
of  plethoi'a  or  nervous  sj'mptoms.  In  children  great 
cheerfulness  and  liveliness,  attacks  of  crying,  morbid 
feai-s,  and  even  convulsions,  have  been  noticed.  In 
adults,  a  good  temper,  with  great  restlessness  and  sensi- 
tive emotions,  are  seen.  Pain  is  often  complained  of  in 
the  locality  in  which  the  hemorrhage  is  about  to  occur. 
These  prodromal  symptoms  disappear  after  the  hemor- 
rhage sets  in. 

The  seat  of  the  hemorrhage  in  the  spontaneous  form 
varies  with  the  age — in  childhood,  the  nose  and  mouth 
are  the  most  frequent  localities ;  in  adult  life,  in  addition 
to  these  situations,  the  stomach,  the  bowels,  the  urethra, 
the  lungs,  the  female  generative  organs,  etc.* 

Of  interest,  in  regard  to  local  origin,  is  the  case  ob- 
served by  D.  Hayes  Aguew  (quoted  by  Osier),  in  which 
hemorrhage  occurred  from  cuts  and  bruises  above  the 
neck,  but  never  from  those  below. 

The  frequency  of  occurrence  of  spontaneous  hemor- 
rhages varies.  They  may  occur  daily,  or  at  intervals  of 
days  or  weeks.  Resal  (Legg)  points  out  two  forms  of 
spontaneous  hemorrhages.  In  one  they  are  small  in 
quantity,  but  frequently  repeated,  occur  without  pro- 
dromal signs,  and  alwa_ys  from  the  same  mucous  surface. 
In  the  other  form  there  are  prodromes,  the  hemorrhage 
is  excessive,  and  does  not  usually  cease  spontaneously. 
Just  as  it  is  impossible  to  estimate  the  usual  frequency 
of  occurrence,  so  it  is  difficult  to  calculate  the  length  of 
time  the  hemorrhages  may  continue.  It  is  variable,  from 
a  moment  to  weeks,  the  latter  with  varying  intermissions. 
Epistaxis  is  the  most  fatal  of  all  forms  of  spontaneous 
hemorrhages;  it  has  proved  fatal  in  twenty -four  hours. 

Traumatic  hemorrhages  are  due  to  blows,  cuts, 
scratches,  etc.  Even  after  the  most  trivial  operation  the 
hemorrhage  may  be  fatal.  The  amount  of  bleeding  from 
a  wound  varies  in  bleeders  from  time  to  time — at  one 
time  scarcely  any  hemorrhage  will  be  observed;  at  an- 
other, with  the  same  wound,  the  bleeding  can  scarcely 
be  checked.  So,  too,  families  appear  to  differ  as  to  the 
extent  of  injury  they  can  suffer  with  impunitj'.  In  one 
family  venesection  can  be  performed;    in  another  the 

*  The  foUowlnff  statistics  are  Interesting,  mainly  from  Grandidier 
also  quoted  by  Legg,  and  by  Osier.  Spontaneous  Hemorrhages— 
locaiities  and  frequency :  From  the  nose,  169  times;  the  mouth,  43; 
■stomach,  15;  boweis,  SB;  urethra,  IB;  lungs,  17;  cerebral  hemorrhage 
2 ;  swollen  place  on  scalp,  4 ;  tongue,  I:  flnger-tips,  4 ;  ear,  .5 ;  eyelids' 
3 ;  tear  papilla,  3 ;  lemale  generative  organs,  10 ;  ulcer  of  skin,  3  • 
navel  <long  healed),  2.  Fatal  hemorrhages  have  occurred  from  the 
follovping  vfounds  :  Blow  on  head,  11  times  ;  slight  scratches  on  skin 
•or  abrasion  of  dermis ;  laceration  of  fraenum  of  the  Up ;  slight  cut  in. 
a  duel  wound,  bite  of  the  tongue  (7  cases);  fall  on  the  mouth  ;  blow 
•on  the  nose;  blow  of  a  stone  on  the  finger;  cut  in  paring  the  nails' 
fall  on  the  head  with  meningeal  hemorrhage  (3  cases,  brothers)  ■  and 
rupture  of  the  hymen  on  the  wedding  night. 

Deaths  after  operations  :  Cutting  of  fraenum  linguae,  1 ;  leeching  .5- 
venesection,  4;  blister,  3;  extraction  of  tooth,  13;  circumcision's- 
cutting  umbilical  cord,  4 ;  vaccination,  3 ;  fistula,  stone,  ligature  of 
carotid,  of  radial,  of  ulnar,  of  femoral  arteries,  amputation  of  arm 
and  of  thigh,  1  each ;  phimosis,  3. 
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application  of  blisters  would  be  dangerous  (Legg).  A 
superficial  lacerated  wound  is  thought  to  be  more  serious 
than  a  deep,  clean-cut  one.  The  healing  of  a  wound 
may  occur  with  or  without  suppuration;  a  profuse 
bleeding,  when  it  occurs,  will  prevent  healing  by  first 
intention. 

The  amount  of  blood  lost  by  either  form  of  hemorrhage 
is  sometimes  enormous.  The  famous  case  of  Coates  lost 
half  a  gallon  in  twenty-four  hours,  and  thiee  gallons  in 
ten  days.  Thore's  case  (Legg),  that  of  a  boy  aged  five, 
lost  nearly  a  pound  from  a  small  wound. 

The  result  of  these  repeated  hemorrhages  is  a  profound, 
and  often  fatal,  anremia.  Digestive  troubles  also  often 
develop  afterward,  and  in  some  cases  a  depraved  appe- 
tite has  been  observed  (Buel's). 

Severe  palpitation.s.  dyspnoea,  vertigo,  syncope,  and 
other  cviilcuces  of  anaemia  may  be  observed.  Enlarge- 
ment of  the  heart  and  systolic  murmurs  at  the  base  and 
in  the  vessels  of  the  neck  may  be  detected.  The  urine 
after  a  hemorrhage  frequently  contains  albumin.  Fever 
has  been  observed,  but  is  not  constant. 

Ecclitjiiiim'.'i  (tu(J  Petechim,  Interstitial  Hemorrhages. — 
The}'  ma}'  be  spontaneous  or  traumatic.  The  spontane- 
ous varieties  may  occur  without  external  bleedings,  or 
may  precede  a  hemorrhage.  They  are  seen  in  early  child- 
hood. They  are  similar  in  appearance  to  purpura,  and 
are  seated  chiefl}'  on  the  trunk  and  limbs.  They  vary 
from  a  pin's  head  to  a  quarter  of  a  dollar  in  size,  are 
tender  on  pressure,  and  on  disappearing  pass  through 
the  same  changes  that  an  ordinary  traumatic  eechymosis 
does,  and  exhibit  the  same  play  of  colors.  The  trau- 
matic ecchymoses  are  larger  than  the  spontaneous ;  they 
may  cause  death  by  hemorrhage  into  the  connective  tis- 
sue. Blood  tumors^hffimatomas — may  follow  the  slight- 
est blow.  They  may  become  as  large  as  a  child's  head 
and  are  of  a  bluish-black  color.  By  some  authors  it  is 
thought  they  may  arise  spontaneously. 

Joint  Affections. — Legg  believes  that  the  joint  affec- 
tions are  sometimes  due  to  traumatism.  In  other  in- 
stances the  origin  is  not  understood,  the  exciting  causes 
being  exposure  to  cold  or  dampness,  and  variations  in 
temperature,  particularly  in  the  spring  and  autumn. 
The  larger  joints,  chiefly  the  knee-joint,  are  the  ones 
affected.  They  become  painful,  hot,  much  swollen,  soft, 
and  boggy.  Often  the  affection  develops  suddenly. 
Marked  constitutional  symptoms,  as  fever,  anorexia,  and 
general  pains,  attend  the  attack.  The  pain  is  increased 
by  motion.  The  duration  of  the  affection  varies  from  a 
few  days  to  many  months.  It  may  change  from  joint 
to  joint,  or  the  swelling  may  alternate  with  a  hemor- 
rhage. Once  affected,  the  patient  is  liable  on  the  slight- 
est provocation  to  have  a  recurrence  of  the  disease.  Re- 
peated attacks  may  lead  to  destructive  lesions  in  the 
joints,  with  crippling  and  deformity. 

Persons  affected  with  hsemophilia  often  suffer  from 
general  rheumatic  pains,  which  vary  in  degree  with  at- 
mospheric changes. 

It  is  said  that  some  bleeder  famihes  are  very  sensitive 
to  cold  and  dampness,  and  that  bleeders  are'  very  sus- 
ceptible to  the  action  of  mercury.  They  are  not  differ- 
ently affected  by  various  diseases  than  are  non-bleeders. 
"They  appear  more  liable  to  acute  affections  within  the 
chest "  (Legg).  Rheumatism  and  scrofula  are  said  to 
occur  frequentl}- ;  gout  is  very  rare.  Gangrene  is  espe- 
cially liable  to  occur  after  traumatic  hemorrhage 

MoKBiD  Anatomy.  —  The  blood  is  usually  normal 
After  a  profuse  hemorrhage  or  a  series  of  small  ones  it 
partakes  of  the  nature  of  the  blood  of  anemia.  Under 
these  circumstances  the  white  corpuscles  have  been 
found  in  excess,  the  red  in  smaller  numbers,  and  the 
haemoglobin  reduced,  i.e.,  the  natui-al  result  of  liemor- 
Jiif  ^''^  u  }^  '®  apparently  not  greatly  diminished. 

1  he  salts  are  said  to  be  increased.     Recent  studies  indi- 
cate an  actuall}'  decreased  coagulability  of  the  blood 

J  here  are  no  characteristic  anatomical  changes 
Blagden  called  attention  to  the  thinness  and  transpare-ncy 
of  the  vessels.  One  observer  found  the  large  vessels 
smaller  than  normal;  another,  an  increase  in  the Ifze  of 
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the  superficial,  in  proportion  to  tlie  central  vessels  (Im- 
mermann).  Wilson  thought  that  the  arteries  resembled 
the  veins.  Fatty  degeneration  of  the  heart  has  been 
found.  Kidd  observed  proliferation  of  the  endothelial 
cells  in  small  arteries  and  veins,  and  "  hydropic  degener- 
ation "  of  the  muscular  fibres.  Klein,  Ackland,  and  other 
observers  fail  to  confirm  these  studies.  The  joints,  when 
involved,  are  the  seat  of  blood  extravasation ;  not  only 
the  cavity  but  the  tissuesaround  are  infiltrated.  Bowlby 
has  shown  that  tlie  changes  in  the  articular  structures 
cannot  be  attributed  to  the  mere  effusion  of  blood.  As 
in  arthritis  deformans,  the  cartilaginous  covering  of  the 
articular  ends  becomes  fibrillated,  and  in  the  parts  most 
exposed  to  friction  may  be  ei'oded  and  inflamed.  There 
is  also  the  same  tendency  to  the  formation  of  ecchondroses 
which  in  time  may  become  osteophytes.  Unlike  arthritis 
deformans,  fibrous  adhesions  may  form,  resulting  in  lim- 
itation of  motion. 

Pathology. — This  is  obscure.  While  a  congenital 
fragility  of  the  vessels  is  said  to  exist,  it  has  never  been 
proven.  It  has  been  observed  that  bleeders  always  suf- 
fer from  prodromic  symptoms,  which  are  due  to  an  in- 
crease in  the  volume  of  the  blood.  Hence,  variability  in 
the  volume  has  been  invoked  as  causal.  Disturbed  in- 
nervation, diminishing  from  time  to  time  vascular  tone, 
is  thought  by  many  to  be  the  pathological  factor.  It  is 
merely  an  hypothesis,  as  have  been  all  suggestions  thus 
far  put  forward  regarding  the  pathology  of  hsemophilia. 
As  suggested  by  Eichhorst,  it  may  be  possible  that  the 
changes  in  the  blood  are  of  a  chemical  nature,  not  to  be 
discovered  by  our  present  methods. 

Diagnosis. — Many  cases  of  a  hemorrhagic  diathesis 
occur,  the  exact  nature  of  which  it  is  difficult  to  deter- 
mine. Especially  is  it  so  with  this  diathesis  in  women. 
If,  however,  there  is  no  liistory  of  heredity,  if  the  hemor- 
rhages did  not  occur  in  early  life,  prior  to  twelve  years, 
and  if  she  should  not  transmit  it  to  her  sons,  it  is  not 
likely  to  be  a  case  of  hsemophilia.  The  hereditary  pre- 
disposition, the  spontaneous  and  traumatic  hemorrhages 
setting  in  early  in  life,  and  the  joint  symptoms,  are  con- 
clusive evidence  of  the  nature  of  a  case.  Cases  arise, 
no  doubt,  in  which  heredity  cannot  be  determined,  and 
which  may  yet  be  the  founders  of  a  stock  of  bleeders. 
One  of  the  vvriter's  cases  is  possibly  of  this  class.  Since 
the  age  of  five  months  spontaneous  bleedings,  often  to 
syncope,  have  occurred;  since  puberty  (the  patient  is 
now  twenty-two  years  of  age)  plethoric  prodromes  have 
preceded  the  attacks.  The  patient  undertook  to  learn 
carpentering,  but  had  to  give  it  up  on  account  of  trau- 
matic hemorrhages.  Extractions  of  teeth  have  caused 
serious  hemorrhages.  Annually  the  patient  is  afflicted 
with  severe  joint  symptoms,  rheumatic  in  character. 

Umbilical  hemorrhage  in  the  new-born  is  not  due,  or 
but  rarely,  to  haemophilia,  but  is  usually  the  result  of 
liver  disease  or  syphilis.  The  hemorrhagic  conditions  of 
the  new-born,  probably  infectious  in  character,  referred 
to  as  transitory  hcemophilia,  spontanemis  liemorrlmge,  or 
infectiovs  hamopliilia  of  the  new-born,  can  be  distinguished 
from  true  hfemophilia  by  their  transitory  character,  the 
occurrence  of  spontaneotis  hemorrhages  in  different  parts 
of  the  body,  their  acute  course,  their  self-limited  charac- 
ter, the  early  appearance  of  symptoms,  and  the  frequency 
of  umbilical  hemorrhage,  jaundice,  and  high  fever. 
Purpura,  simplex  and  hemorrhagica,  scurvy,  peliosis 
rheumatica,  toxic  and  septic  purpura,  must  be  ex- 
cluded. ,      .  ^  ,      _, 

Prognosis.— The  first  bleedmg  is  rarely  tatal,  Ine 
younger  the  patient,  the  more  grave  the  prognosis 
Hsemophilia  is  more  serious  in  boys  than  m  girls,  and 
more  so  in  the  delicate  than  in  the  strong.  With  advanc_ 
ing  years  the  prognosis  improves.  Often,  especially  it 
the  patient  suffer  from  joint  complication,  the  tendency 
to  hemorrhage  may  disappear  for  a  number  of  years. 
Long-continued  oozing  is  a  serious  form  of  hemorrhage. 
The  bleeding  after  the  extraction  of  a  tooth  is  very  seri- 
ous, as  is  also  the  hemorrhage  from  lacerated  and  con- 
tused wounds.  Face  injuries  are  also  serious. 
Tbbatment.— If  a  person  sufiEering  from  hemophilia 


present  the  symptoms  indicative  of  an  attack  of  hemor- 
rhage, an  active  purgative  should  be  administered  and 
the  patient  put  on  low  diet  without  stimulants.  Often 
an  attack  is  averted  thereby.  Otto  advised  the  sulphate 
of  soda ;  Fonlyce,  the  sulphate  of  magnesia.  Venesec- 
tion has  been  resorted  to  under  similar  circumstances.  If 
a  spontaneous  hemorrhage  occur,  opinions  diflfer,  whether 
to  check  it  or  not  is  advisable.  Wachsmuth,  Legg,  Frish, 
and  others  claim  that  apoplectic  symptoms  or  grave 
dyspnoea  may  arise  if  it  is  checked.  The  latter  author 
advocates  venesection.  It  is  certain,  if  the  hemorrhage 
is  not  too  profuse,  a  bleeder  always  feels  better  after  it. 
When  it  is  decided  to  clieck  the  hemorrhage  the  method 
of  treatment  dej^ends  largely  on  the  seat  of  the  bleeding, 
and  is  similar  to  the  plan  adopted  in  the  traumatic  varie- 
ties if  it  arise  from  external  parts.  Internal  remedies  are 
more  frequently  required  in  the  spontaneous  form,  but 
are  used  in  both.  Ergot  or  ergotin,  the  latter  by  mouth 
or  hypodeiTnatically,  hamamelis,  gallic  acid,  opium, 
alum,  turpentine,  and  preparations  of  iron,  have  been 
used  with  benefit.  Legg  recommends  the  tincture  of  the 
perchloride  of  iron,  thirty  to  forty  minim  doses  every 
two  hours,  together  with  a  purge  if  there  is  no  in- 
testinal hemorrhage.  Transfusion  may  be  resorted  to 
when  external  and  internal  remedies  are  used  without 
avail. 

The  principles  that  govern  the  treatment  of  any  trau- 
matic hemorrhage  apply  in  a  case  of  hssmophilia.  A 
few  of  the  usual  methods  must  be  modified  as  follows: 
Ligation  of  the  artery  should  never  be  performed;  the 
actual  cautery  should  be  used  as  a  last  resort  only ;  care 
in  exercising  pressure  should  be  used  on  account  of  the 
possibility  of  ecchymoses  and  sloughing  taking  place; 
plugging  of  the  nares  should  only  follow  failures  to  con- 
trol bleeding  by  other  means.  The  wound  should  be 
cleansed,  rest  secured,  compression  used,  the  artery 
pressed  upon  if  possible,  cold,  and  especially  ice,  or  very- 
hot  water  applied  to  the  bleeding  parts,  and  finally, 
stj'ptics,  as  the  astringent  salts  of  iron,  preferably  Mon- 
sel's  solution,  the  nitrate  of  silver,  alum,  and  other  well- 
known  astringents  should  be  tried.  The  famous  styptic 
of  Pancoast  is  a  clean  and  most  efficient  application. 
Gelatin  in  five-per-cent.  solution  may  be  used.  A  hem- 
orrhage from  the  extraction  of  teeth  may  be  controlled 
b.y  means  indicated  above,  by  replacing  the  tooth  in  its 
socket,  by  taking  a  plaster-of -Paris  cast  of  the  jaw,  by 
retaining  the  jaw  in  position  by  a  roller  bandage,  or 
finally  by  the  cautery. 

Recently  the  physiological  principles  of  coagulation 
have  been  applied  to  the  treatment  of  hemorrhage. 
A.  E.  AVright  recommends  the  local  use  of  a  solution  of 
fibrin  ferment  in  an  aqueous  calcium-chloride  solution. 
Schmidt  and  von  Manteufl'el  have  controlled  a  hemorrhage 
after  tooth  extraction  by  application  of  Schmidt's  zymo- 
plastic  substance  after  cocainization.  For  the  epistaxis 
Wright  also  recommends  the  inhalation  of  carbon  dioxide 
through  the  nostrils. 

Traumatic  hemorrhage  must  be  prevented  by  avoiding 
all  surgical  operations  on  a  person  affected  with  haemo- 
philia, unless  life  is  in  peril,  and  by  preventing  him  from 
engaging  in  any  occupation  in  which  he  is  liable  to  re- 
ceive an  injury!  A  tooth  should  not  be  extracted  under 
any  circumstance. 

In  the  interval  between  the  hemorrhages  the  patient 
should  use  a  generous  but  non-stimulating  regimen, 
sliould  live  in  the  fresh  air,  should  avoid  exposure  to  cold 
and  dampness,  and  should  be  free  from  all  excitement. 
Iron  and  cod-liver  oil  should  be  used,  unless  plethora 
should  ensue.  The  prolonged  use  of  the  Rock  Bridge 
alum  water,  of  Virginia,  has  been  of  service  in  some 
cases,  in  reducing  the  frequency  of  hemorrhages. 

Surgical  principles  must  be  invoked  in  the  treatment 
of  the  joint  affections.  Residence  in  a  damp  locaHty, 
or  exposure  to  cold  and  dampness  is  particularly  Ukely 
to  cause  and  aggravate  these  complications.  If  they  are 
obstinate,  a  warm,  dry  climate  must  be  sought. 

The  marriage  of  the  daughters  of  a  family  of  bleeders 
should  be  prohibited.     In  this  way  only  can  the  advance 
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of  the  disease  be  checked.  If  the  brothers  are  marked 
subjects  of  the  disease  their  marriage  should  be  pre 
vented.  '/.  H  Musser. 

B.  M.  Pearce. 

H/EMOPTYSIS.— Etymologically  considered,  the  word 
haemoptysis  signifies  the  expectoration  of  blood,  witliout 
regard  to  its  source  or  quantity.  Practically,  however, 
the  term  has  come  to  indicate  the  expectoration  of  pure, 
or  of  almost  pure  blood,  emanating  from  the  respiratory 
organs,  viz.,  from  the  larynx,  trachea,  bronchi,  or  lungs. 
The  expectoration  of  rusty,  prune  juice,  or  greenish 
sputa,  in  pneumonia;  of  blood-streaked  sputa  in  bron- 
chitis; of  jelly-like  masses,  as  in  cancer;  or  of  chocolate 
colored  material  in  hepatic  abscess,  does  not,  therefore, 
properly  constitute  an  example  of  haemoptysis  in  the 
ordinary  acceptation  of  the  word.  The  term  is,  however, 
applied  by  some  authors  to  the  expectoration  of  blood 
in  sufficient  quantities  to  be  microscopically  discovered, 
even  if  the  sputa  containing  it  be  largely  composed  of 
other  constituents.'  The  spitting  of  blood  which,  having 
been  extravasated  at  points  more  or  less  remote  from  the 
respiratory  organs,  and  having  reached  the  pharynx,  has 
gravitated  into  the  air  passages  (as  in  hsematemesis,  and 
in  buccal,  (Esophageal,  or  nasal  hemoi'rhages),  may  be 
designated  as  pseudo-haemoptysis  or  spurious  haemop- 
tysis. The  expectoration  of  blood  follows  bronchor- 
rhagia  and  pneumorrhagia  in  so  large  a  proportion  of 
cases  that  only  haemoptysis  due  to  these  causes  will  be 
considered  in  this  place,  the  reader  being  referred,  for  in- 
formation regarding  laryngeal  and  tracheal  hemorrhages, 
which  are  comparatively  rare,  to  the  articles  in  this 
Handbook  treating  of  diseases  of  the  larynx  and  trachea. 
An  absolute  discrimination  between  bronchial  and  pul- 
monary hemorrhage  being  very  difficult,  and  of  slight 
importance  from  a  therapeutical  standpoint,  will  not  be 
insisted  on  in  the  present  article.  Furthermore,  as  the 
etiology  and  pathology  of  hfemoptysis  are  fully  discussed 
under  other  headings  (the  various  diseases  of  the  heart, 
lungs,  bronchi,  larynx,  etc.),  it  seems  best  to  omit,  in  the 
present  article,  all  discussion  of  this  part  of  our  subject. 

Symptomatology. — The  clinical  history  of  hsemopty 
sisembraces:  I.  Prodromal  Symptoms;  II.  Actual  Symp- 
toms, or  those  of  the  attack,  and  III.  Consecutive  Symp 
toms,  or  sequelae. 

I.  Prodromal  Symptoinn. — Premonitory  symptoms  are 
often  absent  in  haemoptysis,  particularly  if  it  be  due  to 
traumatic  causes,  to  the  rupture  of  an  aneurism,  or  to  in- 
cipient phthisis.'^    Under  these  circumstances  the  hemor 
rhage  occurs  either  without  an  evident  exciting  cause, 
while  the  patient  is  quiescent,  or  it  is  precipitated  by 
some  physical  effort,  such  as  lifting,  riding,  running,  or 
dancing.     Subjective   precursory  phenomena   generally 
precede  haamoptysis  from  active  or  passive  congestion, 
and  in  cases  of  recurrent  haemoptysis.     The  most  note 
worthy  premonitory  symptoms  are  cold  extremities,  ac 
celerated  pulse,  vertigo,  cephalalgia,  epistaxis,  thoracic 
oppression,    const]-iction,    distention  or   warmth,  a   dry 
hacking  cough,  vague  general  discomfort,  slight  dysp 
naa,  and  cardiac  palpitation.     An  objective  prodromal 
symptom  is  cerebral  congestion,  accompanied  by  flush 
ingof  the  face,  throbbing  of  the  carotids,  and  augmented 
rapidity  and  force  of  the  pulse.     Important  suggestions 
relative  to  the  possible  occurrence  of  haemoptysis  may  be 
derived  from  the  previous  history,  particularly  if  this  in 
eludes  evidences  of  phthisis,  of  cardiac  disease,  or  of  one 
of  the  dy  scrasioe.   Prodromes  may  be  observed  several  days 
before  a  pulmonary  hemorrhage,  recurring  at  irregular 
intervals  before  the  attack,  or  they  may  directly  precede 
the  hfemoptysis. 

II.  Actual  Hymptoms,  or  those  of  the  Attack.— Jn  an  or- 
dinary case  of  hfemoptysis,  whether  inaugurated  by  pre 
monitory  symptoms  or  not,  the  patient  experiences  a 
sensation  such  as  might  be  referred  to  the  trickling  of  a 
warm  liquid  beneath  the  sternum,  perceives  a  saline, 
sweetish  taste,  and,  on  clearing  his  throat,  expectorates 
blood  without  effort.  Cough,  attended  by  characteristic 
large,  moist,  tracheal  and  bronchial  rales,  now  begins,  or 
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may  have  preceded  the  first  bloody  expectoration,  and 
each  paroxysm  of  coughing  leads  to  the  expulsion  of  a 
variable  quantity  of  blood,  which  is  generally  fluid,  arte- 
rial in  color,  of  alkaline  reaction,  frothy  from  the  admix- 
ture of  air,  and  often  mingled  with  mucus  or  muco-pus. 
If  the  quantity  of  blood  be  small,  and  its  expulsion 
gradual,  it  is  often  venous,  or  even  black  in  color,  and 
more  or  less  completely  coagulated.  Coagula  emanating 
from  the  lung  are  usually  of  low  specific  gravity,  on  ac- 
count of  the  air  bubbles  which  they  contain.  Blood 
casts  of  the  bronchi  may  be  expectorated.  The  quantity 
of  blood  rejected  varies  within  wide  limits.  In  some 
cases  only  a  few  drachms  are  expectorated,  in  others, 
particularly  in  hfemoptysis  from  ruptured  aneurisms, 
from  phthisical  or  other  cavities  and  in  pneumorrhagia, 
several  pounds  may  be  rejected.  If  the  blood  is  so  abun- 
dant that  it  fails  to  find  a  ready  exit  through  the  buccal 
cavity,  which  rarely  happens,  it  flows  in  an  almost  unin- 
terrupted current  from  both  nose  and  mouth,  quickly 
producing  syncope,  or  even  convulsions  and  death.  A 
certain  quantity  of  blood  is  often  swallowed,  giving  rise 
to  hsematemesis  or  to  melaena.  The  uninterrupted  dura- 
lion  of  haemoptysis  is  very  variable,  ranging  from  a  few 
minutes  to  several  days.  A  single  attack  sometimes  oc- 
curs, but  haemoptysis  is  generally  recurrent.  The  inter- 
vals between  successive  attacks  vary  from  a  few  hours 
or  days  to  months  or  years.  Eichhorst  affirms  that  mala- 
rial hfemoptysis  recurs  periodically  at  the  time  when  a 
febrile  paroxysm  should  be  expected.  A  similar  period- 
icity may  obtain  in  amenorrhceal  hfemoptj'sis.  Haemop- 
tysis manifests  a  strong  tendency  to  self-limitation,  but 
it  may,  in  exceptional  cases,  especially  when  dependent 
upon  phthisis  or  on  haemophilia,  recur  so  often  as  to 
cause  death  by  exhaustion.  Only  in  rare  instances  does 
the  spitting  of  blood  prove  immediately  fatal  from  rapid 
asthenia,  or  from  asphyxia  due  to  obstruction  of  the  air 
passages. 

The  first  sight  of  blood,  especially  in  an  initial  haemop- 
tysis, engenders  characteristic  excitement  and  terror  on 
the  patient's  part ;  but  when  a  few  safely  surmounted 
paroxysms  have  demonstrated  their  comparative  innocu- 
ousness,  his  mental  equilibrium  is  often  little  disturbed 
by  the  onset  of  a  new  hemorrhage.  In  cases  of  moderate 
haemoptysis  the  constitutional  symptoms,  aside  from 
mental  perturbation,  betrayed  by  an  anxious  expression 
and  by  gentle  tremor,  are  at  first  those  of  slight  shock, 
i.e.,  pallor,  faintness  or  nausea,  chilliness,  and  enfeeble- 
ment  of  the  pulse.  These  symptoms  are  succeeded  by 
congestion  of  the  face  and  by  augmented  force  and  fre- 
quency of  the  heart's  action,  which  phenomena  gradu- 
ally disappear  after  the  cessation  of  the  hemorrhage.  In 
cases  of  more  copious  haemoptysis'  the  facial  congestion 
gives  place  to  returning  pallor,  the  pulse  becomes  irreg- 
ular and  compressible,  the  respiration  suspirious,  the 
surface  clammy,  and  the  mind  apathetic.  Restlessness, 
tinnitus  aurium,  urgent  thirst,  falling  temperature,  nau- 
sea, muscae  volitantes,  dimness  of  vision,  increasing  as- 
thenia, transient  syncope,  and  convulsive  twitchings  are 
symptoms  which  complete  the  clinical  picture.  In  the 
worst  cases  of  haemoptysis  the  phenomena  just  enume- 
rated appear  in  rapid  succession,  and  death  results  either 
from  syncope  or  from  sufl'ocation.  due  to  obstruction  of 
the  air  passages  by  fluid  and  coagulated  blood.  Hfemop- 
tysis from  hemorrhagic  infarctio'n  generally  ensues  forty- 
eight  hours,  or  even  later,  after  the  occurrence  of  pul- 
monary embolism,  which,  if  the  embolus  be  of  septic 
character,  is  frc(iuently  announced  by  a  chill.  For  the 
symptoms  peculiar  to  hemorrhagic  infarction,  vide  the 
article  on  Lurir/,  Tiifiirction  of  the.  Haemoptysis  from  the 
other  predisposing  and  exciting  causes  described  under 
the  caption  Etiology,  as  cancer,  aneurisms,  abscess,  and 
gangrene,  will,  of  course,  be  accompanied  by  the  symp- 
toms peculiar  to  these  diseases.  That  pulmonary  or 
bronchial  hemorrhage  and  haemoptysis  are  not  conver 
tible  terms  is  shown  by  the  fact  that  hemorrhages  from 
the  lungs  sometimes  occur  without  giving  rise  either 
to  the  prodromal  or  to  the  actual  symptoms  of  haemop- 
tysis.    These  symptoms  may   be  absent  either  If  the 
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quantity  of  extravasated  blood  be  insigniticant  and  un- 
dergo reabsorption,  or  if  it  be  so  large  as  to  preclude  the 
possibility  of  its  e};pectoration  by  causing  sudden  death. 

The  physical  signs,  aside  from  those  due  to  the  diseases 
causing  luBmoptysis,  are  usually  unimportant.  If  the 
attack  be  slight,  there  maybe  no  jshysieal  signs,  or  moist 
rfiles  may  show  the  presence  of  blood  in  the  alveoli, 
bronchioles,  and  bronchi.  No  additional  signs  will  be 
discovered,  vinless  considerable  consolidation  has  been 
produced  by  the  accumulation  of  blood  in  the  air  passages 
and  the  interstitial  pulmonarj' tissues,  whendulness.  and, 
provided  that  the  bronchi  be  unobstructed,  broncho 
vesicular  or  bronchial  respiration  and  increased  vocal 
fremitus  may  be  found.  If  the  bronchi  are  completely 
or  considerably  obstructed,  there  will  be  diminution  or 
absence  of  respiratory  and  of  vocal  signs. 

Treatment. — The  indications  for  the  treatment  of 
hemoptysis  are  :  first,  the  arrest  of  an  actual  attack;  sec- 
ond, the  prevention  of  its  recurrence  by  treatment  of  the 
causative  affections ;  and  finally,  the  relief  of  its  consecu- 
tive symptoms. 

Energetic  therapeutical  measures  are  not  indicated  in 
mild  attacks  of  hsemoptysis.  Inasmuch  as  local  deple- 
tion exerts  a  beneficial  effect  upon  pulmonary  congestion, 
which  is  the  cause  of  most  slight  hemorrhages,  it  is  ad- 
visable not  to  interfere  with  nature's  efforts  tor  the 
relief  ('f  excessive  intravascular  tension,  but  to  second 
them  by  measures  tending  to  the  accomplishment  of  the 
same  end.  Whether,  therefore,  the  congestion  be  active 
or  passive,  perfect  quiescence,  in  a  semi  recumbent  posi- 
tion, should  be  strictly  enjoined  upon  the  patient.  The 
statement  that  hsemoptysis  is  useful  in  relieving  pulmo- 
nary congestion,  and  that  its  occurrence,  given  the  usual 
pre-existing  congestion,  is  desirable,  should  be  confi- 
dently made,  and  is  usually  effective  in  quieting  the 
patient's  apprehensions.  The  sick-i-oom  must  be  kejit 
cool,  well  ventilated,  and  free  from  all  persons  whose 
demeanor  would  tend  to  excite  misgivings  in  the  patient's 
mind.  The  bed  coverings  are  to  be  so  hght  as  not  to 
compress  the  chest.  The  patient  should  be  frequently 
reminded  persistently  to  restrain  his  desire  to  cough. 
Mild  revulsive  measures,  such  as  the  application  of  mus- 
tard leaves,  or  of  dry  cnps,  to  the  exposed  parts  of  the 
chest,  and  of  stimulating  pediluvia,  are  in  order,  as  is 
derivation  by  means  of  a  gentle  saline  purgati\e  If  the 
pulmonary  Jiypersemia  be  active,  cardiac  sedatives  may 
be  employed,  one  of  the  best  being  the  tincture  of  aco- 
nite. In  two-drop  doses  every  twenty  minutes,  until  a  re- 
duction In  the  force  and  frequency  of  the  pulse,  or  tin- 
gling in  the  throat  and  finger-tips  Is  observed.  Should 
the  hyperajmla  be  passive,  as  in  uncompensated  heart 
lesions,  the  tincture  of  digitalis,  in  ten -drop  doses,  should 
be  administered,  every  hour,  for  the  purpose  of  strength 
ening  the  heart's  action.  In  cases  of  more  profuse  or 
protracted  hiemoptysis  the  same  rules  regarding  the  pa 
tient's  position  and  surroundings  should  be  rigidly  en- 
forced, and  more  potent  therapeutical  measures  adopted. 
If  the  hemorrhage  be  occasioned  by  excessive  active 
hypersBmia,  the  patient  being  strong  and  plethoric,  or  by 
so  great  passive  congestion  as  to  threaten  cardiac  paraly- 
sis, venesection,  to  eight  or  ten  ounces,  affords  prompt 
relief.  This  treatment  Is  particularly  adapted  to  the  ini- 
tial hemoptysis  of  tuberculosis,  and  to  pulmonary  hemor- 
rhage from  rarefaction  of  the  atmosphere,  from  the  m- 
halation  of  Irritating  substances,  and  from  violent  physical 
exertions.  .         .    ,  , 

If  the  patient  will  not  submit  to  the  operation  ot  phle 
botomy,  active  congestion  may  be  measurably  controlled 
by  a  brisk  saline  purgative,  by  emetic  doses  of  ipecac, 
as  recommended  by  Trousseau  and  Graves,  and  recently 
advocated  by  Massina  and  Peter,  but  which  must  be 
avoided  in  haemoptysis  from  cavities  because  of  its  ten 
dency  to  prevent  closure  of  bleeding  vessels,  or  by  the 
following  therapeutic  agents,  which  are  useful  in  all  vari- 
<!tles  of  profuse  pulmonary  hemorrhage.  The  most 
potent  of  these  is  cold,  which  Is  best  applied  by  means 
of  an  Ice-bag,  of  moderate  weight,  placed  over  the  pri- 
mary bronchi,  or  on  that  part  of  the  chest  to  which  the 


detection  of  rales  points  as  the  probable  seat  of  hemor- 
rhage.    Small  pieces  of  ice  should  be  constantly  dissolved 
in  the  mouth  and  swallowed.     The  best  form  of  nourish- 
niunt  is  cold  milk,  taken  in  quantities  of  eight  ounces,  at 
intervals  of  two  or  three  hours.     Physical  examinations 
should  be  studiously  avoided,  as  calculated  to  increase 
and  to  excite  ha'moptysis,  and  as  affording  no  important 
results.     Ligation  of  the  extremities,  which  is  sometimes 
a  very  efficient  hfemostatic  measure,  acts  bj'  retaining  the 
venous  blood  in  the  limbs,  while  the  arterial  current  is 
not  arrested  ;  but  it  must  be  cautiously  employed,  lest  syn- 
cope or  venous  thrombosis  be  induced.     These  untoward 
results  may  be  prevented  by  the  simultaneous  ligation 
of  only  two  members,  by  leaving  the  ligatures  in  place 
for  only  a  few  minutes,  consecutively,  and  by  removing 
them  so  soon  as  hremoptj'sis  ceases.     Ligation  must,  nat- 
urally, be  undertaken  only  under  the  physician's  inime- 
diiite  direction  and  supervision.     Ergot  is  probably  the 
most  efficient  haemostatic  remedy.     It  may  be  exhibited 
in  the  form  of  the  Huid  extract,  in  doses  of  one  or  two 
drachms,   diluted  with  an  ounce  of  water,  eveiy  half- 
hour  or  hour,  until  the  hemorrhage  ceases  or  a  decided 
diminution  in  the  force  and  frequency  of  the  pulse  Is 
observed.     Should  the  stomach  prove  rebellious,  half  an 
ounce  of  thefiuid  extract,  diluted  with  an  equal  quantity 
of  lukewarm  water,  may  be  given  bj'  rectum,  and  re- 
peated e^'ery  hour  until  the  physiological  effects  are  pro- 
duced.    If  it  is  desirable  that  the  action  of  the  drug  be 
very  speedily  exerted,  half  a  drachm  of  the  fluid  extract, 
or  three  grains  of  ergotin,  dissolved  in  equal  parts  gly- 
cerin and  water,  should  be  subcutaneously  administered, 
every  half -hour,  until  the  desired  result  isobtained.     One 
grain  of  opium,  or  one-fourth  grain  of  the  sulphate  of 
morphine,  preferably  in  fluid  form,  must  be  immediately 
administered  for  the'  purpose  of  checking  cough,  and  of 
inducing   mental  and   physical   quietude.      The   opiate 
should  be  repeated  In  doses  of  half  the  size  mentioned, 
every  two  hours,  until  hemorrhage  ceased  or  the  physi- 
ological effects  of  the  medicine  are  obtained.     The  most 
speedy  and   satisfactory  method   of  administering   the 
narcotic  is  by  hypodermatic  injection  of  the  sulphate  of 
morphine,  particularly  If  simple  emesis  or  ha'matemesis 
coexist  with  the  haemoptysis.     Opiates  are  contralndi- 
cated  when  fatal  accumulation  of  blood  in  the  air  pas- 
sages is  threatened.     At  such  times  expectoration  shinild 
be  encouraged  and  facilitated.     Many  authorities  recom- 
mend that  several  teaspoonfuls  of  dry  common  salt  be 
administered,  it  no  other  remedy  be  at  hand,  largely  for 
the  desirable  moral  effect  resulting  from  medication  in 
general,  and  partly  on  account  of  the  unexplained  but 
well-attested  restraining  effect  of  salt  upon  hfemoptysls. 
Inhalations  of  astringents,  preferably  of  Monsel's  solu- 
tion, or  of  the  liquor  ferri  sesguichloridi ,  diluted  twenty- 
five  times  with  water,  and  administered  in  the  form  of 
spray  generated  by  an  atomizer,  are  sometimes  useful. 
The  acetate  of  lead  in  two-grain  doses,  or  gallic  acid  in 
twenty-grain  doses,  every  three  hours,  is  often   admin- 
istered internally,  although  the  question  of  their  value 
is  still  debatable.     Bartholow  extols  the  virtues  of  tur- 
pentine  in    hsemoptysis    dependent    upon    hoemophllla 
and  purpura."     It  may  be  exhibited  by  mouth.  In  twenty- 
drop  doses,  in  emulsion,  or  on  sugar,  or  Its  vapor  may  be 
inhaled,  for  one-quarter  hour,  at  Intervals  of  two  hours. 
After-Treatment.—The  objects  of  the  after-treatment 
are  the  prevention  of  a  recurrence  of  hsemoptysis,  and  the 
relief  of  its  consecutive  symptoms.     The  former  indica- 
tion is  best  fulfilled  by  the  removal  of  predisposing  mor- 
bid conditions,  and  by  the  avoidance  of  exciting  causes. 
Many  of  the  diseases  predisposing  to  hsemoptysis,  al- 
though, unfortunately,  not  amenable  to  curative  meas- 
ures, may  be  favorably  Influenced  by  judicious  treatment. 
Pernicious  malarial  fever,  of  the  hemorrhagic  type,  may 
be  controlled   by  quinine  and  by  other  antiperiodics. 
Vicarious  amenorrhoeal  hsemoptysis  is  to  lie  combated  by 
means  tending  to  excite  the  normal  menstrual  flow,  and 
scorbutic  pulmonary  hemorrhage  by  good  food  and  veg- 
etable acids.     In  eases  of  puerperal  or  marantic  venous 
thrombosis,  the  utmost  quietude  should  be  enjoined.  In 
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order  that  pulmonary  embolism,  resulting  in  infarction 
and  haemoptysis,  may  be  averted.  Acute  and  chronic 
pulmonary  inflammations  must  be  subjected  to  appro- 
priate treatment,  and  earnest  efforts  made  to  establish  a 
compensation  for  existing  organic  cardiac  diseases. 

The  exciting  causes  of  haemoptysis  most  easily  avoided 
are  those  producing  active  pulmonary  congestion,  such 
as  violent  physical  efEorts,  mental  excitement,  great  rare- 
faction of  the  atmosphere  and  the  Inhalation  of  irritating 
vapors  and  gases.  The  chief  direct  sequelfE  of  haemop- 
tysis are  bronchitis,  bronchopneumonia,  anremia,  and  as- 
thenia. The  first  and  second  are  to  be  treated  in  accord- 
ance with  generally  recognized  methods.  The  anaemia 
and  asthenia  are  to  be  combated  with  tonics,  preparations 
of  iron,  nourishing  food,  moderate  and  regular  out-of- 
door  exercise  in  pleasant  weather,  and,  if  extreme,  by 
alcoholics  rationally  administered.  If  no  other  cause  for 
a  given  attack  of  haemoptysis  can  be  discovered,  it  should 
be  regarded  as  a  probable  initial  symptom  of  pulmonary 
tuberculosis,  and  appropriate  prophylactic  measures 
should  be  immediately  inaugurated. 

William  II.  Flint. 
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H/EMOSTATICS. — Hsemostatic  drugs  are  such  as  are 
employed  to  control  hemorrhage.  When  the  hemorrhage 
occurs  upon  an  exposed  surface  or  from  some  accessible 
cavity,  ordinary  surgical  measures  are  usually  resorted 
to ;  but  if  the  bleeding  is  not  amenable  to  surgical  treat- 
ment or  if  it  occurs  in  some  deeply  seated  organ,  it  be- 
comes necessary  to  make  use  of  astringent  and  styptic 
drugs.  These  may  be  made  to  act  directly  upon  the 
part  by  applying  them  to  the  bleeding  point,  or  their 
haemostatic  effect  may  be  obtained  by  internal  adminis 
tration. 

Whenever  bleeding  occurs  the  efforts  of  nature  are 
directed  toward  a  spontaneous  cure.  There  is  at  once  a 
contraction  of  the  injured  vessel,  the  torn  coats  of  the 
artery  retract,  and  the  escaping  blood  is  coagulated  by 
contact  with  the  surrounding  tissues  and  upon  exposure 
to  the  air.  Should  the  loss  of  blood  be  severe,  there  is  a 
weakening  of  the  heart's  action  and  a  lessening  of  the 
blood  pressure  which  greatly  aid  nature's  efforts.  These 
changes  afford  us  an  indication  for  treatment,  and  it  is 
upon  these  principles  that  we  select  our  remedies  and 
endeavor  to  overcome  the  trouble. 

The  local  application  of  extremes  of  heat  and  cold  is  a 
very  common  and  a  very  effective  means  of  controlling 
hemorrhage.  Ice  almost  immediately  contracts  the  ves- 
sels and  blanches  the  part,  and  the  employment  of  very 
hot  water  produces  in  a  similar  manner  a  spasmodic  con- 
traction of  the  vessels,  and  exercises  a  more  marked  effect 
in  coagulating  the  blood.  The  custom  of  applying  cold 
to  the  thorax  with  the  object  of  checking  hemorrhage  in 
the  lungs,  or  to  the  abdomen  when  the  intestines  are  the 
seat  of  the  trouble,  is  of  doubtful  value,  unless  the  bleed- 
ing vessels  are  close  to  the  surface.  Many  hold  that  it 
may  do  more  harm  than  good  by  driving  the  blood  from 
the  Siirface  to  the  organs  beneath.  The  application  of 
heat  to  the  spine,  although  less  common,  is  probably  a 
more  rational  mode  of  treatment,  the  heat  being  applied 
over  the  ganglia  which  control  the  nerve  supply  of  the 
part.  Both  heat  and  cold  are  most  effective  when 
brought  in  direct  contact  with  the  bleeding  surface. 
Lumps  of  ice  may  be  swallowed  in  lifematemesis,  or  in- 
serted into  the  rectum  or  vagina  if  the  intestinal  canal  or 
the  uterus  is  the  part  affected.  In  the  same  way  the  ap- 
plication of  hot  water  to  the  open  wound,  or  a  liot  injec- 
tion in  uterine  hemorrhage  is  always  of  service  and  much 
more  desirable  than  a  cold  application  if  there  is  much 
depression. 

The  local  actions  of  haemostatics  differ  somewhat. 
Some  cause  a  firm  clotting  of  the  blood  and  are  termed 
styptics,  while  others  produce  their  effect  by  acting  more 
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directly  upon  the  vessels.  Of  the  styptics,  the  best 
known  are  the  salts  of  iron,  especially  the  subsulphate 
and  persulphate,  alum,  acetate  of  lead,  and  tannic  acid, 
all  of  which,  although  they  exercise  a  constringing  effect 
upon  the  vessels,  act  almost  entirely  by  causing  firm, 
adherent  coagulation,  not  only  of  the  blood  but  also  of 
the  adjacent  albuminous  tissues.  By  the  time -when  this 
mass  becomes  detached  the  bleeding  points  are  obliterated 
and  a  healthy  surface  remains.  The  haemostatics  which 
act  more  directly  upon  the  vessels  are  alcohol,  oil  of  tur- 
pentine, a  weak  solution  of  acetate  of  lead,  antipyrin,  and 
suprarenal  extract.  Suprarenal  extract,  as  well  as  its  de- 
rivative adrenalin,  is  the  most  typical  of  this  class,  and  is 
probably  the  most  valuable  local  hfemostatic  that  we 
possess.  It  pi-oduces  a  most  powerful  contraction  of  the 
vessels,  and  this  persists  for  a  long  time.  A  solution  of 
adrenalin,  1  In  10,000,  renders  the  conjunctiva  or  any  of 
the  mucous  membranes  almost  devoid  of  blood.  It  has 
been  much  employed  to  secure  bloodless  operations  upon 
the  nose  and  throat,  as  well  as  to  check  hemorrhage  from 
any  mucous  surface. 

■The  effect  of  the  internal  administration  of  haemostatics 
is  not  so  definite,  nor  is  it  readily  explained,  but  clinical 
experience  has  taught  us  that  several  drugs  may  be  de- 
pended upon  for  their  haemostatic  action.  Ergot,  hy- 
drastis,  oil  of  turpentine,  and  aromatic  sulphuric  acid 
have  all  proved  of  service.  They  act  upon  the  muscular 
elements  of  the  arterial  coats,  causing  a  marked  diminu- 
tion in  the  calibre  of  the  vessels ;  their  effect  is  particu- 
larly marked  on  uustriped  muscular  tissue. 

Tannic  acid  and  vegetable  preparations  the  astrln- 
gency  of  which  is  due  to  tannin,  are  much  employed  in 
this  way  and  have  been  thought  to  be  decidedly  benefi- 
cial. Tannin,  however,  is  never  absorbed  into  the  blood 
except  as  gallic  acid,  which  does  not  coagulate  albumen 
and  possesses  very  slight  astringent  properties.  Except 
in  hemorrhages  from  the  stomach  and  bowels,  tannic  acid 
probably  exerts  no  true  hemostatic  effect.  In  such  cases, 
the  drug  probably  produces  an  astringent  effect  because 
it  is  brought  into  direct  contact  with  the  affected  parts. 
The  same  argument  applies  to  the  use  of  the  mineral 
astringents,  as  alum  and  acetate  of  lead,  for  they  both 
actively  coagulate  albumen  and  are  thought  not  to  pass 
beyond  the  mucous  membrane  of  the  intestines.  Lead, 
however,  enters  the  circulation  as  an  albuminate  and  has 
a  decided  action  in  causing  muscular  contractions.  Its 
effect  upon  renal  hemorrhage  is  marked,  but  upon  other 
organs  its  value  is  not  so  certain.  The  action  of  alum 
is  less  certain;  it  is  absorbed  as  an  albuminate  and 
exercises  an  astringent  effect  when  excreted  by  the  kid- 
neys and  skin  Its  beneficial  action  in  hemorrhage  from 
other  organs  is  doubtful. 

In  addition  to  the  help  obtainable  from  astringent  rem- 
edies, it  is  possible  to  derive  considerable  assistance,  in 
our  efforts  to  control  hemorrhage,  from  the  use  of  seda- 
tives and  revulsants,  which  secure  rest  and  lessen  con- 
gestive states.     Formerly  these  ends  were  attained  by 
such  drugs  as  tartar  emetic,  aconite,  lobelia,  and  tobacco, 
and  from  a  resort  to  venesection.     Excepting  in  cerebral 
hemorrhage  these  remedies  are  now  never  resorted  to. 
Instead,  we  place  the  patient  in  the  most  favorable  posi- 
tion to  secure  bodily  ease  and  functional  rest  of  the  im- 
phcated  organ.     If  the  lungs  are  affected,  talking  is  for- 
bidden ;  if  the  bleeding  is  from  the  digestive  organs,  food 
is  restricted  and  rectal  feeding  substituted.     Opium  is. 
always  of  the  greatest  service.     In  all  forms  of  hemor 
rhage  there  are  much  restlessness  and  mental -anguish 
which  interfere  with  all   our  efforts  to  effect  a  cure 
Opium  overcomes  this  disturbance  by  putting  the  mus- 
cles at  rest  and  by  calming  the  mental  irritability      It 
also  favors  functional  rest,  not  only  of  the  organ  affected 
but  also  of  the  heart  and  circulation.     It  should  be  glvea 
freely  (opium,  from  one  to  three  grains;   or  morphine 
half  a  grain).     The  only  contraindications  to  its  employ- 
ment^are  cerebral  hemorrhage,  or  those  conditions  which 
are  characterized  by  extreme  prostration  and  by  the  fact 
that   the  respiratory  function  is  markedly   weakened 
Active  purgation  must  not  be  neglected  unless  the  bleed- 
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ing  is  from  the  stomach  or  intestines.  Such  remedies  as 
calomel,  compound  jalap  powder,  elateriura,  and  croton 
oil  produce  free  evacuations,  lessen  all  congestive  states 
of  the  abdominal  and  thoracic  organs,  and  reduce  the 
general  blood  pressure.  Beaumont  SnuM. 

HAIR  DYES,  INJURIOUS  EFFECTS  OF.— Although 
it  is  unquestionably  true  that  the  injurious  eilVcts  of  hair 
dyes  have  been  grossly  exaggerated,  physicians  should 
bear  in  mind  the  widespread  habit  of  dyeing  the  hair, 
when  called  upon  to  treat  certain  obscure  nervous  symp- 
toms and  atypical  lesions  of  the  skin.  This  habit  is  not 
new,  nor  is  it  one  of  the  passing  fads  of  the  day.  It  has 
been  handed  down  to  us  from  the  most  remcjte  antiquity, 
and  its  votaries  are  to  be  found  not  onlj-  among  the  peo- 
ples of  the  East,  but  also  among  those  of  the  western 
hemisphere.  Thus,  for  example,  we  tind  that  even  the 
primitive  American  Indian  found  it  expedient  to  dye  his 
hair.  Therefore',  u\  view  of  the  prevalence  of  the  custom 
and  when  we  consider  the  very  few  cases  that  are  thereby 
injured,  we  are  justified  in  coming  to  the  conclusion  that 
the  evil  effects  have  been  grossly  exaggerated. 

The  animal,  vegetable,  and  mineral  kingdoms  have  all 
been  drawn  upon  to  furnish  their  quota  of  substances 
for  dyeing  the  hair  and  beard,  until  finally  modern  ehem 
istry  has  been  called  upon  to  perfect  the  art. 

It  would  be  beyond  the  scope  of  this  article  to  enter 
into  a  full  description  of  the  several  hair  djes  and  the 
substances  that  have  been  employed  for  this  purpose ,  it 
will  suffice  us  to  make  a  short  summary  of  the  ones  most 
commonly  used,  such  as  pyrogallic  acid,  walnut  hulls, 
indigo,  henna,  curcuma,  liydrogen  peroxide,  potassium 
bichromate,  silver  nitrate,  salts  of  lead,  copper  and  iron, 
and  last,  but  not  least,  chloride  of  paraphenylendiamin. 

The  injurious  effects  of  hair  dyes  may  be  divided  into 
three  classes;  First,  injury  to  the  hair,  second,  injury  to 
the  general  system,  third,  local  injury  other  tlian  to  the 
hair 

In  the  first  class  we  would  place  hydrogen  peroxide, 
which  at  the  same  time  that  it  destroys  the  pigment 
extracts  the  fatty  matter  from  the  hair  and  thus  destroys 
its  vitalit}'. 

As  an  example  of  the  second  class  the  most  common, 
most  talked  about  is,  of  course,  chronic  saturnine  intoxi 
cation  with  its  attendant  train  of  symptoms,  wrist-drop, 
colics,  etc. ;  this  being  due  to  the  absorption  of  the  salts 
of  lead  by  the  hairy  scalp.  At  the  present  time  we  see 
little  of  this  condition,  but  years  ago  it  was  relatively 
common. 

In  the  third  group  we  must  place  a  number  of  trivial 
accidents,  such  as  staining  of  the  skin  with  the  salts  of 
such  metals  as  iron,  copper,  manganese,  silver,  cadmium, 
etc. 

The  stains  of  iron,  manganese,  and  cadmium  may  be 
removed  by  weak  solutions  of  acids,  while  the  brown 
stains  of  copper  and  the  black  stains  of  silver  will  be 
made  to  disappear  by  the  application  of  cyanide  of  po- 
tassium and  iodide  of  potassium. 

Chromic  acid  or  acid  chromate  of  potassium  will  dye 
the  hair  yellow,  but  they  are  both  caustic  and  poison- 
ous. ,,.        .,       , 

The  accidents  brought  about  by  pyrogallic  acid  and 
paraphenylendiamin  chloride  are  more  serious  in  char- 
acter. Pyrogallic  acid  will  sometimes  produce,  when 
used  in  sufficient  strength  anywhere  about  the  face,  a 
severe  dermatitis  with  oedema,  while  If  employed  about 
the  eyes  it  is  apt  to  be  followed  by  oedema  of  the  eyelids, 
by  conjunctivitis,  and  by  extensive  inflammation  of  the 
mucous  lining  of  the  nasal  cavity.  . 

Ever  since  the  introduction  of  paraphenylendiamin 
chloride  as  a  constituent  of  hair  dyes  many  more  in- 
stances of  injuries  due  to  hair  dyes  have  been  brought 
before  the  profession.  The  injuries  that  have  sometimes 
followed  the  use  of  the  drug  include,  among  others,  der- 
matitis of  the  hairy  scalp,  of  the  back  of  the  neck,  of  the 
face  etc  —in  fact,  a  dermatitis  of  that  part  of  the  skin 
that'  was  brought  in  contact  with  the  drug.  In  some 
cases  the  inflammation  has  extended  to  the  neighboring 


parts,  while  Cathelmeau  records  a  case  in  which  the  whole 
body  was  affected. 

The  character  of  the  eruption  varies  from  a  slight  ery- 
thema to  a  vesicular,  papular,  or  pustular  lesion;  it  may 
also  be  urticarial  in  character;  icdema  may  be  well 
marked,  while  pruritus  may  be  intense.  The  eruption  is 
sometimes  accompanied  by  an  elevation  of  temperature. 

The  diagnosis  is  sometimes  attended  with  difficulty. 
Fournier  gives  as  diagnostic  points  the  suddenness  of 
onset  of  symptoms,  the  rapidity  of  extension  of  the  erup- 
tion, the  enormous  swelling  of  the  eyelids.  Sometimes  the 
patients  will  aid  us  by  connecting  cause  and  effect.  On 
the  other  hand,  as  in  other  conditions,  too  much  reliance 
should  not  be  placed  on  their  statements,  as  they  are  apt 
to  mislead  us  voluntarily  or  otherwise. 

There  is  nothing  special  to  offer  in  the  way  of  treat- 
ment;  these  injuries  should  be  treated  exactly  in  the 
same  manner  as  one  would  treat  similar  lesions  in  other 
conditions,  provided  that  before  the  institution  of  any 
line  of  treatment  the  original  cause  be  removed. 

The  pi'ognnsis  is,  as  a  rule,  very  good,  although  Brocq 
claims  that  in  rare  instances  the  condition  proves  rebel- 
lious to  treatment.  iV.  J.  Ponce  de  Leon. 

HAND. — Cresollius  calls  the  hand  "the  minister  of 
reason  and  wisdom."  As  the  active  servant  of  the  brain, 
adjusted  for  the  most  delicate  and  varied  uses,  it  has 
always  been  held  in  peculiar  honor.  The  coat-of-arms 
of  the  surgeons'  guild  of  the  Middle  Ages  was  a  hand, 
with  outspread  fingers  and  an  eye  in  their  midst,  typify- 
ing thus  the  noble  art  of  chirurgie,  which  name  was  itself 
derived  from  x^^P,  the  hand,  and  ipyov,  work.  Respect 
for  this  important  member  has  even  been  carried  so  far 
that  it  has  been  supposed  to  contain  a  force  within  itself 
capable  not  only  of  intelligent  action,  but  of  transmission 
beyond  the  body.  When  we  regard  the  high  degree  of 
muscular  coordination  which  it  possesses  we  readily  see 
whence  originates  the  first  of  these  popular  fancies,  for 
the  hand  of  the  skilled  musician,  artist,  or  handicrafts- 
man is  a  very  different  organ  from  that  of  the  untrained 
and  inexpert  novice.  The  very  word  "handy  "  expresses 
this  idea. 

As  to  the  second  notion,  it  appears  to  be  founded  upon 
the  extraordinary  degree  of  tactile  sensibility  which  the 
hand  possesses.  The  laying  on  of  hands  has  been  a 
favorite  method  of  healing  from  the  very  earliest  his- 
torical period,  and  is  still  prevalent,  not  only  where  the 
royal  touch  is  believed  to  be  a  sovereign  remedy  for 
"king's  evil,"  but  also  among  the  so-called  healing 
mediums. 

The  mesmeric  passes  weie  believed  to  be  efficacious- 
only  when  performed  with  the  ends  of  the  fingers,  in 
order  that  the  "  force  "  might  be  drawn  off  into  the  pa- 
tient's body.  Von  Reichenbach's  patients  saw  flames  of 
"  od  "  force  issuing  from  the  ends  of  the  fingers ;  many 
worthy  people  have  no  tloubt  that  a  nervous  headache 
can  be  cured  by  some  transfer  of  this  force  by  means  of 
passes  over  the  brow  of  the  suffei'cr ;  and  we  have  lately 
had  a  revival  of  the  old  astrological  theory  of  an  "astral 
fluid "  which  is  more  transmissible  from  those  with 
pointed  fingers.  Obscure  nervous  sensations  felt  in  the 
fingers  and  along  the  nerve  tiacts  are  believed  to  be 
caused  by  this  force  or  fluid.  Owing  probably  to  this 
superstitious  reverence,  we  find  that  the  physicians  of  the 
Middle  Ages  used  the  detached  hand  of  a  corpse  for  the 
scattering  of  tumors  and  the  reduction  of  swellings. 

The  use  of  this  strange  remedy  still  survives.  The 
author  has  recently  found  several  authentic  cases  of  such 
application.  In  one  it  was  used  for  the  cure  of  a  white 
swelling,  and  in  another  for  a  protracted  intermittent 
fever,  a  female  homeopathic  physician  vouching  for  its. 
efficacy.  She  explained  this  to  the  writer  by  stating  that 
the  "  morbid  processes  going  on  in  the  dead  hand  attracted 
the  disease  and  removed  it"  (I).  Sometimes  tlje  virtue 
of  the  deceased  is  believed  to  have  a  marked  influence. 
This  was  shown  in  the  case  of  a  well-known  Catholic 
priest  who  died  recently  in  Washington,  and  in  that  of  a 
Carmelite  nun  in  Baltimore.     Many  applications  of  the 
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dead  hand  were  made  in  both  cases  for  the  cure  of  the 
sick  and  afflicted,  showing  that  the  old  behef  is   still 

Another  superstition  which  had  a  prominent  place  in 
the  black  art  of  the  Middle  Ages  was  that  of  the  '  hand 
of  glory."  This  was  a  dead  right  hand  of  a  murderer 
prepared  with  appropriate  conjvirations,  in  which  was 
placed  a  magic  candle  made  of  murderer's  fat  and  tlie 
hair  of  the  dead.  This  was  believed  to  prevent  sleepers 
from  awakening  and  to  open  locks  and  bars.     As  late  as 


Humphry  shows  the  size  of  the  hand  and  the  foot  rela- 
tive to  the  stature  taken  as  100: 


Hand.    Foot. 

Man 11.83     16.«6 

Gorilla U.54    20.69 


Hana.  Foot. 
Chimpanzee  . . .  18.00  21.00 
Oranf? 20.83      25.00 


Tifi.  2439.-Skeletons  of  the  Thoracic  Limb  of  Lower  Vertebrates,  showing  the  Gradual  Development  of  the  Hand, 

1831,  such  a  hand  was  left  by  thieves  in  a  house  in 
Loughcrew,  Ireland.  Thieves  in  Mexico  use  for  a  similar 
purpose  the  left  hand  and  arm  of  a  woman  dying  in  her 
first  childbed,  and  in  1875  a  Mobile  negro  carried  around 
with  liim  the  hand  of  his  murdered  victim  to  insure  him- 
self against  detection. 

Sir  Charles  Bell,  the  author  of  the  celebrated  "  Bridge- 
water  Treatise  on  the  Hand,"'  says:  "We  ought  to 
define  the  hand  as  belonging  exclusively  to  man,  corre- 
sponding in  sensibility  and  motion  with  that  intelligence 
which  converts  the  being  who  is  weakest  in  natural  de- 
fence, to  a  ruler  over  animate  and  inanimate  nature." 
However  flattering  to  our  pride  this  statement  of  the  great 
physiologist  may  be,  modern  investigation  has  shown 
that  it  is  not  anatomically  correct,  as  there  is  nothing 
in  the  structure  of  the  human  hand  that  distinguishes  it, 
except  in  degree,  from  that  of  anthropoid  apes.  Even 
Huxley's  statement,  that  the  apes  do  not  possess  an  ex- 
tensor of  the  metacarpal  bone  of  the  thumb,  is  open  to 
question.  Comparative  anatomy  shows  us  in  fact  that  a 
general  typical  form  for  the  thoracic  limb  and  hand  per- 
vades the  entire  vertebrate  series.  This  is  especially 
marked  in  the  mammalia,  and  in  many  cases  the  student 
of  human  a^atoHly  has  no  difficulty  in  determining  at 
once  the  different  bones  of  the  forefeet  of  an  animal  which 
he  has  never  before  seen.  In  one  case  within  the  author's 
experience,  a  professor  of  obstetrics  who  was  not  an  an- 
atomist, was  obliged  to  examine  a  class  in  anatomy,  and 
procured  from  the  cabinet  the  skeleton  of  a  bear's  fore- 
paw,  which  he  passed  around  as  belonging  to  the  human 
skeleton.  As  the  functions  of  the  member  vary,  the  dif- 
ferent parts  become  reduced  or  increased  either  in  size  or 
in  number,  but  a  general  plan  pervades  the  whole,  and 
the  fin  of  a  fish,  the  wing  of  a  bird  or  a  bat,  the  paw  of 
an  animal,  are  all  constructed  on  a  single  type. 

While  the  differences  between  the  human  hand  and 
that  of  the  higher  apes  are  not  essential,  being  only  those 
■of  degree,  yet  the  relative  proportions  of  the  different 
parts  distinguish  it  markedly.     The  following  table  from 


This  superior  length  is  due  mainly  to  the  metacarpal 
bones  and  phalanges.  .       .  ,.    ^     t       j- 

With  regard  to  the  primitive  origin  of  limbs  two  dis- 
tinct views  have  been  advanced  by  anatomists.     Accord- 
ing to  the   first   the 
m.  IV.  proximal  part  of  the 

limb,  which   we  are 
accustomed    to    call 
the  shoulder  or  pel- 
vic   girdle    (scapula 
and  clavicle   for  the 
arm,  innominate  bone 
for    the    leg),    arises 
from  visceral   arches 
of  the  vertebrae,  and 
upon  these  radial  bars 
of  cartilage   are   set 
for  the  support  of  the 
fins.     The  pelvic  gir- 
dle is  thought  to  have 
become  shifted  back- 
ward   in    a    marked 
degree.     A  complete 
homology,  therefore, 
is  believed    to  exist 
between  the  thoracic 
and  the  pelvic  limbs. 
The  opposing  view, 
which    has    recently 
been  rapidly  gaining 
ground,    is  that   the 
shoulder  and   pelvic 
girdles    are     formed 
from  coalesced  vertebral  elements.     It  is  held  that  the 
most  primitive  form  of  limb  is  simply  a  lateral   skin 
fold   extending  along   the   whole   body,  and   that  into 
this  certain  cartilaginous  processes,  or  rays  (actinophores 
of    Ryder,  pterygophores    of    Parker),  extend.      Each 
of    these  may  bear  several  others    extending    radially 
through  the  fin.     When  necessary  for  more  special  forms 
of  locomotion,  the  actinophores  become  united  into  solid 
bars  constituting  the  shoulder  and  pelvic  girdles,  and  the 
other  skeletal  elements  are  distally  situated  raj's.     Pig. 
3439  shows  various  forms   of  fins   found   in-  primitive 
fishes;  and  it  will  be  seen  that  there  is  a  certain  general 
resemblance  to  a  hand  with  a  large  number  of  digits.    Ac- 
cording to  this  view  there  is  no  absolute  homology  between 
the  thoracic  and  pelvic  limbs,  but  only  a  homodynamy. 
Between  fishes  with  fins  and  amphibia  with  feet  there  is 
a  gap  which  has  not  yet  been  filled  up  by  the  discovery 
of  intermediate  forms,  but  it  appears  probable  that  the 
limb  In  its  reduced  state  is  the  result  of  adaptation  to 
walking  instead  of  swimming. 

In  swimming  it  is  necessary  only  to  propel  the  body 
forward ,  in  walking  it  must  be  also  supported  and  raised ; 
hence  the  necessity  of  the  strong  proximal  bones  and  the 
bending  at  the  shoulder,  elbow,  and  wrist,  and  at  the 
hip,  knee,  and  ankle. 

Fig.  2439,  IV. ,  shows  how  closely  the  plan  of  the  hand 
and  arm  of  an  amphibian  corresponds  with  that  of  man. 
From  this  point  up  through  mammals  there  are  many 
modifications,  produced  by  the  peculiar  functions  which 
the  limbs  are  called  upon  to  perform.  When  of  use  for 
prehension,  digging,  etc.,  the  five-fingered  type  remains, 
and  it  is  in  fact  the  most  persistent  of  all ;  but  occasionally 
the  occurrence  of  extra  digits  in  the  human  species  re- 
minds us  of  a  far-off  ancestry,  in  whom  the  rays  were 
more  numerous.  When  the  anterior  limbs  are  used  more 
for  locomotion  they  become  variously  modified  by  stress 
and  impact,  and  lose  unnecessary  digits.  The  reduction 
always  takes  place  laterally.  First  the  thumb  becomes 
rudimentary  or  disappears,  then  the  little  finger,  next  the 
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second  finger,  then  the  fourth,  and  so  on.  The  discussion 
of  the  various  causes  for  this  is  of  extreme  interest,  but 
would  exceed  the  proper  limits  of  this  article.  The 
principal  typical  forms  are  shown  in  Fig.  2440. 

Embryological  evidence  as  to  the  development  of  the 
hand  agrees,  as  far  as  it  can  at  present  be  understood, 
with  the  facts  observed  in  the  animal  series. 

The  first  rudiment  appears  as  a  thickening  and  cres- 
centic  protuberance  (see  Fig.  3441,  A),  which  grows 
laterally  from  the  body  wall.  Further  outgrowth  ma}- 
be  arrested  at  this  point,  and  in  that  case  we  have  a  clnld 
born  with  a  hand  springing  directly  from  the  shoulder,  a 
species  of  monstrosity  reminding  one  of  the  flipper  of  a 
seal,  and  hence  called  phocomelus.  Normally,  however, 
other  segments  are  developed  between  the  first  bud  and 
the  body  wall  (Fig.  3441,  B),  and  in  these  the  bones  of 
the  arm  develop.  The  formation  of  the  fingers  is  first 
indicated  b_y  notches  along  the  edge  of  the  distal  bud 
from  which  converging  grooves  run,  indicating  the  future 
interdigital  spaces  (Fig.  3441,  f ').  The  first  groove  that 
appears  is  that  between  the  thumb  and  the  forefinger. 
The  terminal  phalanges  soon  become  free,  but  the  remain- 
ing portions  of  the  fingers  are  united  until  the  third  month. 
If  development  is  arrested  here,  we  have  the  fingers 
remaining  with  a  web  between  them,  as  in  the  amphibian 
paddle  and  in  some  quadrupeds.  The  tlnunbs  become 
free  first. 

The  varied  structures  of  connective  tissue,  cartilage, 
bone,  muscles,  nerves,  and  vessels  all  develop  graduallj- 
within  this  rudimentary  bud,  as  they  do  in  other  parts 
of  the  body,  by  a  differentiation  of  mesoblastic  cells. 

Some  interesting  problems  are  connected  with  the  time 
and  order  of  ossification  of  the  various  parts.  The  typical 
plan  of  the  hand  is  shown  in  Fig.  3439,  IV.  In  the  wrist 
there  are  originally  nine  bones,  which  are  arranged  in 
two  rows;  those  of  the  first  are  named  systematically, 
the  intermedium,  between  ulna  and  radius,  ulnare,  radi- 
ale,  and  correspond  to  the  scaphoid,  semilunar,  and 
cuneiform  bones  of  man.  There  is  then  a  centrale 
(sometimes  two,  as  shown  in  the  figure)  found  in  many 
apes  and  rodents,  represented  in  the  second  month  of  foe- 
tal life  by  a  small  independent  cartilage ;  and  then,  in  a 
second  row,  carpales  I.,  II.,  III.,IY.,  and  V.,  each  bear- 
ing a  metacarpal  bone.     The  first  three  of  these  corre- 


FIG.  2441.— Oullines  of  the  Anterior  Extremi- 
ties ot  Human  Embryos  at  Different  Ages. 
(Allen  Thompson,  after  His.)  A,  At  tour 
weeks:  B,  at  Ave  weeks;  C.  at  seven 
week ;  D,  at  nine  or  ten  weeks. 


Tib   2440.— Skeleton  ot  Hand  or  Forefoot  ot  Six  Mammals.    I.,  Man  ,  _    .    ^ 
VI    horse     r.  Eadius;  u.  ulna;  a,  scapboid;  b,  semilunar;  c,  cuneiform;  d, 
f,  OS  mllnum :    a,  unciform;   p,  pisiform;   1,  thumb;    2,  index  finger; 
finger ;  5,  little  finger.    (Gegenbaur.) 

spond  to  the  trapezium,  trapezoid,  and  os  magnum,  the 
fourth  and  fifth  uniting  to  form  the  unciform.  The  pisi- 
form bone  is  generally  held  not  to  be  an  essential  carpal 
element  but  a  sesamoid  developed  in  the  tendon  of  the 
extensor  carpi  ulnaris.  A  radial  sesamoid  occurs  m  some 
apes,  and  is  occasionally  found  in  man. 
Vol.  IV.— 31 


At  birth  all  the  carpal  bones  are  cartilaginous.  Ossifi- 
cation begins  in  the  os  magnum  (first  year),  then  follow 
the  unciform,  cuneiform,  semilunar,  scaphoid,  trapezoid, 
and  trapezium  in  aliout  that  order,  and  at  intervals  of 
from  nine  montlis 
to  a  year,  so  that 
the  carpus  proper 
is  complete  dur- 
ing the  eiglitli 
year.  The  pisi 
form  is  somewhat 
later,  not  ossify- 
ing until  from  the 
tenth  to  t  li  e 
twelfth  year. 

The  metacar- 
pals follow  the 
rule  of  long  bones 
and  ossify  much 
earlier,  commenc- 
ing in  the  shaft  at 
about  the  ninth 
week  of  I'n'tallife, 
an  epiphysis  re- 
maining cartila- 
ginous.     In     the 

metacarpal  boue  of  the  thumb  this  ejjiphysis  is  at  the 
proximal  end,  but  in  the  others  it  is  distal.  The  epi- 
physis begins  to  ossify  about  the  third  year.  The  pha- 
langes ossify  in  a  similar  manner,  but  the  epiphyses  in 
them  are  always  at  the  proximal  end.  The  agreement 
in  ossification  between  the  first  metacarpal  and  the 
phalanges  has  given  rise  to  much  speculation.  It  has 
been  supposed  to  indicate  that  the  missing  bone  of  the 
thumb  is  not  a  phalanx,  but  a  true  metacarpal.  Sap- 
pey  -  believes  the  metacarpal  epiphysis  to  be  the  metacar- 
pal proper,  the  remaining  part  being  a  phalanx,  which 
would  make  the  thumb  agree  with  the  other  digits  as  to 
the  number  of  segments,  as  is  the  case  with  some  other 
mammals,  the  sloth,  for  example.  The  metacarpal  bone 
proper  has,  he  supposes,  atrophied  so  as  to  allow  the 
thumb  to  be  set  farther  back  and  obtain  more  perfect  op- 
posabilit}'.  It  appears  doubtful  whether  we  ought  to 
accept  this  interpretation,  as  a  proximal  epiphysis  occa- 
sionally appears  in  the 
second  metacarpal,  and 
some  animals  have  both 
proximal  and  distal.  It 
is  suggested  that  too  much 
weight  should  not  be 
given  by  osteologists  to 
epiphysial  ossifications,  as 
it  appears  probable  that 
their  presence  or  absence 
depends  very  much  upon 
the  activities  of  the  ani- 
mal in  producing  strains 
upon  the  skeletal  ele- 
ments. 

The  hand  is  regarded 
as  divided  topographi- 
cally into  three  regions: 
the  wrist,  middle  hand, 
and  fingers — -correspond- 
ing to  the  skeletal  divis- 
ions of  carpus,  metacar- 
pus, and  phalanges. 

Region  of  the  Wrist. 
— Externally  this    region 
is  not  very  precisely  de- 
fined.    Its    upper    limits 
are     generally     regarded 
as  marked   in   front    by  the  upper    transverse   crease 
which    runs    across    the    forearm,   always    quite    well 
marked  even  in  extreme  extension.     Its  lower  limits  are 
marked  by  another  furrow,  which  curves  around  the  base 
of  the  thumb.     Behind,  the  marks  of  limitation  are  by 
no  means  as  clear.     Upon  strongly  extending  the  hand 


II.,  dog;  III.,  pig:  IV.,  ox;  V.,  tapir; 
'  trapezium ;  e,  trapezoid ; 
3,  middle  finger;   4,  ring 
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(dorsal  flexion)  there  appear  three  or  more  furrows  which 
correspond  in  a  general  way  to  the  joints  of  the  wrist, 
viz  the  radio-carpal,  medio-carpal,  and  carpo-metacar- 
pal  Although  described  as  such  by  Malgaigne,  they  are 
not  practically  good  guides  to  the  joints  in  question 

The  muscles  of  the  arm  as  they  reach  the  wrist  all  be- 
come reduced  to  comparatively  small  tendons,  which  pass 


B.  V,  flex,  carpi  radialie.  ...  --. 
B.  tendinosa  radialis 


E.v.flexorumpropriorum,  •'^■ 


B.    Bubtend.    flex, 
carpi  ulnaris. 
.  ..Ant.  annular  ligt. 


B.  tendinosa  ulnaris. 


Fig.  3443.— Synovial  Sheaths  ol  the  Palmar  Surface  of  the  Hand. 


down  over  this  region  to  be  inserted  below,  the  flexors 
lying  on  the  anterior  surface,  and  the  extensors  on  the 
posterior  and  external.  The  wrist  is,  therefore,  the  nar- 
rowest part  of  the  limb,  and  this  affords  an  increased 
faoiUty  of  motion  to  the  hand  as  a  whole.  The  bony 
parts  are  so  arranged  as  to  form  an  arch  with  the  concav- 
ity forward,  filled  with  the  descending  flexor  tendons, 
and  the  great  vessels  and  nerves.  Under  the  skin  of  the 
anterior  surface,  which  is  smooth  and  without  hairs,  can 
easily  be  felt  the  prominent  points  of  this  arch,  viz.,  on 
the  radial  side  the  tubercle  of  the  scaphoid,  on  the  ulnar 
the  pisiform.  These  vary  in  prominence  in  different  in- 
dividuals. It  is  not  uncommon  for  unlnstructod  persons 
to  suppose  that  they  have  "a  bone  out,"  and  unscrupu- 
lous quacks  take  advantage  of  this  notion  to  work  sup- 
posed cures. 

Upon  flexing  the  hand  a  tendon  starts  up.  This  be- 
longs to  the  palmaris  longus,  and  in  a  lean  wrist  it  can 
be  plainly  seen  to  spread  out  and  become  continuous  with 
the  palmar  fascia.  On  the  radial  side  of  the  palmaris  ten- 
don, and  close  to  it,  can  be  easily  felt  the  tendon  of  the 
flexor  carpi  radialis.  Behind  and  between  these  two  lies 
the  median  nerve.  When  the  superflcialis  volse  artery  is 
large,  it  may  be  seen  to  pulsate  where  it  lies  alongside  of 
the  tubercle  of  the  scaphoid.  The  radial  artery  usually 
does  not  appear  here,  having  already  passed  outward 
under  the  extensor  tendons  of  the  thumb  to  reach  the 
back  of  the  hand.  The  point  where  the  pulse  is  usually 
felt  is  not,  strictly  speaking,  within  the  anatomical  region 
of  the  wrist,  but  upon  the  lower  end  of  the  radius.  It  is 
admirably  adapted  for  the  purpose,  as  the  artery  here 
lies  upon  a  bony  bed,  may  be  easily  compressed,  and  is 
about  to  make  a  sudden  and  abrupt  curve.  Hence  a 
careful  palpation  shows  at  once  the  amount  of  tension  of 
the  arterial  wall.  By  extending  the  wrist,  the  artery 
may  be  slightly  stretclied  and  the  structures  above  it 
rendered  tense,  so  that  it  may  be  still  more  easily  felt. 
Occasionally  the  superflcialis  volse  is  given  off  higher 
than  usual,  and  makes  a  secondary  pulsation,  the  "pulsus 
duplex"  of  old  authors  (not  the  pulsus  dicrotus).  In  this 
case  it_  is  easy  to  control  it  by  pressing  it  against  the 
scaphoid.  On  the  ulnar  side,  the  flexor  carpi  ulnaris 
tendon  shows  prominently  in  flexion  of  the  wrist,  as  it 
passes  down  to  its  insertion  in  the  pisiform  bone,  and 
externally  to  this  the  pulsation  of  the  ulnar  artery  may 
be  felt.  The  tendons  of  the  flexors  of  the  fingers  lie 
deeper. 


The  skin  upon  the  front  of  the  wrist  is  firmly  bound 
to  the  deeper  structures  by  a  very  thin  layer  of  subcuta- 
neous tissue,  and  it  is  therefore  diflScult  to  make  a  flap  from 
it  in  amputating  the  forearm.  Flexion  has  produced  a 
number  of  transverse  markings.  These  are  the  rasceta 
of  the  chiromants,  a  word  derived  from  the  Arabic,  sig- 
nifying wrist.  There  are  usually  three  of  these,  and  they 
are  not  only  prominent  in  all  states  of  the  hand,  but  are 
found  in  f cetal  life.  An  attempt  has  therefore  been  made 
to  give  them  significance  as  characteristic  signs,  but  when 
we  reflect  that  the  band  of  the  foetus  is  also  movable  and: 
actively  used,  and  that  its  condition  is  one  of  pronounced 
flexion  of  all  the  joints,  it  is  not  surprising,  m  view  of 
the  peculiar  relations  of  the  skin  and  subdermal  tissue, 
that  these  as  well  as  the  lines  of  the  palms  should  be- 

formed.  ,,  .  ,   ^      j     f 

Across  the  front  of  the  wrist  passes  a  thick  band  ot 
fascia,  called  the  anterior  annular  ligament.  This  being 
attached  to  the  bony  prominences  on  either  side,  conflnes^ 
the  tendons  in  the  deep  carpal  furrow  or  canal.  Ihe 
continual  friction  of  the  tendons  along  this  furrow  has 
caused  extensive  synovial  sacs  or  sheaths  to  be  formed. 
Occasionally  but  a  single  one  occurs,  enclosing  all  the- 
tendons.  The  usual  arrangement  is,  however,  for  two- 
sheaths  (Fig.  2442),  one  {bursa  tendinosa  ulnaris)  sur- 
rounding'the  tendons  of  both  superficial  and  deep  flexors, 
the  other  {bursa  tendinosa  radialis)  surrounding  the  tendon- 
of  the  flexor  longus  pollicis.  The  ulnar  sheath  is  almost- 
always  continuous  with  the  sheath  of  the  little  finger, 
and  amputation  of  that  digit  is  therefore  more  apt  to  be 
followed  by  extensive  suppuration  than  that  of  the  index, 
middle,  or  ring  fingers.  These  extensive  synovial  sacs 
are  very  troublesome  when  inflamed,  as  they  may  lead  to 
extensive  suppuration  of  the  forearm,  and,  indeed,  death 
has  been  known  to  follow.  An  amputation  of  the  hand 
is  much  less  serious. 

Upon  the  dorsal  surface  of  the  wrist  the  skin  is  much 
more  movable,  somewhat  hairy,  and  without  prominent 
furrows.  Under  it  may  be  seen  two  prominent,  bony 
eminences— first,  the  round  head  of  the  ulna,  second,  the- 
more  obscure,  pointed  styloid  process  of  the  radius.  From 
this  latter,  running  toward  the  thumb,  the  tendon  of  the 
extensor  of  the  metacarpal  bone  of  the  thumb  appears  on 
extension,  and  a  short  distance  from  it  the  extensor  of 
the  first  phalanx.     The  triangular  space  between  these 

* . .  .B.  V.  ext.  longi  poUiciB., 


B.  V.  extens.  carpi 
ulnaris. 


Post,  annular  lig. 


B.  V.  ext.  min.  dig, 


B.  V .  ext.  com-  \ 
munis  et  indicis.  f 


B.  V.  ext.  carpi  radial- 
orum. 


B.  V.  abd.  long,  et 
ext.  brev.  pollicis. 


Fig.  2443.— Synovial  Sheaths  ol  the  Dorsal  Surface  of  the  Hand. 

has  been  called  la  tabatiere  anatomigue,  or  anatomist's^ 
snuff-box,  because  it  was  formerly  the  custom,  when 
snuff-taking  was  fashionable,  to  carry  snuff  to  the  nose 
in  this  little  hollow  (Hyrtl).  By  pressing  deeply  on  this 
space,  the  beating  of  the  radial  artery  may  be  felt  as  it 
passes  under  the  tendons  to  reach  the  first  metacarpal 
interspace,  where  it  passes  into  the  palm.  It  here  rests 
on  the  scaphoid  and  trapezium.    Over  the  back  of  the 
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•wrist  and  hand  tlie  tendons  which  come  down  from  above 
and  are  at  first  closely  pressed  together,  begin  to  spread 
o\it  to  go  to  their  respective  insertions.  These  tendons 
are,  from  within  outward,  those  of  the  extensor  carpi 
ulnaris,  extensor  minimi  digiti,  extensor  communis  digi 
torum,  extensor  indicis,  and  the  extensors  of  the  thumb 
These  tendons  are  also  confined  by  an  annular  ligament 
and  are  furnished  witli  synovial  sheaths,  as  shown  in  Pig! 
2443.  The  affection  popularly  known  as  weeping  sinew 
(ganglion)  is  rather  common  in  connection  with  these 
sheaths. 

The  small  bones  of  the  skeleton  of  the  wrist  are  un- 
doubtedly of  considerable  value  in  breaking  and  dis- 
persing the  shocks  transmitted  from  the  lower  hand. 
The  general  plan  of  its  construction  has  been  already 
alluded  to.  We  may  consider  the  radius  as  bearing,  first 
the  scaphoid  (radiale),  which  in  turn  bears  the  trapezium 
and  trapezoid  (carpales  I.  and  II.),  the  supporters  of  the 
first  and  second  metacarpals ;  second,  the  semilunar  (in- 
termedium), which  bears  the  os  magnum  (carpale  III.)' 
and  the  third  metacarpal.  The  ulna  does  not  directly 
join  with  the  wrist,  its  carpal  bone,  the  cuneiform 
(ulnare),  being  separated  from  it  by  the  triangular  fibro- 
cartilage.  This  bears  the  unciform  (carpales  IV.  and  V 
united)  and  the  fourth  and  fifth  metacarpals.  The  joints 
and  ligaments  of  the  wrist  will  be  treated  in  a  separate 
article. 

Region  of  the  Middle  Hakd.— The  muscles  which 
belong  to  the  hand  proper  are  arranged  in  two  groups, 
one  upon  the  radial  side,  making  an  elevation  called  the 
thenar  eminence;  another  on  the  ulnar  side,  called  by 
correspondence  the  hypothenar  eminence.     The  upper 
part,  where  these  two  join,  is  called  the  ball  of  the  hand, 
or  by  French  anatomists  le  talon  de  la  main.     The  central 
portion  between  the  eminences  is  the  hollow  of  the  hand, 
and  it  can  be  contracted  and  deepened  by  the  action  of 
the  muscles  on  either  side.     Because  of  this,  it  was  called 
by  the  old  anatomists  poculum  Diogenis,  or  Diogenes' 
cup,  in  allusion  to  the  story  tliat  the  cynic  philosopher, 
on  seeing  a  shepherd  drink  from  his  hand,  vowed  to 
henceforth  use  this,  as  the  simplest  possible  utensil,  in- 
stead of  the  rude  wooden  cup  which  he  had  heretofore 
deemed  the  acme  of  simplicity.     Around  this  hollow  are 
set  the  so-called  "  mounts  "  of  chiromancy,  governed,  as 
is  asserted,  by  the  seven  planets.     The  thenar  eminence 
is  styled  the  mount  of  Venus,  and  we  may  see  a  survival 
of  the  old  notion  in  the  fact  that  among  the  vulgar  a  titil- 
lation  of  this  surface  is  believed  to  excite  amator}'  pas- 
sion.*   It  is  possible  that  there  may  be  an  anatomical 
basis  for  this  belief.     An  inspection  of  Pig.  2451  will  show 
that  the  region  in  question  lies  in  the  boundary  between 
the  distribution  of  the  ulnar  and  the  median  nerves,  and 
is  somewhat  less  fully  supplied  than  are  other  parts  of 
the  hand.     It  is  therefore,  like  other  regions  with  the 
same  character  of  nerve  distribution,  susceptible  to  that 
obscure  form  of  nervous  excitement  called  "tickling," 
which  is  known  to  cause  a  variety  of  reflex  acts.     We 
are  as  yet  hardly  sufliciently  versed  in  the  laws  of  trans- 
mission of  impulses  to  decide  absolutely  that  this  may 
not  have  a  reflex  effect  connected  with  the  genital  aj3 
paratus,  especially  if  aided  by  an  association  of  ideas. 

The  lower  part  of  the  hypothenar  eminence  is  called  by 
palmisters  the  mount  of  tlie  Moon,  its  upper  the  mount 
of  Mars.  At  the  root  of  the  four  fingers  are  the  other 
mounts,  which  anatomical  peculiarities  are  caused  by  the 
insertion  into  the  roots  of  the  fingers  of  the  strong  palmar 
fascia,  by  slips  between  which  the  tissues  bulge.  The 
mount  of  Jupiter  belongs  to  the  index,  Saturn  to  the 
mediums,  the  Sun  to  the  ring  finger,  and  Mercury  to  the 
little  finger.  That  this  absurd  farrago  is  not  entirely 
obsolete  the  author  has  had  ample  evidence,  as  several 
intelligent  people  have  assured  him  that  they  believe 
that  these  eminences  have  power  to  attract  the  seven 
different  qualities  of  "astral  fluid,"  and  the  doctrine  has 
been  fully  set  forth  in  more  than  one  serious  treatise 

*Iago  says  of  Desdemona:  "Didst  thou  not  see  her  paddle  with 
the  palm  ot  his  hand  ?  Lechery  by  this  hand,  an  index  and  obscure 
prologue  to  the  history  ot  lust  and  loul  thoughts." 


withm  the  last  ten  years. ■',-i,5,«,',8.  Indeed,  it  would 
seem  as  if  the  advances  of  science  within  the  present 
century,  instead  of  extinguishing  ignorant  pretension, 
had  caused  pseudo-sciences  to  spring  up  by  the  score 
Dazzled  and  bewildered  by  the  evidences  seen  on  every 
hand  of  the  power  of  science,  those  untrained  in  the  exact 
methods  of  scientific  research  are  unable  to  distinguish 
between  the  true  and  the  false,  and  a  vast  field  is  left 
open  for  charlatans  and  visionaries.  The  old  astrologists 
believed  not  only  that  the  hand  was  governed  by  the  in- 
fluence of  the  stars,  but  that  certain  signs  were  fixed 


Fig.  3444.— Surface  Markings  on  the  Palm  ot  the  Hand.  The  thick 
black  lines  represent  the  chief  creases  on  the  skin.  (Altered  from 
Treves.) 


upon  it  before  birth,  and  became  a  basis  from  which  to 
interpret  the  individual's  character  and  constitution. 
Since  this  character  and  constitution  have  their  limita- 
tions, signs  for  these  also  were  found  in  the  hand ;  and 
they  further  assumed  that  future  events,  such  as  sickness, 
death,  and  other  matters  of  fortune  or  misfortune,  could 
be  foretold.  There  were  many  who  went  much  farther 
than  this  into  all  the  excesses  of  charlatanry. 

The  hand,  being  the  servant  of  the  mind,  is  modified 
and  changed  according  to  the  use  to  which  it  is  put; 
hence,  say  the  palmisters,  this  organ  is  the  appropriate 
index  of  character,  and  the  lines  of  the  hand,  caused  by 
the  nervous  influences  actuating  different  muscles,  and 
the  tension  and  stress  exerted  on  the  skin,  must  be,  if 
truly  interpreted,  a  most  significant  guide.  A  little  re- 
flection will  show  that  the  modern  disciples  of  palmistry 
have  fallen  into  the  same  error  as  have  the  physiognomists 
and  phrenologists,  in  that  they  expect  to  obtain  exact 
and  detailed  particulars  by  examining  physical  characters 
which  are  highly  generalized,  being  the  result  of  a  great 
number  of  separate  physiological  processes  and  acts. 

Certain  general  notions  as  to  bodily  constitution,  use, 
and  adaptability  can  undoubtedly  be  made  out  upon  the 
inspection  of  the  hand ;  but  there  appears  to  be  no  war- 
rant for  any  exact  details.  The  principal  lines  are  shown 
upon  Pig.  2444. 
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It  will  be  seen  that  they  form,  rudely,  the  letter  M. 
The  one  running  around  the  ball  of  the  thumb  and  mark- 
ing off  the  thenar  eminence  was  known  to  the  old  chiro- 
mants  as  the  linea  vitalis,  or  line  of  life.  Measurements 
along  this,  made  by  describing  arcs  of  circles  from  the 
several  mounts,  were  believed  to  I'epresent  different 
periods  of  life,  and  any  break  in  the  line  at  the  points 
where  these  crossed  was  said  to  indicate  sickness  or  death 
at  that  period.  This,  gravely  set  forth  in  all  recent  works 
on  palmistry,  also  appears  in  books  of  the  sixteenth  cen- 
tury, and  probably  farther  back.'  This  fold,  with  an- 
other which  occasionally  occurs  running  from  the  wrist 
toward  the  finger,  centrally  through  the  palm,  and  called 
the  saturnine  line,  or  linea  fortuntc,  indicates  to  an  anato- 
mist only  the  action  of  the  adductor  pollicis  in  drawing 
the  thumb  over,  and  is  deep  or  almost  entirely  absent  as 
the  thumb  has  great  or  little  flexion.  The  statement  is 
made  by  Langer,'"  that  the  saturnine  line  is  not  found  in 
any  but  those  of  pure  Caucasian  race.  As  it  is  well 
marked  in  the  chimpanzee,  this  seemed  open  to  doubt, 
and  the  author  has  examined  the  hands  of  several  negroes 
to  ascertain  if  the  statement  had  any  foundation.  In 
all  those  examined  it  showed  with  great  clearness,  even 
better  than  in  whites. 

From  the  radial  border  of  the  hand,  near  the  upper 
end  of  the  linea  vitalis,  arises  the  linea  cephalica,  or  head 
line,  which  passes  obliquely  across  the  palm,  disappear- 
ing near  the  ulnar  edge.  The  value  of  this  line  to  a  sur- 
geon is  considerable,  as,  where  it  crosses  the  fourth 
miitacarpal  bone,  it  marks  the  superficial  palmar  arch 
(see  Fig.  2444). 

The  arch  may  in  some  individuals  be  seen  to  pulsate 
strongly  at  this  point.  The  commencement  of  the  line 
indicates  the  metacarpo-phalangeal  joint  of  the  index 
finger.  It  appears  to  be  caused  by  the  flexion  of  the 
four  fingers,  and  corresponds  rather  closely  to  the  origin 
of  the  lumbricales  from  the  flexor  tendons. 

Another  line,  not  so  extensive,  is  the  linea  mensalis, 
or  heart  line,  which  extends  across  under  the  mounts  at 
the  bases  of  the  third,  fourth,  and  fifth  fingers.  It  is  a 
little  behind  the  metacarpo-phalangeal  joints,  and  ex- 
presses flexion  there  of  the  three  outer  fingers,  which 
usually  act  together.  The  name  mensalis  was  given  it 
because  the  names  of  the  mounts  were  also  names  of 
months. 

Besides  the  lines  described,  a  number  of  others  are 
mentioned  by  the  chiromants,  and  in  some  hands  there  is 
a  complete  network.     These  might  be  of  value  for  the 


Fig.  2445.-Horlzontal  Section  of  the  Hand  through  the  Middle  of  the 
Thenar  and  Hypothenar  Eminences.  (Tillaux  )  a  Metacarnal 
bone-  b  first  dorsal  Interosseus;  c,  palmaris  brevis^'  d  aStor 
min.  digiti;  e,  flexor  brevls  mln.  dig.;  /,  opnonens  rtiln  Ma-n 
flexor  brevls  poll.;  h,  abductor  poli:;'  i,  oroonens  PoU-  f"ad 
ductor  poll.;  ;c,  flexor  long,  poll.:  I,  dorsal  nterosselTn?  palmar  in 

s%Xrrdel^p1aWlaon"fm.""'=*^=   '•  "^^^  -Pt™=   "^n-; 

purpose  of  proving  personal  identity  in  medico-legal 
cases.  The  occupation  of  the  individual  may  occasion 
marks,  callosities,  and  discolorations  of  tlie  skin,  altera- 
tions of  the  nails  and  hairs,  formation  of  special  bursse, 
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and  even  changes  in  the  articulations,  muscles,  and 
bones,  which  are  of  importance  in  determining  identity. 
The  limits  of  this  article  will  not  permit  of  a  full  treat- 
ment of  this  subject,  which  has  been  very  carefully  ex- 
amined by  Vernois."  The  shape  of  tlie  hand  may  be 
permanently  altered  by  the  use  of  tools.  The  epidermis 
of  the  horny  hand  of  a  laborer  may  be  so  thick  as  to  pre- 
vent the  eruption  of  an  abscess.  The  subcutaneous  con- 
nective tissue  of  the  palm  is  composed  of  short  and 
thickly  set  fibrous  bands,  which  firmly  unite  the  skin 
with  the  deep  fascia,  forming  partition  \\alls  of  little 
chambers  which  contain  fat.  When  the  tissue  is  cut 
through,  these  little  adipose  masses,  released  from  their 
confinement,  extend  beyond  the  edges  of  the  wound. 
This  arrangement  secures  a  considerable  degree  of  elas- 
ticity and  protection.  Abscesses  do  not  usually  point 
under  thicker  parts  of  the  subcutaneous  tissue,  but  seek 
the  ball  of  the  thumb  and  the  hypotlienar  eminence. 

The  deep  fascia  is  a  strong  and  firm  sheet,  triangular 
in  shape,  the  palmaris  longus,  its  tensor,  being  inserted 
at  the  point  of  the  triangle.  Indeed,  so  continuousl.y  are 
the  two  united,  that  we  may  properly  consider  the  fascia 
to  be  an  expansion  of  the  tendon.  It  occurs,  however, 
when  the  muscle  is  wanting.  Opposite  the  fingers  it 
splits  into  four  processes,  which  are  inserted  hy  these 
slips  at  the  bases  of  the  fingers  and  into  the  sheath  of  the 
flexor  tendons  and  the  first  finger-joint.  Acting  through 
these  slips,  the  palmaris  acts  therefore  as  a  flexor  of  the 
fingers.  A  chronic  shortening  of  this  sheet  is  known  as 
Dupuj-tren  's  contraction,  and  is  always  accompanied  by 
a  permanent  bending  of  fingers.  Tlie  little  finger  and 
ring  finger  are  most  affected;  the  thumb  never,  as  it  re- 
ceives only  a  verj'  insignificant  slip  of  the  palmar  fascia. 

A  band  of  fascial  fibres  stretches  across  the  roots  of  the 
fingers,  and  is  known  as  the  superficial  transverse  liga- 
ment. A  thin  fascia  also  separates  the  interosseous  mus- 
cles from  the  rest  of  the  palm.  The  metacarpal  bones  of 
all  the  fingers  except  the  thumb  are  bound  together  at 
their  lower  ends  by  a  strong  strip  called  the  transverse 
metacarpal  ligament,  and  processes  extend  between  this 
and  the  palmar  fascia,  making  thus  distinct  chambers 
through  which  pass  the  flexor  tendons  as  the}'  go  down 
to  the  fingers.  It  is  through  this  passage  that  suppura- 
tion extends  from  the  fingers  into  the  palm. 

Another  series  of  orifices  at  the  sides  of  the  fingers 
permits  the  collateral  vessels  and  nerves  and  the  tendons 
of  the  lumbricales  to  reach  the  fingers. 

The  structures  beneath  the  palmar  fascia  are  contained 
in  three  compartments,  which  are  separated  bv  intermus- 
cular septa;  one  (see  Fig.  2445),  external,  separates  the 
muscles  of  the  thenar  eminence  and  becomes  continuous 
below  with  the  sheath  of  the  adductor  pollicis.  passing 
with  it  to  be  inserted  into  the  third  metacarpal :  the  other, 
internal,  is  attached  to  the  anterior  border  of  the  fifth 
metacarpal,  separating  off  the  muscles  of  the  liypothenar 
eminence.  The  middle  compartment  is  the  most  impor- 
tant, as  it  contains,  besides  the  flexor  tendons  and  their 
accessory  muscles,  the  vessels  and  nerves  of  tlie  palm. 
The  following  table  (on  page  485)  gixes  the  principal 
facts  regarding  the  muscles  of  the  palm,  as  stated  bv  the 
best  authorities. 

It  should  be  noted  that  between  the  two  heads  of  the 
flexor  brevis  pollicis  the  tendon  of  the  long  flexor  of  the 
thumb  passes,  lying  iu  the  groove  of  the  trapezium. 
The  deep  head  of  this  muscle  (supplied  by  the  ulnar 
nerve),  a.s  usually  described,  should  rather  be  called  a 
portion  of  the  adductor  pollicis,  with  which  it  is  some- 
what closely  allied.  The  palmaris  brevis  probably,  by 
its  contraction,  assists  to  protect  the  ulnar  artery  and 
nerve,  which  jiass  directly  under  it.  When  the  fist  is 
firmly  clenched,  this  muscle  assists  in  tightening  the 
palmar  aponeurosis,  and  its  situation  is  marked  by  a  lit- 
tle hollow  on  the  ulnar  side  of  the  hand.  It  is  not  usu- 
ally capable  of  independent  action,  but  the  author  has 
found  some  persons  who  liad  tlie  power  to  move  it  at 
will,  thus  wrinkling  the  skin.  It  appears  to  be  a  muscle 
derived  from  tlie  panniculus  carnosus,  like  the  small 
muscles  of  the  face. 
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Thknar  Musci.ks. 
Abductor  polllcis 

Opponens  polllcis 

FlPxor  brevis  polllcis 

Adductor  pollicls 

Hypothenar  Muscles 
Abductor  minimi  digltl 

Opponens  minimi  digltl 

Flexor    brevis    minimi 

digltl. 
ralmarls  brevis 

Median  Muscles. 
Lumbrlcales 

Palmar  interossei 

Dorsal  interossei 


Origin. 


Trapezium  and  annu- 
lar ligament. 

Trapezium  and  annu- 
lar ligament. 

Trapezoid,  os  magnum, 
and  metacarpales  11. 
and  III. 

Sbalt  of  metacarpale 
III. 

Plsltorin  and  tendon 
flexor  carpi  ulnarls 

Annular  ligament  and 
unciform. 

Annular  ligament  and 
unciform. 

Palmar  fascia  and  an- 
nular ligament. 

Radial  sides  of  tendon 
of  flexor  profundus 
digitorum. 


Metacarpales  11.,  IV.. 
and  V. 

Adjacent  sides  of  meta- 
carpals, more  particu 
larly  upon  those  of  the 
finger  where  insertion 
occurs. 


Insertion. 


Base  first  phalanx  of 
thumb. 

Metacarpale  I.  along 
whole  length. 

Base  flrst  palanx  of 
thumb,  with  sesa- 
moids. 

Base  flrst  phalanx  of 
thumb. 

Base  flrst  phalanx  digit 
v.,  with  slip  to  ex. 
tensor  tendon. 

Ulnar  border  metacar- 
pale V. 

Base  first  phalanx  digit 
V. 

Skin  of  inner  border  of 
palm. 

Radial  sides  of  tendons 
of  extensor  communis 
digitorum  and  flrst 
phalanges. 

Bases  of  first  plalanges 
digit.  II.,  IV.,  and  V. 

Base  of  first  phalanges 
digit.  II..  III.,  and 
IV.,  and  to  extensor 
tendon. 


Innervation. 


Median 

Median 

Outer  head  median 
Inner  head  ulnar. 

Ulnar  

Ulnar  

Ulnar  

Ulnar 

Ulnar  


First  two  by  me- 
dian, last  two  by 
ulnar. 


Ulnar  . 
Ulnar . 


Action. 


Ai)ducts  and  rotates  thumb  and  extends  second 

phalanx. 
Brings  flrst  metacarpal  forward  and  rotates  it 

inward. 
Flexes  and  rotates  flrst  phalanx  of  thumb. 


Adducts  thumb. 


liiaws  little  finger  away  from  others. 


Draws  little  flnger  forward,  narrows  hand,  and 
deepens  hollow. 
Keeps  phalanx  flrmly  down  in  grasping. 

Draws  up  integument  on  inner  side. 


Extensors  of  last  two  phalanges,  flexors  of  flrst 
phalanges  when  these  are  semiflexed  by  the 
dorsal  interossei.  The  flrst  and  second  are  ab- 
ductors and  rotators,  the  third  and  fourth  ad- 
ductors and  rotators. 

Extensors  of  last  two  phalanges,  adductors  and 
rotators,  flexors  of  flrst  phalanges. 

Flexors  and  abductors  of  flrst  phalanges,  and  in 
slight  degree  rotators.  The  third  extends  last 
two  phalanges. 


The  lumbricales  are  so  called  because  of  their  round, 
worm-like  appearance.  The  old  anatomists,  because  of 
their  use  in  flexing  and  extending  the  fingers,  called  them 
fiducinales,  or  fiddler's  muscles. 

Duchenne  ■'■'  noticed  that  in  persons  who 
were  suffering  from  lead  paralysis,  and  had 
tlierefore  no  control  over  the  extensor  mus- 
cles supplied  from  the  musculo-spiral 
nerve,  there  was  still  some  power  of  ex- 
tension in  the  second  and  third  phalanges. 
The  statement  made  in  the  table  as  to  the 
action  of  the  lumbricales  is  that  of  Adam," 
founded  upon  observations  made  on  the 
cadavei-,  and  with  electrical  excitation  with 
special  instruments. 

Fig.  2446  .shows  the  manner  of  insertion 
of  the  lumbi-icales,  as  well  as  that  of  the 
interossei  and  the  flexor  tendons. 

Besides  the  muscles  mentioned  in  the 
table,  the  tendons  shown  in  Fig.  3446  lie  in 
the  hollow  of  the  hand.  As  they  approach 
the  fingers,  the  tendons  of  the  superficial 
flexor  lie  immediately  upon  those  of  the 
deep,  and  in  fact  embrace  them  in  a  groove 
upon  their  under  surface,  this  groove  deepening  until  it 
at  last  becomes  a  slit  through  which  the  tendons  of  the 
deep  flexor  pass.  It  is  therefore  impossible  to  cut  the 
tendons  of  the  superficial  flexor  without  at  the  same 
time  cutting  those  of  the  deep  flexor. 

The  back  of  the  hand  is  convex,  and  shows  plainly  the 
metacarpal  bones.  When  laid  upon  a  flat  surface,  it  is 
comparatively  flat,  but  when  the  flexor  tendons  act  they 
pull  the  bones  together  in  such  a  way  as  to  increase  the 
convexity.  The  adaptability  of  this  for  the  purposeof 
firmly  seizing  objects  may  be  seen  by  reference  to  Fig. 
2449.  When  the  fingers  are  extended  and  spread  apart, 
the  extensor  tendons  shown  in  Pig.  2447  are  well  dis- 
plaved.  , 

Shallow  furrows  appear  between  the  tendons,  ana 
at  the  lower  part  of  the  dorsum  the  heads  of  the  meta- 
carpal bones  become  prominent.  At  the  base  of  the 
fingers  the  skin  becomes  thinned  out  into  an  inter- 
digital  web  semilunar  in  shape.  The  web  bet^veen 
the  (thumb  and  the  index  finger  is  thicker  and  more 
marked  than  elsewhere,  because  it  contains  in  front 
the  adductor  of  the  thumb  where  it  becomes  free  from 
the  first  dorsal  interosseous  muscle,  which  covers  it 
in  the  upper  part  of  tlie  interspace.     As  the  skin  and 


fascia  on  the  dorsal  surface  of  the  web  are  thinner 
than  on  the  palmar,  abscesses  of  the  palm  which  reach 
the  base  of  the  fingers  usually  discharge  behind. 


Fig.  2446.— Bones  of  Two  Fingers,  with  the  Insertions  of  the  Tendons.  (R.  Qualn.)  In 
A,  the  tendons  of  the  flexor  muscles  are  bound  to  the  bones  by  the  fibrous  sheath. 
In  B.  the  sheath  has  been  removed,  as  well  as  the  vlncula  aecessoria ;  1,  meta- 
carpal bone ;  2,  tendon  of  the  flexor  sublimis :  tendon  of  the  flexor  profundus  ;  *, 
perforation  of  the  sublimis  by  the  profundus  tendon ;  4,  tendon  of  the  extensor 
communis  digitorum ;  5,  lumbricalis  muscle ;  6,  one  of  the  interosseous  muscles. 


The  skin  of  the  dorsum  is  in  many  respects  the  oppo- 
site of  that  of  the  palm,  being  thin,  easily  movable,  hairy, 
especially  towai-d  the  ulnar  side,  and  but  slightly  sensi- 
tive. QEdema  is  much  more  quickly  shown  here,  the 
subcutaneous  tissue  being  loose  anil  numerous  veins 
course  through  it.  Some  idea  can  be  obtained  of  the 
tonicity  of  the  vascular  walls  by  noting  their  visibility 
througli  the  skin.  They  vary  much,  however,  in  differ- 
ent individuals. 

The  deep  fascia  forms  the  sheaths  of  the  tendons  as 
they  pass  down.  These  tendons  are  arranged  in  two 
sets,  which  may  be  said  to  represent  a  superficial  and  a 
deep  extensor  s'imilar  to  the  arrangement  of  the  flexors. 
To  the  superficial  extensor  belong  the  tendons  of  the  ex- 
tensor communis  and  tlie  extensor  minimi  digiti,  which 
pass  down  under  the  annular  ligament  almost  vertically, 
diverging  to  their  respective  insertions  after  reaching  the 
dorsum.  The  tendons  of  the  communis,  which  go  to  the 
last  three  fingers,  are  united  by  oblique  bands.  This  re- 
stricts the  motion  of  the  ring  flnger  to  a  considerable  de- 
gree, and  it  cannot  be  fully  extended  when  the  third  or 
fifth  digit  is  held  firmly  flexed.  Subcutaneous  section 
of  these  bands  is  sometimes  resorted  to  for  the  purpose 
of  giving  pianists  more  independent  movement  of  the 
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ring  finger.  To  the  deep  extensor  set  belong  those  mus- 
cles which,  arising  lower  down  upon  the  forearm,  rim 
somewhat  obliquely  across  the  others  to  be  inserted  into 
the  index  finger  and  the  thumb.     These  are  the  three 


Fig.  2447.— Superflcial  Mubfles  and  Tendons  on  the  Back  of  the  Wrist 
and  Hand.  CAtier  Bourgery.)  The  posterior  annular  ligament  ol 
the  wrist  is  represented.  1,  Extensor  ossis  metacarpi  pollicis ;  1',  its 
insertion ;  2,  extensor  primi  internodii  pollicis :  2',  its  insertion ;  3, 
tendon  of  extensor  secundi  internodii  pollicis ;  4,  extensor  com- 
munis digitorum ;  4',  tendon  of  the  middle  finger  receiving  the  in- 
sertion of  the  second  and  third  dorsal  interosseous  muscles;  4", 
division  of  the  tendon  into  three  portions,  of  which  the  median  is 
Inserted  into  the  second  phalanx,  the  two  lateral  passing  on  to  be 
Inserted  at  4'"  into  the  terminal  phalanx ;  .5,  extensor  minimi  digjti; 
5',  its  junction  with  the  slip  of  the  common  extensor ;  6,  placed  on 
the  lower  end  of  the  ulna,  points  to  the  extensor  carpi  ulnaris ;  6', 
insertion  of  this  muscle  Into  the  base  of  the  fifth  metaearpal  bone ; 
7,  part  of  the  fiexor  carpi  ulnaris ;  8,  placed  on  the  os  magnum, 
points  to  the  insertion  of  the  extensor  carpi  radialis  brevior;  8', 
placed  on  the  base  of  the  second  metacarpal  bone,  points  to  the  in- 
sertion of  the  extensor  carpi  radialis  longior ;  9,  tendon  of  extensor 
indicis ;  10,  small  part  of  the  adductor  pollicis,  and  inner  head  of 
the  flexor  brevis  pollicis ;  11,  first  dorsal  Interosseous  or  abductor 
indicis ;  in  the  other  three  interosseous  spaces  are  seen  in  succes- 
sion, from  the  radial  side  inward,  the  insertion  of  the  first  palmar, 
second  dorsal,  third  dorsal,  second  palmar,  fourth  dorsal,  and  third 
palmar  Interosseous  muscles ;  12,  abductor  minimi  digiti. 

extensors  of  the  thumb  and  the  extensor  indicis.  Many 
varieties  occur  which  confirm  this  view.  In  apes  the 
extensor  indicis  also  supplies  the  middle  finger,  and 
sometimes  the  ring  finger  as 
well.  The  extensor  secundi 
internodii  pollicis  (which 
should  he  called  extensor 
longus  pollicis)  also  sends  a 
tendon  to  the  index,  and  some- 
times to  the  medius.  Similar 
variations  occur  in  man.  Ros- 
ter •''  found  the  tendon  of  the 
indicis  and  the  long  exten- 
sor of  the  thumb  united  by  a 
cross  band  like  those  which  ap- 
FiG.  2448.— Carpo-metacarpal  pear  on  the  tendons  of  the 
Joint  of  the  Thumb.  common  extensor. 

The  bones  of  the  middle 
hand  are  the  five  metacarpals,  each  concave  toward 
the  palm,  and  having  a  somewhat  prismatic  shaft 
with  two  enlarged  extremities.  Closely  applied  at  the 
bases  they  spread  along  the  shaft  so  that  the}-  ne\er 


touch  there  while  again  at  the  lower  end  they  can  be 
brought  together.  There  is  thus  left  room  for  the  in- 
terossei  muscles.  The  first  metacarpal  is  an  exception, 
as,  in  order  to  preserve  the  independence  and  opposability 
of' the  thumb,  the  base  is  set  over  and  in  front  of  the  line 
of  the  others,  and  its  distal  end  is  not  confined  by  liga- 
ments. Since  it  is  shaped  more  like  a  phalanx  than  hke 
the  others,  anatomists  have  not  failed  to  add  this  to  other 
evidence  which  has  been  adduced  to  prove  that  the 
thumb  has  no  true  metacarpal.  The  joint  by  which  it 
articulates  with  the  trapezium  is  a  saddle-joint,  the 
movement  being  free  in  two  planes,  viz. ,  that  of  flexion 
and  extension,  and  that  of  adduction  and  abduction.  It 
is  not,  however,  limited  to  these,  as  circumduction  can 
take  place  quite  easily.  There  is  no  rotation.  The  cap- 
sule is  thick  and  strong,  and  dislocation  is  very  rare. 

The  situation  of  the  joint  is  easily  made  out  by  run- 
ning the  finger  upward  along  the  shaft  of  the  bone  until 
it  reaches  the  process  at  the  base,  immediately  above 
which  is  the  articulation.  The  process  is  made  more 
prominent  by  strongly  flexing  and  adducting  the  thumb, 
and  the  interarticular  line  can  then  be  easily  made  out  in 
most  individuals.  The  other  metacarpals  are  united  to 
the  wrist  bones  and  to  each  other  by  articulations  which 
are  fixed  by  means  of  interosseous  ligaments,  which  make 
their  disarticulation  very  dif- 
ficult. The  fifth  joint  has 
the  most  movement. 

The  rounded  lower  eDds*f 
the  metacarpals  are  of  im- 
portance in  forming  an  arch 
which  strengthens  the  hand. 
For  this  reason  the}'  should 
be  preserved  in  amputating 
the  fingers,  when  it  is  possi- 
ble to  do  so.  The  articular 
surfaces  here  are  directed  in 
such  a  manner  as  to  have  the 
planes  of  movement  converge 
toward  the  middle  of  the 
hand.  This  greatly  increases 
the  power  of  grasp  of  the 
phalanges,  as  the  tighter  the 
fingers  close  the  more  stren- 
uous becomes  the  lateral 
pressure.  The  convergence 
of  the  flexor  tendons  assists  this.  The  extensor  tendons 
pass  over  the  most  prominent  part  of  the  metacarpal 
heads  behind.  The  third  metacarpal,  though  not  the 
longest,  has  its  head  more  prominent,  and  is  usually  the 
one  which  receives  injury  from  striking  heavy  blows. 

The  Fingers. — The  anatomical  names  of  the  five 
digits  or  fingers  are  the  pollex  or  thumb,  indicis  or  index, 
medius  or  middle  finger,  annularis  or  ring  finger,  and 
auricularis  or  little  finger,  the  latter  presumably  so  called 
because  of  its  use  in  cleaning  the  meatus  auditorius. 
They  are  of  notably  different  length,  but  somewhat  nicely 
adjusted  to  the  functions  of  grasping,  as  will  be  seen  on 
holding  a  ball  in  the  hand,  as  shown  in  Fig.  2449,  The 
middle  finger  is  the  longest  and  has,  therefore,  the  long- 
est circumference  to  span,  and  the  others  are  so  adjusted, 
as  to  length,  that  they  come  very  nearly  to  the  same 
level  at  their  tips.  For  this  reason  all  tools  which  are  to 
be  grasped  by  the  hand  should  have  a  swelling  in  the, 
handle  opposite  the  middle,  so  as  to  insure  a  good  grip. 

The  usual  arrangement  as  to  length  of  the  fingers  is 
that  in  the  extended  hand  the  thumb  does  not  quite  reach 
the  second  phalanx  of  the  index,  the  medius  is  longer  than 
the  annularis  by  half  a  nail,  and  the  auricularis  reaches 
only  to  the  last  phalanx.  There  is  considerable  variation 
in  the  length  of  the  index.  In  about  two-thirds  of  the 
cases  (Mantegazza  '^)  the  index  is  shorter  than  the  annu- 
laris, reaching  only  to  the  root  of  the  nail  of  the  medius. 
In  others  the  two  fingers  are  nearly  of  the  same  length, 
and  rarely  the  index  exceeds  the  annularis  in  length 
Ecker'6  considers  the  shortness  of  the  index  to  be  a 
characteristic  of  apes,  and  thinks  that  when  relatively 
longer  it  is  an  attribute  of  a  higher  form  of  hand      He 


Fig.  2449.— The  Length  of  the 
ringers  as  Adapted  in  Grasp- 
ing.   (Humphry.) 
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■finds  it  longer  in  women,  who  sliow  in  this,  as  in  man}- 
anatomical  features,  signs  of  a  purer  morphological 
form.  Cams'*  does  not  mention  the  length  of  the  fingers, 
but  figures  what  he  calls,  after  d'Arpentigny,^  the  ideal- 
istic hand  (seelische  Hand,  main  psychique),  which  shows 
a  long  index.     It  is  noticed  by  Hyrtl "  that  the  apparent 


length  of  the  ring  and  index  fingers  ma}'  be  influenced 
by  the  posture  of  the  hand.  If  the  hand  is  laid  flat,  so 
that  the  axis  of  the  medius  corresponds  with  that  of  the 
entire  arm,  the  index  usuallj'  appears  a  little  shorter  than 
the  ring,  but  abduct  the  hand,  and  the  ring  finger  will 
appear  a  whole  nail's  length  longer.  Grlining  '*  has 
recently  given  the  results  of  two  hundred  observations 
very  carefully  taken.  He  finds  that  the  ring  finger  is 
visually  the  longer,  yet  the  reverse  is  not  uncommon,  and 
more  frequent  in  females.  In  the  foot  the  second  toe  is 
usually  the  longest,  but  a  greater  length  of  the  big  toe 
is  not  rare,  also  more  frequent  in  females.  This  lends 
some  support  to  the  theory  that  the  foot  has  no  digit 
homologous  with  the  thumb. 

The  general  relation  of  the  middle  finger  to  the  rest  of 
the  hand  is  expressed  by  Langer '»  as  follows:  If  a  meas- 
urement be  taken  from  the  os  magnum  to  the  end  of  the 
finger,  the  various  parts,  as  measured  from  the  angles  at 
the  joints  made  by  flexion,  will  be  in  the  proportion  of 
8:5:3:2,  that  is  to  say,  the  middle  hand  is  as  long  as 
the  three  other  portions,  and  the  basal  phalanx  is  as  long 
as  the  middle  and  ungual  together.  The  length  of  the 
entire  hand  has  been  used  by  artists  as  a  canon  of  pro- 
portion for  the  whole  body,  being  set  at  one-ninth  of  the 
whole  height.  The  Egyptian  canon  seems  to  have  been 
based  upon  the  length  of  the  index,  which  was  reckoned 
as  one-nineteenth  of  the  height.  Many  measures  used  as 
rough  estimates  are  taken  from  the  hand :  the  length  of 
the  middle  finger  from  knuckle  to  point  is  reckoned  as 
one-eighth  of  a  yard,  and  from  the  tip  of  the  thumb  nail 
to  the  second  joint  as  about  half  of  that,  and  is  called  one 
nail.  The  breadth  of  the  hand  is  used  as  a  measure  for 
horses  and  is  reckoned  at  four  inches.  The  breadth  of 
the  thumb  is  the  pouce  or  inch  of  the  old  French  meas- 
ures. Of  course  all  these  are  liable  to  vary  because  of 
individual  peculiarity."  „  ,     ,       ,  ., 

It  should  be  noted  that  the  proportions  of  the  hand  to 
the  entire  height  are  attained  very  early,  at  least  by  the 
Mth  year  (Quetelet  2«).  The  member  appears  to  have 
the  same  early  physical  development  that  the  bram  has, 
and  the  hand  of  the  new-born  child  is  structurally  that 
of  the  adult,  difl'ering  only  in  size. 

The  thumb  has  from  very  early  times  held  the  place  ol 
honor  among  the  digits,  as  the  loss  of  it  deprived  the 
hand  of  much  of  its  power.  It  is  especially  by  the  su- 
TDeriority  of  the  thumb  that  man's  hand  is  distinguished 
from  that  of  the  higher  apes.  There  are  no  less  than 
eight  muscles  attached  to  it,  and  this  gives  a  freedom 
and  variety  of  motion  which  is  not  possessed  by  any 
other  digit.  To  cut  off  the  thumb  was  an  old  method 
of  disabling  an  enemy,  by  preventing  him  from  properly 
using  his  weapons,  and  soldiers  sometimes  resorted  to 
this  mutilation  to  exempt  themselves  from  military  duty 
—as  those  of  our  own  time  have  been  known  to  ampu- 
tate the  terminal  phalanx  of  the  index  to  unfit  themselves 


for  pulling  the  trigger  of  a  gun.  It  is  from  this  custom 
that  the  word  poltroon  is  said  to  liave  arisen,  being  a 
corruption  of  polliee  tnnicvs.  The  palmisters  exalt  the 
thumb  far  above  the  other  digits.  D'Arpentigny  says: 
^T Animal  mperieur  est  dans  la  main,  I'Jiomme  est  dans  le 
pouce." 

The  Esquimaux  tradition  is  that  woman  was  originally 
formed  from  the  thumb  of  man.  The  thumb  was  used 
by  the  spectators  of  Roman  gladiatorial  combats  to  indi- 
cate whether  the  conquered  party  should  die  or  live.  In 
La  Vendee  a  large  thumb  indicates  a  predilection  for  the 
black  art,  and  to  bite  the  thumb  is  a  grave  insult  in 
Scotland  and  Italy.* 

The  unusual  strength  of  the  muscles  which  are  at- 
tached to  the  thumb,  making  it  an  efficient  portion  of  a 
pair  of  forceps  when  applied  to  the  other  fingers,  leads 
also  to  its  being  affected  by  convulsive  action.  In  almost 
all  cases  of  this  kind  the  thumb  is  firmly  clenched  and 
drawn  into  the  palm  (see  Fig.  2450).  This  may  be  of 
service  as  a  medico-legal  sign,  as  it  is  almost  always 
found  in  those  who  have  died  a  violent  death,  and  conse- 
quently suffered  spasmodic  contraction  of  the  muscles 
during  the  last  agony. 

The  index  or  pointing  finger  has  been  called  the  gyna 
cologist's  eye.     It  is  somewhat  more  sensitive  to  tactile 
impression  than  the  others,  and,  being  supplied  with 
special  muscles,  it  is  particularly  serviceable  as  the  antag- 


U    


Fig.  2451.— Distribution  of  Nerves  to  the  Palm  of  tlie  Hand.  (Tll- 
laux.)  M,  Median  nerve ;  IT,  ulnar  nerve ;  a,  a,  a,  a,  a,  a,  col- 
lateral branches  of  the  median  nerve ;  ft,  dorsal  branch  of  the  ulnar 
nerve ;  c,  muscular  branches ;  d,  superficial  branch ;  e,  deep  branch; 
/,  anastomotic  branch. 

onist  of  the  thumb.  It  is  always  best  to  preserve  this 
finger  and  the  thumb,  if  possible,  in  injuries  to  the  hand, 
as  by  themselves  they  make  quite  a  serviceable  organ. 


*  vide  Romeo  and  Juliet,  Act  I.,  sc.  2. 
them,  which  is  a  disgrace  if  they  bear  it." 


'  I  will  bite  my  thumb  at 
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The  I'ing  finger,  or  annularis,  is  so  called  from  the  fact 
that  it  has  been  customar}',  since  the  time  of  the  Romans, 
to  carry  rings  upon  it.  This  has  been  said  to  originate 
in  the  fact  that  they  supposed  it  to  be  especially  con- 
nected with  the  heart, 
either  because  it  is 
supplied  by  two  nerves 
(see  Fig.  2451),  or  more 
probably  because  the 
vena  salvatella  runs 
prominently  from  it  up 
the  arm.  Owing  to 
the  connection  of  the 
tendons  this  finger  is 
somewhat  protected  by 
those  beside  it,  and 
consequently  is  less 
liable  than  the  others 
to  injury,  and  this 
affords  ample  reason 
why  it,  as  well  as  the 
left  hand,  should  be 
chosen  to  wear  the 
ring.  The  old  anato- 
mists called  it  the  dig- 
itus medicus,  because 
they  were  accustomed 
to  mix  medicines 
with  it. 
Upon  the  palmar 
face  of  tlie  fingers  are  seen  certain  ti-ansverse  furrows, 
well  marked.  These  are  important  guides  to  the  joints 
and  should  be  well  noted  (see  Fig.  2444).  They  are 
not^  correctly  given  in  any  of  the  books  on  palmistiy 
which  the  author  has  consulted,  which  shows  that  in 
point  of  accuracy  their  "science"  leaves  something  to 
be  desired.  The  folds  nearest  the  palm  are  single  for 
the  index  and  little  fingers,  double  for  the  others. 
They  do  not  correspond  exactly  to  the  metacarpo- 
phalangeal joints,  but  are  three-fourths  of  an  inch 
below.  The  middle  folds  are  double  and  exactly  oppo- 
site the  joints,  the  lower  folds  are  all  single  and  a  trifle 
above  the  joints.  Upon  the  thumb  there  are  also  three 
folds,  the  upper  and  lower  folds  correspond  to  the  joints 
very  nearly,  the  middle  one  having  no  topographical 
significance.  The  skin  on  the  fingers  is  remarkably  rich 
in  papillae;  the  number  of  these  containing  nerves  in- 
creases as  we  proceed  toward  the  finger  tips  These 
papilla,  both  on  the  fingers  and  palm,  are  aiTanged  in 

lines  forming 
characteris- 
tic   curvilin 
ear  ridges. 
Upon    the 
eminences 
for m e d  by 
the  pulps  of 
the  fingers 
ana    tno    emmences    of    the 
palm   these  are  arranged   in 
elliptical   or  spiral   patterns, 
and  it  has  been  seiiously  pi'o- 
posed  to  use  these  as  a  means 
of    identifying     individuals. 
In  certain   cases    they  have 
been    of    service.      Faulds" 
mentions   that   by  means    of 
finger  marks  vipon  a  greasy 
glass  it  was  ascertained  who, 
among  a  niiraber  of  servants, 
had  been  drinking  some  rec- 
tified spirit ;  and  another  case, 
,  ,  .  in  which  a  criminal  was  de- 

tected by  an  mipression  of  sooty  finger  marks  on  a  white 
wall.  He  considers  that  the  Jlongolian  races  have  a  special 
and  characteristic  pattern.  The  city  authorities  of  San 
Francisco  recently  considered  the  propriety  of  register- 
ing all  the  Chinese  who  arrived  at  the  port  by  taking 
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an  impression  of  the  thumb.  It  is  said  that  the  legal 
expression  "my  hand  and  seal, "arose  from  the  custom  of 
sealing  papers  with  the  thumb. 

Beneath  the  skin  the  subcutaneous  tissue  is  like  that 
of  the  palm — a  series  of  little  cushions  of  fat.  On  the 
last  phalanx  this  is  called  the  pulp  of  the  finger.  Still 
deeper  is  found  the  canal  for  the  flexor  tendons.  The 
fibres  of  this  sheath  are  less  thick  opposite  the  joints,  so 
as  not  to  impede  flexion.  They  are  continuous  above 
with  the  palmar  fascia.  The  canal  contains  in  the  thumb 
only  the  tendon  of  the  long  flexor,  in  the  other  fingers 
the  tendons  of  the  superficial  and  deep  flexors.  They 
are  united  to  the  sheath  by  small  bands  termed  retina- 
cula.  Opposite  the  first  phalanx  the  flexor  sublimis 
splits  and  the  two  halves  fold  around  the  deep  flexor, 
again  uniting  behind  it  by  their  margins.  They  then 
separate  anrl  are  inserted  into  the  second  phalanx  (see 
Fig.  2446,  B).  The  deep  flexor  is  inserted  into  the  ter- 
minal phalanges.  Some  persons  have  power  to  use  it  in- 
dependently. 

On  the  dorsal  surface  of  the  fingers  the  skin  forms 
elliptical  folds  at  the  articulations  of  the  first  and  second 
phalanges,  and  simply  a  few  transverse  folds  at  the  articu- 
lations of  the  second  and  third.  Under  the  skin  the  ex- 
tensor tendons  form  a  broad  aponeurotic  sheet  into  which 
the  expanded  tendons  of  the  lumbricales  and  interossei 
are  inserted.  This  sheet  terminates  with  the  insertion  of 
the  extensor  into  the  last  phalanx. 

The  nails  which  terminate  the  digits  are,  as  is  well 
known,  really  epidermal  elements.  They  are  found  in 
the  embryo  at 
about  the  third 
month  of  preg- 
nancy. Their 
growth  is  always 
from  the  root,  and 
the  rate  at  which 
they  grow  can 
frequently  be 
noted  by  the  spots 
which  occur  upon 
them,  and  thus  a 
general  notion 
may  be  obtained 
of  the  vigor  of  the 
processes  of  nu- 
trition. 

The  joints  of  the 
fingers  have  a  general  resemblance  to  each  other,  the 
metacarpophalangeal  being  merely  a  little  broader. 
The  ends  of  the  phalanges  broaden  out  somewhat  at 
their  extremities,  and  when  the  body  becomes  emaci- 
ated, as  in  a  wasting  disease,  these  ends  become  very 
prominent,  and  the  disorder  known  as  clubbed  fingers 
results.  At  the  metacarpophalangeal  joint  of  the 
thumb  there  are  two  sesamoid  bones,  which  are  believed 
to  be  one  of  the  causes  of  the  difticulty  of  reducing  a  dis- 
location at  that  joint.  Similar  structures,  usually  carti- 
laginous, ho\\ever,  are  found  on  the  palmar  surfaces  of 
each  of  the  phalangeal  joints.  In  negroes,  or  in  those 
laborers  who  us(!  the  hands  much  for  heavy  work  they 
may  all  be  ossified,  as  they  are  in  the  forefoot  of  a  bear 
i  he  articulations  arc  all  imperfect  hinge  joints  having 
lateral  ligaments  and  a  thickeninn-  of  the  capsule  on  the 
palmar  surface  It  should  be  remembered  that  the  ar- 
ticular line  IS  always  found  beyond  the  angle  formed  bv 
the  flexion  of  the  phalanges. 

The  nerves  of  the  hand  are  three  in  number      Their 
distribution  to  the  palmar  surface  is  shown  in  Fio-   2451 
and  the  muscles  they  supply  are  mentioned  in  the  table 
on  page  4K:), 

To  those  mentioncl  th,.re  should  be  added  those  which 
come  ,l,>wn  from  above.  Of  these  the  flexors  are  supphed 
by  the  median  and  ulnar,  the  extensors  by  the  radial  The 
t^n<Tf^t''X  "",«'■-'■■  carpi  ulnaris  and  the  principal 

tCwhirh  .n;''t"n'™''-  '!**^'°K  '°  ""^  ™«dian  that  por- 
tion which  goes  to  the  index  finger,  which  might,  there- 
fore, properly  be  classed  as  a  separate  muscle 


Fig.  3454.— The  Tonic  Hand.    (Warner.) 
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After  section  of  the  median  nevve  a  considerable  move- 
ment is  left  to  the  fingers,  pronation  being  effected  by 
the  shoulder  muscles  acting  on  the  arm,  flexion  of  the 
wrist  by  the  flexor  carpi  ulnaris,  the  first  phalanges 
flexed  by  the  interossei,  the  others  by  the  deep  flexor. 


Fig.  24.55.— The  Nervous  Hand.    (Warner.) 

The  thumb  suffers  most,  and  we  may,  accordingly,  say 
that  the  median  nerve  especially  presides  over  the  move- 
ments of  that  digit. 

In  the  same  way  as  motility  is  not  entirely  lost,  so  also 
is  sensibility  retained  to  some  extent.  The  auwsthesia 
does  not  correspond  with  the  distribution  of  the  nerve. 
The  reason  for  this  is  believed  to  be  found  in  the  collat- 
eral taancJies  wJiich  run  from  the  ulnar  to  anastomose 
with  the  median.  There  is  no  doubt  that  the  anajsthesia 
after  section  continues  to  grow  less,  and  it  has  been  sug- 
gested that  when  certain  parts  are  disabled,  other  nerves 
may  send  out  filaments  from  the  fine  plexus  into  which 
the  nerves  break  up  before  going  to  supply  the  papillae, 
in  order  to  supply  the  need. 

The  correlative  action  of  the  muscles  and  nerves  has  a 
very  marked  result  upon  what  may  be  called  the  physi- 
ognomy of  the  hand.  Warner'"  has  carefully  studied 
this  subject,  and  describes,  among  others,  the  following 
types,  whicli  relate  to  the  expression  of  the  emotions: 
The  convulsive  hand  (Fig.  24.50) ,  in  which  the  thumb  is 
forcibly  and  violently  addutted,  the  fingers  are  pressed 
closely  together  and  "semiflexed  on  the  thumb,  tlie  hand 
assuming  a  conical  shape.  The  opposite  of  this  is  the 
hand  in  fright  (Fig.  2453),  the  phalanges  and  the  wrist 
being  extended.  The  whole  attitude  is  that  of  repelling 
an  abhorrent  object.  In  pure  horror,  not  accompanied 
by  fear,  the  hands  are  thrown  widely  back,  the  arms 
uplifted,  the  fingers  open.  A  passenger  upon  a  train 
that  ran  over  a  man  told  me  her  first  intimation  of  an 
accident  was  seeing  through  the  window  a  person  as- 
sume this  attitude  as  the  train  shot  past.  The  convul- 
sive wringing  of  the  hands  is  an  expression  of  quite  an 
opposite  order,  indicating  intense  and  continued  painful 
emotion,  and  instead  of  the  hand-washing  motion  per_ 
formed  by  tragic  actors,  is,  when  genuine,  a  passmg  of 
one  hand  down  the  other,  with  a  convulsive  twist  at  the 
ends  of  the  fingers. 

The  feeble  hand  (Fig.  2453)  is  indicated  by  a  droppmg 
of  the  thumb  and  a  bending  of  the  phalanges. 

The  tonic  hand  in  rest  (Pig.  3454)  is  like  this,  but  dif- 
fers in  the  degree  of  the  action.  The  nervous  hand  (Fig. 
3455)  has  the  wrist  slightly  bent,  and  the  metacarpo- 
phalangeal joints  hyperextended,  and  the  first  and  third 
internodes  slightly  flexed.  . 

The  energetic  hand  (Fig.  3456)  is  the  opposite  of  this, 
the  wrist  being  extended  and  the  small  joints  m  flexion. 

The  vessels  of  the  hand  have  recently  been  the  subject 
of  careful  study  by  Bourceret,''*  and  he  has  arrived  at 
some  conclusions  which  seem  important  and  new.  ay 
a  very  ingenious  process,  and  using  a  series  of  injections^ 
he  has  been  able  not  only  to  till  the  entire  arterial  and 
capillary  system,  but  the  venous  system  as  well,  inject- 
ing from  the  heart  outward,  notwithstanding  the  valves^ 

The  arrangement  of  the  arteries  has  already  been  alluded 
to  The  radial  and  ulnar  form,  as  shown  in  Fig.  3444, 
two  arterial  arcades  known  as  the  superficial  and  deep 
palmar  arches,  the  first  of  them  being  made  by  the  radial 


and  the  deep  branch  of  the  ulnar.  To  these  may  be  added 
a  third  arch  over  the  back  of  the  wi-ist,  formed  by  col- 
lateral branches  of  the  two  trunks.  Prom  these  arches 
pass  branches  which  supply  the  fingers,  being  of  consid- 
erable size  throughout. their  length,  even  to  the  last  pha- 
langes, and  not  accompanied  by  vnniB  comites.  The 
object  of  this  excessive  vascular  .supply  is  not  only  the 
nutrition  of  the  fingers,  but  also  to  maintain  the  bodily 
warmth  there.  They  communicate  by  two  sets  of  capil- 
laries, one  small  and  intended  for  nutrition  only,  the 
other  large  and  intended  for  increasing  the  heat.  These 
capillaries  are  arranged  in  very  complicated  tortuosities, 
like  little  balls  of  tangled  thread.  They  open  immedi- 
ately into  the  veins,  which  are  also  remarkable  for  their 
flexuosities.  Any  consideration  of  the  hand  would  be 
incomplete  without  some  remark  concerning  the  separate 
use  of  the  two  hands.  Right-handedness,  or  rather  right- 
sidedness,  for  the  matter  is  not  by  any  means  confined  to 
the  hand,  is  the  rule  among  all  races  of  men,  and  some 
traces  of  it  may  be  seen  in  the  animal  creation.  The 
elephant,  for  example,  is  said  to  use  the  right  tusk  more 
than  the  left,  and  this  is  accordingly  called  the  servant 
tusk.'"  Left-handedness  is  the  exception,  occurring  in 
about  nine  per  cent,  of  individuals.  Many  attempts 
have  been  made  to  explain  this,  and  Franklin's'"  plea, 
for  the  left  hand,  and  Charles  Reade's  essay"  upon  the 
injury  mankind  inflicts  upon  itself  by  the  continuous  use 
of  the  right,  are  well-known  curiosities  of  literature.  It 
appears,  however,  that  there  is  reason  to  suppose  that 
we  liave,  in  dextral  preference,  merely  a  further  differ- 
entiation like  that  which  has  resulted  in  the  development 
of  the  feet  and  hands  from  four  originally  similar  organs. 
The  left  hemisphere  of  the  brain  appears  to  be  assuming 
control  of  the  more  complicated  motor  functions  per- 
formed by  the  right  side  of  the  body,  while  the  right 
hemisphere  attends  more  especially  to  the  nutritive  func- 
tions through  the  sj^mpathetic  system.  It  is  noted  that 
the  senses  of  temperature  and  of  weight  are  usually  more 
acute  in  the  left  hand.  Perhaps  this  is  in  some  degree 
due  to  its  less  frequent  use.  Granting  this,  we  have  to 
search  for  the  origination  of  the  tendency.  Hyrtl ' '  sup- 
poses it  to  arise  from  the  fact  that  the  innominate  artery 
carries  more  blood  to  the  right  side.  Dwight  and 
others  S8'i9_  so  think  it  depends  upon  the  situation  of  the 
left  carotid  at  the  top  of  the  arch,  surmising  that  it  re- 
ceives a  swifter  current  of  blood,  which  goes  to  the  left- 
brain,  controlling  the  left  side.  Blumenbach  supposed 
that  it  was  due  to  a  deviation  of  the  innominate  artery 
to  the  left.  Brescliet  thought  that  there  was  an  innate 
tendency  to  a  predominance  of  nutrition  on  the  right 


Fig.  24.56.— The  Energetic  Hand.    (Warner.) 

side  in  foetal  Hfe.  The  right  side  of  the  spine  develops: 
first  and  so  throws  the  heart  to  the  left.  Comte "'  sug- 
gests that  it  is  due  to  the  fact  that  the  foetus  in  utero  lies 
usually  on  the  left  side,  owing  to  the  obliquity  of  the 
pelvis,  and  that  this  occasions  a  precocity  of  develop 
ment  of  the  right  side.  The  percentage  of  left-handed 
persons  is  about  that  of  presentations  where  the  fojtus 
lies  on  its  right  side. 

An  ingenious  explanation  is  offered  by  Buchanan,'' 
who  holds  that  the  centre  of  gravity  lies  on  the  right  side 

48J^ 


Hands  and  Fingers, 
Hands  and  Fingers. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


■owing  to  the  weight  of  tlie  liver,  and  that  this  causes  a 
greater  development  of  the  muscles  there.  It  is  possible 
that  several  of  these  causes  may  have  had  an  effect  upon 
the  matter.  An  efficient  cause  may  be  found  in  the  situ- 
ation of  the  heart  upon  the  left, side.  A  savage  soon 
learns  that  his  enemy  is  vulnerable  there,  and  takes  pains 
to  protect  himself  by  withdrawing  the  left  side  and  using 
the  weapon  with  the  right.  The  constant  persistence  of 
this  use  of  the  right  arm  as  the  weapon-bearing  member 
has  probably  resulted  in  organic  de.\tral  preference,  and 
left -handedness  may  be  considered  an  atavism. 
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HANDS  AND  FINGERS,  DISEASES  AND  DEFOR- 
MITIES OF.— Tlie  hand  is  such  au  important  and  essen- 
tial factor  in  the  practical  economy  of  life  that  tlie  patho- 
logical conditions  to  which  it  is  subject  and  which  tend 
to  impair  its  usefulness  form  an  important  tield  of  medi- 
cal science  and  practice.  It  is  a  topographical  region  so 
well  marked  ofC,  and  is  subject  to  such  special  patholoKic 
and  etiologic  factors,  that  the  morbid  conditions  which 
affect  It  make  up  quite  a  distinctive  and  well-marked 
group  of  diseases.  The  diseases  to  which  the  hands  and 
fingers  are  subject  comprise  a  considerable  variety  of 
■conditions,  diverse  in  their  nature  and  cause  with  the 
only  element  of  unity  resting  in  their  common  site  A 
comparative  consideration  of  all  these  various  conditions 
may  prove  of  advantage  in  questions  of  differential  diae- 
nosis;  and  some  of  the  rarer  affections  may  be  pointed 
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out  which  from  not  being  often  observed  may  prove  puz- 
zling when  cases  are  met  with. 

Special  Pathological  and  Etiological  Factors. 
— The  hand  exhibits  a  number  of  characteristics  that  ex- 
ert special  influences  in  determining  and  bringing  about 
the  morbid  conditions  to  which  it  is  subject. 

Among  these  special  causative  factors  is  the  peculiar 
anatomical  construction  of  the  hand.  The  hand  is  essen- 
tially a  delicate  motor  mechanism  and  arrangement  of 
joints,  ligaments,  tendons,  and  the  like,  all  so  nicely  ad- 
justed that  slight  impediments  (as  in  trigger  finger)  may 
result  in  material  deformity  or  impairment  of  function. 

Another  condition  that  subjects  the  hand  to  certain 
forms  of  disease  is  its  use  and  its  exposed  situation,  ren- 
dering it  especially  liable  to  mechanical,  traumatic,  at- 
mospheric, irritative,  and  other  Influences.  The  con- 
stant usage  of  the  hand  incident  to  various  occupations 
produces  corresponding  reactions  and  morphological  and 
pathological  consequences,  as  in  writer's  cramp  and  the 
stiffening  and  hardening  effects  of  manual  labor.  The 
hand  is  much  exposed  to  injuries,  mechanical,  chemical, 
thermic,  while  its  being  habitually  uncovered  bj-  cloth- 
ing and  thus  exposed  to  meteorological  and  other  irrita- 
tive influences  makes  it  subject  to  certain  skin  affections. 
The  situation  of  the  hand  at  a  distance  from  the  circu- 
latory centres  is  another  factor  that  gives  rise  to  various 
pathological  conditions.  The  great  distance  of  the  hand 
from  the  heart  causes  a  relative  weakness  of  the  circula- 
tion in  this  member,  which  results  in  the  occurrence  of 
circulatoiy  disturbances  like  stasis,  clubbed  fingers, 
oedema,  and  Raynaud's  disease  in  this  locality. 

Its  distant  situation  also  rendei^s  the  hand  liable  to 
suffer  consequences  of  injuries  or  lesions  primarily  locat- 
ed at  points  between  it  and  the  trunk  or  the  bodilj'  cen- 
tres. The  motor  mechanism  of  the  hand  is  located  chiefly 
in  the  forearm,  while  the  vascular  and  nervous  trunks 
that  supply  it  course  along  the  entire  upper  extremitj', 
so  that  diseases  or  injuries  of  an}^  of  these  structures  in 
any  part  of  their  course  may  result  in  morbid  conditions 
seated  in  the  hand. 

Other  conditions  there  are  which  affect  this  rescion  ex- 
clusively or  peculiarly,  for  physiological  reasons  that, 
though  obscure  or  unknown  to  us,  are  yet  real  and  opera- 
tive. These  may  be  regarded  as  idiopathic  pathological 
factors  and  diseases  of  the  hand,  exemplified  by  Dupuy- 
tren's  contraction. 

Classificatiox.— The  affections  of  the  hand  and  fin- 
gers include  those  that  are  peculiar  to  or  affect  this  re- 
gion exclusively;  those  that  may  occur  elsewhere,  but 
show  a  predilection  for,  or  exhibit  special  features  or 
modifications  in.  this  locality ;  those  conditions  affecting 
the  hands  equall>-  and  indi"fferently  with  other  parts  o'f 
the  body ;  and  the  manifestations,  exhibited  by  the  hand, 
of  general  disease.  The  conditions  of  most  pertinence 
to  the  jiresent  subject  are  those  more  or  less  peculiar  to 
the  hand  or  those  that  exhibit  special  features  in  this 
locality. 

It  is  not  easy  to  formulate  a  completely  satisfactory 
and  logical  classification  of  all  the  affections  of  the  hand 
and  fingers  on  any  uniform  basis.  There  are  several 
grounds  on  which  classification  may  be  based,  but  no 
one  of  them  alone  in  the  present  state  of  our  knowledge 
is  sufficient  to  afford  a  practical  and  adequate  classifica- 
tion. 

From  one  standpoint  a  division  can  be  made,  with  ref- 
erence to  tlie  manner  in  which  the  etiological  factors  are 
brought  to  bear,  into  conditions  arising:  from  local 
causes,  cither  external  or  internal;  from  extension  (by 
continuity  or  contiguity)' from  neighboring  structures 
that  are  affected;  from  causes  (nutritive,  toxic,  metastat- 
ic) brought  to  bear  through  the  medium  of  the  circulation  ■ 
°';  t™"}  impressions  derived  from  the  nervous  system' 
1  he  difficult}'  with  a  strictly  etiological  classification 
consists  in  the  fact  that  identical  pathological  conditions 
may  result  from  very  different  causes. 

Another  basis  of  classification  of  diseases  of  the  hand 
rests  upon  their  pathological  nature,  as  parasitic  and  in- 
fectious conditions,  neoplasms,  traumatisms,  senile  con- 
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ditions,  etc.  Tho  adequacy  of  such  a  classificatioa  is 
impaired  by  our  ignorance  of  tlie  essential  patliological 
nature  of  many  obscure  affections.  Another  division  is 
to  be  found  in  the  different  regions,  tissues,  and  anatomi- 
cal structures  involved,  as  the  affections  of  the  nails,  the 
fascias,  the  skin,  the  ligaments,  the  joints,  etc.  This 
division  applies  well  in  manj'  cases,  but  in  those  condi- 
tions in  which  more  than  one  set  of  tissues  or  structures 
is  involved  a  satisfactory  arrangement  would  be  difficult.. 
The  considerations  mentioned  enable  us  to  mark  off 
some  well-defined  groups  of  diseases  of  the  hand,  while 
other  morbid  conditions  are  not  easily  susceptible  of  class- 
ification. The  following  arrangement  of  the  diseases 
and  defoi-mities  of  the  hand  and  fingers  will  be  followed 
in  this  article : 

Congenital  and  developmental  anomalies : 
Acheiria. 
Ectrodactylism. 
Hypophalanglsm. 
Polycheiria. 
Polydactylism. 
Polyphalangism. 
■Syndactylism. 
Cleft  hand. 

•Congenital  constrictions. 
Deflections  of  the  hand  and  fingers. 
Club-hand. 

Congenital  deflections  of  the  flngers. 
Lateral  deflections  of  the  fingers. 
Backward  deflections  of  the  fingers. 
Microcheiria  and  microdactylism. 
Hypertrophy  of  hand  and  fingers — cheiromegaly  and  dac- 

tylomegaly. 
Neoplasms. 
■Cysts. 

Traumatisms  and  injuries. 
Inflammatory  conditions. 
Infectious  and  parasitic  conditions. 
Suppurative  and  allied  conditions. 
Tuberculosis. 
Syphilis. 

Other  infections  and  parasites. 
Necrotic  conditions. 
Ulcers. 

■Cicatricial  contractions. 
Acquired  deformities. 
Effects  of  occupation  on  the  hand. 
Affections  of  the  nails. 
Affections  of  the  skin. 
Affections  of  the  bursse. 
Affections  of  the  bones. 
Affections  of  the  joints. 
Affections  of  the  tendons  and  tendon  sheaths. 
Affections  of  connective -tissue  structures: 

Dupuytren's  contraction  of  the  palmar  fascia. 
Contraction  of  the  digital  fascia. 
Hammer  finger. 
General  palmar  induration. 
Trigger  finger. 
Circulatory  disorders. 
Muscular  affections. 
Nervous  affections. 
Senile  changes. 
■Condition  of  the  hand  in  genei'al  diseases. 

Congenital  and  Developmental  Anomaijes. 

The  class  of  developmental  anomalies  in  general  should 
Include  all  aberrations  or  faults  of  development  manifest- 
ing themselves  at  any  time  during  the  period  of  develop- 
ment, including  not  only  conditions  arising  in  the  pre- 
natal period  (as  polydactylism),  but  also  those  that  make 
their  appearance  in  childhood  and  up  to  the  time  of  ma- 
turity and  complete  physical  development  (as  certain 
forms  of  hammer  finger).  In  this  section  it  is  proposed 
to  consider  only  certain  congenital  abnormalities  ot  the 
hand  which  develop  during  the  intra-uterine  period  ot  ex- 
istence. 


The  anomalies  ot  development  under  consideration  em 
brace  the  following  conditions; 

1.  Conditions  in  which  there  is  a  deficient  degree  of 
development,  either  {a)  a  deficiency  in  the  number  of  the 
structural  parts  affected,  or  (b)  a  deficiency  in  their  size. 
The  congenital  numerical  deficiencies  pertaining  to  the 
hand  are:  acheiriii,  in  which  the  hand  is  lacking  alto- 
gether: ertroflartylimn,  in  which  one  or  more  fingers  are 
missing;  and  hypophalanrjism,  in  which  the  number  of 
phalanges  in  a  digit  is  below  the  normal.  The  congeni- 
tal deficiencies  in  size  of  the  hand  and  fingers  will  be 
considered  in  connection  with  microcheiria  and  microdac- 
tylism, 

2.  Conditions  in  which  there  is  an  excessive  develop- 
ment ;  either  (it)  an  excess  in  the  number  of  structural 
parts,  pjlycheirid ,  polydactylism,  and  polyphalangism,  or 
supernumerary  hand,  fingers,  or  phalanges  respectively ; 
or  (b)  a  congenital  excess  in  size,  or  hypertrophy,  which 
will  be  considered  in  connection  with  cheiromegaly  and 
dactylomegaly. 

3.  Conditions  of  perverted  development  (qualitative  or 
morphological  rather  than  quantitative);  as  syndactyl- 
ism, the  union  of  fingers ;  cleft  hand ;  congenital  con- 
strictions; deflections  of  the  hand  and  flngers  (club  hand, 
etc.);  congenital  dislocations;  congenital  neoplasms; 
and  various  unclassiflable  deformities  and  conditions. 

In  many  cases  anomalies  of  the  types  mentioned  exist 
separate  and  distinct;  in  many  other  cases  anomalous 
conditions  of  different  types  are  associated  together  and 
coexist  in  the  same  member,  as  where  a  supernumerary 
finger  is  of  rudimentary  structure,  or  a  club-hand  is  ec- 
trodactylous. 

Subjects  exhibiting  congenital  anomalies  of  the  region 
under  consideration,  especially  numerical  deficiencies, 
often  exhibit  other  developmental  faults  or  abnormities 
in  other  parts  of  the  body,  as  harelip  or  cleft  palate,  thus 
testifying  to  the  existence  of  a  deep-seated  and  general 
developmental  vice.  Such  anomalies  of  the  hand  are  es- 
peciall}'  associated  with  corresponding  anomalies  of  the 
foot.  In  many  cases  hereditary  transmission  of  the  de- 
formity is  marked. 

The  causes  of  these  congenital  anomalies  are  obscure. 
The}-  arise  largely  from  deep-seated  and  innate  tenden- 
cies"to  aberrant  development,  often  hereditaiy.  The 
aberrant  tendency  is  sometimes  very  definite  and  fixed, 
precisely  the  same  abnormity  appearing  in  different  gen- 
erations. Some  cases  may  perhaps  be  due  to  abnor- 
malities of  the  early  environment  of  the  developing  em- 
bryo. 

Another  class  of  causes  that  produce  congenital  defor- 
mities of  the  hand  is  to  be  found  in  intra-uterine  trauma- 
tisms or  other  prenatal  pathological  processes.  Thus, 
intra-uterine  amputation  may  cause  loss  of  the  entire  hand 
or  parts  of  it;  prenatal  ulcerations  may  be  followed  by 
abnormal  union  or  adhesions  of  parts,  as  in  some  cases  of 
syndactylism ;  deformities  may  perhaps  arise  from  cica- 
trization or  from  adhesions  to  other  parts  of  the  foetus  or 
afterbirth,  or  in  other  ways.  Deformities  caused  by  such 
prenatal  morbid  conditions  are,  of  course,  not  real  devel- 
opmental aberrations ;  but  as  the  results  produced  in  the 
two  ways  are  rarely  distinguishable  they  may  be  consid- 
ered together. 

Maternal  impressions  during  pregnancy  are  sometimes 
adduced  in  explanation  of  congenital  anomalies  of  the 
hand  (as  elsewhere) ;  as  in  the  alleged  case  of  an  oflScer's 
wife,  who  after  her  husband  lost  his  right  hand  gave 
birth  to  children  exhibiting  the  same  deformity.  It  is 
very  doubtful  if  maternal  impression  really  plays  any 
part  in  the  production  of  such  deformities.  Some  al- 
leged instances  are  coincidences ;  others  are  afterthoughts, 
a  past  incident  being  recalled  after  the  birth  of  an  affect- 
ed child.  Considering  the  difficulty  that  is  found  in 
demonstrating  the  hereditary  transmission  of  acquired 
characters,  it  is  obvious  that  to  prove  that  a  developing 
foetus  can  be  influenced  by  maternal  impressions  is  a 
matter  of  far  greater  dilflculty. 

The  use  of  the  a' -rays  now  affords  means  of  investigat- 
ing and  diagnosing  the  precise  condition  of  the  bony 

491 


Hands  and  Fingers.    jj^pERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 
Hands  and  Fingers. 


parts  in  these  deformities  that  were  lacking  to  the  early 
observers. 

AcHBiKiA,   or  total  congenital  absence  of  the  entire 
hand,  occurs  very  rarely.     It  might  arise  either  as  a  de- 


dactyly.  The  finger  involved  may  alone  be  wanting,  the 
corresponding  metacarpal  bone  being  present;  or  the 
metacarpal  bone  may  also  be  lacking;  even  the  corre- 
sponding portion  of  the  carpal  bones  is  sometimes  want- 


FI6.  24.57.  Fig.  2458.  Fn..  2459. 

Figs.  2457  to  2460.— Ectrodactylism. 

Fio.  3457.— Congenital  Absence  ol  Middle  Finger.     (Fort.) 

Fig.  2458.— Absence  of  Middle  and  Ring  Fingers.    (Glutton.) 

FIG.  2469.— Absence  of  Index,  Middle,  and  Ring  Fingers- "pince  de  homard." 

Fig.  2460.— Absence  of  Four  Digits.    (Annandale.) 


Fig.  2460. 


(Annandale.) 


velopmental  abnormity  or  from  intrauterine  amputation. 
It  would  naturally  occur  in  connection  witli  a  greater  or 
less  deficiency  in  development  of  the  upper  extremity, 
as  when  the  limb  is  entirely  wanting  (ectromelia)  or  is 
partly  wanting  (hemimelia).  When  the  uppbr  extremity 
is  only  partly  developed,  it  is  more  usual  for  a  rudimen- 
tary hand,  or  one  or  more  fingers  rudimentary  or  well  de- 
veloped, to  be  present  on  the  stump  than  for  all  trace  of 
a  hand  to  be  absent.  Typical  acheiria  may,  however, 
occur,  as  in  a  case  reported  by  James  Pinlayson  {Archives 
of  Pediatrics,  Philadelphia,  1890,  vol.  vii.,  p.  674). 

PiiocoMELUS  is  the  rare  condition  in  which  the  hand 
(or  foot)  is  attached  directly  to  the  trunk,  like  the  flipper 
of  a  seal,  the  upper  (or  lower)  extremity  uniting  it  to  the 
body  being  absent  or  extremely  abbreviated. 

Ectrodactylism  consists  in  the  congenital  absence  of 
one  or  more  fingers  (or  toes),  resulting  either  from  defec- 
tive development  or  intra-uterine  amputation.  It  is  one 
of  the  less  common  forms  of  congenital  abnormity  of  the 
hand,  occurring  considerably  less  frequently  than  poly- 
dactylism  or  syndactylism.     In  the  cases  that  do  occur 


Fig.  24(Jl.  Fig.  2462. 

Fi«s.  2461  AND  2462.— Hypophalangism.     (Annandale.) 

Fig.  2461.— Absenfe  of  Distal  Phalanges  of  Three  Fingers. 
Fig.  2462.— Absence  of  all  the  Phalanges  of  all  the  Fingers. 

both  hands  are  usually  affected  simultaneously ;  less 
commonly  either  hand  may  be  affected  alone.  Other  de- 
formities of  the  hand  or  upper  extremity,  or  of  the  foot 
or  other  part.s  of  the  body,  are  apt  to  coexist  with  ectro- 
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ing.  Owing  to  the  association  of  other  deformities  and 
abnormal  conditions  the  fingers  present  may  be  useful 
and  functional,  or  not.  The  influence  of  heredity  in  re- 
ported cases  is  well  marked.  Some  cases  of  apparent 
ectrodactylism  may  arise  from  intimate  union  of  two 
digits. 

Any  of  the  fingers,  and  from  one  to  four  in  number, 
may  be  lacking.  The  particular  fingers  that  ma}'  be  in- 
volved, and  the  extent  to  which  the  metacarpus  and  car- 
pus may  be  affected,  give  rise  to  an  indefinite  number  of 
possible  combinations  that  may  occur.  There  are  two 
or  three  particular  conditions  that  occur  with  such  com- 
parative frequency,  however,  that  they  may  be  speciallj' 
mentioned. 

In  a  considerable  proportion  of  cases  the  thumb  alone 
is  missing.  This  occurs  especially  in  association  with 
congenital  absence  or  deficiency  of  the  radius.  Non- 
development  or  partial  development  of  the  radius  is  in 
nearly  all  cases  accompanied  by  absence  of  the  thumb, 
its  metacarpus,  and  one  or  more  of  the  corresponding 
carpal  bones  (Figs.  3475,  2476,  2477).  In  the  case  of  ab- 
sence of  radius  illustrated  in  Fig.  2477,  there  is  a  rudi- 
mentary thumb  present,  but  articulated  to  the  head  of 
the  metacarpal  bone  of  the  index  finger. 

It  is  rare  for  any  of  the  digits  other  than  the  thumb  to 
be  lacking  alone,  it  being  more  common  for  two  or  three 
fingers  to  be  absent  than  one  of  them  only. 

One  of  the  common  forms  of  ectrodactylism  consists 
in  the  absence  of  the  index,  middle,  and  ring  fingers. 
This  leaves  the  thumb  and  little  finger,  often  opposed  to 
each  other,  somewhat  like  the  jaws  of  pincers;  the  term 
"pince  de  homard"  (lobster  ciaAv)  has  been  applied  to 
this  particular  condition  (Fig.  2459). 

Little  can  be  done  in  the  ^vay  of  treatment  to  improve 
ectrodactylism,  unless  by  amputation  or  other  operation, 
an  unsightly  deformity  may  be  removed  or  some  impedi- 
ment to  function  obviated. 

Hypophalan(!ism  is  the  congenital  absence  of  one  or 
more  phalanges  and  the  corresponding  soft  parts  from  a 
digit.  It  is  an  abnormity  of  somewhat  similar  character 
to  ectrodactylism,  the  deficiency  being  less  in  degree  In 
hypophalangism  either  one,  two,  or  all  three  phalanges 
may  be  lacking,  the  finger  in  the  cases  in  which  all  three 
phalanges  are  missing  (Fig.  3462)  being  represented  sim- 
ply by  a  rudimentary  nodule  of  soft  tissue  perhaps  sur- 
inounted  by  a  nail.  When  all  traces  of  the  hard  and  soft 
tissues  of  the  finger  are  lacking,  the  condition  becomes 
one  of  ectrodactylism.  Hypophalangism  is  a  very  rare 
detormity,  and  may  occur  in  association  with  polydac- 
tyhsm  or  ectrodactylism,  supernumerary  fingers  being 
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Fig.  3463. —  Double  Hand, 
ton.) 


(Glut- 


often  ouly  partially  developed.     Tlio  condition  is  one  form 
of  brachydactylism  or  short  finger. 

Congenital  anonychia  or  absence  of  the  nails  will  be 
spoken  of  in  connection  with  the  affections  of  the  nails. 

PoLYCHEiKiA,   or  superniniierai'i/  /iii.iid  (double  hand, 
dicheiria,  also  called,  not  very  aptiy,  bifurcated,  or  bifld, 

hand).  The  development 
of  a  supernumerary  hand, 
in  addition  to  the  normal 
hand,  is  a  conceivable 
condition,  but  is  c-xceed 
inglj'  rare.  A  verj'  few 
cases  are  on  record  which 
may  be  classified  as  double 
baud,  though  such  cases 
merge  into  polydactylic 
conditions.  In  these  cases 
the  d(juble  hands  each 
possessed  from  eight  to 
twelve  fingers  in  all ;  the 
two  hands,  which  were 
not  normally  developed, 
were  t'ither  united  more 
or  less  along  the  adjacent 
sides,  or  the  two  parts 
were  separated  by  a  bifur- 
cation extending  to  the 
carpus.  Each  hand  had 
its  own  set  of  muscles  and  tendons,  so  that  the  two 
parts  could  close  over  and  grasp  each  other ;  this  feat- 
ure is  a  distinguishing  characteristic  between  double 
hand  and  simple  polydactylism.  The  only  treatment 
called  for  is  the  removal  of  useless  or  unsightly  digits 
to  improve  the  appearance  or  function  of  the  member. 

Polydactylism,  or  nipernumevary  finger  (or  toe),  is  the 
presence  on  the  hand  or  foot  of  more  than  the  normal 
number  of  digits.  The  supernumerary  fingers  vary  in 
the  degree  of  their  development  from  those  that  are  ru- 
dimentary to  those  that  are  quite  perfect  and  well  devel- 
oped. This  is  one  of  the  commoner  of  the  developmen- 
tal anomalies  of  the  hand.  More  often  there  is  only  one 
supernumerary  finger,  but  a  greater  number  maybe  pres- 
ent. One  case  is  recorded  in  which  the  subject  possessed 
thirteen  fingers  on  each  hand  and  twelve  toes  on  each 
foot;  another  case  had  twelve  fingers  on  each  hand;  sev- 
eral cases  of  ten  fingers  on  the  hand  have  been  observed 
and  from  that  number  down  the  cases  become  more  nu- 
merous. It  is  more  usual  for  both  hands  to  be  affected 
together  than  for  one  hand  to  be  involved  alone,  and  the 
feet  are  apt  to  exhibit  a  corresponding  abnormality. 

Syndactylism  is  sometimes  associated  with  polydactyl- 
ism     Hereditary  transmission  has  been  observed  in  nu- 
merous cases,     the  cause  of  the  anomaly  evidently  rests 
in  an  innate   aberrant  develop- 
mental tendency. 

All  the  parts  that  enter  into 
the  structure  of  normal  fingers 
may  also  be  present  to  a  greater 
or  less  degree  in  supernumerary 
digits,  bones,  joints,  tendinous 
aud  muscular  attachments,  nails, 
etc.  The  most  perfectly  devel- 
oped supernumerary  fingers  are 
as  complete  and  mobile  and  use- 
ful in  all  respects  as  the  ordinary 
fingers;  from  this  perfectness 
the  degree  of  development 
ranges  down  to  rudimentary 
structures  which  are  distin- 
guishable from  congenital  tu- 
mors only  by  the  presence  ot 
bony  or  cartilaginous  tissue  or  a 

rudimentary  nlil.  The  muscular  connection  and  the 
movSy  and  functional  value  also  range  from  a  good 
degree  of^usefulness  down   to  immovable  and  useless 

'^'There  is  an  Indefinite  variety  in  the  possible  forms  and 
combinations  in  which  the  deformity  may  be  manifested. 


Thomas  Annandale's  classification,  which  seems  as  satis 
factory  as  any  proposed,  is  as  follows: 

1.  Cases  iu  which  the  supernumerary  digit  is  a  rudimen- 
tary and  deficient  structure  attached  to  the  hand  or  an- 
oth(;r  digit  by  soft  tissues  or  a  narrow  pedicle  and  with- 
out any  articulation  (Pig.  2464).  The  most  rudimentary 
of  this  class  of  supernumerary  finger  maj'  practically 
amount  simply  to  a  tumor,  the  digital  nature  of  which 
is  shown  only  by  the  presence  of  Ijony  tissue  in  its  inte- 
rior or  a  rudimentary  nail.  Supernumerary  digits  of  this 
kind  arc  usually  situated  on  the  ulnar  side  of  the  hand  or 
little  finger,  but  they  occasionally  occur  on  the  radial 
side  or  any  other  portion  of  the  hand  These  digits 
usually  have  verj'  little  mobility  or  functional  action. 

2.  Cases  in  which  the  supernumerary  digit,  more  or  less 
well  developed  and  free  in  its  distal  portion,  is  given  off 
from  and' articulates  with  the  side  or  head  of  a  metacar- 
pal or  phalangeal  bone  belonging  to  a  normal  digit,  or 
common  to  the  two  digits  (Fig.  2465).  Some  of  these 
cases  appear  as  if  a  finger  were  bifurcated,  the  two  divi  ■ 
sions  being  nearly  equal  and  symmetrical :  in  other  cases 
one  of  the  digits  from  its  less  development  or  asymmetri- 
cal position  is  evidently  supernumeraiy.  Often  the  e.x 
tra  digit  is  not  ver}'  movable  or  useful,  but  sometimes  it 
has  good  functional  power. 

The  supernumerary  digit  ma>'  articulate  with  (a)  the 
side  of  the  metacarpal  or  phalangeal  bone  common  to  it 
and  the  normal  finger,  in  which  ease  it  has  its  own  artic- 
ular aud  synovial  structure  entirely  distinct  from  the 
corresponding  articulation  of  the  normal  finger;  or  it 
may  articulate  with  (b)  the  head  of  the  common  metacar- 
pal bone  or  phalanx.  In  the  latter  case  there  may  be 
two  separate  articulations,  with  separate  joint  cavities, 
or  there  may  bo  only  one  synovial  cavity  common  to  the 
articulations  of  the  two  digits.  Sometimes  the  metacar- 
pal or  phalangeal  bone  to  which  the  two  digits  are  at 
tached  bifurcates  and  has  a  separate  articulation  on  each 
of  the  two  heads.  It  is  important  to  bear  in  mind  the 
nature  of  the  articulation  in  amputating  in  these  cases. 

The  thumb  is  not  uncommonly  the  seat  of  this  form  of 
polydactylism,  being  either  bifurcated  (Fig  2465)  or  giv- 
ing off  a  supernumerary  thumb  from  its  side. 

3.  Cases  in  which  the  supernumerary  finger  is  a  prac- 
tically perfect  and  fully  developed  digit,  complete  in  it- 
self in  all  its  parts,  and  distinct  from  the  other  fingers, 
having  its  own  phalanges,  metacarpal  bone,  and  attach- 
ment to  the  carpus  (Fig.  2466).  Such  fingers  are  usually 
as  useful  and  good  as  the  normal  fingers.     Some  cases  of 


FIG.  3«4. 


FIG.  346.5. 
Fig.  2464,  246.5,  and  3466.— Polydactylism.    (Annandale.) 


double  hand  may  be  partly  regarded  as  instances  of  this 
form  of  polydactylism.  Supernumerary  fingers  m  rare 
instances  are  associated  with  a  corresponding  excess  of 
development  in  the  forearm,  as  with  a  supernumerary 

radius.  ,..,..,•      ^  , 

4.  Cases  in  which  the  supernumerary  digit  is  intimately 
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united  along  its  wliole  lengtli  to  tlie  normal  digit— that 
is,  a  combination  of  syndactylism  with  polydactylism. 
The  supernumerary  digit  may  he  more  or  less  well  devel- 
oped, having  separate  metacarpal  and  phalangeal  Ijones 

of  its  own,  or  possess- 
ing only  phalanges 
which  are  articulated 
to  the  metacarpal  bone 
or  a  phalangeal  bone 
common  to  it  and  the 
normal  digit.  Such  a 
double  linger  is  broad 
and  is  apt  to  possess 
two  nails.  The  thumb 
is  said  to  be  oftenest 
aifected  in  this  man- 
ner. 

The  treatment  of 
polydactylism  c<3nsists 
in  amputation  of  the 
supernumerary  digits, 
for  the  purpose  of  im- 
proving the  appear- 
ance of  the  hand  or  re- 
moving useless  struct- 
ures that  may  be  an 
actual  impediment  to 
the  function  of  the 
hand  or  impair  its  proper  development.  As  a  super- 
numerary digit  tends  to  retard  and  impair  the  devel- 
opment of  the  normal  finger  to  which  it  may  be  attached, 
amputation  should  be  performed  as  early  in  life  as  is 
practicable  and  convenient.  In  some  instances  there  has 
been  observed  a  tendency  for  new  rudimentary  digits  to 
grow  out  from  the  stumps  of  amputated  supernumerary 
fingers. 

In  considering  and  practising  amputation,  however, 
careful  attention  must  be  paid  to  the  danger  and  conse- 
quences of  injuring  a  joint  of  one  of  the  normal  fingers 
and  thus  causing  an  ankylosed  and  stiffened  digit  that 
may  be  worse  than  the  original  polydactylic  condition. 
When  the  supernumerary  finger  is  connected  by  soft  tis- 
sues only,  or  has  its  own  distinct  and  separate  articulation 
and  joint  cavity,  the  operation  is  simple  and  void  of  evil 
consequences  if  properly  carried  out  so  as  not  to 
interfere  with  other  joints.  But  in  those  cases  in 
which  the  extra  digit  has  an  articulation  in  com- 
mon with  the  normal  digit  or  articulates  with  the 


Fig.  2467.— Polypbalangism,  the  Thumb 
Possessing  a  Supernumerary  Phalanx. 
(Annaadale.) 


Fig.  3468. 


the  joint,  but  without  opening  the  joint  itself.  This  will 
necessitate  leaving  a  small  portion  of  the  proximal  end 
of  the  supernumerary  digit,  but  any  slight  deformity 
thus  occasioned  may  be  preferable  to  the  impairment  of 
function  that  will  be  caused  by  a  stiffened  finger.  In 
such  cases  the  use  of  the  ,i-rays  prior  to  operation  may 
afford  valuable  information  as  to  the  precise  relations  of 
the  articulations. 

PoLYPHALAKGiSM  (or  "  hypcrphalaugism  ")  is  the  very 
rare  condition  in  which  a  digit  possesses  a  supernumerary 
phalanx,  or  more  than  the  normal  number  of  phalanges 
(Pig.  2467).  In  the  cases  that  occur  the  thumb  is  the 
digit  oftenest  affected,  though  cases  involving  the  index 
and  middle  fingers  have  been  observed.  In  a  very  few 
instances  in  which  a  supernumerary  phalanx  was  present, 
the  phalanges  generally  were  so  shortened  that  the  con- 
dition of  brachydactyly  or  short  finger  was  manifested. 

Syndactylism 

consists  in  the  union,  fusion,  or  growth  of  adjacent  dig- 
its to  each  other  by  their  contiguous  sides.  It  usually 
arises  as  a  true  developmental  anomaly  from  an  innate 
aberrant  tendency  of  growth ;  or  it  may  exceptionally  be 
acquired,  either  in  the  intra-uterine  period  or  at  any  time 
during  life,  from  the  adhesion  or  growth  together  of  ul- 
cerated digital  surfaces  or  from  cicatricial  contractions. 
The  site  of  union  may  extend  the  entire  length  of  the 
fingers ;  or  it  may  involve  only  the  proximal  portion  of 
the  fingers,  to  a  varying  extent,  leaving  the  distal  por- 
tions free  and  separate;  or,  rarely  (probably  from  the 
union  of  ulcerated  surfaces),  the  distal  portions  of  the 
fingers  may  be  united  and  the  proximal  portions  separate 
(Fig.  2469).  The  union  may  consist  of  a  thin  fold  or  web- 
of  skin  stretching  across,  between,  and  connecting  the  two 
fingers,  the  true  "  webbed  fingers  " ;  or  the  connection  may 
be  more  intimate,  involving  more  or  less  of  the  subcuta- 
neous and  internal  tissues  of  the  fingers,  ranging  up  to- 
cases  in  which  even  the  bones  are  united.  Cases  have 
been  observed  in  which  the  distal  phalangeal  bones  were 
fused  together,  while  the  proximal  phalanges  were  sepa- 
rate (Pig.  2470).  Two  fingers  alone  may  be  united,  or 
three,  or  four,  may  be  connected  together;  rarely  all  the- 
digits  are  bound  together  in  an  unshapely  deformed 
mass.  The  index  and  middle  fin- 
gers are  not  uncommonly  united. 
Syndactylism  is  not  a  very  un- 
common condition,  and  is  one  of 
the  most  frequently  observed  de- 
velopmental anomalies  of  the 
hand.  In  the  true  congenital  or 
developmental  form  of  syndacty- 
lism, hereditary  transmission  is 
often  observed,  and  both  the 
hands  are  frequently  involved  to- 
gether, though  the  fingers  affected 
may  be  different  on  the  two  sides. 
The  hands  and  feet  are  often  in- 
volved  simultaneously.       In   ac- 


FIG.  2469. 


FIG.  2470. 


FIGS.  2468  TO  2470.— SYNDACTYLISM. 


Hi'  5f^a^?7"  ^%""-  ,  'Clarke.)    The  dotted  lines  represent  amputated  supernumerary  fingers. 
I'"-  SiS-^S"'?"  "'  ^'^^^  Portions  of  Fingers.     (Annandale.  after  Otto.) 
Fig.  2470.-Fuslon  of  Distal  Phalanges.    (Annandale,  after  Otto.) 


common  carpal  joint,  it  must  be  remembered  that  the 
process  of  disarticulation  will  necessarily  cause  an 
opening  to  be  made  into  the  joint  of  the  finger  that 
is  to  be  left,  thereby  rending  it  extremely  liable  to 
ankylosis.  In  such  cases  it  may  be  preferable  to  am- 
putate by  cutting  through  the  base  of  the  bone  near 
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quired  syndactylism  heredity   is  of  course  not  observ- 
able, and  only  one  hand  would  ordinarily  be  affected. 

Ti-eatwmnt.—The  only  treatment  of  this  condition  is- 
operative.  The  best  age  for  operating  is  usually  stated 
as  from  four  to  six  years,  when  the  fingers  are  of  suffi- 
cient size  for  easy  management  and  control,  and  before- 
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growth  is  materially  interfered  with  by  the  deformity. 
In  most  cases  it  is  easy  enougli  to  effect  a  separation  be- 
tween the  digits,  but  to  prevent  the  raw  surfaces  from 
growing  together  or  to  obviate  a  recurrence  of  the  de 


Fig.  3471.— Dldot's  Operation  for  8,TQdactyllsm,  Dorsal  and  Palmar 
Views,  Showing  Primary  Incisions.    (.After  Stedman.) 

formity  from  cicatricial  contraction,  is  often  a  matter  of 
some  diflSculty  and  requires  special  plastic  surgical  meas- 
ures. It  is  necessary  to  pay  special  attention  to  the  de- 
tiuded  surface  in  the  interdigital  angle. 

When  the  web  is  broad  and  thin  successful  and  perma- 
nent separation  of  the  united  digits  maj'  be  obtainable 
by  the  simple  method  of  cutting  the  web  in  two  longitu- 
dinally down  its  middle  line,  and  suturing  the  edges  of 
the  incised  skin  together  over  each  finger.  The  edges  of 
the  wound  in  the  interdigital  angle  should  especially  be 
brought  together  and  sutured.  The  fingers  should,  as 
in  all  operations  for  syndactylism,  be  dressed  separately, 
so  as  to  keep  the  wounded  surfaces  apart  until  healing 
is  complete.  Recurrence  may,  however,  follow  this 
procedure. 

In  some  cases,  especially  when  the  union  is  very  close, 
as  the  preliminarjr  step  in  treatment  an  opening  may  be 
made  through  the  tissues  connecting  the  digits  at  the 
proximal  end  of  the  contemplated  separation.  In  this 
opening  a  glass  or  metal  tube,  wire,  or  a  bundle  of  silk- 
worm gut  is  kept  until  the  sides  of  the  hole  heal  f)ver 
and  become  completely  lined  with  epithelium.  When 
this  is  well  accomplished  the  fingers  are  cut  apart  for  the 
remainder  of  .the  distance,  and  the  edges  of  the  wounds 
are  approximated  and  sutured  in 
the  best  manner  pi'acticable.  The 
preliminary  establishment  of  a 
healed  surface  at  the  interdigital 
angle  or  commissure  prevents  the 
recurrence  of  union  from  that 
point. 

Didot's  plastic  operation  (Pigs. 
2471  and  3472)  appears  to  be  the 
most  frequently  employed  for 
syndactylism,  especially  for  cases 
with  a  long  and  thick  web.  By 
this  method  longitudinal  incisions 
are  first  made  through  the  skin 
along  the  middorsal  line  of  one 
finger  and  the  median  palmar  line 
of  the  other  finger  (Fig.  2471). 
Beginning  at  these  incisions  rect- 
angular flaps  are  then  dissected 
off,  and  the  tissues  uniting  the 
two  fingers  are  cut  through  so 
that  one  of  the  digits  has  a  flap 
adhering  to  its  dorsal  surface  and 
the  other  a  flap  adhering  to  its 
palmar  surface.  Each  flap  is  then  brought  around  the 
finger  to  which  it  is  attached  and  its  margin  sutured 
neatly  to  the  edge  of  the  skin  so  as  to  cover  the  surface 
denuded  by  dissecting  off  the  flaps.     The  method  of 


Fig.  2472.— Didot's  Opera- 
tion for  Syndactylism, 
tn  Cross  Section,  Show- 
ing Method  of  Dissect- 
ing Oft  and  Suturing 
the  Flaps.  (After  Stecf 
man.) 


forming  the  flaps  and  of  suturing  them  in  their  new 
positions  is  graphically  illustrated  in  Fig.  2472.  This 
procedure  keeps  the  healing  surfaces  well  separated,  and 
thus  obviates  readherence.     It    is  probable   that  flaps. 


Fig.  2473.- 


-Norton's-  Operation  lor  Syndactylism, 
and  Lovett.) 


(From   Bradford' 


should  also  be  drawn  together  and  sutured  in  some  such 
manner  as  is  employed  in  Norton's  operation  in  order  tO' 
close  and  cover  the  raw  surface  in  the  interdigital  angle. 
From  the  stretching  of  the  flaps  sometimes  necessitated, 
there  may  at  times  be  some  tendency  to  sloughing  of  the- 
tissues;  but  in  general  the  results  of  Didot's  operation, 
are  very  satisfactory  and  successful. 

Norton's  operation  (Fig.  2473),  which  is  recommended 
for  cases  in  which  there  is  a  short  but  ample  web,  con- 
sists in  the  formation  of  horseshoe-shaped  flaps,  dorsal 
and  palmar,  which  are  stretched  and  sutured  together  so- 
as  to  cover  the  interdigital  angle.  The  web  is  divided 
lengthwise,  and  the  divided  edges  are  brought  together 
along  each  finger. 

Zeller's  operation  (Fig.  2474),  which  is  recommended 
for  cases  similar  to  those  for  which  Norton's  is  employed, 
consists  in  the  formation  of  a  triangular  dorsal  flap, 
which  after  section  of  the  web  is  brought  into  the  inter- 
digital angle  and 
sutured  in  place. 
Agnew's  operation 
is  similar  to  Zel- 
ler's. 

Fowler's  opera- 
tion (Dennis'  "Sys- 
tem of  Surgery," 
vol.  ii.,  p.  186)  is 
recommended  for 
obstinate  and  in- 
tractable cases.  In 
this  procedure  a 
preliminary  longi- 
tudinal opening  or 
slit  is  made  through 
the  web  between 
the  proximal  ends 
of  the  proximal 
phalanges,  at  the 
site  of  the  future 
interdigital  angle. 
From    the   dorsum 

of  the  hand  two  long  narrow  flaps  are  then  ciit,  one  on- 
each  side  of  this  opening  and  with  their  attached  bases 
near  the  slit.  The  flaps  are  then  twisted  around  a  quarter 
of  a  circle  and  drawn  through  the  slit  so  that  the  skin  sur- 
faces of  the  flap  are  opposed  to  each  other  and  their  de- 


FiG.  2474.— Zeller's  Operation  for  Syndac- 
tylism, Showing  Lanes  of  Incision  and 
Outlines  of  Flaps  (which  are  not  shown 
sufficiently  long) .    (Treves.) 
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nuded  surfaces  are  brought  in  contact  with  the  raw  sur- 
faces of  the  slit,  with  wliich  they  are  designed  to  become 
united.  The  flaps  should  be  long  enough  to  project 
through  the  palmar  aspect  of  the  slit  about  a  centimetre, 
and  they  do  not  require  to  be  sutured  in  place.  The 
areas  left  by  the  removal  of  the  flaps  on  the  back  of  the 
hand  can  be  closed  by  sutures.  When  the  wounds  heal, 
there  will  be  a  permanent  opening  through  the  web, 
lined  with  skin.  The  remainder  of  the  web  is  then  di- 
vided, and  the  healed  commissure  will  prevent  recurrence 
of  the  mal-union. 

Cleft  Hand. 

The  contrary  condition  to  syndactylism,  the  union  of 
parts  normally  separate,  is  cleft  hand,  or  a  separation  of 
parts  normally  united.  Cleft  hand  consists  in  the  sepa- 
ration of,  or  division  between,  adjacent  fingers  extending 
farther  toward  the  carpus  than  normal,  that  is,  into  the 
metacarpal  region.  It  is  a  very  rare  condition,  and  is 
almost  invariably  associated  with  other  developmental 
anomalies.  In  nearly  every  case  it  is  associated  with 
ectrodactylism,  especially  ^\■ith  lack  of  the  middle  finger 
(see  Figs."  2457  and  3458);  other  anomalies,  as  syndactyl- 
ism, may  also  be  present.  In  a  case  reported  by  Chai'les 
N.  Dowd  (Aniiah  of  iSiiir/ery,  Philadelphia,  vol.  xxiv., 
1896,  p.  211),  the  number  of  fingers  was  normal,  but 
there  was  syndactylic  union  of  the  metacarpal  bones  of 
the  ring  and  little  fingers;  the  unsightly  appearance  of 
this  case  was  relieved  by  a  plastic  operation.  This  condi- 
tion should  not  be  confounded  with  dicheiria,  to  which 
the  term  "  bifid  hand "  is  often  rather  inappropriately 
applied. 

COXIIEKITAI,   COKSTKICTIOKS. 

Congenital  annular  constrictions  of  the  fingers,  as  well 
as  of  other  portions  of  the  extremities,  have  been  observed, 
but  are  very  rare.  The}'  are  apparently  produced  by 
tight  turns  of  the  umbilical  cord  or  of  amniotic  bands 
around  the  members,  constricting  the  tissues;  they  arc 
hence  produced  in  the  same  manner  as  are  intra-uterine 
amputations  but  with  the  constriction  not  carried  to  a 
sufficient  degree  to  cause  complete  amputation. 

Deflections  of  the  Hand  and  Fingers. 

A  large  proportion  of  the  deformities  of  the  hand  con- 
sists of  deflections  or  deviations  of  the  hand,  fingers,  or 
phalanges  from  their  normal  direction  or  position.  The 
deflection  may  be  in  a  forward  or  palmar  direction  (that 
of  flexion),  a  backward  or  dorsal  direction  (superexten- 
sion), or  a  lateral  direction  (either  to  the  radial  or  to  the 
ulnar  side),  or  in  intermediate  directions.  These  devia- 
tions are  often  called  contractions;  but  this  designation 
is  not  very  satisfactory  as  a  general  term,  since  all  the 
deflections  are  not  due  to  a  contraction  or  pull. 

The  point  of  deflection  is  in  almost  all  cases  at  one  of 
the  joints,  either  the  wrist  joint,  or  the  metacarpo-phalan- 
geal  joints,  or  the  interphalangeal  joints.  Occasionally 
the  deflection  may  arise  in  the  course  of  the  bones,  as  in 
mal-union  at  an  angle  after  fracture,  or  curvatui'e  of  tlie 
bones  in  osteomalacia. 

No  complete  and  sj'Stematic  classification  and  nomen- 
clature for  these  deflections  have  been  formulated.  De- 
flections of  the  hand  at  the  wrist  joint  in  the  different 
directions,  especially  the  congenital  cases,  have  been 
called  "club  hand,"  after  the  analogy  of  club  foot.  No 
such  designations  as  club  finger  or  cluli  phalanx  have 
been  employed,  though  such  terms  or  their  equivalents 
would  be  useful.  The  term  "clinodaclyly  "  has  been 
employed  as  a  generic  designation  for  de'tl('ctions  of  the 
fingers  (Fort),  but  has  not  come  into  general  use. 

Using  as  a  basis  the  situation  and  the  direction  of  the 
deflection,  the  following  .scheme  for  the  anatomical  classi 
fication  and  nomenclature  of  the  various  deflections  of 
the  hand  and  fingers  is  proposed  and  will  be  used  here; 

Deflections  of  the  hand  at  the  wrist  joint  — "club 
hand";  forward  dermtions,  mdn us  flexus ;  backward  de- 


viations, ma II IIS  giiperextensus ;   deflection  to  the  radial 
side,  mamis  funis;   deflection  to  the  ulnar  side,  mamis 


Deflections  of  the  fingers—"  clinodactyl.y  " ;  forward, 
digitns  f/e.rus :  backward,  digitus  superextensfus ;  to  the 
radial  side,  diqitiis  minis;*  to  the  ulnar  side,  digitus  ml- 
giis*  For  tiie  thumb,  the  terms  pollex  flsxvs,  poller, 
siipere.vtensiis,  pollex  rums,  and  jiollex  valgus  can  be  used 
for  the  corresponding  deflections.  These  terms  relating 
to  the  fingers  could  be  employed  for  deflections  at  either 
the  metacarpo-phalangeal  or  interphalangeal  articula- 
tions; but  if  greater  precision  were  desirable  where  the 
deviation  was  at  an  interphalangeal  joint  and  the  bend- 
ing involved  only  the  middle  or  distal  phalanx,  the  terms 
phalanx  flexii,  pjhalaiix  superexteiisii,  plmhinx  imrii.  and 
plialanx  ndga  could  be  employed  for  the  forward,  back- 
ward, radial,  and  ulnar  deflections  respectively. 

For  deflections  in  the  intermediate  directions  compound 
terms  could  be  employed  as  in  talipes. 

This  terminological  classification  would  be  practical 
and  useful  for  placing  and  designating  the  anatomical 
condition  or  particular  form  of  deviation  present  in  par- 
ticular cases;  but  it  would  not  be  a  satisfactory  classifi- 
cation fi-om  an  etiological  or  pathological  standpoint  or 
for  clinical  purposes,  since  different  deflections  may  be 
produced  by  the  same  cause,  or  the  same  deflection  may 
arise  from  diffei-ent  causes.  In  most  cases  the  deflections 
are  simple  and  distinct  enough  to  permit  of  ready  classi- 
fication. 

Deflections  of  the  hand  or  fingers  may  be  congenital, 
arising  from  developmental  anomalies,  or  acquired.  They 
occur  in  connection  with  a  considerable  variety  of  etio- 
logical and  pathological  conditions,  which  may  be  briefly 
summarized  as  follows : 

Dermatogenous  deflections,  in  which  the  deformity  is 
produced  b.y  lesions  of  the  skin,  as  scleroderma. 

Desmogenous  deflections,  produced  by  lesions  of  con- 
nective-tissue structures,  fascias,  ligaments,  etc.,  as  cica- 
tricial contractions,  Dupuytren's  contraction  of  the  pal- 
mar fascia,  hammer  finger,  contraction  of  the  digital 
fascia. 

Arthrogenous  deflections,  produced  by  lesions  of  the 
articulations,  as  arthritis  of  various  forms  (gout)^,  rheu- 
matic, rheumatoid,  tuberculous,  etc.),  dislocations,  al- 
tered configuration  of  joints  (developmental,  senile,  in- 
flammatory), ankylosis  in  malposition. 

Osteogenous  deflections,  from  lesions  in  the  bones, 
mal-union  after  fracture,  osteomalacia,  abnormal  devel- 
opment. 

Tendinous  deflections,  from  injuries,  division,  or  adhe- 
sions of  tendons. 

Muscular  or  myopathic  deflections,  from  abnormal 
muscular  conditions,  as  abnormal  development,  myositis, 
atrophies,  ischfemic  paralysis,  and  abnormal  innervation. 

Nervous  or  neuropathic  deflections,  from  paralytic, 
spastic,  or  trophic  conditions. 

Deflections  of  the  fingers  and  phalanges  from  their 
normal  position  and  direction  are  much  commoner  than 
are  deflections  of  the  hand  at  the  wrist  joint,  partly 
because  the  small  digital  articulations  are  more  subject 
to  arthritic  conditions,  partly  because  the  muscular  and 
motor  mechanism  of  the  fingers  is  more  extensive  and 
more  complicated,  and  hence  more  exposed  to  morbid  in- 
fluences. Of  the  deflecticms  of  the  fingers  the  forward 
deviations  arc  much  the  commonest  and  most  varied  as 
to  cause,  while  the  lateral  and  backward  deviations  are 
much  less  frec^ucut. 

As  there  is  so  great  a  diversity  in  the  etiological  and 
pathological  nature  of  these  deflections,  it  is  more  satis- 
factoiy  to  treat  the  different  varieties  in  connection  with 
the  various  pathological  conditions  with  which  they  are 
associated  than  to  consider  all  the  hand  and  finger  deflec- 
tions in  one  general  group.  Consequently  at  this  point 
consideration  will  be  given  only  to  club  hand,  congenital 
deflections  of  the  lingers,  lateral  deflections  of  the  fingers, 
and  backward  deflections  of  the  fingers,  reserving  the 

*  These  designations  nre  as  proposed  b.v  Joachimstal. 
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remaining  forms  of  deviation  for  treatment  in  their  ap- 
propriate connections. 

Club  Hand. — This  term  in  its  most  general  sense 
■could  be  applied  to  all  deflections  of  the  hand  at  the 

wrist  joint,  con- 
genital or  ac- 
quired, but  as  or- 
dinarily used  it  is 
chiefly  emploj-ed 
to  desiguate  only 
the  congenital 
forms  of  the  de- 
formity. 

The  cases  of 
congenital  club 
hand,  which  is  a 
rare  condition, 
may  be  divided 
into  some  three 
classes,  as  fol- 
lows: 

1.  The  first  class  comprises  those  cases  depending  on 
•contractions  and  altered  anatomical  conditions  of  the 
•carpal  structures  in  a  manner  entirely  analogous  to  cou- 


Fis.  3475.— Congenital  Club  Hand,  with  Ab- 
sence of  Radius  and  Thumb.    (Hofla.) 


Tig.  2476.— Congenital  Club  Hand,  with  Deficiency  of  Radius,  Dorsal 
View. 

.genital  club  foot.  This  form  of  congenital  club  hand  is 
exceedingly  rare,  as  the  hand  is  very  little  subject  to  the 
developmental  anomalies  and  intra-uterine  conditions  that 
give  rise  to  talipes. 
3.  Of  the  rare 
■cases  of  congenital 
■club  hand  that  do 
-occur,  the  largest 
proportion  consist 
■of  anomalies  associ- 
ated with  develop- 
mental deficiency  or 
absence  of  the  ra- 
dius. This  and  the 
following  class  of 
deformities  are 
caused  by  condi- 
tions quite  different 
from      those     that 


-Club  Hand, 
with  Deficient  Devel- 
opment of  the  Radius 
and  Rudimentary 
Thumb.     (Glutton.) 


give  rise  to  ordinary  talipes;  the  term 
club  hand  is,  however,  generally  ex- 
tended to  the  cases  associated  with  de- 
fective development  of  the  bones  of  the 
forearm.  In  this  form  of  club  hand  the 
radius  is  either  totally  absent  or  only 
partially  developed,  the  distal  extremity  being  deficient 
in  the  latter  case.  The  hand  is  articulated  on  the  lateral 
aspect  of  the  ulna  in  the  position  of  manus  varus  (Pigs. 
3477,  3478)  at  a  considerable  and  even  a  right  angle  to 
its  normal  situation.  The  thumb  and  corresponding  car- 
pal bones  are  usually  lacking,  though  exceptionally  pres- 
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ent,  as  in  Pig.  3477,  in  a  rudimentary  condition  and  trans- 
posed situation. 

3.  Much  more  rarel}'  than  the  radius,  the  ulna  is  absent 
or  defective,  giving  rise  to  an  altnormal  position  and 
ectrodactylous  condition  of  the  hand  corresponding  to 
the  radial  deformity. 

The  treatment  of  congenital  club  hand,  if  undertaken 
sufficiently  early  in  life  while  the  joint  structures  are 
pliable  and  adaptable,  con- 
sists of  gradual  coi-rection 
of  the  deformed  position 
with  maintenance  of  the 
iiand  in  the  improved  po- 
sition until  permanent  re- 
sults are  attained.  Violent 
and  abrupt  measures  are 
not  general!}'  desirable,  but 
the  correction  should  be  ac- 
complished  by  gradual 
steps,  apparatus  (Pig. 
3479),  splints,  or  plaster-of- 
Paris  dressings  being  cm- 
ployed  in  the  intervals  to 
maintain  and  render  per- 
manent each  step  gained. 
Massage  and  electricity 
may  be  useful  to  improve 
the  nutrition  of  the  mus- 
cles of  the  forearm. 

In  older  patients  the  joint 
is  apt  to  liecome  so  fixed 
that  attempts  at  correction 
of  the  deformity  may  re- 
sult in  impairing  the  usefulness  of  a  hand,  which,  though 
deformed  and  unsightly,  still  has  good  functional  power 
and  is  a  useful  member.  Treatment  in  such  cases  should 
be  very  conservative,  and  utility  should  not  be  sacrificed 
for  the  sake  of  appearance. 

OONCIBNIT.\L   AND   Dl';VELOPMENTAL    DEFLECTIONS   OF 

THE  PiNGEKS. — Congenital  deflections  of  the  fingers  are 


FIG.  2478.— Club  Hand,  with  Con- 
genital Absence  of  Radius  and 
Thumb.  (Glutton.)  From  same 
case  as  that  illustrated  in  Fig. 
2477. 


Fig.  2479.— Apparatus  for  Treatment  of  Club  Hand,  (After  Du- 
breuil.)  At  the  wrist  is  a  universal  joint  to  allow  for  movement 
and  fixation  in  various  positions. 

rare,  while  the  acquired  deviations  are  common.  The 
common  form  of  hammer  finger  is  a  developmental 
anomaly  scarcely  manifest  at  birth  but  gradually  ap- 
pearing during  the  period  of  development.  Tamplin 
reported  an  instance  of  congenital  contraction  of  the 
thumb  in  a  flexed  and  adducted  position,  in  a  case  of 
double  talipes  and  contraction  of  the  knee.  Congenital 
deflections  of  the  digits  or 
phalanges  are  most  com- 
monly in  a  lateral  direc- 
tion. 

Lateral  Deflections 
OF  THE  Fingers  or  Pha- 
langes may  be  congenital 
and  developmental,  or  ac- 
quired. The  acquired 
forms  arise  chiefly  from 
cicatricial  contractions, 
joint  changes  (especially  ar- 
thritis deformans),  disloca- 
tions, injuries,  ankylosis  in 
malposition,  senile  changes, 
or  in  association  with  hy- 
pertrophied  fingers.  Of 
these  a  general  deviation  of  ,  „ 

the  fnnr  ulnar  finirpvs  tow-  FIG.  2480.— Congenital  Radial  De- 
the  lour  umai  nngeis  row  flection  of  Distal  Phalanx  of 
ard  the  ulnar  side  is  a  com-      Thumb.    (Gross.) 
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mon  and  characteristic  condition  in  certain  senile  and 
rheumatoid  cases. 

A  small  number  of  cases  have  been  reported  in  which 
the  distal  phalanx  of  the  thumb  has  been  congenitally 
bent  laterally,  either  to  the  ulnar  or  to  the  radial  side,  at  a 
sharp  angle.  Some  of  these  cases  were  hereditary,  others 
were  associated  with  other  deformities,  as  club  foot ;  the 
cause  of  this  abnormity  is  hence  developmental.  The 
treatment,  if  undertaken  sufficiently  early,  should  consist 
in  gradual  correction  of  the  deformity  and  fixation  by 
splints  until  permanent  improvement  is  obtained.  Re- 
moval of  a  wedge-shaped  piece  of  bone  from  the  phalanx 
has  proven  successful  in  one  case ;  while  division  of  the 
lateral  ligament  and  exsection  of  a  portion  of  the  head 
of  the  phalanx  did  not  give  satisfactory  results  in  an- 
other instance. 

There  is  another  well-marked  class  of  lateral  deflec- 
tions of  the  phalanges,  affecting  chiefly  the  little  fingers, 
which  occurs  occasionally,  often  associated  to  a  certain 
degree  with  hammer  finger.  Exceptionally  the  deflection 
may  be  toward  the  ulnar  side,  or  the  middle  phalanx  may 
be  the  one  bent,  or  the  ring  finger,  or  some  finger  other 
than  the  little  finger,  may  be  affected;  but  usually  this 
abnormity  manifests  itself  as  a  i-adial  deflection  of  the 
terminal  phalanx  of  the  little  finger  (phalanx  vara).  The 
deviation  is  not  generally  more  than  about  twenty-five 
or  thirty  degrees,  and  both  little  fingers  are  usually  af- 
fected together.  Anderson  states  that  among  eight  hun- 
dred school  children  there  were  six  eases  of  such  lateral 
deflections,  in  five  of  which  the  little  finger  on  both  liands 
was  affected,  and  in  one  the  ring  finger  of  one  hand  was 
involved.  This  lateral  phalanx  deflection  is  not  infre- 
quently exhibited  by  little  fingers  that  are  also  affected 
with  the  condition  termed  hammer  finger ;  and  the  writer 
has  observed  one  case  of  phalanx  vara  of  both  little  fin- 
gers in  a  woman  who  had  a  hammer  toe  but  no  hammer 
fingers,  but  whose  mother  and  mother's  brother  had 
hammer  fingers.  Radial  deflection  of  the  distal  phalanx 
of  the  little  finger  is  said  to  be  common  in  idiots  of  the 
so-called  Mongol  type.  The  condition  is  of  develop- 
mental origin  caused  by  irregular  development  of  the 
phalangeal  articulation.  The  abnormity  is  somewhat 
unsightly,  but  is  not  troublesome  in  any  other  way. 
The  only  advisable  treatment  is  the  use  of  splints  for 
a  time  to  straighten  the  finger. 

Backward  Deflections  or  the  Fingers  (digitus 
superextensus). — Superextensions  of  the  fingers  or  pha- 
langes are  among  the  less  common  of  the  deflections  of 
the  fingers;  they  are  mostly  acquired,  and  are  due  to 
various  conditions. 

The  terminal  phalanx  of  the  thumb  in  many  persons  is 
capable  of  extension  backward  from  the  straight  line  to 
a  marked  degree,  flexion  not  being  interfered  with ;  this 
is  a  normal  developmental  condition.  The  terminal 
phalanges  of  the  other  fingers  are  occasionally  markedly 
extensible  backward,  and  in  such  cases  power  of  flexion 
is  someti»es  somewhat  impaired. 

Cicatricial  contractions  following  dorsal  ulcers,  con- 
tractions of  the  dorsal  digital  fascia,  joint  lesions  like 
arthritis  deformans,  adhesions  of  extensor  tendons,  sec- 
tion of  flexor  tendons,  spasm  of  extensor  muscles,  paraly- 
sis of  flexor  muscles,  are  the  other  principal  causes  of 
superextended  fingers  or  phalanges.  In  a  considerable 
proportion  of  cases  of  hammer  finger  there  is  a  hyperex- 
tended  condition  of  the  proximal  phalanges  of  the  af- 
fected fingers ;  and  superextension  of  the  distal  phalanges 
m  hammer  fingers  has  been  observed.  In  Dupuytren's 
contraction  the  writer  has  seen  in  one  case  a  superex- 
tension of  the  distal  phalanx  caused  bv  a  band  of  con- 
tracted fascia  that  crossed  from  the  palmar  to  the  dorsal 
aspect  of  the  finger.  In  dactylomegaly  there  is  not  in- 
frequently phalangeal  superextension. 

,  The  treatment  of  digital  and  phalangeal  superexten- 
sions must  be  guided  by  general  principles  and  the 
conditions  present.  Some  cases  will  hardly  require  treat- 
ment, others  are  insusceptible  of  improvement  Grad- 
ual or  forcible  correaion  of  the  deformity  with  fixation 
by  splints,  division  of  contracting  tendons  or  fibrous 
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bands,  or  lengthening  or  shortening  of  tendons  by  plas- 
tic procedures  may  result  in  lessening  the  deformity  and 
impairment  of  function. 

MiCSOCHEIHIA   AND   MICRODACTYLISM, 

or  abnormally  small  size  of  hand  or  fingers,  may  be  due 
to  retarded,  deficient,  or  arrested  development,  or  to 
atrophy  or  retrogression  after  full  development  has  been 
once  attained.  Both  congenital  and  acquired  cases  are 
distinguishable. 

Brachydactyly,  or  short  finger,  is  a  form  of  microdac- 
tyly in  which  the  deficiency  in  size  affects  especially  the 
length  of  the  finger. 

In  dwarfs  and  in  conditions  like  achondroplasia,  the 
hand  and  fingers  are  small  but  not  diminished  in  size  in 
proportion  to  the  rest  of  the  body  or  of  the  upper  ex- 
tremity; such  cases  are  hardly  to  be  classed  as  real  micro - 
cheiria  or  microdactyly,  iu  which  the  small  size  is  rela- 
tive as  well  as  absolute. 

Brachydactyly  is  caused  by  congenital  absence  of 
phalanges  (hypophalangism)  or  by  abnormal  shortness  of 
the  phalanges  or  metacarpal  bones.  Cases  have  been 
observed  in  which  a  supernumerary  phalanx  even  was 
present,  but  with  sufficient  abbreviation  of  the  phalanges 
to  constitute  a  condition  of  brachydactyly.  Brachy- 
dactyly and  other  forms  of  congenital  microdactyly  are 
rare.  Deficient  size  of  the  thumb,  apparently  develop- 
mental, occurs  in  a  certain  proportion  of  the  cases  of  os- 
sifying myositis ;  iu  this  disease  a  corresponding  anomaly 
of  the  great  toes  occurs  much  more  frequently.  Fingers 
associated  with  developmental  abnormities,  such  as  super- 
numerary or  syndactylic  digits,  are  apt  to  be  retarded  or 
stunted  in  development  unless  the  impediment  is  early 
removed.  Injuries  or  diseases  affecting  digits  during 
the  period  of  development,  in  infancy  or  childhood,  may 
arrest  or  retard  their  growth  so  that  they  may  not  attain 
full  development.  Loss  of  tissue  or  destruction  of  bone 
from  injuries,  inflammation  (tuberculosis,  etc.),  ulcera- 
tion, and  the  like,  will  if  not  replaced  result  in  diminu- 
tion of  size.  After  full  growth  is  attained  atrophy  and 
decrease  in  size  may  result  from  injuries,  local  disease, 
trophic  influences  from  nervous  lesions,  etc. 

Hypertrophy  op  the  Hand  or  Fingers 

(cheiromegaly  or  macrocheiria,  dactylomegaly,  megalo- 
dactylism,  or  macrodactylism).— Aside  from  such  con- 
ditions as  neoplasms,  oedema,  and  dactylitis,  enlarge- 
ments and  hypertrophies  of  the  hand  and  fingers  are 
mostly  comprehended  under  the  following  groups : 

Congenital  and  idiopathic  hypertrophy. 

Elephantiasis. 

Gigantism. 

Acromegaly. 

Hypertrophic  pulmonary  osteoarthropathy. 

Hippocratic  or  clubbed  fingers. 

Myxoedema. 

Syringomyelia. 

Congenital  and  Idiopatliic.  Hypertrophy. — The  fingers, 
hand,  and  more  or  less  of  the  upper  extremity  are  some- 
times the  seat  of  a  peculiar  hypertrophy,  which,  though 
rare,  presents  a  well-marked  clinical  type.  This  hyper- 
trophy is  of  the  same  general  nature"  as  the  condition 
called  "  congenital  hypertrophy  "  which  affects  various 
other  parts  of  the  body,  though  the  fingers  are  a  favorite 
seat.  Sometimes  other  parts  of  the  body  are  affected 
along  with  the  hand,  as  in  the  unilateral  hypertrophy 
where  the  upper  and  lower  extremity  on  the  same  side 
are  enlarged. 

When  the  upper  extremity  is  involved  it  is  far  com- 
moner for  a  portion  only  of  the  fingers  or  of  the  hand  to 
be  hypertrophied,  the  remaining  fingers  being  normal; 
very  rarely  the  entire  extremity  may  be  enlarged.  Some- 
times even  when  there  is  a  general  enlargement  of  the 
limb,  some  of  the  fingers  arc  relatively  much  more  en- 
larged than  the  others. 

The  hypertrophy  is  often,  though  not  always,  mani- 
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fest  at  birth,  the  affected  lingers  being  then  appreciably 
and  materially  larger  than  the  others.  Further  enlarge- 
ment proceeds  progressively,  or  may  take  place  rapiclly 
at  some  time  during  the  period  of  development.  Cases 
of  a  high  degree  of  hypertrophy  and  deformity  are  ex- 
hibited in  young  children,  though  the  enlargement  may 
develop  even  in  adults.  The  cause  of  the  hypertrophy 
is  apparently  some  idiopathic  developmental  derange- 
ment, the  precise 
nature  of  wliich  is 
unknown.  The 
condition  is  some- 
times called  con- 
genital elephanti- 
asis, and  has  been 
thought  by  some  to 
be  a  form  of  ele- 
phantiasis. Some 
of  the  cases  report- 
ed, indeed,  may 
have  been  real  in- 
stances of  elephan- 
tiasis. But  if  the 
term  elephantiasis 
be  limited  to  hy- 
pertrophies pro- 
duced by  occlusion 
of  the  lymph  ves- 
sels, especially  by 
the  fllaria,  there  is 
probably  a  genuine 
difference  between 
the  two  conditions. 
Hereditary  trans- 
toission  of  congen- 
ital dactylomegaly 
has  not  been  espe- 
cially noted. 

The  hypertrophy 
often  does  not  in- 
volve all  the  tissues 
uniformly,  but  af- 
fects especially  the 
bony,  fatty,  and 
vascular  tissues. 
The  bones  are  hy- 
pertrophied,  and 
sometimes  there  are 
joint  lesions.  The 
adipose  tissues  are 
often  relatively  in- 
creased, even  to  the 
production  of  lipo- 
matous  t  u  m  o  ]■  s. 
Areas  of  excessive 
development  of  vas- 
cular structures  ai'e 
frequently  exhibit- 
ed, in  the  form  of 
angiomata,  angiec- 
tases,  vascular 
noevi,  varicose 
veins,  lymphangio- 
mata,  etc.  The  ar- 
teries are  said  not  to  be  enlarged  so  much  as  the  veins 
and  capillaries.  Muscular  strength  is  sometimes  in- 
creased, often  not,  but  the  usefulness  of  the  member  is 
often  impaired.  The  skin  is  usually  not  greatly  altered. 
Syndactylism  is  sometimes  present.  Frequently  some 
of  the  hypertrophied  phalanges  or  fingers  are  deflected 
laterally  or  backward,  from  articular  changes.  The 
metacarpal  portions  of  the  affected  fingers  may,  or  may 
not,  partake  of  the  hypertrophy. 

The  enlargement  is  both  in  length  and,  markedly,  in 
thickness.  Various  gradations  of  hypertrophy  may 
occur,  from  slight  enlargement  up  to  great  deformity 
and  disability.  In  tvpical  cases  the  overgrowth  is  fre- 
quently gigantic,  so  that  the  member  may  be  highly  de- 
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FIG.  2481.-Congenltal  Hvpertrophy  of  Middle  and  Index  Fingers  in  Mulatto  Girl  Aged 
Eleven  Yelrs ;  Eeported  as  a  Case  ol  Congenital  Elephantiasis.    (T.  L.  Terry.) 


formed,  unsightly,  and  useless.  Increase  of  the  middle 
finger,  for  instance,  to  a  length  of  13,  14,  or  16  cm.  (6^ 
in.),  and  to  a  circumference  at  its  base  of  33  cm.  (13  in.), 
has  been  noted  in  more  than  one  case.  In  one  instance 
the  hand  weighed  twelve  pounds. 

This  hypertrophy  is  in  the  great  majority  of  cases  uni- 
lateral, and  only  exceptionally  are  both  hands  affected. 
In  the  unilateral  cases  the  right  and  left  hands  are  in- 
volved with  about 
equal  frequency, 
with  perhaps  a 
slight  difference  in 
favor  of  the  right. 
In  the  bilateral 
cases  different  fin- 
gers may  be  affect- 
ed  on  the  two 
hands.  The  mid- 
dle and  index  fin- 
gers are  much  the 
most  frequently  in- 
volved, the  middle 
more  often  than  the 
index  finger.  The 
thumb  is  affected 
in  a  considerable 
proportion  of  the 
cases,  the  ring  and 
little  fingers  infre- 
.  quently.  The  three 
radial  digits  are 
therefore  much  the 
most  liable  to  the 
disease.  It  is  more 
usual  for  two  or 
more  adjacent  fin- 
gers to  be  hyper- 
trophied together 
than  for  one  finger 
to  be  affected  alone, 
though  any  of  the 
digits  may  be  en- 
larged alone.  The 
commonest  combi- 
nations are  for  the 
thumb,  index,  and 
middle  fingers,  or 
for  the  index  and 
middle  fingers  to  be 
affected  together, 
next  for  the  mid- 
dle finger  to  be  hy- 
pertrophied alone ; 
the  other  fingers 
and  combinations 
are  less  frequently 
involved. 

Treatment  of 
congenital  dactylo- 
megaly: In  incipi- 
ent cases  ligation  of 
the  tributary  ar- 
teries may  be  tried 
with  a  view  of  di- 
minishing the  supply  of  nutriment  and  hence  retarding 
the  hypertrophic  process ;  success  cannot  be  very  con- 
fidently expected  for  this  procedure.  Compression  of 
the  growing  fingers  offers  little  hope  of  successful  re- 
sults. When  fully  developed  amputation  may  be  req- 
uisite to  improve  the  appearance  and  usefulness  of  the 
hand,  or  to  prevent  the  extension  of  the  hypertrophic 
process  to  the  remaining  portion  of  the  hand  or  limb. 

Elephantiasis. — Exceedingly  rarely  is  the  hand  or  up- 
per extremity  the  seat  of  true  elephantiasis,  that  is,  hy- 
pertrophy from  lymph  stasis,  especially  due  to  occlusion 
of  lymph  vessels  by  filaria,  though  a  few  cases  are  said 
to  have  been  observed.  Elephantiasis  and  the  idiopathic 
hypertrophy  just  considered  have  points  of  resemblance 
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and  have  been  confounded  with  each  other  in  some_  in- 
stances, but  there  is  doubtless  a  definite  pathological 
distinction  between  the  two  conditions.  The  treatment 
is  the  same  as  that  of  congenital  dactylomegaly  and  of 
elephantiasis. 

An  elephantiasiform  hypertrophy  sometimes  follows 
healing  of  lupus  vulgaris  on  the  hand,  from  chronic 
cedema  produced  by  occlusion  and  obliteration  of  lymph 
and  blood-vessels,  with  tendency  to  recurrent  dermatitis, 
cellulitis,  and  lymphangitis. 

Oigantism.—In  this  condition  the  hand  and  fingers 
participate  in  the  general  enlargement  of  the  body,  but 
their  development  is  not  proportionally  greater  than  that 
of  the  rest  of  the  body. 

Am-omegaly.—ln  this  rare  condition  the  hands,  along 
with  the  feet  and  bones  of  the  head,  undergo  general 
hypertrophy,  with,  later,  constitutional  disturbances.  It 
occurs  rather  more  commonly  in  females,  and  usually  be- 
gins to  develop  at  the  age  of  about  twenty -five  to  thirty 
years.  Etiologically  and  pathologically  it  is  supposed  to 
be  usually  associated  with  some  morbid  condition  of  the 
pituitary  body.  It  is  a  chronic  and  slowly  progressing 
condition. 

In  the  upper  extremity  the  lesions  are  chiefly  confined 
to  the  hand  and  wrist,  which  are  enlarged  by  a  general 
hypertrophy  of  all  the  tissues,  soft  and  hard.  One  of 
the  first  manifestations  of  the  disease  is  an  increase  in 
thickness  of  the  fingers,  so  that  gloves  and  rings  become 
too  small.  When  the  trouble  is  fully  developed,  the 
hand  is  enlarged  generally,  and  is  described  as  having  a 
"spade-like"  appearance.  Its  function  and  usefulness 
are  unimpaired.  The  fingers  are  broad  and  sausage- 
shaped,  and  the  terminal  phalanges  are  not  bulbous  or 
larger  than  the  rest  of  the  digit.  The  nails  are  usually 
broad,  flat,  grooved,  and  friable. 

Along  with  the  hands  the  feet,  face,  and  head  are  cor- 
respondingly affected.  The  results  of  treatment  have 
not  been  very  satisfactory. 

MypertropMc  Pulmonary  Osteo-arthropathy . — This  is  a 
rare  condition  in  which  the  hands  and  feet,  with  the  dis- 
tal portions  of  the  forearms  and  legs,  undergo  hypertro- 
phy in  association  with  chronic  pulmonary,  pleural,  or 
bronchial  disease,  such  as  phthisis,  tuberculosis,  empy- 
ema, pneumonia,  syphilitic  and  malignant  thoracic  dis- 
ease, chronic  bronchitis,  etc. ,  mostly  conditions  in  which 
the  arterialization  of  the  blood  is  impaired.  The  condi- 
tion is  rare,  only  about  sixty  cases  being  recorded. 
Adults  and  males  are  affected  most  frequently,  though 
children  and  females  are  not  exempt.  Usually  the  hy- 
pertrophic condition  develops  insidiously,  gradually,  and 
slowly,  but  in  exceptional  instances  it  has  a  sudden  onset 
and  rapid  development,  becoming  well  defined  in  the 
course  of  six  or  twelve  weeks. 

The  hypertrophic  condition  consists  in  a  general  and 
symmetrical  enlargement  of  the  hands  and  feet  and  the 
distal  extremities  of  the  forearms  and  legs,  other  parts  of 
the  body  being  scarcely  affected.  In  the  members  in- 
volved the  bones  are  especially  affected,  being  increased 
in  length  and  thickness,  partly  by  increased  subperios- 
teal bone  formation,  partly  from  the  development  of 
wart-like  bony  nodules;  the  joints  are  also  somewhat  in- 
volved, from  synovial  effusion,  erosion  of  articular  carti- 
lages, etc. ;  the  soft  parts  are  less  implicated.  In  the 
upper  extremity,  the  lower  ends  of  the  radius  and  ulna, 
the  carpal,  metacarpal,  and  phalangeal  bones  may  all  be 
involved.  The  terminal  phalanges  are  usually  markedly 
enlarged,  giving  the  digits  a  club-shaped  or  drumstick 
appearance.  The  nails  are  much  increased  in  size  and 
very  convex,  both  transversely  and  longitudinally,  and 
arch  over  the  ends  of  the  fingers. 

Pain,  sometimes  severe,  is  present  in  the  hands  in 
most  cases,  at  least  at  some  period  in  the  course  of  the 
disease. 

Among  the  features  by  which  this  condition  can  be 
differentially  distinguished  from  acromegaly  may  be 
mentioned  the  association  with  pulmonary  disease,  the 
absence  of  any  enlargement  of  the  bones  of  the  h'ead, 
such  as  occurs  in  acromegaly,  and  the  bulbous  enlarge- 
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ment  of  the  terminal  phalanges  and  the  shape  of  the 
nail,  which  are  not  manifested  in  acromegaly. 

The  essential  pathological  nature  and  cause  of  hyper- 
trophic pulmonary  osteo-arthropathy  are  not  yet  deter- 
mined. The  prevalent  French  theory  is  that  the  enlarge- 
ment is  produced  by  chronic  inflammatory  processes 
induced  by  toxsBmic  irritation.  The  condition  probably 
has  some  relationship,  and  is  even  perhaps  identical 
with  clubbed  or  Hippocratic  fingers. 

There  is  no  definite  treatment. 

Hippocratic  or  Clubbed  Fingers— The  term  clubbed 
finger  is  employed  to  designate  conditions  in  which  the 
terminal  phalanges  or  ends  of  the  digits  are  enlarged  and 
bulbous,  that  is,  larger  than  the  remainder  of  the  fingers, 
giving  them  a  club 
or  drumstick  shape. 
The  fingers  in  hyper- 
trophic pulmonary 
o  s  t  e  o  -  arthropathy 
and  sometimes  in 
myxoedema  exhibit 
this  condition.  The 
term  clubbed  fingers 
is  commonly  used, 
and  the  term  Hippo- 
cratic fingers  is  spe- 
cifically used  to  des- 
ignate a  bulbous 
enlargement  of  the 
ends  of  the  fingers, 

with  a  longitudinal  curvature  of  the  nail,  that  is  occa- 
sionally present  in  chronic  conditions  in  which  the  cir- 
culation is  weakened,  especially  in  pulmonary  tubercu- 
losis and  heart  diseases.  The  enlargement  of  the  finger 
tips  is  brought  about  by  a  chronic  state  of  or  tendency 
to  passive  congestion,  which  occurs  in  these  parts  be- 
cause, from  their  peripheral  situation  and  distance  from 
the  heart,  the  strength  of  the  circulation  is  here  at  a 
minimum.  The  condition  can  be  treated  only  by  at- 
tention to  the  general  disturbance  which  causes  it. 

Myxcedema. — The  hands  and  fingers  share  in  the  general 
enlargement  of  myxcedema,  which  it  is  unnecessary  to 
consider  generally  here.  There  is  no  pitting  on  pressure, 
the  fingers  may  be  clubbed,  and  the  nails  are  unaffected. 

Syringomyelia. — In  a  very  few  cases  of  syringomyelia 
there  has  been  observed  a  general  increase  in  size  of  one 
of  the  hands  and  upper  extremities  from  hypertrophy  of 
all  the  tissues.  It  is  possible  that  occasionally  cheiromeg- 
aly  may  result  from  trophic  influences  in  other  morbid 
nervous  conditions. 

Neoplasms 

of  various  kinds  may  develop  upon  the  hands  or  fingers, 
but  exhibit  few  features  of  special  importance  different 
from  those  manifested  in  other  situations.  Conditions 
more  or  less  simulating  tumors  occur  in  various  inflam- 
matory, arthritic,  tuberculous,  syphilitic  processes,  etc. 
Aside  from  warts,  this  region  is  not  particularly  prone 
to  the  development  of  neoplasms.  In  some  cases  the 
tumors  are  of  congenital  and  developmental  origin,  in 
others  trauma  exeits  etiological  influence,  in  many  cases 
the  cause  is  obscure. 

The  congenital  tumors  of  the  hand  and  fingers  compose 
a  group  of  cases  in  which  the  tumor  is  present  at  birth. 
Neoplasms  of  this  class  that  have  been  observed  are 
rudimentary  supernumerary  fingers,  dermoid  tumors  and 
C3fsts,  fibromata,  lipomata,  chondromata,  and  angiomata. 
Such  congenital  tumors  are  not  common. 

As  already  stated,  supernumerary  fingers  are  often  of 
so  rudimentary  a  structure  that  their  digital  nature  is 
shown  only  by  the  presence  of  a  small  amount  of  osseous 
or  cartilaginous  tissue  or  a  nail ;  such  structures  prac- 
tically amount  to  tumors.  These  are  usually  attached 
by  a  soft  pedicle  and  are  most  commonly  situated  on  the 
ulnar  margin  of  the  hand  or  little  finger.  If  we  conceive 
such  structures  to  be  still  more  rudimentary,  lacking  all 
traces  of  bony  or  cartilaginous  tissue  or  nail,  we  will 
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have  left  simply  tumors  composed  of  fibrous  tissue  cov- 
ered -with  skin,  and  having  no  distinct  digital  character- 
istics.    Congenital  tumors  of  this  nature  have  been  ob- 


FiG.  2483.— Multiple  Osteo-ecchondromata  of  Hands.    (Whlttaker.) 


served,  often  pedunculated  and  on  the  ulnar  side  of  the 
hand,  and  in  some  cases  are  doubtless  supernumerary 
digits  of  extremely  rudimentary  character. 

Dermoid  Oystts  or  Tumors,  congenital,  containing  epi- 
dermal tissue,  hair,  and  sebaceous  matter  in  their  inte- 
rior, are  occasionally  encountered  in  the  region  under  con- 
sideration. Some  of  them  are  also  perhaps  supernumerary 
digits  of  very  rudimentary  and  aberrant  type. 

Warts — the  famiUar  verruca  vulgaris — are  very  common 
on  the  hands  and  fingers,  which  are  their  favorite  seats. 
They  are  especially  common  in  childhood,  occurring  sin- 
gly or  in  numbers.  They  consist  of  hypertrophied  and 
elongated  papillae  of  the  corium  surmounted  by  thick- 
ened and  horny  epidermis.  Among  the  methods  of  treat- 
ment may  be  mentioned  cutting  off  the  growth  with 
knife  or  scissors  and  applying  caustics — as  silver  nitrate, 
potassium  hydrate,  or  chromic  acid,  solid  or  in  solution 
— to  the  denuded  surface. 

Fibromata  occur  occasionally,  situated  in  the  subcuta- 
neous tissues,  or  connected  with  tendons,  periosteum,  or 
bone. 

Lipomata  are  rare  in  this  situation.  They  may  occur 
in  connection  with  congenital  dactylomegaly.  They  are 
usually  diffuse,  not  circumscribed,  and  continuous  with 
the  subcutaneous  tissue. 

OJiondromata  are  the  commonest  (aside  from  warts)  of 
the  benign  neoplasms  of  the  hand  and  fingers.  Some- 
times they  are  congenital,  sometimes  result  from  trau- 
matism, usually  arise  without  assignable  cause.  They 
occasionally  develop  in  the  soft  tissues,  but  usually  arise 
from  the  interior  or  the  surface  of  the  bones,  the  perios- 
teum, or  the  joints.  They  may  be  firm  or  soft,  may 
break  down  and  ulcerate,  and  may  ossify.  They  may  be 
single  or  multiple,  may  involve  one  or  several  fingers, 
one  hand  or  both  hands.  Often  they  attain  a  large  size 
and  occasion  great  deformity  and  disability,  so  that  am- 
putation may  be  required. 

Osteomata  and  exostoses  occur  occasionally,  arising 
especially  from  the  bones  or  periosteum,  and  may  occur 
in  association  with  chondromata.  Neuromata  are  said  to 
have  been  observed  in  the  hand.  Angiomata,  nsevi,  and 
erectile  tumors  sometimes  occur  in  this  situation. 

EpitheliomM  develops  in  the  skin  of  the  hand,  as  in 
other  situations.     Sarcoma  may  attack  the  hand,  origi- 


nating especially  in  bone  or  periosteum;  it  occurs  in 
its  various  forms,  may  attain  great  size,  and  may  in- 
volve more  than  one  finger. 

The  treatment  of  neoplasms  of  the 
hand  and  fingers  must  be  guided  by 
general  principles  and  the  circum- 
stances of  tlie  case.  Removal  or  ex- 
cision of  the  tumor,  or  amputation  if 
deformity  is  extreme,  are  the  ordina- 
ry procedures.  The  malignant  tu- 
mors require  complete  removal  or 
amputation. 

Cysts 

occasionally  develop  in  this  region. 
Dermoid  cysts  have  been  mentioned. 
Sebaceous  cysts  occasionally  occur, 
sometimes  induced  by  traumatism; 
cysts  resembling  wens  in  all  respects 
even  occur  on  the  palmar  surfaces, 
which  are  free  from  hair  and  sebace- 
ous glands.  Aneurisms  and  hydatid 
and  cysticercus  cysts  rarely  occur 
here.  Ganglion  will  be  considered 
subsequently. 

Traumatisms  and  Injuries. 

From  its  exposed  situation  the 
hand  is  very  subject  to  injuries  of 
external  origin,  mechanical,  chem- 
ical, thermic,  etc.  Mechanical  trau- 
matisms cause  wounds,  contusions, 
sprains,  dislocations,  fractures.  Various  chemical  sub- 
stances produce  irritation,  inflammation,  ulceration,  or 
necrosis.  Heat  causes  burns  and  scalds;  cold  produces 
frost  bite. 

Wounds oiSi\\'kmA& — incised,  lacerated,  contused,  punc- 
tured, gunshot — are  of  common  occurrence.  Not  infre- 
quently portions  of  fingers  or  eutire  digits  are  cut  or  torn 
completely  off.  The  treatment  is  that  of  wounds  in  gen- 
eral, the  chief  objects  aimed  at  being  haemostasis,  asepsis, 
coaptation.  Aseptic  wounds  heal  well  and  rapidly  in  this 
situation,  but  if  infection  occurs  healing  ma}'  be  very 
slow;  asepsis  is  therefore  highly  important,  especially 
after  bites  of  animals.  Tendons  and  nerves,  if  severed, 
should  be  carefully  sutured  to  avoid  subsequent  impair- 
ment of  function.  The  hand  should  be  immobilized 
while  healing. 

When  portions  of  the  fingers  are  entirely  cut  off  or 
hang  by  a  small  neck  or  shred  of  tissue,  there  is  some 
hope  of  obtaining  complete  reunion  of  the  severed  por- 
tion. The  parts  should  be  well  cleaned  and  sutured 
nicely  together.  "Well-authenticated  cases  are  on  record 
in  which  a  part  of  a  finger  completely  cut  off  has  perfectly 


Fig.  2484.— Epithelioma  of  Hand.    (B.  F.  Curtis.) 

reunited  to  the  stump  when  sutured  back  in  place,  so 
that  an  attempt  should  at  least  be  made  to  save  the  fin- 
ger in  all  such  cases.  A  case  has  been  reported  in  which 
the  hand  was  almost  severed  from  the  forearm  at  the 
wrist,  all  the  blood-vessels  and  muscles  and  most  of  the 
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bones  being  divided,  leaving  only  the  ulna  and  a  small 
portion  of  skin  intact;  even  in  this  case  good  union  was 
obtained  with  re-establishment  of  the  circulation  and 
function  of  the  hand.  Such  cases  illustrate  the  advisa- 
bility of  conservative  treatment  of  wounds  of  the  hand, 
and  of  the  attempt  to  save  as  much  of  the  member  as 
possible. 

Contusions  and  crush  injuries  of  the  hand  and  fingers 
are  very  common,  and  exhibit  all  gradations  fron%  slight 
bruises  to  cases  in  which  the  hand  is  crushed  and  lacer- 
ated into  a  shapeless  mass,  as  in  machinery  injuries.  The 
treatment  is  to  be  guided  by  the  circumstances,  but  it 
should  be  as  conservative  as  possible,  and  it  should  be 
remembered  that  this  region  possesses  great  reparative 
power  if  uninfected.  Complete  destruction  of  the 
ends  of  the  fingers  by  crush  injuries,  the  nail  and  all 
the  soft  tissues  to  the  bone  being  destroyed,  may  be 
followed  by  regeneration  so  complete  that  scarcely  any 
trace  of  the  injury  will  be  perceptible.  Unlike  the 
lower  extremity,  lost  parts  of  the  hand  or  upper  ex- 
tremity cannot  be  satisfactorily  replaced  by  mechani- 
cal apparatus,  so  that  in  injuries  every  attempt  should 
be  made  to  save  as  much  as  possible  of  this  useful 
and  unreplaceable  member.  Parts  should  not  be  am- 
putated unless  or  until  it  is  evident  that  repair  is  im- 
possible. 

Fm-eign  bodies,  like  bullets  or  splinters  lodged  in  the 
member,  Mtes  and  stings  of  insects,  and  other  poisoned 
wounds,  etc.,  should  receive  the  customary  treatment, 
infection  being  especially  guarded  against.  Sprains  and 
dislocations  will  be  considered  in  connection  with  the  af- 
fections of  the  joints.  Fractures  of  the  metacarpal  or 
phalangeal  bones  are  simple  of  treatment,  requiring  re- 
duction and  immobilization. 

Burns  and  scalds  of  the  hand  are  very  common,  causing 
superficial  dermatitis,  ulceration,  or  more  or  less  necrosis. 
If  the  destruction  of  tissue  is  extensive  they  are  exceed- 
ingly apt  to  be  followed  by  deforming  and  disabling 
cicatricial  contractions. 

Frost  Bite. — From  their  small  size,  exposed  situation, 
and  distance  from  the  circulatory  centres,  the  fingers  are 
often  frozen,  being  exceeded  in  their  liability  to  this  ac- 
cident only  by  the  ears  and  toes.  Frost  bite  is  apt  to 
cause  complete  necrosis  of  the  tissues  involved,  though 
the  gangrene  may  be  slow,  even  weeks,  in  attaining  its 
full  development.  The  frozen  parts  should  at  first  be 
thawed  out  very  slowly,  as  by  the  use  of  cold  water,  in 
order  to  avoid  inflammatory  reaction.  The  subsequent 
treatment  is  that  of  the  necrosis  which  may  supervene, 
removal  of  the  sloughs  by  poulticing,  caustics,  or  exci- 
sion, asepsis,  and  protection  of  the  resulting  ulcer;  and 
if  the  gangrene  is  extensive  enough  and  when  the  limits 
of  the  necrotic  process  are  demarked,  amputation,  pre- 
serving as  much  viable  tissue  as  possible. 

Inflammatory  Cokditions 

in  the  hand  and  fingers  may  arise  from  mechanical 
chemical,  or  thermic  irritation,  or  from  trophic  impres- 
sions in  some  nervous  diseases;  but  they  are  chiefly  pro- 
duced, and  to  a  more  serious  degree,  by  infection  with 
the  pyogenic  and  other  micro-organisms. 

Inflammation  in  the  hand  may  occur  in  any  part  of  the 
member;  it  may  affect  special  tissues  or  structures  ex- 
clusively (as  the  joints,  tendon  sheaths,  bones  etc  to 
be  considered  subsequently),  or  it  may  involve  various 
contiguous  tissues.  Inflammation  affbcting  the  tissues 
ot  a  digit  m  general  is  termed  dactyhtis,  though  this  des- 
ignation IS  chiefly  employed  in  connection  with  tubercu- 
lous and  syphilitic  dactylitis.  Lesions  of  trophic  origin 
will  be  considered  in  connection  with  the  corresponding 
nervous  disorders.  Inflammations  of  infectious  origin 
are  intimately  associated  with  the  other  pathological 
tYcallTthrT"*''^  ^^  the  infection,  so  that  of  ten  fac- 
tically  the  two  can  scarcely  be  separated.  The  treat- 
ment of  simple  inflammations  must  be  guided  bv  the  cir- 
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From  its  exposed  location  the  hand  is  especially  liable 
to  infections.  Pathogenic  micro-organisms  are  very 
easily  introduced  through  wounds,  often  so  minute  as  to 
escape  notice  at  the  time,  through  blisters,  through  bites 
and  scratches  of  animals  and  insects ;  a  considerable  vari- 
ety of  infections  may  thus  become  established.  Much 
the  most  frequent  of  the  infectious  conditions  of  this 
member  are  those  of  suppurative  nature.  A  small  pro- 
portion of  infections  are  represented  by  tuberculosis, 
syphilis,  gonorrhoeal  lesions,  leprosy,  scabies,  tinea,  and 
others. 

SUPPORATIVE  AND  RELATED  INFLAMMATORY  CONDI- 
TIONS, caused  principally  by  the  pyogenic  staphylococci 
and  streptococci,  are  the  commonest  of  the  infections  of 
the  hand,  and  occur  in  a  variety  of  forms,  as  infected 
wounds,  cellulitis,  erysipelas,  and  abscess.  In  the  ini- 
tial stages  of  these  conditions  the  morbid  process  may  be 
purely  inflammatory,  suppuration  setting  in  later.  In 
some  mild  cases  the  morbid  process  does  not  pass  beyond 
the  stage  of  simple  inflammation,  being  arrested  before 
suppuration  occurs.  In  some  forms  of  erysipelas  also 
typical  suppuration  does  not  occur. 

The  simplest  form  of  pyogenic  infection  is  that  exhib- 
ited by  infected  wounds,  in  which  the  tissues  adjacent  to 
the  injury  are  inflamed  or  suppurating. 

In  more  severe  cases  the  infection  extends  to  tissues 
more  distant  from  the  wound.  The  treatment  is  the 
same  as  that  of  similar  conditions  elsewhere. 

The  terms  cellulitis  and  erysipelas  are  in  certain  cases 
used  interchangeably.  Three  forms  may  be  distinguished 
— indurative,  exudative,  and  suppurative. 

Indurative  Erysipelas  is  the  form  characterized  by  a 
slightly  elevated,  red,  indurated,  inflamed  area  on  the 
skin,  advancing  into  healthy  tissue.  This  is  the  form  com- 
monly encountered  in  facial  erysipelas ;  it  occasionally 
occurs  on  the  hand,  originating  from  minute  wounds, 
and  only  exceptionally  proceeds  to  suppuration.  Its 
treatment  is  that  of  the  facial  form,  a  variety  of  proced- 
ures being  available,  as  cold  applications,  tincture  of 
iodine,  painting  with  solution  of  silver  nitrate,  injections 
of  antiseptics,  moist  antiseptic  applications,  sedatives 
and  emollients,  etc. 

Exudative  Cellulitis  is  an  infectious  condition  that  often 
involves  the  upper  extremity.  The  infecting  organism 
gains  entrance  at  a  wound  about  the  fingers  or  hand 
often  insignificant  and  unnoticed.  The  earliest  symp- 
tom, often  overlooked,  is  a  faint  red  and  inflamed  streak, 
perhaps  a  little  tender,  extending  from  the  point  of  in- 
fection up  the  arm;  -this  is  caused  by  an  inflammation  of 
the  subcutaneous  lymphatic  channels,  up  which  the  in- 
fection rapidly  extends.  Next  a  large  accumulation  of 
serous  fluid  occurs  in  the  subcutaneous  tissues,  causing  a 
great  distention  and  swelling  of  the  fingers,  hand,  fore- 
arm, and  more  or  less  of  the  entire  upper  extremity. 
This  lasts  for  several  days  before  it  subsides,  and  is  ac- 
companied by  fever  and  much  pain  (from  the  tension). 
Sometimes  the  case  proceeds  to  a  general  phlegmonous 
celluhtis,  often  resolution  takes  place  without  suppura- 
tion. The  treatment  consists  in  disinfection  of  the  orig- 
inal focus  of  infection  if  it  is  discovemble ;  immersion  of 
the  swollen  parts  in  ice  water,  for  hours  and  even  days 
to  mitigate  and  arrest  the  process;  multiple  incisions 
tlirough  the  skin  if  necessary  to  relieve  tension  and  pain 
and  allow  escape  of  fluid ;  application  of  moist  antiseptic 
and  sedative  applications;  tight  bandaging  to  keep  the 
swelling  down,  etc. 

S>i2)pii ratire  Cellulitis  (phlegmonous  erysipelas,  abscess,' 
etc.)  is  a  suppurative  inflammation  of  the  connective 
tissues  beneath  the  skin.  It  may  be  diffuse  or  circum- 
scribed. It  may  involve  an  extensive  area,  with  consid- 
erable danger  to  life,  or  it  may  be  localized  and  confined 
to  a  small  region  (abscess).  The  portal  of  infection  may 
be  obvious,  or  the  origin  may  be  quite  obscure.  The 
process  begins  with  a  simple  inflammation,  gradually 
proceeding  to  suppuration ;  or  in  mild  and  abortive  cases 
the  trouble  may  at  no  time  proceed  as  far  as  definite  sup- 
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puration.  The  treatment,  in  general,  is  tliat  of  sucli 
conditions  generally:  in  the  early  stages  attempts  to 
abort  the  process  and  avert  suppuration  by  cold,  applica- 
tion of  tincture  of  iodine,  and  the  like ;  when  suppuration 
is  manifestly  inevitable  it  may  be  encouraged  by  poul- 
tices and  warm  applications ;  and  as  soon  as  suppuration 
fairly  sets  in,  free  incision  and  open  treatment  of  the 
abscess.  Suppurative  processes  in  tlie  liand  and  fingers 
are  apt  to  run  a  very  slow  and  protracted  course  before 
final  recovery,  this  member  not  appearing  to  have  rapid 
aud  vigorous  reactive  and  reparative  power  in  such  con- 
ditions. 

No  part  of  the  hand  is  exempt  from  suppurative  in- 
flammations or  abscesses,  but  certain  regions  are  so  sub- 
ject to  these  infections  and  exhibit  such  special  features 
that  a  few  special  forms  of  the  inflammatory  process  are 
plainly  distinguishable  and  require  special  attention, 
namely,  paronychia,  whitlow,  palmar  abscess. 

Boils  and  carbuncles  may  occur  iu  this  situation,  but 
the  hand  is  not  a  favorite  seat  of  these  lesions. 

ParonycMa  (Infectious). — ^The  ordinary  acute  parony- 
chia, popularly  termed  "run-around"  or  "ring-around," 
is  an  inflammation,  sometimes  running  on  to  suppura- 
tion, of  the  tissues  at  the  sides  and  root  of  the  nails.  It 
is  produced  by  the  various  pyogenic  bacteria,  which 
gain  access  at  the  root  of  tlie  nail ;  there  are  also  syphi- 
litic and  tuberculous  forms  of  paronychia  which  are  more 
chronic.  The  inflammation  involves  the  cutaneous  and 
subcutaneous  tissues  of  the  circumungual  region,  only 
one  finger,  as  a  rule,  being  affected  at  a  time.  At  first 
the  ordinary  phenomena  of  inflammation  are  manifested 
— redness,  pain,  tumefaction.  The  pain  and  tenderness 
are  not  usually  severe,  but  are  suflBcient  to  cause  consid- 
erable annoyance  and  irritation.  Many  cases  do  not  go 
beyond  simple  inflammation,  but  others  proceed  to  sup- 
puration, and  in  severe  cases  the  nails  may  be  cast  off, 
and  ulceration  may  ensue.  While  usually  acute  and  of 
short  duration,  the  course  of  paronychia  may  sometimes 
"be  subacute  and  prolonged.  The  inflammation  is  apt  to 
be  more  severe  and  more  prolonged  in  those  of  generally 
lowered  constitutional  condition  or  with  specific  taint. 
Paronj'chia  is  a  common  afllection. 

In  the  early  stages,  with  the  view  of  checking  further 
progress  of  the  inflammation  and  to  relieve  pain,  appli- 
cations of  iodine,  cold,  emollients,  sedatives,  or  poultices 
may.  be  employed.  To  pi'omote  suppuration  when  inev- 
itable, poultices  are  useful,  and  when  pus  formation  is 
established  free  incision  should  be  practised  and  the  lesion 
treated  like  ordinary  abscesses.  The  trouble  usually 
yields  readily  to  treatment.  In  cases  of  debility  or  specific 
taint  constitutional  treatment  may  facilitate  healing. 

Whitlow,  Felon,  or  Panaritinm  (panaris),  is  a  localized 
suppurative  inflammation  of  tlie  tissues  of  the  palmar 
portions  of  the  digits.  Abscess  may  affect  the  dorsal 
tissues,  but  is  much  more  frequent  in  the  palmar  regions 
of  the  fingers,  where  it  presents  special  features.  As 
regards  pain,  duration  of  disability,  and  loss  of  tissue, 
whitlow  is  a  condition  of  no  little  gravity.  Very  often 
there  is  no  perceptible  wound  by  which  the  infecting 
bacteria  gained  entrance.  Sometimes  the  condition 
arises  after  a  slight  bruise,  blister,  or  other  traumatism 
unaccompanied  by  any  solution  of  continuity  of  the 
surface  skin,  a  slight  contusion  of  the  tissues  probably 
producing  a  local  lowering  of  vitality  and  lessening  of 
resistance  that  determine  the  development  of  infection 
at  the  point.  A  lowered  constitutional  condition  may 
sometimes  be  a  predisposing  cause.  Destructive  proc- 
esses in  the  fingers,  often  called  whitlows,  are  generated 
by  trophic  influences  in  certain  nervous  affections,  no- 
tably syringomyelia,  but  these  have  rather  a  necrotic 
character  than  the  infectious  nature  of  true  whitlows. 
Any  of  the  phalanges  of  the  finger  may  be  affected, 
more  frequently  and  often  more  seriously  the  distal 
phalanx.  Only  one  finger  is  ordinarily  involved  at  a 
time,  and  whitlow  is  a  quite  common  affection. 

Three  groups  of  tissues  may  be  involved  in  the  inflam- 
mation— the  skin  and  subcutaneous  tissues,  the  perios- 
teum and  bone,  and  the  tendons  and  their  sheaths.     The 


inflammatory  process  may  originate  iu  any  of  these  tis- 
sues, but  usually  extends  from  one  group  to  another. 
The  course  of  the  disease  varies  according  to  which 
phalanx  is  affected. 

The  distill  2)Jialanges  are  somewhat  more  frequently 
affected  than  the  middle  or  proximal  ones.  If  the  in- 
flammation begins  in  the  superficial  tissues  the  skin 
shows  the  signs  of  inflammation — redness,  swelling,  pain. 
If  the  infective  process  starts  deeper,  the  skin  will  not 
itself  be  red  or  inflamed,  but  the  subcutaneous  tissues 
will  be  oedematous  from  the  inflammatory  exudate,  and 
the  finger  at  this  point  will  be  tense  and  swollen  and  the 
seat  of  severe  throbbing  pain.  In  the  distal  phalanges 
there  are  no  tendons  and  sheaths  to  enter  into  the  case, 
but  the  subcutaneous  fibrous  tissues  are  intimately  united 
with  the  periosteum,  and  inflammation  of  the  subcutane- 
ous tissues  is  almost  certain  to  extend  to  the  periosteum 
and  bone,  especially  if  thorough  incision  is  not  early 
practised.  This  involvement  of  the  bone  in  the  inflam- 
matory process  is  what  renders  whitlow  in  the  distal 
phalanx  a  rather  serious  condition.  At  first  the  morbid 
process  is  purely  of  inflammatory  nature,  but  very  early 
suppuration  develops.  Osteomyelitis  sets  in,  and  the 
phalangeal  bone  becomes  carious  and  necrotic.  The 
course  of  the  trouble  is  exceedingly  slow  and  protracted, 
and  weeks  often  elapse  before  healing  is  complete. 

The  fingers  possess  quite  slight  resistance  and  reactive 
powers  against  deep-seated  suppurative  processes,  per- 
haps from  the  relative  circulatory  weakness  of  these  dis- 
tal members.  Pain  is  marked,  often  excruciating.  The 
tissues  at  the  height  of  the  process  are  boggy  and  infil- 
trated with  serous  and  purulent  fiuid,  and  the  inflamma- 
tion tends  to  extend  proximally.  Owing  to  the  frequent 
deep  situation  and  confinement  of  the  infected  area,  the 
inflammation  is  apt  to  extend  deep  and  far,  causing  great 
destruction  of  important  structures  before  it  will  make 
an  opening  spontaneously  through  the  skin.  Granula- 
tion is  slow  to  develop,  but  when  well  established  the 
sinus  is  in  aliealing  condition  and  on  the  waj^  to  obliter- 
ation. 

Whitlows  involving  the  middle  or  proximal  phalaiiges 
are  rather  less  common  and  generally  less  serious  and 
protracted  than  in  the  distal  phalanx.  In  these  situa- 
tions the  tendinous  structures  are  interposed  between  the 
subcutaneous  tissues  aud  the  periosteum  and  bone,  and 
to  a  large  extent  protect  the  latter  from  involvement. 
The  escape  of  the  bony  structures  from  inflammation 
considerably  mitigates  the  severity  of  the  case.  The 
morbid  process  readily  extends  along  the  tendons  and 
tendon  sheaths,  and  from  destruction  of  their  tissue  or 
the  formation  of  adhesions  may  cause  considerable  per- 
manent disability  and  impairment  of  function.  Aside 
from  the  special  conditions  offered  by  the  presence  of 
the  tendons  and  the  partial  protection  of  the  bone,  the 
clinical  features  of  whitlow  in  the  two  proximal  pha- 
langes are  much  the  same  as  in  the  terminal  phalanges. 
The  inflammation  may  begin  deep  in  the  tissues,  the 
more  superficial  structures  being  oedematous  and  swol- 
len, and  the  surface  not  especially  reddened.  The  infec- 
tion may  extend  greatly  in  the  tendon  sheaths  if  an  open- 
ing is  not  made  in  time  through  the  overlying  tissues. 
There  is  special  liability  to  extension  of  inflammation 
along  the  tendon  sheaths  of  the  thumb  and  little  finger 
into  the  palm.     Pain  is  severe  and  healing  is  slow. 

In  treatment  of  whitlows,  at  their  verj^  inception  an 
attempt  may  be  made  to  abort  the  inflammation  by  tinc- 
ture of  iodine,  application  of  cold,  or  subcutaneous  in- 
jections of  antiseptics  like  phenol.  Such  measures  will 
not  often  be  successful,  and  if  the  infective  process  con- 
tinues to  advance,  radical  treatment  should  be  early 
adopted.  Deep  and  thorough  incision  into  the  inflamed 
tissues  is  then  necessary.  Mei'e  incision  through  the 
skin  is  not  sufficient  unless  the  trouble  is  all  superficial ; 
the  opening  must  be  carried  down  into  the  focus  of  in- 
fection. .To  secure  thorough  opening,  therefore,  iu  the 
distal  phalanx  the  incision  should  be  carried  down  to  the 
periosteum ;  in  the  other  phalanges  incision  to  the  ten- 
dinous structures  will  usually  be  sufficient.    Free  expos- 
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ure  of  the  affected  region  relieves  tension  and  pain  and 
provides  a  sort  of  safety  vent,  tending  to  prevent  tlie 
further  deep  extension  of  suppuration.  All  fragments 
of  necrotic  bone  should  be  removed,  and  curetting  may 
be  necessary.  Poultices  are  useful  both  before  and  after 
the  incision  is  made,  to  promote  pus  formation,  relieve 
pain,  and  stimulate  granulation.  Drainage  should  be 
provided  for,  and  the  incision  not  allowed  to  close  pre- 
maturely. Packing  vyith  iodoform  gauze  affords  drain- 
age and  stimulates  healing.  Anodynes  to  relieve  pain 
will  often  be  required,  and  in  debilitated  patients  general 
tonic  treatment  is  indicated.  Healing  must  be  expected 
to  be  very  slow,  and  some  permanent  deformity  or  im- 
pairment of  the  motor  powers  often  follows. 

Palmar  Abscess. — Abscesses  in  the  palm  of  the  hand 
often  involve  the  sheath  of  the  flexor  tendons  in  this  situ- 
ation, either  primarily,  or  by  extension  from  the  digital 
tendon  sheaths,  or  from  the  subcutaneous  tissues  and 
fascias  of  the  palm.  The  anatomical  arrangement  of  the 
sheaths  of  the  flexor  tendons  in  the  digits  and  palm  is  an 
important  factor  in  palmar  abscess.  In  the  palm  is  a 
large  synovial  sheath  common  to  the  flexor  tendons;  this 
is  continuous  with  the  sheath  of  the  tendons  belonging  to 
the  thumb  and  little  finger;  but  the  flexor  tendon  sheaths 
of  the  index,  middle,  and  ring  fingers  are  closed  at  their 
proximal  ends,  and  are  not  connected  with  the  large 
common  sheath  in  the  palm.  Consequently  inflamma- 
tion of  the  tendinous  structures  of  the  thumb  and  little 
finger  can  easily  extend  into  the  large  palmar  tendon 
sheath,  and  vice  versa,  while  in  the  other  three  digits  in- 
fiammatory  processes  do  not  extend  from  digits  to  palm. 
In  whitlows  of  the  thumb  and  little  finger  special  care 
should  therefore  be  taken  to  prevent  extension  into  the 
palm.  The  inflammatory  process  may  extend  widely, 
especially  if  not  adequately  treated,  involving  more  or 
less  of  the  tissues  of  the  entire  hand,  even  to  necrosis  of 
the  metacarpal  or  carpal  bones.  Palmar  abscess  is  mani- 
fested by  swelling,  severe  pain,  heat,  constitutional  dis- 
turbance, fever,  etc.  It  is  quite  a  serious  condition,  and 
may  result  in  more  or  less  stiffening  of  the  fingers,  per- 
manent injury  of  the  tendons,  and  impairment  of  the 
motor  functions  of  the  hand;  even  death  may  occur 
from  exhaustion,  general  sepsis,  or  hemorrhages. 

The  main  feature  of  treatment  of  palmar  abscess  con- 
sists in  early  and  free  incision,  so  as  widely  to  expose  the 
inflamed  parts.  Care  should  be  taken  to  open  the  main 
suppurating  foci,  and  not  to  stop  with  opening  into 
small  secondary  sinuses  or  superficial  oedematous  areas. 
Radical  incision  relieves  tension  and  pain  and  localizes 
the  process  so  as  to  prevent  further  extension.  Longi- 
tudinal incisions  in  the  palm,  along  the  middle  line  of  the 
metacarpal  bones,  can  be  freely  made  beyond  the  level 
of  the  web  of  the  thumb  without  interference  with  the 
digital  vessels  or  palmar  arches.  Aside  from  the  special 
points  mentioned  and  the  greater  area  involved,  the  clin- 
ical features  and  treatment  of  palmar  abscess  and  of 
whitlow  are  much  the  same. 

Tuberculosis.— The  hand  and  fingers  are  subject  to 
tuberculosis  like  other  parts  of  the  body.  Infection  may 
arise  not  only  in  the  usual  way,  by  internal  conveyance 
of  the  bacilli,  but  also  by  direct  inoculation  through  slight 
wounds  from  contact  with  external  infectious  material, 
as  in  the  case  of  persons  whose  occupation  necessitates 
the  handling  of  diseased  and  dead  tissues,  like  physicians, 
nurses,  butchers,  cooks,  cattlemen,  tanners.  Notwith- 
standing this  exposure  to  external  infection,  tuberculous 
lesions  of  the  hand  and  fingers  are  not  common.  The 
bones,  joints,  tendon  sheaths,  and  skin  are  the  structures 
chiefly  affected. 

Tuberculous  osteomyelitis  or  osteitis,  with  enlarge- 
ment, chronic  suppuration,  sinus  formation,  caries  ne- 
crosis, loss  of  considerable  osseous  substance,  and' the 
usual  phenomena  of  this  condition,  may  involve  any  of 
the  bones  of  the  hand,  sometimes  primarily  (so  far  as  the 
hand  is  concerned),  sometimes  secondarily  by  extension 
from  a  lupus  vulgaris,  occasionally  by  extension  from 
a  tuberculous  joint.  Tuberculous  arthritis  affects  bv 
preference  the  larger  joints  of  the  body,  though  the  wrist 
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joint  is  sometimes  affected ;  tuberculosis  of  the  wrist  and 
joints  of  the  fingers  more  often  arises  by  extension  from 
foci  in  the  neighboring  bones  or  skin  than  primarily. 
Chronic  tuberculous  inflammation  of  the  tendon  sheaths 
(see  below,  p.  516)  in  the  forearm  and  hand  may  arise, 
either  primarily  or  by  extension.  In  all  these  cases  the 
course  of  the  disease  is  protracted  and  chronic,  though 
i-ecovery  may  ensue.  Sometimes  the  tuberculous  in- 
volvement of  the  hand  occurs  in  association  with  tuber- 
culosis elsewhere,  as  in  the  vertebrae  or  lungs ;  in  other 
cases  the  infection  may  make  its  first  appearance  in  the 
hand.  From  the  hand  the  disease  may  extend  to  the 
lymphatic  glands  of  the  arm,  or  general  infection  of  the 
body  may  occur ;  in  some  cases  the  system  may  escape. 
Great  deformity  of  the  hand  may  follow  after  healing  of 
the  lesions,  from  cicatricial  contractions  and  loss  of  tissue. 

The  chief  clinical  forms  in  which  tuberculosis  of  the 
skin  appears  in  the  hand  are  lupus  vulgaris  and  tuber- 
culosis verrucosa. 

Lupus  vulgaris  affects  the  face  most  frequently,  but  in 
a  considerable  proportion  of  cases  attacks  the  extremities, 
including  the  hand  and  fingers.  The  dorsum  of  the  hand 
is  the  locality  chiefly  affected,  the  disease  only  very 
rarely  beginning  in  the  palm.  The  disease  occurs  or  be- 
gins chiefly  in  childhood.  It  runs  a  very  slow  and 
chronic  course,  though  at  times  it  makes  rapid  progress. 
Lupus  vulgaris  sometimes  originates  directly  from  ex- 
ternal inoculation,  but  the  infecting  bacilli  are  usually 
derived  from  sources  within  the  body,  and  the  condition 
is  often  secondary  to  other  tuberculous  lesions.  Clini- 
cally the  affection  arises  from  soft,  brownish-red,  painless 
nodules  which  develop  in  the  corium  singly  or  in  coales- 
cent  aggregations  and  cause  a  slight  projection  above 
the  cutaneous  surface.  The  nodules  may  run  their  course 
as  such,  and  undergo  involution  and  absorption,  leaving 
a  superficial  desquamating  area  and  a  sunken  cicatrix ; 
or  they  are  very  apt  to  break  down  and  form  shallow 
ulcers;  or  the  affected  tissues  may  proliferate  in  exuber- 
ant fungoid  granulations.  After  pursuing  an  exceed- 
ingly protracted  course  for  months  or  years,  the  ulcers 
may  heal,  and  great  cicatricial  contraction  or  elephantia- 
siform  enlargement  may  result.  In  the  hand  the  tuber- 
culous process  may  extend  from  the  skin  downward  to 
the  subcutaneous  tissue,  tendons,  and  bones,  causing 
widespread  involvement  of  the  parts  (as  in  tuberculous 
dactylitis),  with  suppuration,  abscesses,  sinuses,  caries, 
and  necrosis  of  bone.  After  healing  from  such  a  condi- 
tion great  deformity  is  apt  to  result,  the  fingers  being 
distorted,  mutilated,  twisted,  thickened,  ankylosed,  etc., 
from  cicatricial  contractions  and  loss  of  tissue. 

Tuberculosis  verrucosa  is  a  form  of  cutaneous  tubercu- 
losis differing  in  some  of  its  cUnical  features  from  lupus 
vulgaris.  It  arises  chiefly  from  direct  external  inocula- 
tion of  the  skin  with  the  tubercle  bacilli,  and  hence  oc- 
curs mostly  in  adults  whose  occupation  exposes  them  to 
the  handling  of  infected  tissues  or  other  material.  The 
hands  and  fingers,  especially  their  dorsal  surfaces,  are 
therefore  the  commonest  seats  of  tuberculosis  verrucosa, 
though  other  parts  of  the  body,  as  the  elbows  and  knees, 
are  also  subject  to  it.  The  essential  lesion  of  tuberculo- 
sis verrucosa  begins  as  a  papule  in  the  corium,  which 
becomes  pustular,  then  breaks  down  and  forms  a  small 
ulcer,  upon  which  papillary  growths  develop,  and  after 
some  time  become  covered  with  a  horny  mass.  The  char- 
acteristic feature  of  fully  developed  verrucose  tuberculo- 
sis is  the  tendency  to  horny  or  warty  papillary  prolifera- 
tion.    The  disease  extends  slowly  from  a  centre. 

The  simplest  form  of  the  trouble  is  the  verruca  necro- 
genicii,  also  called  "  post-mortem  wart "  and  "  anatomical 
tubercle,"  which  is  a  small  nodule  found  on  the  fingers 
01-  hand  of  persons  exposed  to  local  inoculation,  as  phy- 
sicians or  nurses  engaged  in  clinical  or  autopsy  work. 

Fully  developed  tuberculosis  verrucosa  is  similar  in 
nature,  but  of  greater  extent.  In  this  condition  there 
are  slightly  elevated  horny,  warty  patches  on  the  skin, 
varying  in  size  from  small  areas  to  large  plaques  cover- 
ing the  entire  dorsum  of  the  hand  and  even  extending 
over  on  the  palm.     The  patches  are  aggregations  of 
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warty  nodules  and  slowly  extend  at  the  periphery.  They 
have  an  erythematous  border,  inside  which  is  a  zone  of 
pustules;  the  centre  of  the  patch  is  occupied  by  an  ag- 
gregation of  warty  tubercles  covered  with  crusts  and 
horny  material.  There  may  be  erosions  and  fissures,  but 
there  is  little  tendency  to  ulceration.  The  centre  may 
undergo  resolution,  leaving  a  central  cicatrix  surrounded 
by  a  disease  ring.  The  course  of  the  disease  is  very  slow 
and  chronic,  sometimes  continuing  for  years.  Usually 
the  general  condition  is  not  impaired,  and  the  lesion  is 
not  ordinarily  followed  by  serious  results ;  general  tuber- 
culosis may,  however,  originate  from  the  cutaneous  in- 
fection. 

In  both  lupus  vulgaris  and  verrucous  tuberculosis  the 
essential  lesion  is  tubercle  formation  in  the  corium,  and 
in  both  tubercle  bacilli  have  been  demonstrated. 

In  addition  to  these  two  types  of  cutaneous  tubercu- 
losis other  clinical  forms  of  tuberculous  dermatitis  and 
cellulitis  may  occur.  Chronic  paronychia  of  tuberculous 
origin  has  been  observed ;  and  some  cases  of  "  malignant 
paronychia,"  in  which  there  is  extensive  ulceration  and  a 
protracted  and  severe  local  condition,  are  supposed  to 
be  of  tuberculous  nature.  An  inflammatory  tuberculous 
tumor,  not  of  warty  nature,  has  been  known  to  follow  a 
slight  wound  on  the  hand  caused  by  the  thumb  nail,  in 
the  case  of  a  physician  who  at  the  time  was  treating  two 
cases  of  tuberculous  laryngitis  (Schamherg). 

Tuberculous  dactylitis,  or  tuberculous  inflammation  of 
various  tissues  of  the  digits,  though  an  uncommon  con- 
dition, presents  some  distinctive  features.  It  may  arise 
as  a  secondary  extension  from  lupus  vulgaris  in  the 
vicinity  as  already  stated,  but  the  more  typical  cases 
originate  in  tuberculous  osteomyelitis  of  the  phalanges. 
Tubercle  formation  begins  in  the  marrow  of  the  phalan- 
geal bones,  especially  near  the  articular  ends ;  the  cortical 
bone  becomes  gradually  involved,  while  new  bone  is 
simultaneously  formed  by  the  periosteum.  In  this  man- 
ner the  phalanx  assumes  a  characteristic  fusiform  shape, 
enlarged  at  its  middle.  Later,  the  process  may  extend 
to  neighboring  tissues,  joints,  and  fibrous  structures,  and 
there  Is  usually  a  tendency  to  suppuration  and  sinus 
formation.  Caries  and  necrosis  of  the  bone  is  apt  to  fol- 
low, and  from  the  destruction  of  a  part  of  or  even  an 
entire  phalanx,  deformity  results  after  healing,  especially 
shortening  Of  the  finger.  The  skin  is  thickened,  tense, 
and  may  be  pale,  red,  or  purple.  Pain  is  slight;  the 
affected  part  may  be  hard  or  soft.  The  disease  occurs 
especially  in  childhood,  and  often  in  association  with  tu- 
berculosis elsewhere,  as  in  the  vertebraB,  or  there  may  be 
a  family  history  of  tuberculosis.  The  disease  is  very 
slow  and  chronic  in  its  course.  Recovery  from  the  local 
trouble  may  follow,  often  with  deformity;  or  general 
tuberculosis  may  ensue.  One  digit  alone  may  be  affected , 
or  a  number  (not  necessarily  adjacent)  may  be  succes- 
sively involved.  The  proximal  phalanges  are  apt  to  be 
the  ones  affected. 

Tuberculous  dactylitis  is  quite  similar  in  its  clinical 
manifestations  to  syphilitic  dactylitis,  and  has  often  been 
mistaken  for  the  latter.  The  history  (personal  and  fam- 
ily), the  effects  of  specific  treatment,  etc. ,  must  be  taken 
into  account  in  making  the  diagnosis.  The  enlargement 
of  the  phalanges  is  more  spindle-shaped  in  the  tubercu- 
lous form,  more  spherical  in  the  syphilitic  form.  The 
condition  may  also  resemble  whitlow,  chondromata,  ex- 
ostoses, sarcoma,  and  hypertrophic  conditions ;  but  the 
history,  the  course  of  the  case,  the  tendency  to  suppura- 
tion, and  other  clinical  features  usually  permit  ready  dif- 
ferentiation from  these  conditions.  As  to  prognosis,  a 
protracted  course  of  the.  disease  is  to  be  expected,  but 
recovery  often  results  and  may  be  usually  expected  if 
general  tuberculosis  does  not  occur. 

The  treatment  of  tuberculous  lesions  in  the  deeper  tis- 
sues of  the  hand  is  the  same  as  that  of  such  conditions  in 
general — ^constitutional  treatment  (cod-liver  oil,  arsenic, 
etc.),  opening  of  suppurating  foci,  curettage,  injections 
of  iodoform  emulsions,  etc.  In  the  cutaneous  forms  of 
the  disease  vigorous  local  treatment  often  effects  a  cure. 
Curetting  is  very  useful  for  ulcerating  and  granulating 


surfaces,  in  conjunction  with  caustics  like  silver  nitrate, 
arsenic,  and  salicylic-acid  preparations.  Nodular  and 
warty  lesions  are  well  treated  with  thermo-  or  galvano- 
cautery  or  puncture.  Small  areas  may  be  excised,  but 
cicatricial  contraction  or  recurrence  of  the  disease  in  the 
scar  may  follow ;  skin  grafting  may  be  useful  treatment 
for  ulcers  following  excision.  Scarification,  in  crossing 
series  of  close  parallel  lines,  has  been  highly  recommended, 
but  requires  repeated  seances  and  a  long  time. 

Syphilis. — Like  other  parts  of  the  body,  the  hand  and 
fingers  are  subject  to  various  manifestations  of  syphilis, 
both  inherited  and  acquired  forms  of  the  disease ;  a  few 
special  features  are  exhibited  in  this  region.  The  chief 
syphilitic  lesions  encountered  on  the  hand  are  the  chancre, 
various  syphilides,  syphilitic  paronychia,  syphilitic  ony- 
chia, gummata  and  inflammatory  processes  in  the  deeper 
tissues,  syphilitic  dactylitis. 

The  fingers  and  hand  are  occasionally  the  seat  of  the 
initial  chancre,  the  primary  inoculation  taking  place  at 
this  point  not  infrequently  in  physicians  from  exposure 
to  the  infection  in  the  course  of  clinical  work,  or  in 
others,  not  innocently,  from  libidinously  handling  the 
genitals.  The  inoculation  is  apt  to  take  place  about  the 
nails,  though  the  chancre  may  be  situated  on  other  parts 
of  the  hand,  and  may  resemble  paronchyia  or  whitlow. 
The  chancre  is  usually  red,  thickened,  elevated,  indu- 
rated, and  circumscribed,  but  ordinarily  does  not  show 
much  tendency  to  ulceration.  Its  course  is  slow.  It  is 
followed  by  enlargement  of  the  epitrochlear  gland,  and 
often  of  the  axillary  glands. 

Most  of  the  varieties  of  syphilides- — macular,  papular, 
vesicular,  pustular,  tubercular — may  affect  the  skin  of 
the  hands.  The  palms  are  quite  favorite  seats  for  the 
development  of  many  syphilides,  especially  the  papular 
and  squamous  forms,  and  exhibit  a  special  tendency  to 
desquamation  of  the  lesions.  The  dorsum  of  the  hands, 
on  the  contrary,  is  comparatively  quite  exempt  from 
most  forms  of  cutaneous  syphilis ;  the  ulcerating  tuber- 
cular syphilide,  however,  frequently  involves  the  back 
of  the  hand.  The  moist  syphilitic  papule  may  affect  the 
interdigital  angles. 

Partly  owing  to  its  thick  epidermis  and  marked  des- 
quamating tendency,  the  palm  (with  the  sole)  exhibits  a 
special  form  of  syphilide,  the  palmar  (and  plantar)  syph- 
ilide. The  lesions  of  this  condition  consist  of  irregular 
patches,  only  slightly  elevated,  covered  with  scales,  be- 
neath which  is  the  dull  red  infiltrated  corium.  The  mar- 
gins of  the  patches  are  especially  scaly.  The  patches 
may  coalesce,  forming  serpiginous  areas,  and  deep  fissures 
into  the  corium  may  develop.  Sometimes  instead  of  des- 
quamating the  epidermis  becomes  hard  and  horny.  Sub- 
jective symptoms  are  ordinarily  absent.  The  lesions 
may  occupy  only  a  small  area,  or  may  extend  over  the 
entire  palm,  only  rarely  proceeding  to  the  dorsal  surface 
or  beyond  the  wrist.  They  may  develop  early  or  late  In 
the  course  of  syphilis,  are  very  chronic  in  their  course,  ex- 
ceedingly obstinate  and  resistant  to  treatment,  and  show 
marked  tendency  to  recurrence. 

Syphilitic  Paronychia,  or  involvement  of  the  tissues 
about  the  nails  (of  fingers  or  toes),  exhibits  three  chief 
types,  a  dry  or  corneous,  an  inflammatory,  and  an  ulcer- 
ative form. 

Di'y  or  Corneous  Syphilitic  Paronychia,  the  common- 
est form,  is  characterized  by  a  horny  thickening  or  pro- 
liferation of  the  circumungual  epidermis,  with  repeated 
exfoliation.  It  begins  as  a  small,  hard,  horny  mass  at 
the  side  of  the  nail,  which  increases  in  size,  and  may  ex- 
tend entirely  around  the  nail  or  even  invade  the  entire 
dorsum  of  the  last  phalanx.  This  thickened  epidermis 
cracks  and  exfoliates,  leaving  the  surface  ragged  and 
scaly.  There  is  slight  tenderness,  and  a  yellowish -white 
color.  The  corium  is  more  or  less  infiltrated,  and  in  bad 
cases  may  be  thickened,  fissured,  excoriated,  and  pain- 
ful. The  nails  are  only  slightly  affected.  The  process 
is  very  indolent  and  recurrent,  and  occurs  in  the  second- 
ary stage  of  the  disease.  Several  fingers  are  usually  af 
fected  successively. 

Injlammatoi^y  Syphilitic  Paronychia  begins  as  a  papule 
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or  nodule,  usually  at  the  side  of  the  nail,  sometimes  over 
the  matrix,  which  pursues  a  very  slow  course  without 
active  inflammation  or  tendency  to  suppuration  or  ulcer- 
ation, and  disappears  by  absorption.  The  affected  area 
is  hard,  dusky  red,  slightly  tender.  Onychia  only  ex- 
ceptionally coexists.  It  is  often  confined  to  a  smgle 
dio-it  It  occurs  in  the  secondary  stage,  especially  in 
those  of  poor  health  and  often  in  children  with  congeni- 
tal syphilis.  ,     .  . 

Ulcerative  Syphilitic  Paronychia  is  a  severe  condition 
caused  by  a  gummatous  process,  with  necrosis,  in  the 
corium  and  subcutaneous  tissues.  It  is  a  secondary  or 
perhaps  rather  a 
tertiary  phenome- 
non, and  develops 
especially  in  se- 
vere neglected  or 
debilitated  cases 
of  syphilis.  It  is 
often  confined  to 
a  single  finger, 
and  is  very  chronic 
in  its  course.  The 
lesion  consists  of 
an  indolent  ulcer 
with  undermined 
edges,  and  sur- 
rounded by  a 
raised  dusky  or 
red  border.  An 
abundant  thin  se- 
ro-purulent  d  i  s- 
charge  is  given 
off.  From  exten- 
sion of  ulceration 
to  the  matrix  and 
nail  bed,  the  nail 
becomes  discol- 
ored, undermined, 
and  loosened,  and 
may  be  cast  off. 
In  severe  cases 
the     granulations 

become  exuberant  and  fungous ;  the  cast-off  nail  is  per- 
haps embedded  in  their  midst  as  an  irritating  foreign 
body ;  the  tissues  about  the  ulcer  swell  and  become  in- 
durated; the  entire  dorsal  surface  of  the  phalanx  may 
be  invaded ;  and  the  digit  may  become  clubbed.  If  the 
nail  bed  and  matrix  are  destroyed  no  new  nail  will  be 
formed  when  the  ulcer  cicatrizes. 

In  the  treatment  of  syphilitic  paronychia,  mercury 
alone  or  with  the  iodides  is  indicated.  The  iodides 
should  be  given  especially  freely  in  the  ulcerative 
form.  Local  treatment  should  be  followed  according 
to  the  indications.  The  affected  finger  tips  should  be 
protected  from  irritation  by  finger-stalls,  etc.  In  the 
ulcerative  paronychia  removal  of  the  nail  will  often 
be  desirable  to  prevent  its  acting  as  an  irritant  foreign 
body. 

Syphilitic  Onychia  is  an  altered  condition  of  the  nails  (of 
both  fingers  and  toes)  caused  by  defective  nutrition  and 
not  of  inflammatory  nature.  It  occurs  in  the  secondary 
stage  of  syphilis,  both  in  the  acquired  and  in  the  congeni- 
tal forms,  and  sometimes  appears  in  very  young  infants. 
Several  nails  are  usually  involved,  either  .simultaneously 
or  successively.  It  is  only  exceptionally  associated  with 
paronychia.  All  the  forms  pursue  a  very  chronic  pain- 
less course;  ultimately  recovery  is  perfect,  and  normal 
nails  are  reproduced. 

Syphilitic  onychia  exhibits  a  number  of  different  clini- 
cal varieties,  as  follows : 

1.  In  the  commonest  form,  "onyxis  craquele,"  in  mild 
cases  the  nail  becomes  dull  and  lustreless,  yellowish,  brit- 
tle, and  breaks  easily  on  its  edge;  a  similar  condition 
may  also  occur  in  other  chronic  or  debilitated  conditions 
In  severe  cases  the  nail  in  addition  becomes  marked  by 
parallel  ridges,  and  the  free  edge  thickens  and  cracks 
and  breaks  easily,  leaving  an  irregular  broken  margin 


Fig.  2485.— Syphilitic  Onychia.    (Original.) 


This  condition  is  sometimes  associated  with  dry  paro- 
nychia. 

3.  In  a  second  variety,  the  nail  gradually  and  insidi- 
ously separates  from  the  nail  bed,  beginning  distally  and 
extending  toward  the  root  of  the  nail.  The  separated 
portion  is  discolored.  Usually  the  nail  is  only  partially 
detached,  but  occasionally  it  is  entirely  cast  off. 

3,  In  another  form  the  growth  of  the  nail  or  formation 
of  the  nail  substance  is  entirely  or  partially  arrested. 
The  boundary  between  the  old  nail  and  the  new  portion 
is  formed  by  an  irregular  transverse  line,  which  ad- 
vances toward  the  end  of  the  nail.     The  old  nail  becomes 

discolored,  ridged, 
loosened,  and  fi- 
nally drops  off, 
and  its  place  is 
taken  by  epider- 
mis or  by  a  thin 
and  imperfect  nail 
structure. 

4.  There  is  also 
a  hypertrophic 
foiin,  in  which  the 
nail  becomes 
greatly  thickened, 
with  its  surface 
dry,  uneven, 
cracked  and  split, 
yellowish,  dirty, 
unsightly. 

Besides  these 
varieties  other 
forms  of  syphil- 
itic onychia  some- 
times occur,  sim- 
ilar in  their 
general  nature,  all 
being  conditions 
of  lowered  nutri- 
tion. The  treat- 
ment consists  in 
the  administra- 
tion of  mercury 
(rather  than  iodide),  with  tonics,  etc.,  in  debilitated  con- 
ditions. The  finger  tips  should  be  protected  by  stalls, 
etc.  The  prognosis  is  good,  and  well-formed  nails  are 
almost  always  ultimately  produced. 

Owmmatous  and  InJUimmatory  Processes  may  involve 
the  deeper  tissues  of  the  hand  and  fingers  in  much  the 
same  way  as  in  other  parts  of  the  body.  The  subcutane- 
ous tissues  may  be  the  seat  of  gummata,  which  may 
break  down  and  ulcerate ;  the  palm,  however,  is  almost 
exempt  from  this  lesion.  The  tendon  sheaths  about  the 
fingers  are  subject  to  gummata  and  to  chronic  and  acute 
syphilitic  inflammation.  The  bones  and  periosteum  may 
be  affected  in  various  ways,  in  the  form  of  gummata, 
periostitis,  osteomyelitis,  osteitis,  caries,  necrosis. 

Syphilitic  Dactylitis  is  a  specific  involvement  of  the 
tissues  of  the  digits  presenting  distinctive  clinical  feat- 
ures, first  definitely  recognized  by  R.  AV.  Taylor  in  1871. 
It  is  one  of  the  tertiary  or  late  manifestations  of  S3'philis, 
and  occurs  both  in  acquired  and  in  inherited  forms  of  the 
disease,  and  hence  both  in  children  and  in  adults.  The 
fingers  are  oftener  attacked  than  the  toes.  Any  of  the 
fingers  may  be  affected,  but  the  middle  and  ring  fingers 
are  said  to  be  oftenest  involved.  One  finger  may  be  af- 
fected, or  several,  simultaneously  or  successively.  The 
lesion  consists  essentially  in  a  gummatous  infiltration  of 
the  soft  or  hard  tissues,  which  is  apt  to  undergo  necrosis 
and  ulceration,  together  in  some  cases  with  chronic  in- 
flammation and  secondary  pyogenic  infection.  Two 
varieties  of  the  disease  are  distinguished:  (1)  that  in 
which  the  subcutaneous  and  ligamentous  structures  are 
primarily  and  chiefly  affected,  and  (3)  that  in  which  the 
bone  or  periosteum  hears  the  brunt  of  the  disease. 

1.  In  the  first  variety,  or  "syphilitic  panaris,"  the  sub- 
cutaneous fibrous  tissues  and  the  ligaments  about  the 
joints  undergo  gummatous  infiltration.     The  dorsal  sur- 
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Fig.  1. — Raynaud's  Disease,  Showing  Gangrene  of  the  Finger.     (Personal  observation.) 
Pig.  2. — Paronychia  Caused  by  Infection  with  Bacillus  Pyocyaneus.     (Personal  observation.) 
Fig.  3. — Digital  Chancre. 
Fig.  4. — Tinea  Circinata  on  the  Hand. 
(Illustrations  drawn,  from  cases  observed  by  Dr.  J.  B.  Nichols,  by  H.  C.  Macatee,  M.D.,  of  Washington,  D.C.) 
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faces  are  rather  more  liable  to  this  form  than  the  palmar 
surfaces,  and  the  proximal  phalanges  are  especially  af- 
fected. The  parts  affected  increase  in  size  and  are  tense 
and  hard,  or  soft  and  semifluctuating.  The  overlying 
skin  is  purplish  or  violet  in  color.  The  gummata  may 
break  down,  but  do  not  tend  to  suppurate.  The  disease 
process  in  the  ligaments  sometimes  extends  to  the  articu- 
lar structures  beneath  the  synovial  membranes,  the  artic- 
ular cartilages,  or  bone;  but  the  joint  usually  escapes 
serious  involvement.  The  course  of  the  affection  is  very 
chronic  and  nearly  painless,  and  it  is  sometimes  very  re- 
sistant to  treatment  and  tends  to  recur.  This  condition 
may  be  distinguished  from  gout,  acute  rheumatic  arthri- 
tis, or  whitlow  by  its  chronic  painless  course ;  from  rheu- 
matoid arthritis  by  the  location  of  the  initial  lesions  in 
the  joints,  the  early  deflection  of  the  phalanges,  and  the 
non-discoloration  of  the  skin,  in  the  latter,  as  well  as  by 
the  concomitant  symptoms  and  history.  The  prognosis 
is  good,  and  recovery  with  a  useful  finger  may  be  ulti- 
mately expected,  unless  the  joints  are  seriously  damaged. 

2.  In  the  second  and  more  typical  form  of  syphilitic 
dactj'litis  the  osseous  tissues  and  periosteum  are  primar- 
ily and  especially  affected.  In  a  syphilitic  child  or  adult, 
with  or  without  other  syphilitic  manifestations,  a  pha- 
lanx in  one  or  more  fingers  begins  to  enlarge.  Tlie  proc- 
ess begins  as  a  gummatous  growth,  causing  marked  en- 
largement, and  may  be  associated  with  Inflammatory 
conditions  (osteitis,  osteomj-elitis,  periostitis).  If  the 
marrow  cavity  Is  first  Involved,  the  symptoms  are  more 
acute,  pain  Is  more  severe,  the  increase  in  size  more 
rapid.  In  connection  with  gummatous  infiltration  of  the 
hard  bony  substance,  osteitis  occurs,  either  rarefying  oste- 
itis, with  destruction  of  the  bone,  or,  later,  formative 
osteitis  causing  new  formation  of  bone.  Gummatous  de- 
posits In  the  periosteum  may  produce  multiple  small 
tumors. 

In  typical  cases  there  is  marked  spherical  or  fusiform 
enlargement  of  the  affected  phalanx.  The  soft  parts  are 
stretched ;  the  skin  Is  purple,  violet,  livid  or  red,  shiny 
or  dull.  When  the  gummatous  enlargement  is  advanced 
the  new  tissue  breaks  down  into  a  fluid  discharge  or 
cheesj^  mass ;  ulceration  takes  place ;  secondary  infection 
with  the  ordinary  pyogenic  germs  may  occur,  and  sup- 
purating sinuses"  are  formed.  Extension  to  the  joints 
may  follow,  producing  synovitis,  arthritis,  or  general 
gummatous  Involvement  and  disorganization  of  theartlc- 
lar  structures.  Pain  varies,  frequently  not  being  marked, 
but  sometimes  severe,  often  worse  at  night.  Usually 
only  one  phalanx  in  a  digit  is  affected,  sometimes  more. 
The  proximal  phalanx  Is  the  one  most  often  invaded; 
not  infrequently  the  metacarpal  bone  suffers.  The 
course  of  the  disease  is  chronic,  or  often  subacute. 

After  recovery  the  new  tissue  may  entirely  disappear, 
or  permanent  changes  remain.  Decrease  in  size,  with 
alteration  in  length  or  thickness,  may  follow  necrosis  and 
destruction  of  bony  substance;  increased  size  may  result 
from  formative  osteitis.  Cicatricial  contractions  may 
supervene.  Joints  may  be  destroyed,  or  false  joints  may 
"be  produced  (from  non-union  after  necrosis  of  bone),  con- 
stituting a  very  disabling  flail  joint.  Rarely  ankylosis 
results.  The  prognosis  on  the  whole  is  favorable ;  In- 
volvement of  a  single  phalanx  without  extension  to  the 
joint  Is  apt  to  recover  without  bad  consequences.  Loss 
of  substance,  the  formation  of  flail  joints,  ankylosis,  or 
cicatricial  contractions  may  Impair  appearance  and  use- 
fulness, and  often  to  a  great  degree. 

The  diagnosis  of  syphilitic  dactylitis  from  tuberculous 
dactylitis  has  already  been  considered.  From  ordinary' 
whitlow  it  may  be  differentiated  by  its  less  pamful  and 
more  chronic  course  and  development,  and  the  history  of 
the  case.  From  cartilaginous  and  bony  tumors  it  may 
be  distinguished  by  its  less  sharp  localization,  the  ten- 
dency to  necrosis,  ulceration,  and  suppuration,  the  his- 
tory, and  the  results  of  specific  treatment.  From  vari- 
ous hypertrophic  conditions,  the  clinical  course  and 
features  and  the  Inflammatory  and  ulcerating  phenomena 
of  syphilitic  dactylitis  will  enable  the  diagnosis  to  be 
made. 


In  the  treatment  of  sj'philitic  dactylitis,  the  iodides, 
with  or  without  mercury,  should  be  vigorously  adminis- 
tered, with  tonics  If  indicated.  Too  much  should  not  be 
done  locally.  Gummata  should  not  be  opened  or  re- 
moved, and  amputation  Is  contraindicated ;  but  if  sup- 
puration sets  in  it  should  be  treated  on  ordinary  surgical 
principles,  by  opening  of  abscesses  and  sinuses,  curet- 
ting, removal  of  necrosed  bone,  etc. 

Otheb  Infections  and  Parasites.  —  Infection  of 
wounds  with  other  than  the  ordinary  pyogenic  bacteria 
is  liable,  from  its  exposure,  to  occur  in  the  hand,  as  in 
some  post-mortem  wounds,  laboratory  infections,  infec- 
tion with  the  gas  bacillus,  anthrax,  glanders,  rabies, 
tetanus,  etc.  Some  of  these  infections  are  very  malig- 
nant and  grave,  though  fortunately  uncommon.  The 
morbid  condition  is  manifested  either  locally  or  systeml- 
cally,  or  in  both  ways.  The  local  condition  consists  In 
an  Inflammatory  process  in  the  tissues  adjacent  to  the 
wound,  with  clinical  features  varying  according  to  the 
Infective  agent. 

The  sj'stemic  manifestations  are  of  septicaemic,  meta- 
static, or  toxaimic  character,  and  constitute  the  element 
of  danger  in  these  cases.  In  some  conditions,  as  in 
rabies  and  tetanus,  substantially  the  entire  clinical 
picture  is  made  up  of  the  constitutional  manifestations, 
there  being  practically  no  morbid  condition  at  the  point 
of  original  entrj'  of  the  Infection. 

The  treatment  of  infected  wounds  of  the  hand  Is  the 
same  as  that  of  these  wounds  generally — efforts  at  local 
destruction  of  the  infecting  parasites  and  their  toxins, 
and  cure  of  the  local  inflammatory  lesions,  with  appro- 
priate measures  to  combat  the  general  manifestations. 

OonorrJum  may  affect  the  hand  in  the  form  of  gonor- 
rhoeal  arthritis  of  the  finger  joints,  which  are  a  rather 
favorite  site  for  gonorrhoeal  rheumatism ;  also  occasion- 
ally as  a  gonorrhoeal  thecitls  or  other  inflammatory 
affection. 

Leprosy  affects  the  hands  severely,  especially  in  the 
aniBsthetic  variety.  In  tubercular  leprosy  the  nodular 
masses  may  develop  in  the  fingers  and  hand,  though  this 
member  does  not  usually  suffer  so  severely  In  this  respect 
as  other  parts  of  the  body ;  the  nodules  about  the  fingers 
may  break  down  and  ulcerate.  In  aniEsthetic  leprosy  the 
hand  is  apt  to  become  exceedingly  deformed  and  muti- 
lated, from  disintegration  and  necrosis  of  the  joints  and 
bones,  ulceration  of  the  skin  and  soft  tissues,  atrophy  of 
the  tissues,  and  deflections  and  contractions  of  the  digits. 
The  fingers  and  even  parts  of  the  hand  often  drop  off 
spontaneously.  The  parts  are  anaesthetic,  and  the  course 
of  the  affection  is  very  slow  and  chronic.  Claw-hand 
sometimes  occurs  in  leprous  neuritis. 

Scabies  usually  makes  Its  first  appearance  on  the  hand, 
whence  it  is  conveyed  to  other  parts  of  the  body.  The 
sides  of  the  fingers  and  the  Interdigltal  angles  are  the 
points  particularly  attacked.  The  tridiophyton  fungus 
frequently  invades  the  back  of  the  hand,  in  the  clinical 
condition  known  as  tinea  circinata.  At  least  three  cases 
of  hydatid  or  cysticercus  cysts  In  the  hand  are  on  record : 
one  In  the  subcutaneous  tissues  of  the  palmar  surface  of 
a  proximal  phalanx,  one  beneath  the  palmar  fascia  in  the 
palm,  one  originating  within  a  proximal  phalangeal  bone 
and  causing  distention  of  the  phalanx  to  the  size  of  an 
orange.     Eleplwmtiasis  has  been  already  mentioned. 

Necrotic  Conditions 

arise  in  the  hand  as  elsewhere.  Two  factors  especially 
conducive  to  necrosis  which  are  operative  in  the  hand  are 
the  exposure  of  the  member  to  traumatic  accidents,  and 
Its  distant  circulatory  position,  which  makes  it  not  onl)' 
suffer  from  relative  circulatory  weakness  but  also  subjects 
it  to  the  consequences  of  any  impediment  to  the  blood 
flow  at  any  point  between  It  and  the  body  centres.  In 
this  respect  the  hand  suffers  less  than  the  foot.  Gan- 
grenous and  necrotic  conditions  in  the  hand  arise  from 
various  causes,  such  as  destructive  violence  or  chemical 
action,  burns,  frost  bite ;  from  interference  with  the  cir- 
culation, by  occlusion  of  the  blood-vessels,  In  thrombo- 
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sis,  embolisms,  traumatisms,  endarteritis  obliterans  (senile 
gangrene) ;  in  association  with  infectious  and  inflamma- 
tory processes,  as  in  carbuncles  and  necrosis  of  bone; 
in  trophic  conditions  like  syringomyelia,  leprosy;  in 
ergotism,  Raynaud's  disease,  diabetic  gangrene,  etc. 
The  clinical  features  and  treatment  vary  according  to  the 
circumstances. 

Ulceks 

occur  in  a  considerable  variety  of  conditions,  as  in  syph- 
ilis, epithelioma,  lupus  vulgaris,  from  injuries,  inflam- 
matory and  infectious  processes,  troptnc  influences,  and 
after  separation  of  the  slough  in  gangrenous  cases. 

Cicatricial  Contractions 

often  occur  about  the  hands  and  fingers,  with  conse- 
quences ranging  up  to  extreme  deformity  and  disability, 
the  usefulness  of  the  hand  being  at  times  almost  com- 
pletely destroyed.  These  contractions  may  develop  after 
the  cicatrization  of  wounds  or  ulcers  of  any  sort,  as  after 
lupus  or  syphilitic  ulcers,  but  especially  after  the  healing 
of  ulcers  from  burns.  Protracted  granulation  favors  the 
development  of  deforming  cicatrices.  The  deformities 
produced  are  very  various,  consisting  of  palmar,  dorsal, 
or  lateral  deflections  of  the  fingers,  acquired  syndactyl- 
ism, etc. 

The  successful  treatment  of  these  cases  is  quite  diffi- 
cult, as  there  is  a  strong  tendency  to  recurrence  after 


Fig.  2486.— Cicatricial  Contraction  in  the  Hand.     (Gross.) 

ordinary  plastic  procedures.  As  a  prophylactic  measure 
may  be  mentioned  treatment  of  ulcers  likely  to  be  fol- 
lowed by  contracting  cicatrices  in  such  manner  as  to 
shorten  the  period  of  granulation  and  healing,  as  by  at- 
tention to  asepsis  or  by  skin  grafting.  Still,  in  slow- 
healing  ulcers  like  those  from  burns  there  is  little  cer- 
tainty of  escaping  later  contraction.  Even  the  keeping 
of  the  parts  in  a  corrected  or  overcorrected  position  by 
splints  or  appliances  is  not  very  successful. 

The  ordinary  plastic  operations  sometimes  succeed,  but 
often  do  not  secure  permanent  results.  Among  such 
procedures  may  be  mentioned  the  lifting  of  a  V-shaped 
flap,  exsection  of  the  cicatricial  tissue,  straightening  of 
the  parts,  and  final  suturing  of  the  wound  in  a  Y-form. 
The  Thiersch  and  Reverdin  modes  of  skin-grafting  for 
filling  defects  after  dissecting  out  the  vicious  tissue  are 


Fig.  2487. -Cicatricial  Contraction  in  Hand.    (Erlchsen.) 

not  very  successful.  A  medicinal  method  of  treatment 
of  this  and  similar  conditions,  by  the  administration  of 
thiosinamin,  has  been  highly  commended  by  a  few,  but 
has  not  come  into  general  use.     This  drug  is  said  to  exert 
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Fig.  2488.— Cicatricial  Contraction 
with  Backward  Deflection  of  Lit- 
tle Finger.    (Erichsen.) 


a  selective  disintegrating  action  on  scar  tissue ;  it  is  ad- 
ministered hypodermically,  0.1  to  0.3  gm,  being  injected 
deep  into  muscles  (triceps  or  glutei)  every  three  days,  or 
by  the  mouth,  0.3  daily  in  capsules,  kept  up  if  necessary 
for  weeks. 

The  treatment  recommended  as  most  successful  in  these 
cases  is  a  radical  transplantation  of  a  skin  flap,  one  end 
of  which  is  left  with  its 
original  attachment  and 
vascular  supply  intact  un- 
til the  flap  is  firmly  united 
in  its  new  position.  The 
contracting  scar  tissues 
are  divided  and  removed 
as  much  as  possible,  and 
the  deformity  is  corrected. 
Into  the  gap  thus  left  a 
flap  of  proper  size,  com- 
posed of  the  entire  thick- 
ness of  the  skin,  is  brought 
and  sutured.     One  end  of 

the  flap,  affording  the  best  vascular  supply,  is  left  un- 
severed  from  its  original  attachment  until,  after  two  to 
four  weeks,  the  flap  is  well  united  in  its  new  position. 
This  flap  can  be  taken  in  any  convenient  situation  from 
the  thorax,  abdomen,  or  back,  and  the  hand  and  arm 
bandaged  in  place  until  union  is  complete,  when  the  flap 
is  entirely  detached  from  its  original  situation.  In  some 
cases  it  is  probable  that  a  similar  flap  could  be  taken 
from  the  dorsum  of  the  hand  and  twisted  around  in 
position  to  fill  a  defect. 

In  intractable  cases  of  great  deformity  amputation  may 
be  indicated,  though  it  should  be  remembered  that  often 
a  poor  finger  is  more  useful  than  no  finger  at  all. 

Acquired  Deformities. 

The  deformities  to  the  acquirement  of  which  the  hand 
is  subject  are  so  various  in  their  possible  forms  and  di- 
versities that  they  are  hardly  susceptible  of  useful  classi- 
fication. They  may  consist  in  loss  of  substance  or  parts, 
as  from  traumatisms,  amputations,  necrosis  of  bone  or 
other  tissue;  in  abnormal  adhesions,  in  contractions  of 
tissue,  in  deflections  and  distortions  of  fingers  and  hand 
from  numerous  causes,  in  nutritive  alterations,  in  the  re- 
sults of  occupation  (occupation  deformities).  Most  of 
the  congenital  forms  of  deformity  may  be  duplicated  by 
acquired  conditions,  as  acquired  acheiria,  ectrodactylisn, 
or  hypophalangism  from  amputation  or  necrosis,  ac- 
quired syndactylism  from  adhesions,  acquired  club  hand 
or  clinodactyly.  The  causes  and  nature  of  acquired  de- 
formities are  so  various  that  no  general  statements  as  to 
treatment  can  be  made ;  each  case  must  be  managed  ac- 
cording to  its  character. 

Effects  of  OccnPATioN  on  the  Hand. 

The  effects  of  an  individual's  occupation  or  habitual 
mode  of  life  and  environment  may  become  marked  by 
reactive  consequences,  structural  and  functional,  upon 
various  parts  of  the  body,  and  especially  upon  the  hand, 
since  this  member  is  so  actively  and  constantly  exposed 
and  employed.  The  effects  produced  on  the  hand  by 
occupation  are  not  only  of  some  clinical  importance  but 
are  also  of  anthropological  interest  and  medico-legal  sig- 
nificance. An  extensive  study  of  the  effects  produced  by 
a  large  number  of  occupations,  especially  from  a  medico- 
legal standpoint,  made  by  Jl.  Vernois,  may  be  found  in 
the  Annales  de  I'hygihie  publiqve  et  de  mklecine  legale 
1862,  3d  series,  vol.  xvii.,  pp.  104-190. 

Among  the  many  various  factors  which  produce  effects, 
on  the  hand  may  be  mentioned  friction  and  pressure,  as 
from  the  use  of  instruments  and  tools  or  the  manipula- 
tion of  machinery,  which  may  have  hypertrophic,  irrita- 
tive, or  destructive  consequences;  frequent  exposure  to 
chemical  substances,  with  irritant,  caustic,  emollient, 
staining,  or  other  action ;  exposure  to  physical  agencies^ 
heat,  cold,  weather,  sun;   deposition  of  foreign  matter; 
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the  frequent  repetition  of  slight  traumatisms,  "  occupa- 
tion insults,"  ultimately  producing  cumulative  results. 
Any  of  the  tissues  and  any  part  of  the  hand  may  be  the 
seat  of  the  alterations  produced  by  occupation,  and  the 
changes  may  be  either  organic,  with  deflnite  structural 
alterations,  or  functional  and  without  anatomical  changes. 
The  particular  changes  set  up  vary  in  their  site  and 
nature  according  to  the  circumstances.  While  many 
avocations  do  not  produce  definite  effects  on  tlie  hand, 
others  do  produce  distinctive  and  characteristic  results. 

Only  a  brief  consideration  of  the  general  effects  pro- 
duced in  the  various  tissues  can  be  attempted  here.  For 
full  and  detailed  information  on  the  subject  reference 
may  be  made  to  such  works  as  that  of  Vernois,  already 
cited. 

The  epidermis,  from  its  superficial  and  exposed  posi- 
tion, naturally  exhibits  marked  effects  from  use.  From 
continued  pressure  or  friction  it  becomes  very  often  hy- 
pertrophied,  thickened,  and  hardened,  especially  on  the 
palm,  and  either  over  the  whole  palmar  surface  or  in 
circumscribed  and  distinctive  localities  (callosities)  ac- 
cording to  the  site  of 
pressure,  as  on  the  left 
finger  tips  of  violin- 
ists. Or  from  expos- 
ure to  water  and  other 
fluids,  caustics,  alka- 
lies, acids,  and  similar 
strong  chemicals,  the 
epidermis  may  be  soft- 
ened, thinned,  atro- 
phied, or  even  entirely 
destroyed. 

The  cutis  vera  may 
from  the  action  of  irri- 
tants, etc.,  undergo  in- 
flammatory changes,  or 
present  erythema,  blis- 
ters, pustules,  ulcera- 
tions, fissures,  cracks, 
etc.  Later  in  such 
cases  the  skin  exhibits 
cicatrices.  The  skin 
may  be  discolored  from 
the  action  of  chemicals 
and  dyestuffs  or  expos- 
ure to  the  sun  and 
weather.  Foreign  ma- 
terial, powders,  flour, 
etc.,  in  many  cases  is 

deposited  under  the  nails  or  in  fissures  or  folds  of  the 
skin.  Foreign  particles,  as  of  iron  or  iron  oxide  in 
grindstone  workers,  may  become  permanently  embedded 
in  the  skin,  producing  a  tattooage  effect  similar  to  the 
particles  of  gunpowder  often  found  deposited  in  the 
cutis.  Impregnation  of  the  skin  with  substances  like 
resins  or  sulphur  may  produce  a  corresponding  distinct 
odor.  Increase  or  decrease  of  the  delicacy  of  the  sense 
of  touch  may  be  produced  by  practice  or  by  thinning  or 
thickening  of  the  epidermis.  The  temperature  of  the 
hand  may  be  affected  by  alterations  in  the  development 
of  the  superficial  vessels,  being  lowered  in  those  who 
work  with  their  hands  in  cold  water,  or  habitually  ele- 
vated and  increased  in  those  who  work  in  hot  places 
(as  bakers). 

The  nails  are  subject  to  special  changes,  as  discolora- 
tion by  chemicals  or  dyes,  wearing  off  of  the  edges,  or 
hypertrophy  at  particular  points.  The  hairs  may  be 
discolored,  or  destroyed  in  places  by  pressure  or  chemi- 

The  subcutaneous  tissues  may  be  thinned  or  thickened 
by  the  same  factors  that  produce  like  results  on  the  cuti- 
cle and  cutis.  The  hands  of  those  engaged  in  hard  man- 
ual labor  often  exhibit  a  marked  general  palmar  indura- 
tion, the  skin  and  underlying  tissues  being  generally 
thickened,  hard,  rigid,  and  inelastic,  and  somewhat  con- 
tracted so  that  the  fingers  are  held  slightly  flexed  and 
their  full  extensibility  is  somewhat  impaired.    From  the 


FIG.    2489.— Hands   of   a 


Basetall  Player,   Showing 
(Original.) 


action  of  irritants  subcutaneous  (Edematous  accumula- 
tions may  be  developed.  Enlarged  Ijursas  may  appear  at 
points  exposed  to  pressure,  as  on  the  back  of  the  right 
wrist  in  sawyers  (Vernois). 

The  veins  of  the  hand  may  become  dilated  from  habit- 
ual exposure  to  heat.  The  muscles  may  to  a  certain  ex- 
tent become  hypertrophied,  atrophied,  or  shortened,  ac- 
cording to  their  use  or  disuse.  Special  muscular  activity 
and  mobility  and  manual  dexterity  are  developed  in  most 
occupations,  as  in  pianists  and  many  others.  Habitual 
holding  of  the  hand  in  certain  positions,  as  with  drivers, 
sometimes  results  in  more  or  less  rigid  fixation  of  the 
hand  or  fingers  in  a  flexed  or  other  position — the  occupa- 
tion or  habit  contracture.  Overuse  of  groups  of  muscles 
sometimes  causes  them  to  atrophy — occupation  muscular 
atrophy.  The  nerves  do  not  undergo  perceptible  ana- 
tomical alterations,  but  various  occupations  may  produce 
serious  functional  nervous  disorders  of  the  hand,  forming 
the  important  clinical  class  known  as  "  occupation  neu- 
roses," typified  by  writers'  cramp. 
The  articulations  may  be  variously  aflected  by  occu- 

pation.  Sometimes 
the  mobihty  of  the 
joint  is  increased, 
sometimes  it  is  dimin- 
ished, or  there  may  be 
complete  ankylosis. 
The  finger  joints  may 
be  enlarged,  from  ex- 
posure to  repeated  in- 
jury, as  in  baseball 
players.  Partial  luxa- 
tions may  occur,  and 
deflections  of  the  pha- 
langes may  be  pro- 
duced (as  a  backward 
deviation  or  superex- 
tensibility  of  the  distal 
phalanx  of  the  thumb 
in  jewelers).  From  be- 
ing kept  in  habitual 
special  positions,  cor- 
responding changes 
may  take  place  in  the 
articular  structures,  as 
pressure  atrophies, 
lengthening  or  short- 
ening of  ligaments,  etc. 
Even  the  bones  may 
undergo  changes,  as  a 
spatuliform  flattening  of  the  phalanges  from  pressure. 

From  this  resume  it  will  be  seen  that  a  great  variety  of 
changes  in  the  hand  may  bo  produced  by  the  occupation, 
varying  in  their  situation,  extent,  and  character  accord- 
ing to  the  particular  causative  factors  that  may  be  at 
work  in  eacli  case.  The  alterations  may  be  anatomical 
or  physiological,  structural  or  functional.  Three  or 
four  clinically  important  groups  of  conditions  may  be 
specially  distinguished  and  mentioned:  occupation  de- 
formities, in  which  alterations  of  form  are  produced; 
occupation  dermatoses,  embracing  in  general  changes  pro- 
duced in  the  skin;  occupation  dermatitis  and  other 
inflammatory  processes  consequent  upon  the  occupa- 
tion ;  and  occupation  neuroses,  covering  the  morbid  func- 
tional nervous  conditions  induced  by  occupation  or 
habit. 

As  an  example  of  occupation  deformities  may  be  men- 
tioned the  effects  often  produced  in  the  hands  of  baseball 
players,  which  are  very  characteristic  (Fig.  3489).  The 
typical  changes  in  these  cases  consist  in  an  enlargement 
of  one  or  more  of  the  distal  phalangeal  joints,  along  with 
slight  lateral  or  palmar  deflection  of  the  terminal  pha- 
langes, which  have  a  shortened  appearance.  Sometimes 
the  affected  joints  are  partially  or  completely  ankylosed, 
though  not  always  so. 

No  general  rules  as  to  treatment  can  be  laid  down,  as 
the  lesions  and  factors  are  so  various  in  different  cases. 
Change  of  occupation  is  obviously  a  therapeutic  measure 
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of  general  applicability  in  these  cases.  Occupation  der- 
matitis and  occupation  neuroses  will  be  referred  to  sub- 
sequently. 

Affections  op  the  Nails. 

These  are  usually  treated  in  full  in  works  on  derma- 
tology, and  will  be  only  briefly  reviewed  here.  The  le- 
sions of  these  structures  may  be  divided  into  inflammatory 
and  necrotic  conditions  (paronychias),  clianges  in  the 
substance  of  the  nails  (nutritive  or  trophic  changes), 
atrophy,  absence,  hypertrophy,  changes  in  form,  changes 
in  color,  and  parasitic  conditions. 

Inflammatory  and  Necrotic  Conditions' — Paronychia. — 
The  nail  substance  from  its  histological  structure  cannot 
itself  be  the  seat  of  real  inflammation.  The  tissues  con- 
tiguous to  the  nail  and  from  which  it  derives  its  growth 
and  nutrition  (the  bed,  matrix,  and  root  of  the  nail),  are, 
however,  subject  to  special  forms  of  inflammation,  and 
to  such  conditions  the  terms  onychia  (or  onychitis)  and 
paronychia  are  variously  given.  The  term  onychia  is 
also  applied  to  certain  purely  nutritive  and  trophic  lesions 
of  the  nails.  Other  affections  of  these  tissues  in  their 
clinical  features  resemble  inflammatory  paronychias, 
though  primarily  rather  necrotic  in  character.  The  chief 
varieties  of  paronychia  are  the  traumatic,  infectious, 
malignant,  syphilitic,  tuberculous,  diabetic,  toxic,  and 
trophic  forms,  besides  those  forms  in  which  the  cutane- 
ous tissues  adjacent  to  the  nails  are  affected  with  various 
skin  diseases,  especially  eczema  and  psoriasis.  Of  these 
forms  of  paronychia,  the  common  acute  variety  due  to 
infection  with  pyogenic  bacteria  and  the  syphilitic  and 
tuberculous  varieties  have  been  already  considered. 

Traumatic  Onychia  and  Paronychia  is  that  caused  by 
injuries,  especially  contusions.  In  cases  of  great  vio- 
lence the  nail  may  be  loosened  and  immediate'' y  cast  off. 
In  less  severe  cases,  effusion  and  transformation  of  blood 
may  give  the  nail  a  black  color;  in  the  course  of  time 
the  nail  often  becomes  slowly  and  gradually  loosened 
from  its  bed,  in  whole  or  in  part,  and  may  be  entirely 
cast  off.  If  infection  occurs  the  case  is  materially  aggra- 
vated .  The  tendency  is  toward  repair  and  recovery,  with 
ultimate  reproduction  of  a  perfect  nail.  The  parts 
should  be  kept  protected,  dead  nail  should  be  removed, 
and  infection  guarded  against. 

Malignant  Paronychia  (or  malignant  onychia)  is  an  in- 
dolent inflammatory,  suppurating,  necrotic,  or  ulcerative 
affection  of  the  nail  matrix  and  bed,  originating  In  a 
slight  traumatism,  and  confined  usually  to  a  single  nail. 
It  affects  especially  persons  of  lowered  vitality  and  in 
unhealthy  condition,  especially  those  of  scrofulous  diath- 
esis, diabetics,  and  those  prone  to  infections;  it  is  com- 
monest in  children.  It  begins  with  simple  inflammation, 
later  proceeding  to  suppuration  and  ulceration.  The 
nail  becomes  thickened,  opaque,  discolored,  loosened, 
and  cast  off.  The  course  of  the  disease  is  slow  and  indo- 
lent, and  may  become  chronic ;  or  the  ulcer  may  slowly 
heal,  and  an  imperfect  nail  be  formed.  The  inflamma- 
tion frequently  extends  to  the  subcutaneous  tissues  or 
the  bone.  In  scrofulous  cases  the  process  is  probably 
sometimes  really  tuberculous.  The  treatment  consists  in 
local  measures  to  stimulate  heaJing,  and  in  vigorous  con- 
stitutional and  tonic  treatment. 

Diabetic  Paronychia  is  the  form  of  diabetic  gangrene 
in  which  the  circumungual  tissues  are  the  seat  of  the 
necrotic  process  or  tendency,  shown  by  sluggish  inflam- 
mation or  ulceration.  The  treatment  is  that  of  the  con- 
stitutional disease. 

To^xic  Paronychia,  that  produced  by  the  action  of  toxic 
agents,  is  well  exempUtied  by  the  characteristic  local 
lesions— ulcers  at  the  roots  of  the  nails— produced  by 
arsenic  in  the  hands  of  those  who  work  with  this  sub- 
stance. The  obvious  treatment  is  discontinuance  of  the 
cause. 

Trophic  Paronychia,  is  the  necrotic  and  inflammatory 
process  about  the  nails  which  results  from  morbid  ner- 
vous action  in  various  neuroses  such  as  syringomyelia  or 
Morvan's  disease,  "glossy  skin,"  Raynaud's  disease,  lep- 
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rosy.  The  process  is  primarily  degenerative  and  necro- 
tic, but  the  lowered  vitality  of  the  tissues  ijredisposes  to 
sluggish  infection  and  inflammation.  The  destruction 
of  tissue  may  be  extensive,  involving  even  the  bone,  and 
the  course  is  apt  to  be  prolonged.  The  treatment  is 
local  and  that  of  the  cause. 

Nutritive  Alterations  of  the  Nails. — While  the  nail  sub- 
stance proper  is  scarcely  liable  to  inflammation,  it  is  sub- 
ject to  nutritive  and  trophic  alterations,  mostly  of  a 
degenerative  character,  which  may  be  produced  by  a 
considerable  variety  of  causes. 

The  term  onychia  is  applied  to  some  forms  of  these 
alterations.  The  changes  of  a  degenerative,  malnutritive, 
or  trophic  character  which  the  nails  may  exhibit  are  very 
various,  such  as  loss  of  lustre,  changes  in  color  (white 
spots,  etc.),  softening,  brittleness,  friability,  fragility, 
thinning,  thickening,  longitudinal  or  transverse  furrows 
and  ridges,  laminations,  exfoliation,  splitting,  irregular- 
ity of  surface  (elevations  and  depressions),  etc. 

These  trophic  alterations  may  be  grouped  into  three 
etiological  classes :  {a)  those  due  to  local  conditions  or 
causes,  as  paronychia,  dermatoses,  trauma ;  (i)  those  due 
to  constitutional  diseases,  especially  those  with  a  lower- 
ing of  the  general  nutrition  or  vitality,  and  (c)  those  due 
to  morbid  trophic  influences  of  nervous  origin. 

The  paronychias  do  not  all  cause  impairment  of  the 
nutrition  of  the  nail,  but  in  some  cases,  as  in  malignant 
paronychia,  ulcerative  syphilitic  paronychia,  and  trophic 
or  necrotic  paronychias,  the  nail  substance  is  apt  to  suf- 
fer, or  may  be  entirely  cast  off.  Skin  diseases  afl:ecting 
the  nails  or  adjacent  cutaneous  tissues,  especially  eczema 
and  psoriasis,  may  cause  malnutritive  changes  in  the 
nails.  Similar  effects  may  be  produced  by  trauma,  con- 
tact with  strong  chemicals,  parasitic  affections  of  the 
nails,  etc. 

Severe  constitutional  diseases  in  which  there  is  a  great 
drain  on  the  vital  powers  and  the  general  nutrition  is 
lowered,  such  as  acute  fevers,  syphilis,  scurvy,  diabetes, 
gout,  cancer,  and  others,  also  senility,  may  produce 
trophic  changes  in  the  nails.  The  syphilitic  onychias 
have  been  already  described.  After  acute  diseases  the 
ungual  changes  appear  in  the  period  of  convalescence. 
Transverse  furrows  or  white  bands,  representing  tempo- 
rary arrest  of  growth,  sometimes  appear  after  typhoid 
fever  and  other  diseases.  In  relapsing  fever  two  or  three 
such  transverse  markings  sometimes  occur,  one  following 
and  corresponding  to  each  febrile  paroxysm.  Longitu- 
dinal ridges—"  reedy  nail  "—occur  in  gout,  senility,  and 
other  conditions. 

In  the  third  class  of  cases  nutritive  changes  in  the  nails 
are  produced  by  morbid,  trophic,  nervous  influences 
arising  from  various  nervous  disorders,  as  in  association 
with  neuritis— multiple  neuritis,  gouty  neuritis,  leprosy, 
"  glossy  skin  " — or  with  central  nervous  diseases. 

In  the  treatment  of  these  conditions  the  nails  should  be 
kept  trimmed  and  in  good  order,  protected  by  a  coating 
of  wax,  and  guarded  against  injury.  The  local  or  gen- 
eral condition  giving  rise  to  the  ungual  lesions  should 
receive  the  appropriate  treatment. 

Atrophy  of  the  Nail  can  scarcely  be  distinguished  from 
certain  forms  of  nutritive  alterations,  and  is  similar  in  its 
etiology  and  pathology  to  the  latter. 

Absence  of  the  Nails  (Anonychia)  may  be  congenital  or 
acquired.  Rarely  the  nails  are  entirely  absent  from  birth, 
either  without  any  other  developmental  anomaly  or  in 
association  with  developmental  defects  like  hypopha- 
langism.  The  nail  may  be  totally  and  permanently 
abolished  by  traumatisms  or  diseases  causing  complete 
destruction  of  the  nail-forming  tissues. 

Ilypertrophy  of  the  Nail  (Onychau.ns)  may  consist  in 
an  increase  iu  thickness,  or  in  a  lateral  expansion  (in- 
growing nail).  Both  conditions  are  much  commoner  in 
the  toes  than  in  the  fingers.  In  many  cases  enlargement 
of  the  nail  is  a  result  of  nutritive  abnormality,  the  in- 
creased nail  substance  being  discolored,  friable,  brittle, 
fragile,  etc.  Hypertrophy  of  the  finger  nails  occurs  in 
connection  with  congenital  dactylomegaly,  traumatism, 
occupation  efl'ects,  lack  of  cleanness,  syphilis  (hypertro- 
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phic  syphilitic  onychia),  fungous  growths,  chronic  sliin 
troubles  in  the  vicinity  like  eczema  and  psoriasis,  nutri- 
tive and  neurotrophic  influences.  The  treatment  is  that 
of  the  cause. 

Changes  in  Form  of  the  Nails  may  result  from  trauma- 
tisms, occupation  effects,  nutritive  or  circulatory  disturb- 
ances, or  local  disease.  An  increased  transverse  curva- 
ture is  said  to  be  produced  by  syphilis,  hemiplegia,  and 
free  perspiration.  An  increased  longitudinal  curvature 
occurs  in,  Hippocratic  fingers  and  hypertrophic 
pulmonary  osteo-artliropathy.  "  Spoon  nail  "  is  a 
condition  in  which  the  nail  is  concave  trans- 
versely, with  everted  edges ;  it  has  been  observed 
in  connection  with  wasting  diseases.  Changes  in 
relative  length  and  breadth  of  the  nails  may  also 
occur,  as  in  rickets,  in  which  the  nail  is  said  to 
he  relativelj''  shortened. 

Changes  in  Color  of  the  Nails  may  arise  from 
staining  by  extrinsic  substances  or  from  intrin- 
sic pathological  processes. 

The  commonest  change  of  color  is  to  white,  in 
the  form  of  white  spots,  white  bands,  or  white- 
ness of  the' entire  nail.  White  spots  on  the  nail 
("flores  unguium")  are  very  common  in  children, 
usually  occurring  without  perceptible  cause ;  they 
may  also  be  produced  by  injuries,  trophic  altera- 
tions, and  constitutional  diseases.  Their  path- 
ology is  not  well  understood.  They  are  attributed 
to  the  presence  of  air  in  the  nail  substance. 
Transverse  white  bands  sometimes  appear  after 
febrile  attacks,  sometimes  occur  in  persons  in 
good  health,  sometimes  are  congenital.  Complete  whiten- 
ing of  the  nail  occurs  rarely,  as  after  severe  fevers  or 
in  paralytics. 

Black  Discolorations  of  the  nails  are  common,  from  ex- 
travasation and  transformation  of  blood  pigment  after 
contusions.  Small  black  spots  rarely  appear  on  the  nails 
after  severe  illness. 

Parasitic  Affections  of  the  Nails. — The  nails  may  be  in- 
vaded by  various  parasites,  either  fungous  (onychomy- 
cosis) or  animal.  The  commonest  form  of  onychomyco- 
sis is  that  produced  by  the  trichophyton  fungus ;  this, 
however,  is  infrequent,  and  usually  secondary  to  or  asso- 
ciated with  tinea  trichophytina  elsewhere.  Rarely  the 
nails  are  affected  by  favus.  Nails  invaded  by  fungous 
growth  are  thickened,  soft,  brittle,  lu,streless,  grayish  or 
yellowish- white,  and  in  a  defective  nutritive  condition. 
The  appearance  is  similar  to  that  of  nails  suffering  mal- 
nutritive  or  trophic  alterations,  so  that  the  diagnosis  is 
with  most  certainty  made  by  microscopical  examina- 
tion. 

Scabies  occasionally  affects  the  nails. 

The  treatment  of  nails  infected  with  parasites  consists 
in  removal  of  the  nail  by  scraping  or  applications  of 
caustic  alkali,  with  parasiticide  applications  (creosote, 
acetic  acid,  mercury  bichloride,  sulphur,  etc.). 

Appbctions  op  the  Skin. 

The  conirideration  of  the  dermatoses  of  the  hand  and 
fingers  belongs  to  the  province  of  dermatology  and  can 
be  only  very  briefly  touched  upon  here.  The  skin  of  the 
hand  is  in  general  subject  to  disease  in  a  similar  manner 
to  the  rest  of  the  body ;  but  special  or  peculiar  features 
are  exhibited  in  many  of  the  dermatoses  of  this  locality, 
caused  by  exposure  of  the  hand  to  atmospheric  and 
meteorological  conditions,  to  acute  or  chronic  irritant  in- 
fluences of  mechanical  or  chemical  nature,  and  other  fac- 
tors. '  .    . 

Some  dermatoses  affect  the  hands  indifferently  or  smii- 
iarly  or  along  with  other  parts  of  the  body,  without  any 
peculiar  features  or  special  susceptibility  or  insuscepti- 
bility, as  pemphigus,  dermatitis  herpetiformis,  Uchen 
ruber,  ichthyosis,  impetigo  herpetiformis,  prurigo,  her- 
pes zoster,  molluscum  cbntagiosum,  scleroderma,  my- 
cosis f  ungoides,  cornu  cutaneum,  and  many  others.  To 
some  dermatoses  the  hand  is  not  at  all  subject,  as  sebor- 
rhoea,  tinea  versicolor ;  or  less  subject  than  other  locali- 


ties, as  corns,  psoriasis.  To  some  dermatoses  the  hand 
is  especially  prone,  and  more  susceptible  than  are  many 
other  parts  of  the  body,  though  without  manifesting  any 
specially  distinctive  features,  as  erythema  multiforme, 
herpes  iris,  pellagra,  frambcesia,  impetigo,  impetigo  con- 
tagiosa, callosity,  warts,  glossy  skin,  pompholyx,  tinea 
circinata,  scabies,  occupation  dermatoses.  Some  skin 
affections  may  exhibit  peculiar  features  about  the  hand, 
as  some  forms  of  eczema  and  syphilides.     Some  derma- 
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toses  are  peculiar  to  the  hand,  or  to  the  hand  and  foot, 
as  keratosis  palmaris,  affections  of  the  nails. 

In  many  instances  there  is  a  marked  difference  in  the 
liability  of  the  palmar  and  dorsal  surfaces  of  the  hand  to 
skin  disease.  Thus,  the  absence  of  hairs  and  sebaceous 
glands  in  the  palm  renders  this  area  insusceptible  to  dis- 
eases of  these  structures,  as  acne.  The  dorsum  of  the 
hand  is  more  prone  to  tuberculous  dermatoses,  erythema 
multiforme,  keratosis  senilis,  tinea  circinata;  while  the 
palm  is  more  subject  to  most  syphilides. 

Eczema  in  its  different  varieties,  acute  and  chronic, 
often  occurs  upon  the  hands,  the  liability  of  which  to 
this  dermatosis  is  increased  by  the  exposure  of  these 
members  to  meteorological  influences  and  to  chemical 
irritants  (especially  alkalies).  The  chapping  of  hands  is 
a  form  of  eczema,  induced  by  exposure  to  irritating  in- 
fluences. Onychias  may  result  from  eczema  of  the  nails 
or  their  vicinity.  On  the  palms  eczema  exhibits  special 
features.  Eczema  about  the  hands  is  apt  to  be  pro- 
tracted and  chronic,  and  very  resistant  to  treatment. 
Psoriasis  may  occur  both  on  the  palms  and  backs  of  the 
hand,  but  is  less  common  in  this  locality  than  in  other 
situations.  Occurring  in  or  about  the  nails,  it  may  cause 
an  onychia.  The  backs  of  the  hands  are  among  the  com- 
monest seats  of  erythema  multiforme  and  herpes  iris.  The 
hands  are  also  favorite  seats  of  impetigo  and  impetigo 
contagiosa.  The  hand  may  be  affected  with  dermatitis 
herpetiformis,  pemphigus,  herpes  zoster,  lichen  mber,  ich- 
thyosis, and  many  other  skin  diseases  in  a  manner  similar 
to  or  along  with  other  parts  of  the  body.  Tinea  circinata 
is  common  on  the  back  of  the  hands.  Favus  is  much 
more  rare  in  this  situation ;  sometimes  the  nails  become 
involved  from  scratching  an  infected  scalp.  The  hand 
is  the  favorite  seat  of  scabies.  Ainhum  sometimes  occurs 
here  and  causes  constriction  and  amputation  of  the  fin- 
gers and  even  of  the  forearm.  Pompholyx  (or  dysidrosis) 
is  a  rare  vesicular  affection,  running  on  to  maceration 
and  exfoliation  of  the  epidermis,  that  involves  chiefly  the 
palrhs  and  soles,  though  it  may  extend  to  or  occur  in 
other  localities.  Callosities  are  very  common  about  the 
palm,  resulting  from  habitual  pressure  or  friction  ;  man- 
ual labor  also  causes  a  general  hardening  of  the  palmar 
epidermis.  Corns  occasionally  occur  on  the  hand.  Ker- 
atosis palmaris  is  a  rare  condition  in  which  the  epithelium 
of  the  palm  becomes  converted  into  a  horny  plate. 
Olossy  skin  is  a  trophic  affection  of  the  skin,  due  to  nerve 
lesions  or  injuries  generally,  affecting  especially  the  fin- 
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gers ;  the  skin  undergoes  nialnutritive  changes,  or  even 
actual  necrosis,  with  onychia  and  pain.  Scleroderma  is  a 
rare  condition  of  sclerosis  and  contraction  of  the  skin  by 
which  the  hand  as  well  as  other  parts  of  the  body  may 
be  affected ;  in  the  hand  it  may  produce  great  deformity 
and  disability,  the  fingers  being  partly  flexed,  rigid,  im- 
movable, sometimes  twisted,  and  iu  the  later  stages  with 
atrophic  changes.  Tuberculous  and  syphilitic  dermato- 
ses, warts,  and  affections  of  the  nails  have  been  already 
considered. 

Dermatitis  of  various  kinds  is  common  on  the  hands, 
due  to  their  exposure  to  irritating  conditions.  Dermati- 
tis traumatica  results  from  traumatic  irritation,  derma- 
titis calorica  from  exposure  to  'the  rays  of  the  sun  or  to 
other  sources  of  heat  and  cold,  burns,  frost  bites.  In 
dermatitis  medicamentosa  lesions  sometimes  appear  on 
the  hands  (as  from  the  internal  use  of  copaiba  and  chloral). 
The  hands  are  very  subject  to  dermatitis  venenata,  re- 
sulting from  direct  contact  (either  accidentally,  tempo- 
rarily, or  habitually)  with  irritating  or  toxic  substances, 
as  in  rhus  dermatitis. 

Allied  to  dermatitis  traumatica,  calorica,  and  venenata 
is  a  group  of  conditions  which  may  be  collectively  desig- 
nated occupation  dermatoses  or  occupation  dermatitis,  to 
which  the  hand  is  very  subject  from  repeated  and  habit- 
ual exposure  to  a  variety  of  pathogenic  influences  inci- 
dent to  the  occupation  pursued.  The  changes  in  the 
epidermis,  corium,  and  subcutaneous  layer  produced  by 
occupation  traumatism  have  been  detailed  above.  In 
some  occupations  acute  dermatitis  may  be  set  up  from 
time  to  time.  Thus,  surgeons  are  sometimes  subject  to 
an  acute  inflammatory  condition  of  the  skin  of  the  hands 
and  forearms  from  hard  scrubbing  and  prolonged  expos- 
ure to  liquids  and  to  irritant  chemicals  like  soft  soap, 
mercuric  bichloride,  and  oxalic  acid. 

For  detailed  information  as  to  the  clinical  features  and 
treatment  of  the  various  dermatoses  of  tlie  hand  refer- 
ence should  be  made  to  works  on  dermatology. 

AFrECTIONS   OP  THE  BURS^E. 

The  bursse  of  the  wrist,  hand,  and  fingers  may  undergo 
development  or  enlargement,  forming  a  variety  of  gan- 
glion, either  from  pressure  or  irritation  (as  in  some  occu- 
pations), from  rheumatic  or  gouty  causes,  or  from  causes 
not  apparent.  Rarely  they  may  undergo  inflammation 
^bursitis. 

Affections  of  the  Bones. 

The  affections  of  tlie  bones  of  the  hand  are  not  sufli- 
.ciently  distinctive  to  require  special  consideration  here. 
The  involvement  of  the  bones  in  developmental  abnor- 
malities, hypertrophic  conditions,  cartilaginous  and  bony 
tumors,  fractures,  infectious  conditions,  syphilis,  and  tu- 
berculosis, has  been  already  considered.  Osteomyelitis, 
■osteitis,  periostitis,  and  other  bone  lesions  do  not  present 
unusual  features  in  the  hand.  In  rickets  the  hand  is 
little  affected ;  the  nails  and  terminal  phalanges  are  said 
to  be  shortened  in  this  condition.  In  osteomalacia  the 
bones  of  the  hand  and  lingers  may  become  curved  and 
bent ;  the  distal  phalanges  especially  are  flattened,  bent 
backward,  blunt,  and  chibbed.  The  articular  ends  of 
the  bones  may  participate  in  affections  of  the  joints. 

Affections  of  the  Joints. 

^  The  articulations  of  the  hand  and  fingers,  while  liable 
like  other  joints  to  the  various  arthropatliic  conditions 
present  some  distinctive  and  peculiar  pathologic  features' 

Injuries.— The  ordinary  injuries  which  these  joints 
may  suffer— wounds,  blows,  contusions— do  not  differ  in 
their  clinical  characteristics  or  treatment  from  the  like 
injuries  of  joints  in  general.  Sprains  of  the  wrist  or  fin- 
ger jomts  require  the  usual  treatment,  immobilization 
sedative  or  counterirritant  applications,  etc. 

Dislocations  of  the  joints  under  consideration  may  ac- 
cording to  site  be  divided  into  radiocarpal,  carpal  carpo- 


metacarpal, metacarpophalangeal,  and  phalangeal  dislo- 
cations. From  an  etiological  standpoint  they  may  be 
divided  into  three  classes:  congenital  dislocations,  spon- 
taneous (acquired)  dislocations,  and  the  ordinary  trau- 
matic dislocations. 

Congenital  Dislocations  of  any  of  the  joints  of  this 
region  may  occur  and  have  been  observed,  though  very 
rarely. 

A  few  cases  of  dislocations  of  the  wrist  existing  at 
birth  have  been  observed,  forming  a  variety  of  club 
hand.  The  dislocation  may  be  either  forward  or  back- 
ward, and  is  generally  associated  with  a  shortening  of 
the  forearm.  Both  hands  may  be  affected.  The  hands 
are  usually  well  formed  and  quite  useful. 

A  few  cases  are  also  recorded  of  congenital  dislocation 
of  the  phalanges,  at  either  the  metacarpophalangeal  or 
interphalangeal  articulations,  and  in  a  palmar,  dorsal,  or 
lateral  direction.  Several  fingers  are  usually  involved 
simultaneously.  The  treatment  consists  in  prolonged 
use  of  splints  or  corrective  apparatus,  with  section  of 
ligaments  if  necessary. 

Spontaneous  Dislocations  or  subluxations  of  the  wrist 
or  finger  joints  may  occur  in  consequence  of  deforming 
or  destructive  joint  lesions,  as  in  arthritis  deformans,  or 
suppurative,  tuberculous,  or  syphilitic  arthritis. 

There  is  a  special  class  of  cases  in  which  a  spontaneous 
anterior  subluxation  of  tlie  wrist  gradually  develops  in 
adolescents  engaged  in  hard  manual  labor.  In  this  con- 
dition there  is  a  partial  forward  dislocation  of  the  carpus, 
with  an  undue  prominence  of  the  lower  ends  of  the 
radius  and  ulna  posteriorly,  a  diminished  range  of  exten- 
sion, an  increased  range  of  flexion,  and  a  prominence  of 
the  flexor  tendons.  The  ligaments  are  lax  and  the  bones 
soft.  Pain  is  usually  present,  at  least  until  full  growth 
is  attained.  This  condition  develops  from  about  the  age 
of  fifteen  to  twenty-five  years,  in  persons  (especially 
females)  engaged  in  hard  manual  work  while  the  bones 
and  joint  structures  are  still  soft,  weak,  and  undevel- 
oped. The  superior  strength  and  excessive  action  of  the 
flexor  muscles  is  supposed  to  be  the  determining  cause 
of  the  anterior  displacement.  The  deformity  is  diflicult 
to  overcome.  The  treatment  consists  in  the  use  of  cor- 
rective apparatus,  stimulation  of  the  strength  and  nutri- 
tion of  the  extensor  muscles  by  massage,  electricity,  and 
exercise,  the  use  of  spring  apparatus  to  reinforce  and  aid 
the  action  of  the  extensors,  and  suspension  of  excessive 
use  of  the  flexors. 

Traumatic  Dislocations. — Dislocation  of  the  wrist  at 
the  radiocarpal  junction  may  occur  backward  or  for- 
ward, or  extremely  rarely  laterally  (outward).  This  ac- 
cident is  far  less  common  than  Colles'  fracture  of  the 
radius,  which  usually  results  from  violence  at  this  point. 
Reduction  is  effected  by  traction  and  direct  manipu- 
lation. 

Dislocation  of  the  distal  row  of  carpal  bones  from  the 
proximal  row  has  been  noted  in  a  very  few  instances. 
Dislocation  of  single  carpal  bones,  forward  or  backward, 
may  also  occur.  In  some  persons  with  weak  and  lax 
wrist  joints  single  carpal  bones  may  easily  and  repeatedly 
slip  backward.  Reduction  is  effected  by  pressure  back 
into  place,  with  use  of  a  tight  bandage  to  prevent  recur- 
rence. 

Dislocation  of  metacarpal  bones  at  the  carpometacarpal 
junction  rarely  occurs.  The  metacarpal  bone  of  the 
thumb  is  the  one  oftenest  dislocated  at  this  joint,  the 
dislocation  being  forward,  backward,  or  outward.  The 
other  metacarpal  bones  may  also,  very  rarely,  be  dis- 
located either  forward  or  backward.  The  bones  maj'  be 
dislocated  singly,  or  more  than  one  may  be  involved  si- 
multaneously. Reduction  is  usually  easily  effected  by 
pressure  of  the  bone  into  place,  after  which  it  should  for 
a  time  be  kept  in  position  by  splints  or  bandages  to  pre- 
vent recurrence. 

Dislocations  at  the  metcbcarpoplialangeal  articulations 
may  be  either  forward  or  backward.  The  anterior  luxa- 
tions do  not  usually  present  special  difliculties  in  reduc- 
tion, which  is  accomplished  by  traction  or  by  flexion, 
together  with  direct  pressure. 
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The  backward  dislocation  of  the  proximal  phalanx  of 
the  thumb  is  a  condition  of  some  seriousness,  from  the 
difficulty  sometimes  encountered  in  effecting  reduction. 
The  phalanx  may  be  superextended,  or  bent  backward 
at  an  angle  with  the  metacarpal  bone ;  or  in  a  still  worse 
degree  of  luxation  the  base  of  the  phalanx  may  overlap 
and  lie  behind  the  head  of  the  metacarpal  bone,  the 
phalanx  lying  in  the  same  direction  as  the  metacarpus. 
The  anterior  ligament  of  the  joint,  which  is  firmly  united 
with  the  phalanx  but  only  loosely  to  the  metacarpal 
bone,  is  torn  loose  from  the  latter  bone,  and  if  it  becomes 
interposed  between  tlie  ends  of  the  two  displaced  bones 
it  forms  a  serious  obstacle  to  reduction.  The  lateral  lig- 
aments and  the  sesamoid  bones  in  the  tendons  of  the 
flexor  brevis  pollicis  may  also  intervene  between  the  two 
bones,  while  the  slipping  and  retention  of  the  base  of  the 
phalanx  between  the  two  tendons  of  insertion  of  the  flexor 
brevis  also  interferes  with  reduction.  Premature  at- 
tempts to  flex  the  dislocated  phalanx  only  aggravate  the 
trouble  and  should  therefore  be  carefully  avoided.  In 
reduction,  tlie  metacarpal  bone  should  be  pressed  toward 
the  palm  to  relax  the  flexor  brevis ;  the  phalanx  should 
be  superextended  well  backward ;  the  base  of  the  pha- 
lanx should  then  be  pushed  by  direct  pressure  into  place, 
or  until  the  anterior  margin  of  its  articular  surface  en- 
gages the  posterior  edge  of  the  metacarpal  joint  surface ; 
then  by  flexion  of  the  phalanx  the  bone  can  be  made  to 
come  into  place.  If  this  fails,  rotation  of  the  phalanx  to 
free  one  side  of  the  joint  and  then  the  other,  combined 
with  direct  pressure  or  extension,  may  succeed.  Some- 
times all  methods  of  manipulation  fail,  and  a  cutting 
operation  may  be  necessary ;  in  this  case  the  anterior  lig- 
ament may  be  put  in  proper  position  through  a  median 
palmar  incision,  or  the  tendon  of  the  flexor  brevis  and 
the  lateral  ligament  may  be  divided  on  one  side,  or 
pulled  aside.  In  case  of  entire  failure  to  effect  reduction 
a  moderate  degree  of  movement  and  usefulness  of  the 
thumb  will  usually  be  ultimately  obtained. 

Dislocations  of  the  other  fingers  at  the  metacarpo- 
phalangeal articulations  are  less  common  than  of  the 
thumb.  They  present  similar  features,  sometimes  simi- 
lar difficulties  in  reduction  of  the  backward  luxations, 
and  require  the  same  treatment  as  in  the  case  of  the 
thumb. 

Dislocations  of  phalanges  at  the  interphalangeal  artic- 
ulations are  common,  and  may  take  place  in  a  palmar, 
dorsal,  or  lateral  direction.  Reduction  is  usually  easily 
accomplished  by  traction  and  pressure. 

A  backward  dislocation  of  the  terminal  phalanx  occurs 
especially  in  baseball  players  (described  by  R.  Abbe),  in 
which  the  end  of  the  middle  phalanx  is  tightly  caught 
between  the  flexor  tendons  and  through  an  opening  in 
the  anterior  ligament,  rendering  reduction  difficult  and 
often  necessitating  incision  upon  the  joint  in  order  to 
correct  the  displacement. 

Ankylom  of  the  wrist  or  smaller  joints  of  the  hand  and 
fingers  is  very  common,  resulting  usually  from  trauma- 
tisms, blows,  and  wounds.  Very  slight  injuries  are  often 
sufficient  to  cause  ankylosis  of  these  joints.  Even  pro- 
longed immobilization  may  cause  stiffening,  even  of  the 
wrist ;  hence,  in  conditions  like  fractures,  requiring  pro- 
longed fixation  of  the  hand  or  fingers,  it  is  advisable  to 
practise  passive  movement,  massage,  etc.,  of  the  joints 
at  sufficiently  short  intervals.  Operations  about  the  fin- 
ger joints,  even  if  entirely  aseptic,  are  exceedingly  apt 
to  be  followed  by  ankylosis;  ,in  considering  the  advisa- 
bility of  operation  in  various  cases  this  danger  should 
be  borne  in  mind,  as  the  condition  desired  to  be  remedied 
may  be  preferable  to  possible  or  probable  ankylosis  con- 
sequent upon  operation.  After  such  operations  the  joint 
should  be  exercised  frequently  and  for  a  long  time  to 
prevent  ankylosis  as  far  as  possible. 

Ankylosis  may  also  be  a  sequela  of  inflammatory,  in- 
fectious, or  necrotic  conditions.  Congenital  ankylosis  of 
the  small  joints  of  the  hand  and  fingers  occurs  rarely, 
sometimes' being  a  hereditary  abnormity  of  development. 
In  a  considerable  proportion  of  cases  of  ossifying  myo- 
sitis a  developmental  ankylosis  of  the  carpometacarpal, 
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metacarpophalangeal,  or  interphalangeal  articulation  of 
the  thumb  is  present. 

There  is  little  chance  of  completely  restoring  the  mobil- 
ity of  an  ankylosed  finger  joint,  though  arthrectomy  or 
breaking  up  of  the  adhesions  and  bands  may  be  attempted. 
If  the  joint  is  ankylosed  at  an  inconvenient  angle  an 
improvement  in  the  position  can  at  least  be  obtained  by 
operation. 

Arthrogenoiis  Deflections  of  the  liand  or  fingers  may 
arise  from  a  variety  of  causes,  as  altered  configuration  of 
the  joint  structures  (as  in  arthritis  deformans),  ankylosis 
in  malposition,  adhesions  and  contractions  of  the  articu- 
lar tissues,  inflammatory  or  necrotic  processes,  develop- 
mental abnormities,  dislocations,  etc.  The  clinical  feat- 
ures and  treatment  of  these  conditions  vary  with  the 
cause.  Hammer  finger,  due  to  shortness  of  the  lateral 
ligaments,  is  an  arthrogenous  deflection  that  will  be  con- 
sidered subsequently. 

Enlargement  of  the  joints  of  the  hand  is  very  common, 
and  while  (unless  associated  with  partial  or  complete  an- 
kylosis) it  usually  causes  little  or  no  disability  or  impair- 
ment of  function,  it  is  unsightly.  It  arises  from  very 
diverse  causes.  Enlarged  joints  are  very  frequently  pro- 
duced by  injuries  (see  Fig.  3489),  and  sometimes  only 
sliglit  injuries  are  sufficient  to  cause  considerable  de- 
formity of  this  kind.  The  finger  joints  are  often  en- 
larged in  persons  engaged  in  manual  labor.  Deposits  or 
liyperplastic  processes  about  the  joints,  as  in  gout  and 
arthritis  deformans,  are  a  common  cause  of  enlarged 
joints.  Another  cause  is  found  in  neurotrophic  influ- 
ences, as  in  Charcot's  arthropathy  of  locomotor  ataxia 
and  syringomyelia.  Systemic  conditions  may  also  be 
etiological  factors;  thus,  the  proximal  phalangeal  joints 
are  said  to  be  enlarged  in  cases  of  dilated  stomach.  En- 
larged joints  of  the  hand  should  be  treated  according  to 
their  cause. 

Secondary  Alterations  may  develop  in  certain  circum- 
stances in  the  joints  under  consideration.  When  the 
joints  (not  being  primarily  affected)  remain  in  fixed  posi- 
tions for  a  long  time,  as  in  the  contractures  of  nervous 
diseases,  Dupuytren's  contraction,  hammer  finger,  and 
the  like,  they  after  a  time  undergo  compensatory,  degen- 
erative, or  other  secondary  changes  and  become  accom- 
modated to  tlieir  habitual  position,  so  that  if  the  primary 
cause  of  the  malposition  is  done  away  with,  the  second- 
ary alterations  in  the  joint  structures  will  still  interfere 
with  correction  of  the  deformity.  It  is  therefore  impor- 
tant to  avoid  prolonged  immobility  or  submobility  of  the 
hand  or  digits  as  much  as  is  possible,  so  as  to  prevent 
secondary  joint  changes  that  may  prove  more  or  less 
irremediable. 

Synovitis  and  Arthritis. — The  inflammatory  affections 
of  the  joints  of  the  hand  are  chiefly  of  traumatic,  infec- 
tious, tuberculous,  syphilitic,  gonorrhccal,  or  rheumatic 
nature.  In  addition  to  these  are  the  rheumatoid  arthro- 
ses, arthritis  deformans,  gout,  and  chronic  rheumatism, 
characterized  by  abnormal  trophic  processes  or  deposi- 
tion of  abnormal  material. 

Traumatic  Arthritis,  resulting  from  injuries,  without 
infection,  may  in  the  fingers  be  followed  by  ankylosis. 

Infectious  Arthritis  in  this  member  arises  from  infec- 
tion by  pyogenic  bacteria,  introduced  through  wounds 
or  extension  from  neighboring  infected  areas. 

Tuberculous  Arthritis  (which  has  already  been  referred 
to)  as  a  primary  disease  involves  especially  the  large 
joints  of  the  body,  among  which  the  wrist  occasionally 
suffers.  The  joints  of  the  fingers  may  rarely  be  involved 
in  tuberculous  processes,  but  usually  only  secondarily  by 
extension  from  tuberculous  foci  in  the  neighboring  bones 
or  skin. 

Syphilitic  involvement  of  the  finger  joints  may  occur 
in  connection  with  syphilitic  dactylitis,  which  has  been 
considered  above. 

Oonorrhaal  Arthritis  occurs  in  the  wrist  and  small 
joints  of  the  hand  in  a  considerable  proportion  (upward 
of  ten  per  cent.)  of  all  the  cases  of  gonorrhoeal  rheuma- 
tism. It  runs  a  course  of  very  variable  length,  and  of 
varying  degrees  of  severity,  from  a  mild  synovitis  to 
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severe  cases  closely  reseml)ling  infections  arthritis.  The 
synovial  membrane  is  especially  affected,  granulation 
tissue  is  often  abundant,  and  ankylosis  is  very  apt  to 
result. 

Neuropathic  ArthritiK. — In  some  cases  acute  inflamma- 
tion of  the  finger  joints  appears  to  result  from  nervous 

influences.  Marked 
trophic  alterations 
of  these  joints  may 
occur,  of  nervous 
origin,  as  in  Cliar- 
cot's  tabetic  arthro- 
pathy and  in  syrin- 
gomyelia. 

Rheumatic  Ar- 
thritis  (acute  and 
subacute)  affects  by 
preference  the  large 
joints  of  the  body, 
among  them  the 
■wrist;  but  excep- 
tionally the  small  finger  joints  are  the  seat  of  articular 
rheumatism. 

Chronic  Rheumatism  includes  a  rather  indefinite  class 
of  cases  which  in  their  clinical  features  merge  into  or  are 
sometimes  difficult  to  differentiate  from  arthritis  defor- 
mans. It  occurs  Independently,  or  as  a  sequel  of  acute 
rheumatism.  It  is  manifested  by  thickening  of  the 
fibrous  structures  of  the  joint,  enlargement  of  the  joint, 
stiffness,  ankylosis  (fibrous),  ulnar  deflection  of  the  fin- 
gers, chronic  synovitis,  pain,  slight  creakiness  of  the 
joints.  The  finger  joints  may  suffer  from  this  condition, 
though  the  large  joints  are  its  more  usual  seats. 

The  treatment  of  the  various  inflammatory,  infectious, 
gouty,  and  rheumatoid  affections  of  the  joints  of  the 
hand  is  the  same  as  that  of  these  forms  of  arthritis  or 
constitutional  disease  in  general.  Simple  inflammations 
require  rest,  sedatives,  counterirritants,  etc. ;  suppurat- 
ing joints  should  be  drained ;  rheumatism  demands  the 
appropriate  local  and  systemic  treatment. 

Oout. — Next  to  certain  joints  of  the  foot,  the  joints  of 
the  fingers  are  the  most  common  seats  of  gouty  lesions. 
These  consist  of  deposits  of  urates,  at  first  in  the  articu- 
lar cartilages,  then  in  the  synovial  and  fibrous  structures 
of  the  joint,. then  in  the  tissues  surrounding  the  joint. 
These  deposits,  when  in  sufficient  amount,  constitute 
"tophi"  or  "chalk  stones,"  and  produce  characteristic 
nodular  enlargements  about  the  affected  finger  joints. 
The  mobility  of  the  joints  may  be  impaired.  At  times 
the  tophi  may  ulcerate  out,  or  may  cause  damage  to  the 
articulation  itself.  Urates  may  be  also  deposited  in  the 
cutaneous  or  subcutaneous  tissues  of  the  palm,  or  in  the 
tendinous  structures.  The  treatment  is  that  of  gout  in 
general. 

Arthritis  Deformans. — Under  this  designation  is  in- 
cluded a  group  of  conditions  which,  while  somewhat 
distinct  in  their  clinical  features,  present  common  char- 
acteristics in  the  nature  of  the  joint  lesions.  The  finger 
joints  are  favorite  seats  for  the  different  varieties  of 
arthritis  deformans,  though  other  joints,  especially  the 
knees,  are  also  sub- 
ject to  the  disease. 
The  characteristic 
pathological  feat- 
ures of  the  lesions 
in  these  cases  con- 
sist primarily  in  a 
proliferation  of  the 
cartilaginous 
structures  of  the 
joint.  The  central 
portions  of  these 
softened  cartilages,  exposed  to  pressiire  and  friction 
become  eroded,  leaving  the  bone  bare;  the  exposed  bone 
then  becomes  hardened  or  "eburnated."  Tlic  marginal 
portions  of  the  hyperplastic  cartilages  grow  out  into  nodu- 
lar masses  about  the  margin  of  the  joint ;  these  outgrowths 
-  osteor,hvtes"_hp.nn.„    „=„;«„,,       mu.    ijgagientous 
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structures  become  thickened,  subperiosteal  bone  forma- 
tion is  active,  the  muscles  in  the  vicinity  become  atro- 
phied. From  the  altered  conformation  of  the  ends  of  the 
bones  deflections  of  the  phalanges  are  brought  about ;  the 
osteophytes  limit  the  motion  of  the  joint  or  may  render 
it  entirely  immovable ;  the  naked  bony  surfaces  crepitate 
roughly. 

The  manifestations  of  rheumatoid  arthropathy  in  the 
hand  vary  from  the  mild  nodes  of  Heberden,  or  a  still 
milder  though  characteristic  ulnar  deflection  of  the  fin- 
gers, up  to  typical  and  extreme  deforming  and  disabling 
joint  lesions. 

The  typical  and  well-marked  cases  of  arthritis  defor- 
mans occur  in  both  acute  and  chronic  forms ;  while  it 
usually  develops  in  adults,  especially  in  females,  and 
most  frequently  during  the  third  decade  of  life,  an  infre- 
quent form  of  the  disease  occurs  in  children.  The 
changes  in  the  hand  are  often  highly  characteristic.  The 
finger  joints  are  enlarged  and  nodular;  their  mobility  is 
decreased  or  they  may  be  entirely  immovable ;  they  crep- 
itate harshly ;  the  phalanges  are  deflected  laterally,  back- 
ward, or  forward.  The  wrist  may  also  be  involved. 
The  deformity  is  unsightly,  and  the  disability  may  be 
complete,  the  locked,  distorted,  and  immovable  fingers 
being  incapable  of  any  use.  Both  hands  are  affected ; 
and  several  or  all  the  joints  are  involved.  The  disease 
is  progressive  for  a  period,  one  joint  becoming  invaded 
after  another,  until  a  period  of  final  arrest  occurs.  The 
fingers  (all  excepting  the  thumb)  are  usually  deflected 
toward  the  ulnar  side,  at  the  metacarpophalangeal  artic- 
ulations, in  a  very  characteristic 
manner ;  exceptionally  radial  de- 
flection of  the  fingers  is  ob- 
served. 

In  severe  cases  a  rather  char- 
acteristic deformity  may  be  man- 
ifested, consisting  in  a  flexion  of 
the  proximal  and  terminal  pha- 
langes, and  superextension  of 
the  middle  phalanges  (Fig. 
2493). 

Little  can  be  accomplished  in 
treatment  of  these  conditions. 
The  damage  once  done  is  ir- 
reparable, and  the  most  that  can 
be  hoped  for  is  arrest  of  the 
progress  of  the  disease. 

Heberden' s  Nodes  (distinguished 
by  William  Heberden,  1783)  are 
small  nodular  projections  or  os- 
teophytes which  occasionally  de- 
velop on  the  fingers,  particularly  on  the  sides  of  the  dis- 
tal phalanges  and  distal  joints.  They  are  said  to  appear 
oftener  in  women,  at  about  thirty  to  forty  years  of  age. 
They  are  usually  regarded  as  a  mild  manifestation  of  ar- 
thritis deformans,  and  while  not  curable  are  considered 
as  of  favorable  prognostic  significance  inasmuch  as  when 
they  occur  the  disease  does  not  extend  to  other  joints  or 
produce  serious  consequences. 

Ulnar  Deflection,  of  the  Fingers  at  the  metacarpopha- 
langeal joints  often  occurs  unassociated  with  any  other 
evidence  of  rheumatoid  articular  disease,  so  that  it  may 
perhaps  be  regarded  as  a  very  mild  form  of  arthritis  de- 
formans or  rheumatoid  disease.  It  is  common  in  elderly 
persons,  as  if  it  were  a  senile  change.  It  may  also  ap- 
pear in  earlier  adult  life  as  a  consequence  of  acute  or 
subacute  articular  rheumatism  of  the  metacarpophalan- 
geal joints.  This  condition,  although  but  a  slight  de- 
formity, presents  a  characteristic  appearance;  the  little, 
ring,  middle,  and  index  fingers  are  slightly  flexed,  and 
bent  laterally  to  the  ulnar  side  at  the  metacarpophalan- 
geal joints. 

Chnnfjes  in  Extensibility  of  Metacarpophalangeal  Joint 
of  the  Til  limb  at  Different  Ages. — In  manycasesthe  struct- 
ures making  up  the  metacarpophalangeal  articulation 
of  the  thumb  undergo  progressive  changes  at  different 
periods  of  life,  such  that  while  in  childhood  the  proximal 
phalanx  of  the  thumb  is  markedly  lax  and  superextensi- 
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formans; Radial  Deflec- 
tion of  Fingers  and 
Superextension  of  Middle 
Phalanges.    (Original.) 
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ble,  in  old  age  its  extensibility  may  be  diminished  very 
naucli  below  ttie  norm  of  the  adult  period.  Tlie  con- 
dition of  tliis  joint  is  therefore  to  be  considered  in 
three  periods — in  childhood,  in  the  adult,  and  in  old 
age. 

1.  In  young  cidldhood  in  a  large  proportion  of  individ- 
uals the  ligaments  of  the  joint  in  question  are  very  lax, 
so  that  the  proximal  phalanx  can  be  superextended  or 
bent  baclivpard  at  a  marlied  angle,  even  to  a  right  angle 
(see  Fig.  2494).  Usually  the  superextension  can  be  ac- 
complished by  the  free  and  unassisted  action  of  the  ex- 
tensor muscles;  occasionally  the  superextension  can  be 
brought  about  only  by  assistance  or  passive  action.  The 
position  of  superextension  is  a  sort  of  subluxation  of  the 
joint,  and  the  phalanx  when  extended  goes  back  witli 
a  sudden  slip.  The  condition  is  by  tlie  laity  often  called 
"double-jointedness."  This  laxity  of  the  joint  is  very 
common  in  children  up  to  the  age  of  six  or  seven  years, 
occurring  to  a  greater  or  less  degree  in  nearly  a  half  of 
white  children.     After  that  age  the  superextensibility 


Fig.  2494.— Hand  of  a  Boy  Six  Tears  Old,  Showing  Voluntary  Super- 
extension of  Thuml),    (Original.) 

gradually  diminishes,  until  about  the  age  of  puberty, 
when  it  usually  has  entirely  disappeared.  Occasionally, 
however,  superextensibility  of  the  thumb  persists  to 
maturity,  especially  in  persons  whose  finger  joints  gen- 
erally are  unusually  lax,  and  in  those  in  whom  this  laxity 
is  developed  and  maintained  by  such  occupations  as 
piano-playing. 

Tlie  superextensibility  varies  in  extent,  from  a  slight 
increase  to  an  extreme  degree  of  laxity.  Usually  both 
thumbs  are  superextensible,  though  sometimes  one 
thumb,  especially  the  left,  may  be  affected  alone.  The 
left  thumb  appears  to  be  rather  more  subject  to  this 
peculiarity  than  the  right,  as  shown  by  its  being  often 
superextensible  to  a  greater  degree  than  the  right  when 
both  thumbs  are  involved,  and  by  its  being  most  subject 
when  only  one  thumb  is  affected.  The  two  sexes  are 
about  equally  subject  to  this  condition. 

In  an  examination,  by  the  writer,  of  the  hands  of  161 
white  children  from  three  to  fourteen  years  of  age  the 
following  data  as  to  this  condition  were  found : 


THDMBS  NOT  AT  ALL 
SUPEREXTENSIBLE. 

One  or  Both  Thumbs  More 
OR  Less  Superextensible. 

Age 
(years) . 

6 

1 

i 

Number. 

1 

1 
S 

1  ^ 

-1 

s 

o 
H 

i 

3-6 

7-10 

11-14  

4 
27 
30 

12 

24 
28 

16 
51 

.58 

w 

5 
5 

3 
10 
3 

13 
15 

H 

45 
23 
12 

29 
66 
66 

Total . . . 

61 

64 

125 

20 

16 

36 

23 

161 

Of  the  36  cases  in  this  series  in  which  one  or  both 
thumbs  were  more  or  less  superextensible,  both  thumbs 
were  slightly  superextensible  in  6,  and  were  markedly 
superextensible  in  19;  the  left  thumb  alone  was  super- 
extensible  in  10;  the  right  thumb  alone  was  superex- 
tensible in  1 — total,  36. 


Among  73  colored  children,  38  girls  and  3o  boys,  aged 
from  two  to  fifteen  years,  superextensibility  of  tlie  jiroxi- 
mal  phalanx  of  the  thumb  was  noted  in  only  two  in- 


PiG.  2495.— Hand  of  a  Man  Aged  Thirty-three,  Showing  Full  Normal 
Adult  Extension  of  Thumb.    (Original.) 

stances  (girls,  aged  ten),  and  that  to  a  slight  degree  only. 
This  would  indicate  that  the  peculiarity  is  less  common 
in  the  negro  race. 

2.  In  the  adtdt  period  the  first  phalanx  of  the  thumb 
when  fully  extended  normally  lies  in  line  with  the  meta- 
carpal bone,  or  at  an  angle  slightly  short  of  this  line 
(Fig.  2495). 

3.  In  old  cige  not  infrequently  the  proximal  phalanx  of 
the  thumb  is  very  much  decreased  in  extensibility,  so  that 
when  fully  extended  it  cannot  be  brought  within  a  con- 
siderable angle  (often  not  within  forty -five  degrees)  of 
the  line  of  the  metacarpal  bone  extended)  (Fig.  2496). 
AVith  this,  the  distal  phalanx  is  often  considerably  super- 
extended  and  curved  backward.  The  condition  occurs 
alike  in  those  who  have  or  have  not  been  subject  to 
rheumatism,  and  in 

those  who  have  or 
have  not  pursued 
laborious  manual 
occupations. 

The  superexten- 
sibility of  the 
thumb  in  childhood 
appears  to  be  due  to 
laxity  of  the  liga- 
mentous structures 
of  the  metacarpo- 
phalangeal joint. 
Its  subextensiijility 
in  old  age  appears 
to  result  from  short- 
ening of  the  liga- 
ments or  alterations 
in  the  configuration 
of  the  hard  parts  of 
the  joint,  produced 
either  by  senile 
changes  or  perhaps 
by  a  mild  and  dis- 
tinctive form  of  ar- 
thritis deformans. 

Senile  Joint 
Changes. — The  fin- 
ger joints  in  old 
age  often  exhibit 
alterations,     which 

are  partly  due  to  mild  rheumatoid  lesions,  partly  to  real 
senile  changes.  The  finger  joints  often  have  a  dimin- 
ished range  of  mobility.     They  sometimes  have  an  en- 


FiG.  2496.— Hand  of  a  Man  Aged  Sixty- 
Nine,  Showing  Full  Extension  (Much 
Diminished)  of  Proximal  Phalanx  of 
Thumb.  This  subject  had  been  a  clerk  by 
occupation,  doing  no  manual  labor,  and 
had  not  had  rheumatism.    (Original.) 
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larged  appearance,  partly  from  real  enlargement,  partly 
from  atropliy  of  the  soft  tissues  of  the  phalanges.  Ulnar 
deflection  of  the  fingers  is  frequently  seen,  without  other 
material  evidences  of  rheumatoid  arthropathy.  As  just 
considered,  the  metacarpophalangeal  joint  of  the  thumb 
often  undergoes  a  characteristic  decrease  of  extensibility. 

Affections  of  thb  Tendons  and  Tendon  Sheaths. 

Small  flbromatous  temwra  occasionally  develop  on  ten- 
dons, especially  on  those  of  the  flexor  muscles  of  the 
fingers,  palpable  as  subcutaneous  nodules  moving  with 
the  tendons  and  not  causing  material  trouble  unless  they 
interfere  with  the  action  of  the  tendon  or  become  painful 
from  pressure.  Some  forms  of  trigger  finger  are  pro- 
duced by  the  impediment  to  motion  caused  by  such  ten- 
dinous nodules. 

Te7iosynom,tis.—One  of  the  favorite  seats  of  various 
forms  of  inflammation  of  the  tendon  sheaths  is  about  the 
wrist,  hand,  and  forearm.  Infectious  and  suppurative 
inflammation  is  common  in  connection  with  whitlows  and 
palmar  abscess ;  pain  is  intense,  early  and  free  incision  is 
necessary,  and  the  consequences  may  be  serious.  Gonor- 
rhoeal  tenosynovitis  sometimes  occurs  about  the  hand, 
and  syphilitic  involvement  of  these  structures  may  occur. 

Acute  nou-suppurative  tenosynovitis  may  occur  in  the 
hand  or  forearm,  from  occupation  irritation,  contusions 
or  other  traumatisms,  or  spontaneously  from  undeter- 
minable causes.  The  symptoms  are  pain,  swelling,  fric- 
tion and  crepitation,  effusion  of  fluid. 

The  treatment  consists  chiefly  of  rest  and  immobiliza- 
tion and  sedative  or  counterirritant  applications. 

Chronic  I'enosynovitis  in  all  or  nearly  all  cases  is  of 
tuberculous  nature.  Most  of  the  cases  occur  in  the  fore- 
arm and  hand.  It  presents  a  number  of  forms — a  simple 
.serous  effusion  into  the  thecal  sac,  an  effusion  with  rice- 
grain  bodies,  or  an  exuberant  granulating  form.  It 
occurs  more  especially  in  women,  in  the  delicate  and  un- 
healthy, and  in  those  with  a  family  or  personal  tubercu- 
lous taint;  manual  work,  like  wringing  clothes,  some- 
times predisposes  to  it.  The  onset  is  gradual  and  the 
course  very  chronic.     Pain  is  not  severe. 

In  the  forms  with  effusion  there  is  an  elongated  swell- 
ing along  the  course  of  the  tendon,  with  fluctuation.  If 
the  "  rice-grain  "  or  "  melon-seed  "  bodies  are  present,  they 
can  be  felt  and  can  be  rubbed  on  the  tendon  or  sheath 
with  rough  friction.  The  inflammation  may  be  confined 
to  a  limited  portion  of  the  tendon,  or  may  extend  the 
entire  length  of  the  sheath  and  to  other  sheaths. 

In  the  fungous  granulating  forms  the  tendon  and  sheath 
are  involved  in  an  exuberant  granulation  process,  which 
causes  irregular  distention  along  the  sheaths,  with  a  pecul- 
iar feeling,  but  no  fluctuation. 

The  site  of  tuberculous  tenosynovitis  is  especially  on 
the  dorsal  or  palmar  aspect  of  the  wrist,  though  it  may 
extend  along  the  anterior  or  posterior  surfaces  of  the 
digits.  At  the  wrist,  the  annular  ligaments  passing  over 
the  tendon  sheaths  may  cause  a  constriction  in  the  swell- 
ing at  that  point,  forming  an  hour-glass  appearance, 
sometimes  called  "  compound  ganglion. " 

The  tuberculous  process  may  extend  to  neighboring 
joints  and  other  tjssiies.     The  condition  may  simulate 


Fig.  249T.— Superextension  Resulting  from  Non-tTnion  of  PiPTnr 
Tendons  of  Middle,  Ring,  and  Little  Fingers,  Severed  by  an  In- 
cised Wound  Twenty-Six  Years  Previously,    (driginal.) 

lipoma,  ganglion,  chronic  abscess,  gumma,  sarcoma-  the 
diagnosis  is  made  by  the  presence  of  fluctuation  or'  rice 
bodies,  the  exammation  of  aspirated  fluid,  and  the  tuber- 
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culous  history.  The  treatment  consists  in  rest,  pressure, 
counterirritation,  aspiration,  injection  of  iodoform  emul- 
sion; incision  with  drainage;  or  incision,  cleaning  out 
the  cavity,  and  immediate  suture ;  or  curettage,  etc. 

Oanglion.  ■ —  This  occurs  as  a  small  subcutaneous 
rounded  hard  swelling,  containing  a  viscid  fluid ;  it  is 
most  commonly  situated  on  the  back  of  the  wrist,  but  it 
also  occurs  in  the  palm,  fingers,  and  elsewhere.  Excep- 
tionally it  may  be  due  to  a  hernial  protrusion  of  articular 
synovial  membranes  or  tendon  sheaths,  or  to  enlarged 
bursa3,  but  usually  it  is  a  cystic  formation  developing  in 
connection  with  the  walls  of  the  tendon  sheaths,  but  not 
communicating  with  their  cavity.  It  is  usually  of  slow 
development  and  sometimes  disappears  spontaneously. 
A  soft  swelling  or  ganglion  on  the  back  of  the  wrist  is 
sometimes  present  in  chronic  lead  poisoning.  Its  treat- 
ment consists  in  rupture  by  firm  pressure  or  a  blow,  or 
evacuation  by  aspiration  or  subcutaneous  incision.  If  it 
recurs  after  tliis  treatment  the  cyst  and  its  wall  should 
be  excised. 

Injuries. — In  incised  wounds  about  the  wrist,  hand, 
and  fingers,  the  tendons  are  frequently  divided,  partiallj' 
or  completely.  When  the  section  is  complete  corre- 
sponding impairment  of  function  results,  and  if  the  ten- 
don is  not  reunited  permanent  damage  will  ensue.  In 
non-union  of  divided  tendons,  the  action  of  the  muscles 
involved  is  abolished,  while  unrestrained  action  of  the 
opposing  muscles  causes  a  habitual  or  excessive  deflec- 
tion, in  the  opposite  direction,  of  the  bony  parts  sup- 
plied. Thus,  section  of  the  extensor  tendons  causes  flex- 
ion and  inextensibility  of  the  phalanges,  while  division 
of  the  flexor  tendons  results  in  inflexibility,  extension,  or 
even  superextension  of  the  phalanges  (Pig.  2497). 

The  consequences,  as  to  the  usefulness  and  appearance 
of  the  hand,  of  non-union  of  severed  tendons  are  so  seri- 
ous that  in  all  wounds  of  this  region  particular  care 
should  be  taken  to  determine  if  any  tendons  are  divided ; 
and  if  so,  the  ends  should  be  sutured  together  with  cat- 
gut and  the  parts  afterward  kept  at  rest  until  union  is 
obtained. 

Subcutaneous  rupture  of  the  extensor  tendons  inserted 
into  the  distal  phalanges  sometimes  occurs,  giving  rise 
to  the  condition  known  as  mallet  flnger. 

Adhesions  of  digital  tendons  to  their  sheaths  or  sur- 
rounding tissues  are  not  uncommon  from  tenosynovitis, 
especially  from  whitlow  or  palmar  abscess,  or  from 
cicatricial  involvement  after  healing  of  wounds.  Adher- 
ent tendons  cause  a  corresponding  loss  of  mobility  of  the 
parts  supplied  by  them,  or  even  a  greater  or  less  immo- 
bility in  normal  or  abnormal  positions — the  so-called 
"  tendinous  ankylosis. "  In  conditions  in  which  adhesions 
of  the  tendons  threaten  to  result,  attempts  should  be 
made  to  prevent  such  a  consequence.  During  immobili- 
zation of  the  hand  in  fractures  early  and  frequent  pas- 
sive movement  of  the  fingers  should  be  practised  to  obvi- 
ate tendinous  adhesions.  After  thecal  inflammations  and 
wounds  similar  exercise  of  the  fingers  may  prevent  ad- 
hesions. 

After  firm  adhesions  are  once  established  it  is  difficult 
or  impossible  to  free  the  tendons,  though  a  faulty  posi- 
tion of  a  finger  might  be  improved  by  operative  meas- 
ures. 

Mallet  or  Drop  Finger  is  an  uncommon  condition  in 
which  the  essential  lesion  is  a  subcutaneous  rupture  of 
the  extensor  tendon  inserted  into  the  distal  phalanx  of  a 
flnger.  It  is  caused  by  violence,  often  slight  and  insig- 
nificant, such  as  catching  the  finger  tip  in  the  clothing,  or 
a  slight  push  in  the  direction  of  flexion  on  the  end  of  the 
finger.  The  tendon  is  torn  at  or  near  its  insertion  into 
the  base  of  the  terminal  phalanx.  The  rupture  may 
be  complete ;  or  it  may  be  partial,  a  thinning  or  fraying 
and  stretching  of  the  tendon.  In  consequence  of  the 
rupture  the  power  of  extension  Cexcept  passively)  of 
the  distal  jjlialanx  is  lost,  and  from  unopposed  action 
of  the  flexor  the  phalanx  drops  limply  forward  and 
stands  flexed  at  an  angle  (up  to  a  right  angle)  with  the 
finger. 

Immediately  after  the  injury  there  may  be  some  in- 
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flammatory  symptoms ;  but  as  these  subside  the  phalanx 
is  left  helpless  and  inextensible  in  a  flexed  position. 

The  condition  is  said  to  be  sometimes  curable  by  keep- 
ing the  phalanx  well  extended  by  splints  for  three  or 


"superficial  transverse  ligament  of  the  fingers."  The 
palmar  fascia  is  situated  immediately  beneath  the  skin  of 
the  palm,  from  which  it  is  separated  only  by  thin  masses 
of  fatty  and  areolar  tissue.     The  fascia  is  intimately  con- 


FiG.  2498.— Mallet  Finger.     (Abbe.) 


four  weeks.  If  this  fails  operation  is  necessary.  A  lon- 
gitudinal incision  is  made  over  the  back  of  the  joint,  and 
the  ruptured  extensor  tendon  exposed ;  the  severed  ends 
of  the  tendon  are  then  to  be  sewed  together,  shortening 
them  if  necessary ;  or  the  proximal  end  may  be  advanced 
and  sutured  into  the  periosteum  or  into  the  skin  near  the 
root  of  the  nail.  After  the  latter  procedure  the  nail  is 
sometimes  temporarily  lost. 

Affections  op  Connective-Tissue  Stkuctuees. 

Aside  from  inflammatory  and  infectious  processes  in 
these  tissues,  the  fascial  and  ligamentous  structures  of 
the  hand  are  subject  to  certain  characteristic  affections, 
namely,  Dupuytren's  contraction  of  the  palmar  fascia, 
contraction  of  digital  fascia,  hammer  finger,  and  general 
palmar  induration. 

Dupuytren's  Contkaction  op  the  Palmar  Fascia, 

This  not  uncommon  affection  consists  in  a  hypertrophy 
of  definite  tracts  of  the  palmar  fascia,  with  shortening  of 
the  hypertrophied  band,  resulting  in  flexions  or  contrac- 
tions of  the  phalanges  and  changes  in  the  configuration 
of  the  palm. 

While  not  previously  entirely  unknown,  the  true  na- 
ture of  this  condition  was  first  demonstrated  by  G. 
Dupuytren,  whose  original  deliverance  on  the  subject 
was  given  in  1831.  Numerous  studies  of  the  disease 
have  since  been  made,  an  extensive  literature  has  been 
produced,  and  several  hundred  cases  have  been  recorded. 
Its  morbid  anatomy  and  mechanism  have  been  settled  by 
numerous  operations  and  post-mortem  dissections,  but  its 
etiology  is  still  obscure. 

The  primary  seat  of  this  affection  is  in  the  palmar 
fascia  or  aponeurosis,  a  knowledge  of  the  anatomy  of 
which  is  essential  to  an  adequate  undei'standing  of  the 
pathology  and  mechanism  of  Dupuytren's  contraction. 
The  palmar  fascia  is  a  triangular  or  fan-shaped  expansion 
of  firm  fibrous  tissue  radiating  over  the  metacarpus,  with 
the  apex  of  the  triangle  situated  at  the  depression  be- 
tween the  thenar  and  hypothenar  eminences  (the  "  inter- 
thenar  depression  "),  where  the  fascia  is  continuous  with 
the  annular  ligament  of  the  wrist  and  the  tendon  of  the 
palmaris  longus  muscle.  Opposite  the  metacarpopha- 
langeal articulations  there  is  a  well-marked  transverse 
fibrous  band,  the  "superficial  transverse  ligament  of  the 
palm  " ;  at  this  point  many  of  the  longitudinal  fibres  in 
the  fan-shaped  palmar  fascia  terminate,  leaving  a  few 
fibres  to  pass  to  each  of  the  digits,  where  they  are  at- 
tached to  the  skin  and  fibrous  investments  of  the  pha- 
langes. At  the  web  of  the  fingers  there  is  anotlier 
transverse  fibrous  band,  the   "fibres  of  Gerdy,"   or  the 


nected  with  the  skin  by  numerous  fibrous  bands — a  point 
to  be  borne  in  mind  in  connection  with  the  meclianism  of 
Dupuytren's  contraction.  Microscopically,  the  fascia 
consists  of  coarse  longitudinal  and  transverse  bundles  of 
dense  white  fibrous  tissue,  which  in  places  are  connected 
witli  the  corium  by  smaller  fibrous  bands  crossing  through 
the  fatty  layer  which  separates  the  fascia  from  the  cutis. 
Among  the  fibres  elongated  connective-tissue  cells  are 
numerous,  and  minute  blood-vessels  penetrate  and  accom- 
pany the  fibrous  fasciculi  (see  Fig.  2499). 

Dupuytren's  contraction  consists  essentially  of  a  hy- 
pertrophy or  hyperplasia  of  limited  longitudinal  portions 
or  fasciculi  of  the  fascia  of  the  palm  and  fingers,  together 
with,  usually,  contraction  or  shortening  of  the  hypertro- 
phied band  in  a  longitudinal  direction.  This  condition 
results  in  (1)  flexions  or  contractions  of  the  phalanges  of 
the  fingers  caused  by  the  traction  of  the  shortened  bands; 


Fig.  2499.— Transverse  Section  of  Normal  Skin  and  Subcutaneous 
Tissues  and  Fascia  from  Eight  Palm,  over  Metacarpophalangeal 
Joint  of  Third  Finger,  from  Man  Aged  Seventy-eight  Years,  Show- 
ing Longitudinal  and  Transverse  Bands  of  Fascia  and  Fibres  Con- 
necting them  with  the  Cutis.    Magnified  10  diameters.    (Original.) 

and  (2)  induration  and  changes  in  the  surface  configura- 
tion of  the  palm,  caused  mostly  by  traction  on  the  small 
fibres  connecting  the  band  with  "the  overlying  corium, 


517 


Hands  and  Fingers, 
Hands  and  Fingers. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


or  by  the  thickened  and  elevated  tissues  beneath  lifting 
up  the  skin.  Whether  the  lesion  is  a  hypertrophy  or  a 
neoplasm  has  been  a  point  of  discussion.     The  flexor 


Fig.  2500.- Transverse  Section  of  Skin  and  Band  ol  Contracted 
Fascia  Leading  to  Fourth  Finger,  Rigbt  Palm.  Magnined  10 
diameters.    (Author's  case.) 

tendons,  which  lie  beneath  the  palmar  fascia,  are  not  in 
the  least  affected,  though  the  bending  of  the  fingers 
strongly  suggests  a  muscular  or  tendinous  pull.  Pro- 
longed malposition  and  immobili- 
zation of  the  joint  in  some  cases 
produce  changes  in  the  affected  ar- 
ticulations; involvement  of  the  ten- 
don sheaths  has  also  been  reported. 

A  few  microscopical  examinations 
of  the  lesion  have  been  made,  which 
afford  some  information  as  to  its  his- 
tology.    The  band  causing  the  con- 
traction, plainly  visible  to  the  naked 
eye,  is  a  prominent  rounded  or  oval    a- 
longitudinal   band   of    dense  fibrous 
tissue,  2  to  5  mm.  in  diameter,  be- 
longing to  the  palmar  fascia  and  sit- 
uated   in    the   subcutaneous    tissue. 
The    band    may   lie    in 
contact  with   the   cutis 
vera  with  nothing  inter- 
vening, though  the  tis- 
sues of  the  corium  and 
the  band  are  usually  dis- 
tinctly marked  off  from 
each    other    without 
merging  or  being  con- 
tinuous togethei- ;  or  the 
band  in  places  may  be 
separated  from  the  cori- 
um by  an  interval  occu- 
pied by  areolar  and  adi- 
pose tissue. 

Microscopically  (Pig. 
2500)  the  contracted 
band  is  seen  to  consist 
of  a  dense  aggregation 
of  longitudinal  fasciculi 
of  white  fibres,  among 
which  are  elongated  fusi- 
form connective-tissue  cells  and  small  vascular  channels 
n  great^n-  or  less  abundance.  The  tissue  is  essentiallv 
Identical  with  that  of  the  normal  palmar  fascia  being  I 
hypertrophic  or  hyperplastic  development  of  the  Tattel^ 

518 


Fig.  2,501.— Dissection  of  Dupuytren's 
Contraction  of  Middle  and  Ring 
Fingers,  from  a  Specimen  in  St. 
Bartholomew's  Hospital  Museum, 
a,  Contracted  band  of  palmar  fas- 
cia ;  Zi,  flexor  tendons ;  c,  sheath  of 
flexor  tendons ;  <(,  insertion  of  con- 
tracted bands  into  base  of  middle 
phalanx.    (Adams.) 


The  skin  in  some  instances  is  rather  thickened  and  in- 
durated, but  aside  from  this  all  the  other  elements  of 
the  skin  and  adjacent  structures  are  unaffected. 

In  the  early  and  developing  period  of  Dupuytren's 
contraction  the  cellular  and  vascular  elements  are  exceed- 
ingly abundant  among  the  fibrous  fasciculi  of  the  con- 
tracted band.  In  this  stage  there  may  especially  be 
observable  a  great  accumulation  of  young  connective- 
tissue  cells,  small,  round,  or  spindle  cells,  in  the  adven- 
titia  of,  or  the  tissues  immediately  surrounding,  the  small 
blood-vessels,  which  are  also  relatively  numerous.  Some 
young  fasciculi  are  composed  almost  entirely  of  connec- 
tive-tissue cells  or  fibroblasts,  the  fibrous  elements  being 
in  process  of  formation.  As  the  condition  becomes  of 
longer  standing  and  in  a  stationary  stage  the  vessels  and 
connective-tissue  cells  decrease  in  relative  abundance, 
and  in  old  and  long-established  cases  cells  and  vessels 
may  be  in  very  small  number  or  altogether  absent,  leav- 
ing the  fibrous  band  a  dense  sclerotic  mass. 

The  condition  seems  to  begin,  then,  as  a  rather  active 
proliferation  of  connective-tissue  cells  about  the  small 
blood-vessels,  which  themselves  become  somewhat  in- 
creased in  number.  The  cells  thus  proliferating  become 
fibroblasts  and  develop  the  fibrous  fasciculi  which  con- 
stitute the  contracted  band.  The  process  is  therefore  a 
fibrosis,  limited  to  circumscribed  longitudinal  tracts  of 
the  palmar  fascia,  and  is  quite  identical  with  the  ciiTho- 
ses  of  the  viscera  or  with  the  process  often  styled  chronic 
interstitial  inflammation.  It  is  practically  a  hyperplasia 
or  hypertrophy  of  longitudinal  tracts  of  the  palmar 
fascia,  together  with,  usually,  a  longitudinal  contraction 
of  the  affected  tissue,  the  thickening  being  manifested  in 
the  transverse  diameters. 

Cases  of  Dupuytren's  contraction  may  be  in  general 
divided  into  two  clinical  groups:  1.  The  ordinary  typi- 
cal cases  in  which  there  is  contraction  of  one  or  more 
fingers  together  with  the  characteristic  manifestations  in 
the  palm  of  the  hand.  The  flexion  of  the  fingers  varies 
from  marked  deformity  and  disability  to  only  slight  limi- 
tation to  the  extensibility  of  the  digit.  This  class,  there- 
fore, merges  gradually  into  the  next  group  without 
sharp  dividing  lines.  3.  Cases  in  which  the  lesion  is  con- 
fined to  the  palm,  there  being  hypertrophy  of  the  palmar 
fascia  and  the  characteristic  thickening,  induration,  and 
altered  conformation  of  the  surface  in  the  palm,  but 


FIG.  2o(B.-Dlssection  of  Dupuytren's  Contraction  of  Little  Finger, 
From  a  Specimen  in  King's  College  Museum.    (Druitt.) 

without  contraction  of  the  fingers.  These  cases  are  usu- 
ally slight,  yet  they  sometimes  amount  to  considerable 
deformity. 

The  clinical  picture  is  very  characteristic.  The  hyper- 
trophied  bands  occupy  certain  definite  positions  Run- 
ning from  the  direction  of  the  interthenar  depression 
they  cross  the  concavity  of  the  palm  longitudinally  in 
taut  straight  lines,  as  a  bowstring  is  stretched  across  the 
concavity  of  the  bow.  The  thickened  and  elevated  bands 
form  prominent  ridges  across  the  palm,  very  apparent 
to  sight  and  feeling.  The  bands  pass  in  direct  and  defi- 
nite lines  to  the  fingers,  having  a  definite  locus  and  re- 
lation with  the  metacarpal  bones,  and  do  not  take  the 
direction  of  the  interspaces  between  the  digits.  In  the 
fingers  the  band  usually  follows  the  mid-palmar  line- 
but  occasionally,  especially  in  the  little  finger,  the  band 
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crosses  the  proximal  phalanx  obliquely,  or  lies  toward 
one  side.  Ordinarily  tlie  bands  in  the  palm  do  not 
branch,  each  finger  having  its  hand  distinct  from  the 
otliers;  but  sometimes  a  band  going  to  one  finger  divides 
near  the  metacarpophalangeal  joint  and  sends  a  branch 
to  an  adjacent  finger. 

Besides  the  ridges  formed  l)y  the  elevated  and  thick- 
ened fascia  bands,  there  are  other  characteristic  alterations 
of  the  configuration  of  the  surface  of  the  palm  (see  Pig. 
2503).  Minute  punctate  depressions  of  the  skin,  point- 
ing inward  and  often  wristward,  are  common ;  they  are 
caused  by  traction  on  bands  connected  witli  the  cutis. 
Nodules  like  callosities,  formed  by  indurations  of  the  skin 
and  fascia,  are  of  frequent  occurrence.  The  metacarpo- 
phalangeal articulations  (especially  of  the  ring  finger) 
are  favorite  localities  for  these  indurations  and  inversions 
of  the  skin,  tiiough  they  may  occur  anywhere  over  the 
proximal  phalanges.     The  transverse  line  in  the  palm 


Fig.  2503. — Dupuytren's  Contraction  of  Palmar  Fascia,  Sliowlnp: 
Marlced  Changes  in  tlie  Palm,  with  Slight  Contraction  of  Ring  and 
Middle  Fingers.  ( Notice  punctate  depression  of  skin  at  distal  end 
of  proximal  phalanx  of  middle  finger.)     (Original.) 

over  the  metacarpophalangeal  articulations  is  often  much 
deepened  by  the  tlexion  of  the  fingers.  The  traction 
sometimes  produces  tension  or  stretching  of  the  skin. 

The  mode  of  distal  termination  of  the  bands  varies 
somewhat.  Many  small  fibres  terminate  in  and  are  con- 
nected with  the  cutis,  causing  the  cliaracteristic  depres- 
sions of  the  skin.  In  many  of  the  cases  in  whicli  the 
lesion  is  confined  to  the  palm  the  bands  terminate  near 
the  metacarpophalangeal  joints,  expending  their  force 
on  the  skin  and  subcutaneous  tissues  at  those  points  in- 
stead of  drawing  on  the  fingers.  Occasionally  a  thick 
and  well-marked  band  proceeds  some  distance  up  a  fin- 
ger, yet  (not  being  shortened)  witliout  producing  any 
riexion  of  the  phalanges.  Many  bands  terminate  by  a 
general  blending  with  the  skin  or  subcutaneous  fibrous 
investments  of  the  finger,  usually  around  the  proximal 
phalanx  ;  many  others  have  a  more  or  less  distinct  inser- 
tion, especially  at  the  proximal  end  of  the  middle  phalanx. 

The  contraction  of  the  fingers  is  caused  by  the  traction 
exei-ted  Ijy  the  shortened  pahnar  bands,  and  consists  in  a 
limitation  of  the  extensibility  of  the  finger;  within  the 
limits  allowed  by  the  contracting  band  flexion  and  ex- 
tension are  unimpeded,  but  beyond  them  further  exten- 
sion is  impossible.  The  degree  of  contraction  varies 
from  complete  flexion  of  the  finger  into  and  against  the 
palm  to  only  slight  limitation  of  the  full  extensibihty  of 
tlie  finger.  The  contracting  force  may  be  exerted  on 
any  of  the  three  phalanges,  though  almost  always  on  tlie 
proximal  or  middle  and  only  very  infrequently  on  the 
distal  phalanx.  When  the  traction  is  exerted  on  the 
jii-oximal  phalanx,  mostly  by  a  general  pull  on  the  skin 
and  fibrous  investments,  tlie  finger  is  flexed  as  a  whole 
on  the  metacarpophalangeal  joint,  the  extensibility  of 
the  middle  and  terminal  phalanges  being  unaffected. 
When  the  traction  is  on  the  middle  phalanx,  this  is  flexed 
•on  the  proximal  phalanx;  and  if,  as  commonly  occurs, 
the  band  is  sufficiently  shortened,  the  proximal  phalanx 
is  also  flexed  on  the  metacarpus,  although  the  band  may 
not  be  connected  with  this  phalanx.  The  distal  pha- 
langes are  flexed  and  connected  with  tlie  contracted  band 
in  only  a  very  small  proportion  of  the  cases.     Fingers 


adjacent  to  one  strongly  contracted  are  frequently  slightly 
bent  from  traction  of  the  fibres  of  Gerdy  or  the  web  of 
the  fingers. 

Either  hand  may  be  affected  alone,  or  both  hands  may 
be  involved  together.  In  184  cases  collected  by  W.  W. 
Keen,  the  right  hand  was  involved  alone  in  58,  the  left 


Fig.  350t. — Dupuytren's   Contraction    of  Ring   and   Little   Fingers. 
(Clarke.) 


hand  alone  in  23,  both  hands  in  103.  .  In  49  cases  exam- 
ined by  the  writer  the  right  hand  was  affected  in  12,  the 
left  hand  in  15,  both  hands  in  23, 

Any  of  the  digits  may  be  involved,  but  the  thumb  and 
index  finger  are  rarely  affected.  The  ring  finger  is  much 
oftenest  contracted,  and  the  little  finger  in  a  large  pro- 
portion of  the  cases;  the  middle  finger  is  frequently  in- 
volved, but  not  so  often  as  the  ring  and  little  fingers. 
In  263  cases  (214  collected  by  Keen,  49  observed  by  the 
writer)  572  fingers  were  affected  in  all,  as  follows:  13 
thumbs,  24  forefingers,  93  middle  fingers,  249  ring  fin- 
gers, 194  little  fingers. 

One  finger  may  be  affected  alone,  oi'  tAvo  or  more  fin- 
gers on  the  same  hand  may  be  contracted  together.  The 
commonest  conditions  are  for  the  ring  finger  to  be  con- 
tracted alone,  little  finger  alone,  ring  and  little  lingers, 
middle  and  ring  fingers,  in  about  the  order  stated. 
When  two  or  more  fingers  on  a  liaiid  are  contracted,  they 
are  usually  adjacent,  though  not  always. 

When  both  liands  are  affected,  the  contraction  always 
or  almost  always  begins  in  one  hand  before  the  other. 
Usually  the  two  hands  are  affected  to  unequal  degrees. 
Sometimes  there  is  A'ery  little  difference  in  the  extent  of 
the  contraction  in  the  two  hands ;  in  numerous  other 
cases  the  hands  are  very  unequally  affected,  one  hand 
showing  marked  finger  contractions  wliile  the  other  may 
exhibit  only  slight  stig- 
mata of  the  disease  in 
the  palm.  The  hand 
first  affected  is  usually 
the  one  worse  affected. 
The  lesions  are  not  ex- 
actly symmetrical  in 
most  cases,  but  have 
different  locations  in  the 
two  hands;  thus,  the 
ring  finger  of  one  hand 
and  the  ring  and  little 
fingers  of  the  other  may 
be  the  ones  involved,  or 
the  ring  finger  of  one 
and  the  middle  finger  of 
the  other,  and  so  on  for 
a  large  number  of  pos- 
sible combinations;  still, 
in  some  cases  the  same 
digits  are  affected  on  the 
two  hands.    In  the  great 

majority  of  the  bilateral  cases,  therefore,  the  two  hands 
differ  in  the  time  of  onset  of  the  disease,  the  degree  of 
the  contractions,  and  the  location  of  the  lesions. 

As  to  the  frequency  of  Dupuytren's  contraction,  Wil- 
liam Anderson  states  that  of  3,600  adults  of  the  poorer 


Fig.  2.50-5.  —  Extreme  Dupuytren's 
Contraction  of  Little  Finger.  (Orig- 
inal.) 
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classes  in  certain  English  infirmaries,  about  five-sixths  of 
whom  were  over  middle  age,  33,  or  1.37  per  cent.,  were 
affected  in  various  degrees,  while  of  800  children  under 
sixteen  none  was  afl'ected.  Noble  Smith  among  700 
elderly  inmates  of  English  workhouses  found  70  cases  (10 
per  cent.)  of  Dupuytren's  contraction,  in  15  of  which  the 
disease  was  confined  to  the  palm;  in  444  women  exam- 
ined by  him  11  had  well-marked  finger  contractions  and 
15  others  had  simply  palmar  induration ;  this  would  leave 
356  men  among  whom  occurred  44  cases  (17  per  cent.). 
In  an  examination  made  by  the  writer  of  this  article  of 
the  hands  of  1,000  men,  all  ex-soldiers,  ranging  in  age 
from  twenty-one  to  eighty-five  years  and  averagmg 
about  fifty-three  years,  39  cases  (3.9  per  cent.)  of  Dupuy- 
tren's contraction  were  found;  in  13  of  these  cases  the 
palm  only  was  affected,  without  contraction  of  fingers, 
leaving  36  (or  3.6  per  cent,  of  the  whole)  having  material 
contraction  of  the  fingers. 

Both  sexes  are  liable  to  the  disease,  but  women  are 
affected  much  less  frequently  than  men. 

The  influence  of  heredity  in  the  causation  of  the  dis- 
ease is  marked,  a  hereditary  or  family  history  of  the  oc- 
currence of  the  affection  being  obtainable  in  about  a 
fourth  or  a  fifth  of  the  cases. 

The  disease  develops  not  only  in  the  hands  of  persons 
engaged  in  manual  occupations,  but  also,  in  large  num- 
bers, in  persons  not  engaged  in  manual  labor,  and  even 
in  persons  completely  idle. 

Dupuytren's  disease  is  a  disease  of  the  adult  and  senile 
period  of  life,  the  favorite  age  of  onset  being  from  fifty 
to  seventy  years.  Cases  do,  however,  develop  during 
the  first  half  of  life,  and  it  is  said  that  even  congenital 
cases  occur.  It  is  possible  that  many  of  the  cases  alleged 
to  have  appeared  at  an  early  age  were  in  reality  cases  of 
hammer  finger,  a  condition  that  has  only  recently  been 
distinctly  differentiated.  In  90  cases  collected  by  Keen 
the  ages  of  onset  were  as  follows :  after  forty  years,  47 
cases ;  from  thirty  to  forty  years,  18  cases ;  under  thirty 
years,  35  cases,  of  which  4  or  5  were  congenital.  In  45 
cases  examined  by  the  writer  the  ages  of  onset  were  as 
follows:  under  twenty  years,  1  case;  from  thirty  to 
forty  years,  7  cases ;  from  forty  to  fifty  years,  6  cases ; 
from  fifty  to  sixty  yeai's,  16  cases ;  from  sixty  to  seventy 
years,  12  cases;  over  seventy  years,  3  cases.  The  latter 
figures  indicate  that  the  disease  is  rare  under  thirty  years 
of  age. 

The  onset  and  development  of  Dupuytren's  contraction 
are  usually  gradual  and  insidious,  being  manifested  by 
slow  development  of  the  induration  and  deformity  with- 
out subjective  symptoms.  Rarely  pain  or  other  symp- 
toms in  the  affected  area  may  precede  the  appearance  of 
the  contraction.  As  a  rule  the  disease  has  a  definite  pe- 
riod of  development,  and  then  remains  stationary.  The 
period  of  development  of  the  contraction  usually  ranges 
from  a  few  months  to  three  or  four  years ;  occasionally 
the  lesions  may  develop  within  a  few  weeks,  while  in 
other  cases  the  process  of  contraction  may  continue  for 
many  years.  Sometimes  there  is  a  certain  amount  of 
intermittency  in  the  development  of  the  contractions; 
the  lesions  develop  to  a  certain  degree,  remain  unchanged 
for  months  or  years,  and  then  have  another  period  of  in- 
crease. This  is  especially  manifest  in  the  bilateral  cases, 
in  which  after  full  development  of  the  lesions  in  one  hand 
a  quiescent  period  of  perhaps  years  may  elapse,  when  the 
other  hand  becomes  affected. 

Subjective  symptoms,  pain,  tenderness,  or  abnormal 
sensations,  connected  with  and  located  in  the  seat  of  the 
contraction  occur  in  only  a  small  proportion  of  the  cases. 
In  some  instances  the  pain  is  worse  or  exists  only  during 
the  early  period,  though  it  may  occur  at  intervals  after 
the  full  establishment  of  the  contraction  as  well  as  dur- 
ing the  period  of  development.  The  abnormal  sensations 
are  often  an  occasional  stinging  or  pricking  feeling  in  the 
affected  region ;  also  a  sensation  of  numbness  or  itching, 
dull  aching  pains,  or  sharp  shooting  pains.  Tenderness 
is  occasionally  present,  especially  from  exposure  of  the 
projecting  surfaces  to  irritation ;  a  feeling  of  tension  in 
the  palm  is  sometimes  noted. 


The  milder  degrees  of  the  disease  do  not  cause  trouble 
or  discomfort,  and  only  exceptionally  are  any  of  the  cases 
attended  with  pain.  The  severer  forms  of  the  contrac- 
tion cause  material  deformity  and  disability,  the  exposed 
areas  in  tlie  palm  being  unduly  subjected  to  pressure 
and  irritation  in  the  use  of  the  hand,  the  bent  finger 
being  awkward  and  in  the  way,  and  the  function  of  the 
finger  being  impaired  by  its  lack  of  extensibility.  Occu- 
pations lequiring  the  use  of  the  hand  may  be  interfered 
with.  The  condition  once  established  is  permanent  un- 
less obviated  by  surgical  measures. 

The  diagnosis  of  the  condition  from  other  affections  of 
the  hand  is  usually  easy.  The  bent  finger,  the  ridge  in 
the  palm  corresponding  to  the  contracted  band,  the 
rounded,  callus-like  indurations,  the  small  wristward  in- 
versions of  the  skin,  and  the  definite  location  of  the  le- 
.sions  are  characteristic  features  which  even  in  mild  cases 
distinguish  the  affection.  Even  faint  stigmata  of  the  dis- 
ease are  quite  distinguishable.  Contractions  from  tendon 
lesions  do  not  exhibit  the  characteristic  surface  changes 
of  fascia  contraction.  In  cicatricial  contractions  there  is 
the  history  of  injury,  the  scar  tissue,  the  absence  of  the 
typical  features  of  Dupuytren's  disease.  Arthrogenous 
deformities  are  recognizable  by  the  history,  the  anatom- 
ical features  present,  or  the  constitutional  condition ; 
arthroses  may  coexist  with  Dupuytren's  disease,  how- 
ever, introducing  an  element  of  doubt  as  to  the  precise 
share  either  may  have  in  the  production  of  the  deformity 
present.  In  contractions  limited  to  the  digital  fascia, 
surface  and  palmar  changes  are  absent.  Hammer  finger 
exhibits  no  palmar  or  cutaneous  changes,  and  is  suffi- 
ciently characteristic  to  be  readily  distinguishable ;  it  is 
probable  that  some  of  the  cases  diagnosticated  and  re- 
corded as  Dupuytren's  disease,  especially  among  the 
alleged  congenital  cases  and  those  stated  to  have  devel- 
oped in  early  life,  were  in  reality  instances  of  hammer 
finger. 

The  etiology  of  Dupuytren's  contraction  has  not  been 
satisfactorily  determined,  and  very  diverse  theories  as  to 
its  causation  have  been  advanced. 

One  prominent  theory,  held  among  others  by  Dupuy- 
tren,  is  that  the  disease  is  Induced  by  slight  local  trau- 
matisms or  by  continuous  use  and  irritation  of  the  palm 
incident  to  manual  labor.  In  probably  a  majority  of 
cases  there  is  a  complete  absence  of  any  history  of  local 
causes  to  which  the  lesions  are  attributed.  In  a  smaller 
proportion  of  the  cases  the  disease  is  attributed  by  the 
subject  of  it  to  local  traumatisms  like  wounds,  abscesses, 
blisters,  irritation,  or  occupation  incidents;  but  only 
rarely  is  the  history  sufiiciently  distinct  or  the  connec- 
tion sutficiently  authentic  to  warrant  any  such  conclu- 
sions. The  assumption  that  in  all  cases  a  forgotten  trau- 
matism must  have  occurred  is  not  logically  justifiable. 
Persons  not  engaged  in  manual  occupations  are  as  sub- 
ject to  Dupuytren's  disease,  indeed  rather  more  so, 
than  are  persons  who  habitually  do  manual  work,  and 
the  disease  maj'  develop  in  the  hands  of  persons  en- 
tirely idle.  The  nature  of  the  occupation  is  not  alto- 
gether a  safe  criterion,  since  the  soft  hand  of  the  non- 
worker  is  more  easily  irritated  by  occasional  unusual 
use  or  strain. 

On  the  whole,  the  statistics  of  numbers  of  cases  are 
adverse  to  the  theory  of  the  local  traumatic  causation  of 
tlie  disease.  There  are  other  considerations  opposed  to 
the  theory  of  traumatic  origin  and  in  favor  of  the  con- 
trary view  of  the  idiopathic  origin  of  the  affection.  The 
left  hand  is  not  materially  less  susceptible  than  the  more- 
used  right,  and  the  ulnar  half  of  the  hand  is  much  more 
frequently  involved  than  the  radial  half,  which  bears  the 
brunt  of  use  to  an  equal  if  not  greater  degree.  The  fa- 
vorite age  of  onset  is  after  middle  life,  years  after  the 
period  of  active  labor  begins.  The  marked  influence  of 
heredity,  the  limitation  of  the  disease  to  definite  longitu- 
dinal tracts,  the  secondary  development  of  contractions 
in  the  other  hand  after  one  has  become  affected,  are  un- 
explainableon  the  local  traumatic  theory.  There  is  little 
doubt  that  Dupuytren's  contraction  is  essentially  of  idio- 
pathic origin,  and  that  local  traumatisms  have  no  more 
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than,  perhaps,  some  occasional  influence  in  lighting  up 
the  disease. 

A  germ  theory  of  the  disease  has  been  presented  by 
William  Anderson,  who  considers  the  condition  to  be  a 
chronic  inflammatory  process  probably  set  up  by  a  micro- 
organism. This  tlieory  has  not  been  substantiated,  and 
does  not  seem  probable  in  view  of  the  protracted  and  be- 
nign course  of  the  disease  and  the  absence  of  inflamma- 
tory phenomena ;  and  especially  as  it  tlirows  no  light  on 
the  bilateral  occurrence  of  the  lesions  and  the  influence  of 
heredity. 

The  theory  that  the  disease  is  a  manifestation  of  some 
constitutional  condition,  especially  of  gout  or  rheuma- 
tism, is  at  present  the  one  most  generally  held.  These 
diseases  occur  in  many  cases  of  Dupuy  tren's  contraction ; 
but  it  has  not  been  shown  that  rheumatism  or  gout  affects 
persons  with  the  palmar  disease  in  a  greater  proportion  of 
cases  than  they  would  a  like  number  of  individuals  of 
the  same  class  and  age  free  from  palmar  contraction.  In 
many  cases  there  is  absolutely  no  history  of  gout  or  rheu- 
matism, family  or  personal.  By  many  authorities  gout 
is  strenuously  asserted  to  be  the  specific  cause  of  Dupuy- 
tren's  contraction,  but  this  can  hardly  be  successfully 
maintained.  The  disease  occurs  in  America,  where  typi- 
cal gout  is  uncommon,  and  often  among  social  classes  not 
subject  to  gout.  In  only  a  very  few  of  the  cases  ob- 
served by  the  writer  was  there  any  history  that  could  be 
construed  as  gouty.  In  many  of  the  cases  cited  in  sup- 
port of  the  gouty  theory  the  evidences  of  gout  are  vague, 
remote,  and  doubtful,  and  there  is  little  to  indicate  that 
the  coexistence  of  the  two  conditions  is  more  than  coinci- 
dental. The  argument  that  when  no  other  gouty  mani- 
festation is  present  the  contraction  is  itself  the  symptom 
which  shows  the  existence  of  gout  is  an  instance  of  cir- 
cular reasoning.  Tlie  disease  does  not  appear  to  be  a 
manifestation  of,  or  to  be  essentially  and  specifically 
caused  by,  rheumatic  or  rheumatoid  disease,  gout,  dia- 
betes, syphilis,  or  any  other  such  constitutional  condi- 
tion. 

The  possibility  of  the  nervous  origin  of  the  disease  is 
worthy  of  consideration.  The  marked  predilection  of 
the  disease  for  the  ulnar  side  of  the  hand  shows  to  some 
degree  a  relation  with  the  distribution  of  the  ulnar  nerve. 
The  pricking  or  tingling  sensation  specified  in  most  of 
the  few  cases  complaining  of  pain  is  quite  suggestive  of 
the  parsesthesia  of  nervous  lesions.  The  involvement  of 
both  hands,  one  being  affected  subsequently  to  and  to  a 
less  degree  than  the  other,  may  point  to  the  operation  of 
sympathetic  (nervous)  action  in  reproducing  the  disease 
on  the  side  opposite  to  that  first  affected.  Sometimes 
very  suggestive  cases  occur  in  which  Dupuj'tren's  con- 
traction is  associated  with  nervous  disease  producing 
trophic  lesions,  as  syringomyelia,  anterior  poliomyelitis. 
«In  a  case  reported  by  Lange,  a  woman  who  had  a  con- 
traction of  both  ring  fingers  had  an  attack  of  left  hemi- 
plegia, almost  immediately  after  which  the  contraction 
in  the  left  hand  disappeared,  the  right  palm  remaining 
unchanged;  this  was  a  sort  of  reversed  trophic  action. 
In  the  majority  of  cases  of  Dupuy  tren's  contraction  there 
is  no  history  of  concomitant  nervous  disorder;  and  it 
would  perhaps  be  difficult  to  show  that  in  the  compara- 
tively few  cases  accompanied  by  nervous  disease  the  co- 
existence is  not  merely  coincidental.  It  is  of  course  pos- 
sible that  obscure  trophic  influences  might  occur  sufficient 
to  cause  this  disease,  but  without  other  manifestations. 
While  a  neuropathic  or  trophic  theory  of  the  pathology 
of  Dupuytren's  disease  is  supported  by  some  considera- 
tions, and  is  not  improbable,  it  cannot  be  regarded  as 
having  sufficient  basis  for  definite  acceptance. 

According  to  Robert  Abbe's  detailed  neuropathic 
theory  of  this  disease,  the  original  cause  is  a  slight  trau- 
matism of  the  palm,  often  forgotten ;  this  peripheral  irri- 
tation produces  a  central  spinal  impression  which  then 
sends  a  reflex  influence  back  to  the  part  originally  hurt 
and  incites  a  contraction  of  the  fascia.  This  contraction 
then  sets  up  a  second  series  of  reflex  symptoms,  and  by 
sympathetic  action  causes  a  reproduction  of  the  trouble 
in  the  opposite  hand.    Abbe  lays  stress  on  the  irritation 


of  the  original  traumatism  or  the  tense  contractions  being 
an  exciting  cause  of  neuralgias,  local  and  distant,  joint 
inflammations,  and  other  .symptoms  simulating  rheuma- 
tism and  gout,  and  various  general  symptoms  and  ne\i- 
roses,  aud  cites  cases  in  which  these  disorders  were  re- 
lieved by  fiperation  on  the  contracted  fascia.  Tlie 
cases  on  which  this  theory  was  based  must  have  been  ex- 
ceptional. Ordinary  cases,  in  which  the  lesion  is  the 
seat  of  little  or  no  irritation  and  is  perfectly  benign  and 
innocuous,  do  not  bear  out  this  theory. 

Dupuj'tren's  contraction  is  one  of  the  scleroses,  a 
hypertrophy  or  hyperplasia  of  connective-tissue  ele- 
ments, and  is  hence  to  a  certain  extent  allied  to  the  vis- 
ceral cirrhoses,  as  of  the  liver,  kidney,  and  lungs,  arterio- 
sclerosis, and  the  spinal  scleroses.  Cirrhoses  of  the  liver 
and  kidney  ai-e  largely  due  to  prolonged  irritation  of 
toxic  substances  circulating  in  the  blood.  Arterioscle- 
rosis is  due  to  similar  causes,  also  to  the  irritating  action 
of  constant  overdistention  and  to  hereditary  influences. 
These  disorders  show  a  marked  association  with  toxsemic 
and  other  irritation,  and  this  relationship  suggests  a 
similar  causation  for  Dupuytren's  disease.  This  recalls 
the  theory  of  the  connection  of  this  disease  with  gout,  or 
lithiasis,  which  is  a  form  of  toxaamia.  Dupuytren's  con- 
traction, however,  differs  from  the  visceral  scleroses  in 
being  sharply  circumscribed  while  the  latter  are  diffuse 
and  general.  Why  the  palm  should  be  selected  to  suffer 
in  this  manner  from  irritants  circulating  in  the  blood, 
and  especially  why  the  hypertrophy  should  be  limited 
to  specific  longitudinal  fasciculi,  does  not  appear.  One 
would  expect  more  general  consequences  from  local  or 
toxic  irritation.  Toxsemia  does  not  appear  to  be  a  very 
probable  cause  of  Dupuytren's  contraction. 

The  only  conclusion  as  to  etiology  that  seems  war- 
ranted is  that  Dupuytren's  disease  is  of  idiopathic  origin, 
most  apt  to  occur  in  the  senile  period,  and  showing 
marked  hereditary  influence.  There  is  no  one  constitu- 
tional disease  with  which  it  is  exclusively  associated  or 
of  which  alone  it  is  a  manifestation.  It  does  not  appear 
to  be  specifically  caused  by  local  irritation  or  trauma- 
tism, though  this  factor,  as  well  as  local  or  constitutional 
pathological  conditions,  may  at  times  have  some  exciting 
or  contributing  influence.  Perhaps  it  is  a  neuropathic 
or  trophic  condition. 

Contractions  of  the  plantar  fascia  have  been  reported 
analogous  to  those  of  the  palm ;  induration  or  contraction 
of  the  penis,  associated  with  Dupuytren's  contraction, 
has  also  been  observed.  Keloid,  fibromata,  and  cica- 
trices are  allied  in  some  respects  to  fascia  contraction. 
The  contraction  of  ligaments  in  talipes  and  arthropathies, 
and  of  cicatrices,  also  presents  some  analogies,  especiallj' 
with  respect  to  longitudinal  shortening. 

Treatment. — The  only  hope  of  relief  in  Dupuytren's 
contraction  rests  in  operative  intervention,  for  which  a 
variety  of  methods  have  been  practised. 

One  of  the  most  popular  and  efficient  procedures  is 
that  of  subcutaneous  dimsion  of  the  contracted  fascial 
band,  especially  advocated  by  William  Adams.  A  small 
straight  tenotome  is  introduced  between  the  skin  and  the 
band,  and  the  latter  cautiously  cut  downward.  This  is 
done  at  as  many  points  as  is  necessary  to  free  the  finger 
and  enable  it  to  be  straightened ;  as  many  as  twenty  or 
twenty-five  punctures  may  be  required.  The  sections 
are  made  along  the  entire  band,  from  its  proximal  to  its 
digital  end,  as  needed.  The  hand  is  then  dressed,  with 
an  anterior  splint,  with  the  fingers  extended.  The  re- 
sults of  this  operation  have  been  very  satisfactory  in  the 
hands  of  numerous  operators.  Before  the  days  of  anti- 
septic surgery  it  was  doubtless  the  most  advisable  pro- 
cedure, but  with  the  introduction  of  aseptic  technique 
many  of  the  former  objections  to  open  operations  have 
become  obsolete.  Even  at  the  present  time  the  subcu- 
taneous method  is  preferred  by  some  surgeons ;  Adams 
states  that  it  is  less  liable  to  be  followed  by  recurrence 
than  the  open  operation. 

Transverse  dimsion  of  the  cord  at  one  or  more  places, 
suificient  to  free  the  finger,  has  been  practised  hy  some 
operators,  followed  immediately  or  after  some  days  by 
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the  use  of  splints.  Dupuytren  and  others  have  made 
open  transverse  incisions  through  both  sliin  and  band. 
In  Goyrand's  method  the  fascial  band  was  exposed  by  a 
longitudinal  incision  through  the  overlying  .skin,  and  the 
band  itself  then  di- 
vided transversely. 

Excidon  of  the  fas- 
cia band  in  many 
cases  is  a  rational  and 
preferable  procedure, 
though  at  times  when 
the  fascia  is. closely 
connected  with  the 
skin  it  may  be  difti- 
cult  to  separate  it 
well.  A  longitudi- 
nal incision  is  made 
througli  the  skin  over 
the  cord,  and  the 
band  then  carefully 
'dissected  out,  after 
which  the  wound  is 
.sutured. 

In  Busch's  opera- 
■  tion  a  long  triangular 
skin  flap  is  cut,  having  its  base 
corresponding  to  the  contracted 
phalanx  and  its  ape.x  in  the  palm 
at  the  proximal  end  of  the  band. 
This  flap  is  dissected  up,  the  fascia 
exposed,  and  the  contracting  fibres 
are  divided  until  the  finger  can  be 
completely  extended.  The  flap 
retracts,  and  the  resulting  open 
wound,  originally  V-shaped,  is 
sutured  (without  exerting  too 
much  tension  on  the  skin)  into  a 
Y-form.  Extension  is  applied  ^'^,; 
after  the  wound  is  healed.  This 
operation  does  not  appear  to  have 
come  into  general  use. 

A  plastic  operation  is  described  by  "William  Anderson 
as  having  been  performed  by  him  in  one  case.  He  made 
a  transverse  incision  through  the  skin  and  fascia  at  the 
root  of  the  finger,  straightened  the  digit,  and  filled  the 
gaping  wound  thus  created  by  a  flap  of  skin  cut  from 
the  side  of  the  finger  and  twisted  around  and  sutured  in 
place. 

Tliere  is  thus  some  choice  possible  as  to  the  operation 
to  be  done.     Wherever  practicable,— that  is,  when  the 

contracted  band  is  well 
marked  and  easily  sep- 
arable from  the  skin, — 
it  is  probable  that  the 
band  should  be  dissected 
out  carefully  through  a 
longitudinal  incision. 
But  when  the  contract- 
ing tissues  are  poorly 
defined  or  the  skin  is  ex- 
tensively involved,  mul- 
tiple transverse  sections 
of  the  band,  open  or 
subcutaneous,  may  be 
indicated. 

The  post  -  operative 
treatment  is  very  im- 
portant, consisting  of 
extension  by  splints  or 
apparatus  for  a  period 
sufliciently  long  to  over- 
come the  contraction  or 
the  tendency  to  recur- 
.   ,        ,     ,^      .  rence.     Op-rators    have 

varied  as  to  the  tmic  allowed  to  elapse  after  operation 
before  mechanical  extension  is  begun,  some  applvine 
-splints  immediately,  others  not  for  several  days  after- 
ward.    It  IS  probable  that  no  greater  degree  of  exten- 
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3.506.  —  Splint  Em- 
ployed After  Operation 
tor  Dupuytren's  Con- 
traction.   (Adams.) 


Fir.  2507.— Apparatus  Employed  Af- 
ter Operation  tor  Dupuytren's  Con- 
traction.   (Clarke.) 


sion  should  be  applied  immediately  after  operation  than 
can  be  employed  without  too  great  tension  being  exerted 
on  the  wound.  After  healing  takes  place,  firm  extension 
of  the  fingers  by  splints  or  apparatus  (Figs.  2506,  2507) 
can  be  maintained  for  a  few  weeks,  at  first  constantly, 
later  intermittently,  until  a  permanent  result  is  obtained. 
The  final  results  of  operative  treatment  of  Dupuytren's 
contraction  are  generally  satisfactory,  though  sometimes 
recurrence  takes  place. 

Contraction  of  Digital  Fascia. 

The  subcutaneous  fascias  of  the  fingers  undergo  con- 
traction along  with  those  of  the  palm  in  typical  cases  of 
Dupuytren's  disease ;  and  in  some  cases  of  hammer  finger 
secondary  digital  fibrous  contractions  may  perhaps  be 
present.  But  aside  from  these,  cases  occasionally  occur 
of  fingers  bent  by  hypertrophied  and  shortened  bands  of 
the  digital  fascia  alone.  There  is  little  literature  on  the 
subject,  but  the  writer  has  observed  a  very  few  cases  of 
finger  contractions  caused  by  bands  of  digital  fascia. 

One  case  was  that  of  an  old  man,  from  whom  no  reli- 
able history  was  obtainable.  The  middle  phalanx  of  his 
left  little  finger  was  flexed  on  the  proximal  phalanx 
at  an  angle  of  about  135°,  and  the  terminal  phalanx 
was  slightly  flexed  on  the  middle  one.  A  subcutaneous 
band  could  be  plainly  felt  running  along  the  ulnar  side 
of  the  finger.  A  post-mortem 
dissection  of  this  finger  showed 
the  presence  of  a  firm  thickened 
fibrous  band  attached  to  the 
fibrous  investment  surround- 
ing the  flexor-tendon  sheaths, 
situated  on  the  ulnar  side  of 
the  palmar  aspect  of  the  digit ; 
it  extended  the  entire  length 
of  the  finger  and  was  the  cause 
of  the  flexed  condition  of  the 
latter. 

A  second  case  was  that  of  a 
pensioner  who  at  the  age  of 
fifty  had  a  palmar  abscess  at 
the  base  of  the  right  little  fin- 
ger, which  was  lanced  on  the 
radial  side  of  the  proximal 
phalanx.  On  healing,  this  fin- 
ger became  flexed  at  the  prox- 
imal interphalangeal  joint ;  the 
middle  phalanx  could  not  be 
extended  beyond  an  angle  of 
about  95°,  motion  within  this 
limit  being  unimpeded.  Along 
the  radial  side  of  the  proximal 
phalanx,  anteriorly,  a  subcuta- 
neous band  could  be  felt  run- 
ning to  the  middle  phalanx. 
When  examined  the  old  scars 
were  scarcely  perceptible,  and 
none  was  present  over  the  con- 
tracted band. 

In  a  third  case,  a  woman  at  the  age  of  forty-three  had 
an  attack  of  cellulitis  of  the  left  hand  and  upper  extrem- 
ity, with  much  oedema  or  exudation,  for  which  incisions 
were  made  at  the  base  of  the  little  finger  and  other  points. 
After  the  attack  subsided  the  middle  phalanx  of  the  little 
finger  was  bent  to  an  angle  of  about  135°.  The  deflec- 
tion subsequently  increased.  When  examined  at  the 
age  of  eighty,  the  left  little  finger  was  flexed  at  both  in- 
terphalangeal joints,  the  middle  phalanx  at  aright  angle, 
the  distal  on  the  middle  plialanx  to  about  135°.  The 
middle  phalanx  of  the  left  ring  finger  also  was  flexed  to 
an  angle  of  about  130°.  A  tense  subcutaneous  band 
could  be  felt  along  the  front  of  the  proximal  phalanx  of 
each  of  the  affl'ected  fingers,  extending  from  the  base  of 
the  middle  phalanges  toward  the  metacarpophalangeal 
articulation  of  the  ring  finger,  where  the  two  bands 
came  together. 

In  a  fourth  case,  a  grocer  aged  about  forty -five  years 


FiG.  2308.— Deformity  Result- 
ing from  Contracted  Sub- 
cutaneous Digital  Fascia 
and  Other  Lesions.  (Orig- 
inal.) 
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had  a  severe  and  prolonged  attack  of  cellulitis  of  both 
upper  extremities  and  the  right  foot,  following  a  slight 
infected  wound  in  the  left  thumb.  Incisions  were  made 
into  the  dorsal  surfaces  of  the  proximal  phalanges,  and 
about  the  wrists.  After  recovery  a  marked  deformity 
of  mixed  flexion  and  superextension  of  the  fingers  of 
both  hands  existed.  When  examined,  about  twelve 
years  afterward,  the  middle  phalanges  of  the  right  ring 
and  little  fingers  were  flexed  at  aright  angle;  their  proxi- 
mal phalanges  were  superextended  or  bent  backward 
about  45',  and  their  power  of  flexion  toward  the  palm 
was  very  greatly  impaired  (Fig.  2508).  The  middle 
phalanx  of  the  left  little  finger  was  flexed  at  an  angle  of 
about  100°,  and  its  proximal  phalanx  was  so  superex- 
tended that  it  could  not  be  brought  within  45"  of  the 
straight  line ;  the  range  of  flexion  of  the  proximal  pha- 
langes of  the  left  ring,  middle,  and  index  fingers  was 
also  verjr  much  diminished.  Along  the  front  of  the 
proximal  i^halanx  of  the  right  ring  and  little  and  left 
little  fingers'  were  tense  elevated  subcutaneous  bands 
running  from  the  bases  of  the  flexed  middle  phalanges  to 
the  palm;  these  bands  were  probably  fibrous,  though 
they  may  possibly  have  been  shortened  flexor  tendons. 
The  superextension  of  the  proximal  phalanges  was  per- 
haps due  to  adhesions  or  shortening  of  the  extensor  ten- 
dons. Several  hammer  toes  were  present.  The  appear- 
ance of  the  hands  was  very  similar  to  that  of  a  variety 
of  hammer  finger  described  by  Adams. 

None  of  these  cases  showed  the  slightest  signs  of  the 
changes  in  the  skin  and  palm  characteristic  of  Dupuy- 
tren's  contraction,  and  tlie  contracted  bands  seemed  less 
superficial  than  in  the  latter  affection.  The  typical  ap- 
pearances of  cicatricial  contraction  were  also  absent. 

These  cases,  and  especially  the  one  dissection,  demon- 
strate that  there  sometimes  occurs  a  condition  of  thicken- 
ing and  contraction  of  subcutaneous  digital  fibrous 
tissues  resulting  in  a  flexion  and  limitation  of  tlie  exten- 
sibility of  the  phalanges.  Further  observations  and 
dissections  are  needed  to  elucidate  this  condition  and  its 
position  as  a  distinct  affection.  The  little  finger  seems 
to  be  the  digit  most  susceptible  to  this  abnormity,  at  its 
proximal  interphalangeal  joint,  precisely  as  in  hammer 
finger.  The  affection  is  mostly  unilateral,  acquired,  and 
may  develop  after  local  inflammatory  conditions.  It 
appears  to  be  a  disease  process  sui  generis,  and  entirely 
distinct  from  cicatricial  contraction  and  Dupuytren's 
contraction.  It  presents  marked  analogies  to  hammer 
finger,  notably  in  its  situation,  and  perhaps  it  may  be 
regarded  as  a  variety  of  hammer  finger ;  still,  to  a  certain 
extent  at  least,  a  distinction  can  be  made  between  finger 
flexions  due  to  fascia  contractions  and  those  due  to 
shortened  lateral  articular  ligaments  as  in  typical  ham- 
mer finger. 

In  diagnosis,  finger  deformities  due  to  digital  fascia 
contractions  would  have  to  be  differentiated  from  those 
due  to  ankylosis,  arthritic  conditions,  tendinous  adhe- 
sions or  shortening,  cicatricial  contractions,  Dupuytren's 
disease,  hammer  finger  (shortened  ligaments),  and  such 
conditions.  The  cardinal  feature  indicative  of  fascia  con- 
traction is  the  presence  of  a  subcutaneous  fibrous  band 
evident  to  the  senses;  it  is  conceivable,  however  (though 
perhaps  not  possible),  that  cases  might  occur  in  which  a 
shortened  and  unusually  elevated  tendon  might  to  the 
examining  finger  be  undistinguishable  from  a  fascial 
band.  Moreover,  cases  might  occur  in  which  the  subcu- 
taneous fibrous  tissues  might  be  sufficiently  shortened  to 
cause  deformity  but  yet  not  be  palpable  as  distinct  con- 
tracting bands;  such  cases  might  present  difficulty  in 
making  a  definite  diagnosis. 

The  obvious  treatment  of  this  condition  would  be  to 
divide  or  excise  the  contracting  bands. 

Hammer  Finger. 

There  is  a  well-marked  class  of  contractions  or  an- 
terior deflections  of  the  fingers,  not  very  uncommon, 
manifested  especially  by  a  flexion  of  the  little  finger  at 
the  proximal  interphalangeal  joint,  which  is  of  distinc- 


tive nature.  The  affection  has  received  very  little  at- 
tention in  medical  literature.  It  was  described  and  figured 
in  1846  by  R.  W.  Tamplin,  who  attributed  it  to  contrac- 
tion of  the  skin.  After  that  it  was  occasionally  men- 
tioned by  authors,  but  the  fullest  studies  of  the  subject 
are  those  of  William  Adams  and  William  Anderson,  both 
originally  published  in  1891.  The  condition  has  mostly 
been  called  "congenital  contraction  of  the  finger,"  but 
Anderson  applied  the  term  "hammer  finger"  to  it.  The 
latter  is  the  preferable  designation,  as  it  is  concise,  has 
sulHcient  metaphorical  significance,  expresses  the  analogy 
of  the  condition  to  hammer  toe,  and  is  non-committal  as 
to  the  pathology  of  the  affection  or  as  to  its  being  in  all 
cases  congenital. 

Hammer  finger  is  usiially  described  as  a  congenital 
condition;  but  I  have  observed  a  few  cases,  exhibiting 
all  the  external  and  clinical  features  of  hammer  finger, 
which  were  distinctly  acquired.  Two  varieties  of  the 
affection  may  therefore  be  considered;  the  developmental 
or  congenital,  and  the  acquired. 

Developmentnl  Hammer  Finger . — This  deformity  typi- 
cally consists  in  a  flexion  of  tlie  middle  phalanx  upon  the 
proximal  phalanx  of  the  little  finger  at  varying  angles  up 
to  a  right  angle, — usually  at  ao  angle  of  about  135°. 
Slight  limitations  to  full  extensibility  of  the  middle 
phalanx  of  the  little  finger  are  common,  but  unless  the 
flexion  amounts  to  about  twenty  degrees  or  more  it  is 
hardly  worth  while  to  regard  it  as  abnormal.  Within 
their  respective  limits  flexion  and  extension  of  the 
affected  phalanges  are  unimpeded;  but  beyond  them 
further  extension  is  impossible  without  the  use  of  un- 
usual force.  In  most  cases  the  proximal  phalanx  is  un- 
affected ;  but  according  to  Adams  it  is  sometimes  bent 
backward  or  superextended  (the  middle  phalanges  being 
flexed),  as  is  commonly  the  case  with  the  corresponding 
phalanges  in  old  cases  of  hammer  toe  (see  Fig.  2509). 
The  distal  phalanges  are  also  usually  unaffected ;  but 
tiiey  are  sometimes  flexed  instead  of  the  middle  pha- 
langes, and  in  one  case  reported  by  Adams  they  were 
superextended,  the  middle  phalanges  being  flexed.  Some 
of  the  other  fingers  (especially  the  ring  and  middle  fin-  . 
gers)  are  sometimes  similarly  affected  in  conjunction 
with  the  little  finger,  but  to  a  less  degree  than  the  latter. 
In  the  congenital  form  the  affection  is  usually  bilateral, 
the  hands  being  affected  together  though  not  always 
equally. 

The  skin  over  the  anterior  aspect  of  the  finger  is  some- 
times shortened  or  forms  a  longitudinal  fold  stretching 
across  the  concavity  of  the  affected  interphalangeal 
joint,  increasing  the  antero-posterior  diameter  of  the 
proximal  phalanx.  According  to  Adams,  there  are  often 
present  subcutaneous  bands  of  contracted  fascia,  cen- 
trally or  laterally  located,  sometimes  with  fibres  inserted 
into  the  skin ;  but  according  to  other  authorities  fascia 
contractions  are  absent.  The  author  has  not  been  able 
to  detect  contracted  fascial  bands  in  any  of  the  develop- 
mental cases  of  hammer  finger  which  he  has  observed ; 
and  in  the  pure  uncomplicated  developmental  form  of 
the  affection  it  is  probable  that  fascia  contraction  plays 
no  essential  part.  In  some  cases  there  is  some  secondary 
shortening  of  the  flexor  tendons  of  the  finger.  Often  the 
distal  end  of  the  first  phalanx  projects  slightly  at  the 
angle  of  the  articulation,  but  there  is  no  subluxation  of 
the  joint.  The  lateral  ligaments  of  the  joint  are  short- 
ened, and  there  may  be  other  developmental  or  secondary 
changes  in  the  joint.  The  contraction  is  entirely  unas- 
sociated  with  injuries  or  arthritic  or  paralytic  conditions. 
The  contraction  is  not  the  seat  of  any  pain  or  other  sub- 
jective phenomena,  but  in  its  extreme  forms  may  cause 
considerable  deformity,  unsightliness,  and  inconvenience. 

The  affection  is  markedly  hereditary.  Numerous 
cases  have  been  observed  of  its  transmission  from  parents 
to  children  and  of  its  coexistence  in  brothers  and  sisters. 
It  is  frequently  associated  with  hammer  toe,  either  in  the 
same  individual  or  in  the  family.  It  is  not  a  very  un- 
common condition,  but  is  not  often  brought  to  the  notice 
of  the  surgeon;  it  is  much  less  common  than  hammer 
toe.     It  is  said  to  affect  females  more  frequently  than 
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Fig.  2509.— Deve  1  o  p  - 
mental  Hammer 
Finger.    (Original.) 


males.  In  800  school  children  Anderson  found  two  cases 
among  boys  and  five  cases  among  girls.  Among  1,000 
adult  men  I  found  about  five  cases  (one-lialf  per  cent. ) 
of  developmental  hammer  finger;  possibly  some  cases 
vrere  overlooked  in  this  series  before 
I  learned  to  recognize  this  class  of 
deilections.  Among  177  white  chil- 
dren under  sixteen  years  of  age  the 
writer  found  two  cases  of  slight  ham- 
mer finger,  one  of  the  left  hand  in  a 
girl,  one  of  both  hands  in  a  boy ; 
among  86  colored  chidren  no  case 
was  found. 

While  this  form  of  hammer  finger 
may  or  may  not  be  manifest  at  birth, 
it  usually  makes  its  appearance  very 
early,  probably  in  the  first  two  or 
three  years  of  life.  Adults  affected 
will  state  that  their  fingers  have  been 
bent  as  far  back  as  they  can  remem- 
ber. Sometimes  the  contraction 
makes  its  appearance  at  a  later  age, 
even  up  to  eighteen  or  twenty  years, 
but  always  before  maturity  is 
reached.  It  is  therefore  a  disease  of 
the  developmental  period  of  life,  and 
in  that  sense  is  congenital.  The  con- 
traction slowly  and  continuously 
progresses  for  years,  until  the  maxi- 
mum is  attained. 

The  essential  pathological  nature 
of  hammer  finger  is  only  partially 
determined;  opportunities  for  opera- 
tion or  dissection  are  not  often  pre- 
sented. Several  observers  have  re- 
garded the  flexed  condition  as  due  to  shortening  or 
contraction  of  the  skin  over  the  proximal  phalanx ;  but 
this  change  in  the  skin,  when  present,  is  undoubtedly 
a  secondary  alteration  and  not  the  primary  cause  of  the 
flexion.  According  to  Adams,  the  deformity  is  due, 
partly  at  least,  to  shortened  subcutaneous  fascial  bands. 
C.  B.  Lockwood,  in  a  dissection  of  an  amputated  hammer 
finger,  found  a  thickening  and  shortening  of  the  fascia 
over  the  flexor  aspect  of  the  proximal  interphalangeal 
joint,  which  caused  the  flexion;  he  did  not  state  the  con- 
dition of  the  articular  ligaments.  Other  observers,  how- 
ever, have  not  found  fascia  contractions  present,  and 
they  are  certainly  not  an  essential  feature  of  develop- 
mental hammer  finger,  but  only  of  secondary,  occasional, 
and  exceptional  occurrence.  The  flexor  muscles  or  ten- 
dons are  not  regarded  as  being  the  primary  cause  of  the 
contraction,  though  they  may  be  secondarily  shortened. 
E.  M.  Little  cut  the  tendons  in  one  case,  but  without  re- 
laxing the  finger ;  on  the  contrary,  Anderson  after  cutting 
the  other  structures  found  that  the  flexors  kept  up  the 
contraction. 

The  primary  cause  of  hammer  finger  is  apparently  an 
abnormality,  frequently  hereditary,  in  the  development 
of  the  component  parts  of  the  affected  joint,  resulting  in 
a  disproportion  in  the  osseous,  cartilaginous,  and  liga- 
mentous articular  tissues ;  the  developmental  abnormity 
results  practically  in  a. shortness  of  the  lateral  and  ante- 
rior ligaments  of  the  phalangeal  joint,  which  interferes 
with  full  extension  of  the  finger.  The  ligamentous 
shortening  becomes  manifest  during  the  period  of  devel- 
opment. This  is  Anderson's  view  of  the  etiology  of 
hammer  finger,  though  he  does  not  report  any  dissection. 
In  a  dissection  made  by  the  writer  the  contraction  was 
found  due,  chiefly  at  least,  to  much-shortened  lateral 
ligaments. 

In  long-established  cases,  in  addition  to  ligamentous 
shortening,  other  changes  are  present;  namely,  alter- 
ations in  the  articular  surfaces  and  shortening  of  the 
flexor  tendons,  fibrous  tissues,  and  the  skin  over  the 
proximal  phalanx.  These  alterations  are  doubtless  sec- 
ondary changes,  caused  by  the  accommodation  of  these 
structures  to  the  prolonged  abnormal  position.  These 
secondary  changes  must  be  taken  into  account  in  oper- 


ative procedures,  as  in  old  cases  division  of  the  lateral 
ligaments  alone  is  apt  not  to  be  sufficient  to  correct  the 
deformity  entirely,  as  in  a  case  operated  on  by  Anderson 
and  another  by  the  writer. 

Why  the  little  finger,  and  the  proximal  interphalangeal 
joint  of  this  finger,  should  be  the  especial  seat  of  this  ab- 
normity, is  a  point  that  is  not  clear.  The  cause  of  super- 
extension of  the  proximal  phalanges  as  reported  by 
Adams  is  also  obscure.  Hammer  finger  is  allied  in  many 
respects  to  hammer  toe.  It  is  a  distinctive  condition,  sui 
generis,  easily  recognizable,  and  entirely  different  from 
Dupuytren's  contraction  of  the  palmar  fascia. 

Acquired  Hammer  Finger. — I  have  observed  a  very 
few  cases  of  flexion  of  the  little  finger  at  the  proximal 
interphalangeal  joint  exhibiting  almost  precisely  the 
same  external  appearances  that  developmental  hammer 
finger  presents,  but  which  developed  in  adult  life;  that 
is,  were  acquired  rather  than  congenital.  An  acquired 
form  of  the  affection  is  recognized  in  the  literature  only 
by  Tamplin. 

In  two  cases  bilateral  hammer  finger  began  to  develop 
at  the  ages  of  eighteen  and  twenty  years,  and  in  both 
cases  was  attributed  to  slight  irritation  or  blistering  from 
manual  work.  These  were  probably  developmental 
forms  of  the  affection  appearing  unusually  late ;  or  the 
flexion  may  have  begun  earlier  but  been  unrecognized. 
In  one  of  these  cases  very  slight  stigmata  of  Dupuytren's 
contraction  appeared  in  one  palm  nearly  thirty  years 
afterward,  but  no  contracted  bands  were  present. 

In  one  case,  a  soldier  at  the  age  of  thirty-seven  suffered 
much  exposure  during  a  campaign  and  contracted  rheu- 
matism. At  the  same  time  both  little  fingers  gradually 
or  during  a  short  period  became  contracted,  and  remained 
so  unchanged  for  many  years.  The  left  little  finger  ex- 
hibited an  extreme  flexion  into  and  against  the  palm 
caused  by  what  appeared  a  Dupuytren's  contraction  of 
the  palmar  fascia  (illustrated  in  Fig.  2505).  The  right 
little  finger  was  bent  at  about  a  right  angle  at  the  proxi- 
mal interphalangeal  joint  (Fig.  3510);  there  was  no  ap- 
parent thickening  or  contraction  of  the  fascia  either  in 
the  palm  or  in  the  finger,  no  change  in  the  skin,  no  joint 
lesion,  no  sign  of  injury.  Within  the  limits  of  the  con- 
traction the  middle  phalanx  was  freely  movable,  but  be- 
yond a  right  angle  extension  was  impossible.  The  right 
little  finger  had  the  precise  appearance  of  a  hammer  fin- 
ger, and  was  distinctly  not  a  Dupuytren's  contraction, 
while  the  corresponding  finger  of  the  other  hand  was 
flexed  by  a  subcutaneous  palmar  band. 

In  a  second  case,  a  laborer  at  the  age  of  thirty  to 
thirty -five  years  had  a  very  slight  Dupuytren's  contrac- 
tion of  the  fascia,  in  line  with  the  ring  and  little  fingers, 
develop  in  both  palms,  with- 
out bending  the  fingers ;  this 
continued  without  change. 
At  the  age  of  thirty -nine  he 
sustained  a  slight  wound  in 
the  palmar  surface  of  the 
proximal  phalanx  of  the  left 
little  finger,  which  healed  in 
a  few  days.  About  a  year 
later  he  noticed  that  this 
finger  was  bent ;  the  contrac- 
tion increased  for  a  few  years 
until  at  the  age  of  forty- 
eight  the  middle  phalanx 
was  flexed  at  an  angle  of 
about  110°;  no  subcutaneous 
bands  or  contracted  fascia 
could  be  distinguished. 

In  a  third  case,  a  soldier  at 
the  age  of  thirty-one  had  an 
abscess  in  the  ulnar  portion 
of  the  right  palm,  well  toward 
the  wrist,  which  was  opened. 
Subsequently  the  middle  phalanx  of  the  right  little  finger 
became  flexed  at  an  angle  of  about  135° ;  there  were  no 
arthritic  changes  or  subcutaneous  bands,  and  no  per- 
ceptible connection  with  the  cicatrix  in  the  palm. 


Fig.  2510.— Acquired   Hammer 
Finger.    (Original.) 
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These  three  cases  show  the  possibility  of  the  occuiTence 
of  an  acquired  deformity  in  appearance  and  seat  precisely 
similar  to  developmental  hammer  finger.  As  compared 
with  the  latter  the  acquired  affection  is  (so  far  as  these 
cases  show)  unilateral,  the  degree  of  flexion  rather 
greater,  the  skin  less  stretched.  Within  the  limits  of  the 
contraction  motion  of  the  phalanx  is  unimpeded.  In 
some  of  the  cases  the  hammer  condition  is  associated  with 
Dupuytren's  contraction  of  the  palmar  fascia,  though  in 
no  way  dependent  on  the  latter.  In  some  instances  there 
is  a  possible  relationship  with  antecedent  traumatism. 
No  contracted  subcutaneous  fibrous  bands  are  percept- 
ible, and  no  other  lesions  capable  of  causing  the  deform- 
ity can  be  detected. 

In  the  absence  of  dissections  the  cause  and  anatomical 
changes  of  these  acquired  hammer  fingers  are  obscure. 
They  are  not  due  to  ankylosis,  subluxations,  or  other 
joint  changes,  to  cicatricial  contractions,  to  skin  changes, 
nor  to  perceptible  fascia  bands.  Tendinous  lesions  might 
be  possible  causes.  The  deformity  is  probably  due  to 
shortening  of  some  of  the  fibrous  structures  about  the 
affected  joint;  whether  the  ligaments  or  the  more  super- 
ficial fibrous  and  fascial  tissues,  or  both,  remains  to  be 
determined.  If  the  latter,  the  tissues  must  be  generally 
shortened,  and  not  thickened  into  bands  perceptible  to 
touch.  The  association  with  Dupuytren's  disease  may 
indicate  the  action  of  a  common  cause  tending  to  produce 
shortening  of  fibrous  structures  in  different  situations. 
The  peculiar  susceptibility  of  one  particular  joint  is  an 
obscure  j)oint. 

So  far  as  the  writer's  observations  show,  acquired 
hammer  finger  "bears  a  certain  relationship  to  contractions 
of  the  digital  fascia.  The  distinguishing  point  between 
them  is  the  presence  of  evident  subcutaneous  bands  in 
the  latter.  "The  significant  fact  that  the  proximal  inter- 
phalangeal  joint  of  the  little  finger  is  the  articulation 
exclusively  or  chiefly  affected  in  developmental  ham- 
mer finger, .  acquired  hammer  finger,  and  digital  fascia 
contractions  constitutes  a  common  point  of  relation- 
ship between  these  three  affections,  and  indicates  the 
existence  of  unknown  specific  etiological  factors  that 
render  this  particular  joint  especially  liable  to  such 
changes. 

The  diagnosis  of  developmental  and  acquired  ham- 
mer finger  should  ordinarily  present  no  diificult)'.  The 
cases,  especially  congenital  cases,  are  quite  characteristic 
in  their  appearance,  seat,  and  history.  Flexions  of  the 
fingers  due  to  injuries,  arthritic  changes,  paralytic  or 
spastic  conditions,  cicatricial  contractions,  section  of  ex- 
tensor tendons,  are  usually  easily  distinguishable  by  their 
respective  characteristics.  Contractions  of  digital  fascia 
are  distinguished  by  the  palpable  presence  of  fibrous 
bands.  Deformities  produced  by  adhesions  of  flexor  ten- 
dons or  by  fibrous  ankylosis  of  the  joints  might  be  difli- 
cult  to  differentiate.  To  a  certain  degree  the  diagnosis, 
of  the  acquired  form  especially,  is  negative ;  that  is,  finger 
contractions  of  this  type  whose  cause  is  obscure  might  for 
convenience  be  classed  as  hammer  finger.  Deformities 
due  to  Dupuytren's  contraction  are  recognizable  by  an 
evident  relation  of  the  flexion  of  the  finger  with  the 
palmar  lesion;  this  relation  is  plainly  demonstrable  in 
Dupuytren's  disease;  although  the  two  affections  are  en- 
tirely distinct,  it  is  probable  that  cases  of  hammer  finger 
have  been  diagnosticated  Dupuytren's  contraction,  es- 
pecially in  alleged  congenital  cases  of  the  latter  affec- 
tion. 

Treatment  of  Hammer  Finger.— Tha  mmor  degrees  ot 
hammer  finger  do  not  cause  suflScient  trouble  to  require 
treatment.  For  the  worse  forms  of  the  contraction  treat- 
ment may  be  sought  on  account  of  the  incoxivenience  or 
awkwardness  of  the  bent  finger  or  for  the  sake  of  ap- 
pearance. 

In  young  and  mild  cases,  when  the  contraction  is  not 
too  rigid  and  unyielding,  passive  motion  and  mechanical 
extension  on  a  splint  or  special  apparatus  will  often 
yield  satisfactory  results  in  the  correction  of  existing 
deformity  or  the  prevention  of  further  deformity.  To 
he  effective  and  permanent  such  treatment  must  be  kept 


up  constantly  and  faithfully  for  a  long  time.  The  splint 
should  be  worn  day  and  night  for  months,  and  then  at 
night  or  at  intervals,  for  a  long  time,  until  the  persistent 
tendency  to  recontract  is  overcome.  Special  forms  of 
apparatus  have  been  devised  for  maintaining  extension 
of  the  fingers. 

In  adults  and  cases  of  long  standing,  when  the  tissues 
are  rigidly  contracted  and  secondary  alterations  greatly 
augment  the  difficulties  of  treatment,  the  results  of  treat- 
ment arc  apt  to  be  unsatisfactory.  In  sucli  cases  oper- 
ative treatment  is  the  only  procedure  offering  any  hope 
of  relief.  In  considering  the  advisability  of  operative 
interference  the  liability  of  subsequent  ankylosis  from 
entering  the  joint,  or  of  impaired  mobility  from  interfer- 
ence with  the  tendons,  should  be  borne  in  mind.  Stiffen- 
ing after  operation  on  hammer  toes  does  not  affect  the 
usefulness  of  the  member.  Stiffening  of  a  finger  in  an 
extended  position,  however,  is  a  material  inconvenience 
and  disadvantage,  and  no  improvement  over  the  hammer 
condition.  The  finger  joints  are  very  apt  to  become 
ankylosed  by  only  slight  injuries,  and  the  risk  and  dis- 
advantages of  such  a  result  or  of  unsightly  enlargement 
of  the  joints  should  be  remembered  in  considering  oper- 
ation.    Recontraction  is  apt  to  occur. 

Few  cases  of  hammer  finger  have  been  operated  on,  so 
that  data  as  to  results  or  the  best  technique  are  scanty. 
The  object  aimed  at  is  to  divide  all  the  structures  caus- 
ing the  contraction.  The  shortened  lateral  ligaments 
should  be  cut,  either  through  an  open  wound  or  subcu- 
taneously.  In  inveterate  cases  a  division  of  the  liga- 
ments alone  may  not  suffice  to  free  the  finger,  owing  to 
secondary  contraction  of  the  skin,  fiexor  tendons,  and 
fibrous  tissues.  It  will  therefore  be  necessary  to  divide 
all  the  contracting  structures — skin,  fascia,  tendons — until 
the  finger  can  be  straightened.  Vogt  claimed  good  re- 
sults from  plastic  operations  on  the  skin,  as  by  cutting  a 
V-shaped  flap,  straightening  the  finger,  and  suturing  the 
resulting  wound  in  a  Y-shape;  this  would  obviously 
afford  relief  only  when  the  contraction  is  due  to  shorten- 
ing and  tension  of  the  skin  and  superficial  tissues.  Con- 
tracted fibrous  bands  may  be  divided  subcutaneously,  as 
recommended  by  Adams.  Shortened  tendons  may  be 
and  have  been  divided,  or  they  might  be  lengthened  by  a 
plastic  operation.  Interference  with  the  tendons,  how- 
ever, has  been  and  is  apt  to  be  followed  by  non-union  or 
adhesions,  resulting  in  a  very  undesirable  impairment  of 
the  motility  of  the  finger.  After  operation  extension  of 
the  digit  by  splints  or  apparatus  should  be  maintained 
for  a  long  time  to  overcome  all  remaining  deformity  and 
to  prevent  recurrence.  Passive  motion  of  the  joints 
should  be  practised  early  and  frequently  to  obviate  anky- 
losis. Perfect  results  are,  however,  difficult  to  obtain, 
though  improvement  may  be  effected. 

Forcible  divulsion  was  employed  by  Little  in  one  case. 
Under  full  anaesthesia  the  finger  was  forcibly  straight- 
ened and  the  contracting  tissues  were  ruptured;  this 
was  followed  by  the  prolonged  use  of  a  splint,  with 
good  results  except  for  some  tendency  to  recontraction. 
In  treatment  of  this  kind  in  children  care  should  be 
taken  not  to  cause  separation  of  the  epiphyses  of  the 
phalanges. 

In  cases  of  extreme  deformity  and  unsightliness  ampu- 
tation has  been  proposed  and  actually  performed. 

Genekal  Palmak  Indukation. — Cases  are  frequent 
in  which  the  skin  and  subcutaneous  fibrous  tissues  of  the 
palmar  surface  of  the  hand  and  fingers  are  generally 
hardened,  indurated,  and  slightly  contracted,  so  that  the 
fingers  are  held  slightly  flexed  or  arched  on  their  meta- 
carpophalangeal and  phalangeal  articulations,  and  are 
not  easily  capable  of  full  extension.  This  condition  is 
common  in  hard  manual  workers,  as  the  result  of  occu- 
pation irritation.  It  is  also  occasionally  exhibited  by 
old  and  senile  persons,  in  whom  the  skin  may  not  be  ab- 
normally hardened,  but  in  whom  the  fingers  or  some  of 
them  (especially  on  the  ulnar  side)  are  somewhat  flexed  by, 
apparently,  a  slight  general  shortening  of  the  palmar 
fascias.  This  may  develop  as  a  senile  change,  without 
antecedent  occupation  irritation. 
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Trigger  Finger. 

Also  called  spring  finger,  snap  finger,  jerk  finger, 
stuck  finger,  doigt  a  ressort  (French),  schnellender  Fin- 
ger, federnder  Finger  (German),  digitus  recellens.  Trig- 
ger finger  is  a  condition  in  which  a  finger  during  flexion 
or  extension,  or  both,  is  suddenly  arrested  in  its  move- 
ment, and  tlien  after  the  exercise  of  extra  force  is  sud- 
denly released  and  completes  the  movement  of  flexion  or 
extension  with  a  sudden  jerk,  resembling  the  action  of  a 
trigger  or  blade  of  a  pocket  knife. 

This  affection  was  first  described  in  1850  by  A.  Notta. 
Since  then  about  a  hundred  and  thirty  or  a  hundred  and 
fifty  cases  have  been  recorded  and  a  comparatively  volu- 
minous literature  on  the  subject  been  produced. 

The  characteristic  feature  of  the  disease  is  the  impedi- 
ment to  motion,  the  abrupt  arrest  of  movement  of  the 
finger  and  its  subsequent  trigger-like  release  and  sudden 
completion  of  movement  (the  "  ressort ").  The  arrest  al- 
ways takes  place  at  a  certain  point  and  angle,  and  may 
occur  during  flexion  alone,  during  extension  alone,  or 
more  frequently  during  both.  Up  to  the  point  of  arrest 
flexion  and  extension  proceed  normally,  but  at  that  point 
the  motion  is  abruptly  arrested  and  the  finger  seems  to 
become  set  or  locked  at  a  sharp  angle,  often  an  acute  or 
right  angle.  Then  by  an  extra  muscular  effort  the  fln- 
ger  is  suddenly  released  and  completes  its  movement 
of  flexion  or  extension  with  a  sudden  sharp  jerk.  The 
muscular  exertion  required  to  free  the  finger  varies, 
sometimes  requiring  extreme  effort,  or  even  assistance 
from  the  other  hand ;  one  patient  had  to  sit  on  the  finger 
before  the  movement  could  be  accomplished.  At  the 
instant  of  release  a  distinct  click  or  sound  can  often  be 
heard.  Flexion  is  usually  (though  not  always)  more  eas- 
ily accomplished  than  extension,  owing  partly  to  the 
greater  strength  of  the  flexor  muscles. 

Pain,  variable  in  degree  and  location,  usually  occurs 
associated  with  the  condition,  though  exceptionally  it  is 
absent.  In  intensity  it  ranges  from  slight  to  excruciat- 
ing. It  is  most  severe  at  the  time  of  the  "ressort,"  but 
in  some  cases  is  excited  by  any  movement  of  the  finger. 
Tenderness  on  pressure  may  also  exist.  The  seat  of 
maximum  pain  is  usually  in  the  vicinity  of  the  metacar- 
pophalangeal articulation,  but  it  may  extend  into,  or  be 
felt  in,  other  parts  of  the  finger,  the  hand,  or  even  the 
forearm.  Occasionally  there  is  crepitation  on  movement 
of  the  flexor  tendons,  and  various  parsesthesisB  have  been 
observed,  especially  in  the  earlier  stages  of  the  affection. 

In  the  great  majority  of  cases  (upward  of  seventy-flve 
per  cent.)  a  nodule  can  be  plainly  felt  on  the  flexor  ten- 
don of  the  finger,  and  movable  with  it,  being  manifestly 
attached  to  the  tendons.  This  is  in  almost  all  cases  situ- 
ated near  the  metacarpophalangeal  articulation,  but  in 
three  or  four  cases  such  a  nodule  has  been  observed  over 
the  proximal  or  distal  interphalangeal  joint.  In  a  very 
few  cases  a  similar  nodule  has  been  perceptible,  but  did 
not  move  with  the  tendon,  being  connected  with  the 
tendon  sheath.  The  nodosity  plays  an  important  part  in 
the  mechanism  of  the  affection ;  still,  in  numerous  cases 
it  is  not  to  be  felt.  The  impediment  to  motion  is  some- 
times overcome  by  pressure  on  the  node ;  also  by  mani- 
pulation of  the  distal  phalanx. 

The  affection  is  uncommon.  It  may  occur  at  any  age, 
having  been  reported  at  the  age  of  three  months  (regarded 
as  congenital),  seventeen  months,  and  two  years,  up  to 
ninety  years.  It  is  much  the  most  frequent  in  the  adult 
period,  however,  from  twenty  to  seventy  years  of  age. 
It  occurs  in  females  rather  more  frequently  than  in  males 
in  the  proportion  of  about  three  to  two.  A  similar  trig- 
ger condition  has  been  observed  in  the  toes,  knees,  and 
other  joints,  and  also  in  animals;  and  one  or  two  cases 
have  been  reported  in  which  lateral  movements  of  the 
fingers  exhibited  the  same  kind  of  impediment. 

Usually  one  fingeralone  is  involved,  but  more  than  one 
may  be  affected,  either  at  the  same  time  or  in  succession 
In  one  case  all  the  fingers  of  both  hands  were  involved 
In  some  cases  the  abnormahty  occurs  symmetrically  on 
both  hands.     Of  the  two  hands  the  right  is  much  the 
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more  liable  to  the  affection,  being  involved  in  over  twice 
as  many  cases  as  the  left  hand. 

The  middle  finger,  ring  finger,  and  thumb  are  the  ones 
much  the  most  subject  to  the  affection,  in  about  the  or- 
der named ;  the  index  and  little  fingers  are  much  less  fre- 
quently affected.  In  the  left  hand,  the  thumb  and  mid- 
dle finger  suffer  less  frequently  than  they  do  in  the  right 
hand. 

V.  earlier,  who  in  1889  collected  105  cases  of  trigger 
finger,  gives  the  following  statistics  as  to  the  number  of 
times  each  finger  was  affected : 


Right  hand. 

Left  hand. 

Total. 

33 
20 
26 
6 

8 

9 
18 
7 
3 
1 

41 

38 

Thumb 

33 

9 

Index  finger   

9 

92 

38 

130 

The  joint  at  which  the  trigger  condition  is  chiefly 
manifested  is  the  interphalangeal  articulation  of  the 
thumb  and  proximal  interphalangeal  joint  of  the  other 
digits,  the  second  phalanx  in  the  position  of  arrested 
•movement  being  flexed  on  the  proximal  phalanx.  Some- 
times, however,  the  distal  interphalangeal  joint  is  the 
one  involved ;  rarely  the  metacarpophalangeal  articula- 
tion. 

The  chief  conditions  associated  with  trigger  finger  as 
etiological  factors  in  the  reported  cases  are  occupation, 
traumatism,  rheumatism,  and  neurotic  temperament. 

The  factor  cited  as  causative  of  the  condition  in  the 
greatest  proportion  of  cases  is  occupation  iiTitation,  as 
in  seamstresses,  soldiers,  brushmakers,  etc.  Pressure 
upon  or  irritation  of  circumscribed  portions  of  the  palm 
is  supposed  to  caiise  the  tendinous  and  other  lesions  that 
are  responsible  for  the  trouble.  Thus,  in  the  case  of  a 
tennis  player  the  pressure  of  the  racquet  handle  in  the 
palm  was  supposed  to  have  caused  the  development  of  a 
tendinous  nodule  that  produced  the  trigger  condition. 
This  effect  of  occupation  irritation  is  held  to  explain  the 
greater  liability  of  the  right  hand  to  the  disease.  An- 
other explanation  of  the  effects  of  occupation  attributes 
the  trigger  condition  to  the  excessive  use  of  single  fin- 
gers, in  much  the  same  manner  as  writer's  cramp  and 
other  occupation  neuroses  are  produced. 

A  considerable  proportion  of  the  cases  originate  dis- 
tinctly from  traumatisms  of  the  affected  part,  the  in- 
juries producing  the  particular  inflammatory  or  other 
lesions  necessary  to  set  up  the  trigger  condition.  Many 
cases  have  with  greater  or  less  probability  been  attributed 
to  rheumatism  and  lesions  of  rheumatic  nature,  while  the 
upholders  of  nervous  theories  of  the  affection  state  that 
neurotic  conditions  predispose  to  it. 

It  may  be  concluded  that  traumatisms  and  occupation 
irritation  certainly,  and  periiaps  riieumatism,  are  capable 
of  producing  trigger  finger ;  but  in  some  cases,  as  those 
in  children  and  the  bilateral  cases,  other  causative  factors 
must  operate. 

The  disease  usually  has  a  gradual  onset,  varying  m 
symptoms  and  duiation.  The  cases  produced  by  trau- 
matism develop  most  rapidly,  within  a  few  days  or  two 
or  three  weeks  after  the  injury.  Other  cases  develop 
more  slowly,  over  a  period  of  weeks  and  months  and 
even  of  years.  The  initiatory  symptoms  may  be  a  slight 
inconvenience  or  awkwardness  in  movement  of  the  fin- 
ger; this  difficulty  gradually  incieases  to  the  fully  de- 
veloped trigger  condition.  Vague  pains  appear  in  the 
affected  part,  increasing  in  intensity.  Sometimes  a  rus- 
tling or  grating  movement  of  the  flexor  tendon  is  eariy 
felt,  resembling  the  crepitation  of  tenosynovitis  In 
other  cases  parajsthcsi*  early  appear  in  the  region  in- 
volved, as  numbness,  "going  to  sleep,"  formication 

1  he  anatomical  cause  and  mechanism  of  trigger  fin  ger 
have  given  rise  to  considerable  discussion,  and  various 
explanations  have  been  presented. 
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Most  of  the  cases  are  undoubtedly  due  to  lesions  of  the 
flexor  tendons  or  their  sheaths,  especially  those  in  which 
the  nodule  is  perceptible.  This  nodule  is  in  most  cases 
attached  to  the  tendon,  near  the  metacarpophalangeal 
joint;  it  is  of  inflammatory,  fibrous,  or  neoplastic  (flbro- 
matous,  osteomatous,  etc.)  origin.  As  the  tendon  moves 
the  nodule  is  caught  at  some  point,  as  in  transverse 
bands  of  the  fascia  or  in  constricted  portions  of  the  ten- 
don sheath,  so  that  motion  is  suddenly  arrested;  by 
further  effort  the  nodule  is  forced  past  tlie  obstruction 
and  the  movement  is  completed  rapidly  by  the  excessive 
muscular  tension. 

In  a  few  cases  it  has  been  demonstrated  that  the 
lesions  causing  the  trouble  were  situated  in  tlie  tendon 
sheath,  the  tendon  itself  being  normal.  These  lesions 
consist  either  of  an  annular  or  circumscribed  constriction 
of  the  sheath,  a  thickening  of  the  sheath,  or  a  nodular 
growth  in  it,  which  interfere  with  the  movements  of  the 
tendon  within.  Such  lesions  can  be  produced  by  inflam- 
mation, neoplasms,  etc.  In  these  cases  a  nodule  may  or 
may  not  be  felt,  but  if  present  it  does  not  move  with  the 
tendon.  There  may  also  be  lesions  of  both  the  sheath 
and  the  tendon. 

Thickening  or  stiffening  of  the  synovial  sac  in  such  a 
manner  as  to  interfere  with  its  gliding  to-and-fro  move- 
ment between  the  tendon  and  its  sheath  has  been  ad- 
vanced as  a  cause  of  trigger  finger,  and  may  possibly  be 
a  factor  sometimes.  Intrasynovial  floating  bodies  have 
also  been  suggested  as  a  cause  of  the  trouble. 

Some  authorities  have  considered  abnormal  conditions 
in  the  phalangeal  articulations  to  be  capable  of  causing 
trigger  finger.  The  particular  abnormalities  that  have 
been  mentioned  in  this  connection  are  (a)  abnormal  con- 
figuration of  the  joint,  (b)  short  lateral  ligaments,  and  (c) 
projections  at  the  side  of  the  joint.  It  is  conceivable 
how  a  certain  surface  configuration  of  the  joint,  as  a 
projecting  nodule  or  ridge  or  abrupt  curvature,  could 
produce  a  trigger-like  action.  Shortened  lateral  liga- 
ments would  obstruct  the  motion  of  the  phalanx  at  a 
given  angle ;  but  if  the  ligaments  were  sufficiently  elastic 
to  stretch  enough  to  permit  the  phalanx  to  pass  beyond 
the  obstruction,  the  resiliency  of  the  ligaments  as  well  as 
muscular  action  would  cause  a  quick  jerking  completion 
of  the  movement.  The  possibility  of  such  a  trigger  action 
of  short  lateral  ligaments  I  have  been  able  to  demonstrate 
in  a  dissection  of  a  hammer  finger.  Bony  projections  at 
the  side  of  a  joint,  by  becoming  engaged  in  the  lateral 
ligaments,  might  also  cause  an  impediment  to  motion. 
It  is  easily  conceivable  how  articular  changes  of  the 
character  mentioned  could  cause  a  sort  of  trigger  finger, 
and  it  is  possible  that  they  may  exceptionally  be  the 
cause  of  the  condition. 

That  some  cases  of  trigger  finger  are  of  nervous  origin 
and  due  to  muscular  spasm  has  been  upheld  by  a  few 
writers,  especially  Oarlier.  Thus,  it  is  supposed  that 
during  extension  the  middle  phalanx  is  suddenly  arrested 
by  spasm  of  the  flexor  sublimis  digitorum ;  then  more 
energetic  contraction  of  the  extensor  muscle  overcomes 
this  spasm  with  a  jerk.  Arrest  during  flexion  is  attrib- 
uted to  a  momentary  impotence  of  the  flexor  or  perhaps 
spasm  of  the  extensor,  which  is  followed  by  brusk 
contraction  of  the  flexor.  According  to  some  views  trig- 
ger finger  is  somewhat  allied  to  writers'  cramp  and  simi- 
lar occupation  neuroses,  arising  in  various  occupations 
requiring  excessive  use  of  particular  fingers.  While 
muscular  spasm  cannot  be  a  common  cause  of  real  trig- 
ger finger,  yet  the  affection  may  perhaps  occasionally  be 
of  spasmodic  nature. 

The  prognosis  of  trigger  finger  is  generally  favorable. 
Spontaneous  recovery  sometimes  occurs,  and  the  affec- 
tion is  quite  amenable  to  treatment,  though  sometimes 
no  improvement  is  obtainable. 

Treatment  of  non-operative  kind  often  produces  good 
results,  especiallv  in  the  early  stages  of  the  affection. 
One  of  the  most  essential  parts  of  the  treatment  is  rest, 
by  immobilization  of  the  part  on  a  splint.  Counter-irri- 
tants like  tincture  of  iodine,  massage,  electricity,  poul- 
tices, etc.,  are  also  useful.     In  inveterate  cases  operation 


is  necessary.  The  seat  of  the  trouble  should  be  cut  down, 
upon ;  the  nodule  on  the  tendon  or  sheath  should  be  re- 
moved and  the  sheath  of  the  tendon  should  be  slit  open 
at  any  constricted  portion.  Simple  incision  of  the  tendon 
sheath  in  obscure  cases  may  result  in  cure. 

CmcuL.'VTOKY  Disorders. 

The  distance  of  the  hands  from  the  heart  gives  rise  to- 
a  relative  weakness  of  the  circulation  in  this  memljer, 
which  may  become  manifest  whenever  from  cardiac  or 
other  causes  there  is  a  general  lowering  of  the  tone  of  the 
circulation.  The  feet  suffer  from  the  same  cause,  and 
even  more  than  the  hand,  since  in  the  lower  extremities 
the  effect  of  gravity  is  an  additional  embarrassment  to  the 
circulation.  The  hand  may  also  suffer  from  obstructions 
anywhere  in  the  course  of  the  vessels  of  the  upper  ex- 
tremity. 

Congestion  of  the  hand  is  frequent  in  heart  disease  and 
other  conditions  in  which  the  circulatory  forces  are  weak- 
ened. The  hand  is  cold,  slightly  swollen,  either  dry  or 
clammy,  of  a  purple  color;  on  pressure  the  blood  is 
forced  out,  leaving  a  white  spot  into  which  the  blood 
slowly  returns  after  the  pressure  is  removed.  The  con- 
gestion is  also  diminished  by  elevation  of  the  hands. 
Hyperidrosis  or  excessive  sweating  is  another  conse- 
quence of  weakened  blood  pressure  or  lowered  vascular 
tone.  Qidema  of  the  hands  is  common  in  conditions  of 
general  anasarca  or  under  circumstances  similar  to  those 
causing  passive  congestion.  In  systemic  affections  such 
vascular  disturbances  are  bilateral;  but  where  the  ob- 
struction to  the  circulation  is  local,  as  in  trauma,  ob- 
structed vessels,  aneurism,  etc.,  of  one  side,  the  stasis  or 
oedema  is  unilateral.  Gangrene  may  be  an  extreme  re- 
sult of  vascular  obstruction.  Clubbed  or  Hippocratic 
fingers  in  cases  of  cardiac  and  pulmonary  disease  may  be 
partly  due  to  passive  congestion,  partly  to  real  trophic 
alterations.  Angioneurotic  oedema  may  occur  on  the 
hand.     The  treatment  of  these  conditions  is  that  of  their 


Muscular  Affections. 

The  lesions  of  the  muscles  of  the  hand  chiefly  met  with 
are  the  atrophies,  paralj'ses,  spasms,  etc.,  caused  by  ner- 
vous lesions,  considered  below.  Primary  diseases  of  the 
muscles  are  rare  here  as  elsewhere. 

Unopposed  action  of  a  set  of  muscles,  as  after  section 
of  the  tendons  or  paralysis  of  the  opposing  group,  causes 
corresponding  contractures. 

Rarely  the  flexor  muscles  of  the  forearm  are  relatively 
shortened  by  arrested  development.  This  causes  a  flex- 
ion of  the  fingers,  not  paralytic  or  spastic  in  character, 
but  due  entirely  in  a  mechanical  way  to  the  shortness 
of  the  muscles  and  their  tendons.  It  is  manifested  bj' 
inability  to  extend  the  fingers;  strong  flexion  of  the 
wrist,  by  relaxing  the  tendons,  increases  the  range  of  ex- 
tension of  the  fingers.  The  condition  may  develop  alone 
without  the  coexistence  of  other  abnormal  conditions 
elsewhere,  and  becomes  manifest  during  the  growing  or 
preadult  period ;  it  may  also  occur  in  infantile  paralyses 
with  other  lesions.  Attempt  may  be  made  to  remedy 
the  condition  by  division  or  plastic  lengthening  of  the 
tendons. 

Occupation  muscular  atrophy  is  an  atrophy  gradually 
developed  in  groups  of  muscles  by  continual  use  or  over- 
use incident  to  the  occupation  pursued.  It  has  been 
observed  in  the  hand  and  elsewhere  in  a  few  cases.  It 
affects  especially  the  thenar  muscles  in  lapidaries  and 
others,  and  also  the  hands  of  writers.  It  is  regarded  as 
more  of  myopathic  than  neuropathic  origin,  and  is  quite 
amenable  to  treatment  by  rest,  electricity,  tonics,  etc. 

Iscliannic  myositis  or  paralysis  occasionally  affects  the 
hand  from  prolonged  anaemia  of  the  muscles  of  the  fore- 
arm and  hand,  caused  especially  by  pressure  in  this  re- 
gion from  the  use  of  tight  bandages  and  splints.  The 
long -continued  anfenda  causes  degenerative  and  inflam- 
matory changes  in  the  muscle  tissue,  and  sometimes  in- 
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duration  and  contraction  of  the  muscle.  It  is  manifested 
by  pain,  swelling,  impaired  movement,  and  sometimes 
contractions  of  the  hand.  The  condition  should  be  pre- 
vented as  far  as  possible  by  proper  treatment  of  fractures 
of  the  forearm.  When  developed  it  can  usually  be  over- 
come by  massage,  exercise,  electricity,  douching,  etc. ; 
but  sometimes  it  results  in  permanent  paralysis,  contrac- 
tures, and  deformity. 

Myositis  (suppurative,  tuberculous,  syphilitic,  inter- 
stitial, rheumatic,  etc.)  and  gummata  or  other  tumors  in 
the  muscles  are  rare  causes  of  impairment  of  motility. 
After  sucli  inflammatory  conditions  contractions  from 
shrinking  of  the  endomysial  tissue  and  cicatrices  may  re- 
sult. With  ossifying  myositis  are  often  associated  anky- 
losis of  one  or  another  joint  of  the  thumb,  smallness  of 
the  thumb,  slight  deflection  of  the  thumb,  and  impair- 
ment of  its  motion. 

Occupation  or  habit  contractures  sometimes  occur  in 
those  whose  occupation  requires  the  hand  to  be  held  or 
exercised  or  overused  in  prolonged  or  habitual  positions, 
as  a  flexion  of  the  fingers  in  drivers,  etc.  Such  cases  de- 
mand change  of  occupation  and  appropriate  local  treat- 
ment. 

Nbevous  Affections. 

The  hand  suffers  severely  and  conspicuously  in  many 
nervous  diseases,  and  so  marked  and  characteristic  are  its 
functional  and  structural  changes  that  its  condition  af- 
fords data  valuable  for  diagnosis  in  various  nervous 
affections.  The  primary  nervous  lesions  causing  the 
changes  in  the  hand  are  seated  in  the  nervous  centres  or 
in  the  nerve  trunks  of  the  upper  extremity ;  only  rarely 
in  the  hand  itself,  as  in  inflammation  or  injury  of  the 
nerves  in  the  hand,  or,  perhaps,  in  occupation  neuroses. 

The  functional  and  structural  changes  of  neuropathic 
origin  to  which  the  hand  is  subject  may  be  classified  as 
follows : 

1.  Sensory  disorders:  Pain;  disorders  of  common  sen- 
sation. 

2.  Motor  disorders:  Paralysis;  tonic  spasm,  contract- 
ures, etc. ;  clonic  spasm,  tremor,  etc. ;  ataxia. 

3.  Trophic  changes:  atrophies,  arthropathies,  derma- 
toses, necrosis,  etc. 

4.  Vascular  phenomena. 

These  changes  and  symptoms  do  not  usually  exist 
singly,  but  the  condition  actually  presented  in  given 
cases  is  oi'dinarily  a  mixture  of  various  classes  of  symp- 
toms, one  nervous  disease  producing  a  complex  of  phe- 
nomena. 

Pain  or  neuralgia  in  the  hand  occurs  in  connection 
with  numerous  conditions,  as  in  neuritis,  locomotor 
ataxia,  Raynaud's  disease,  etc.,  besides  being  a  result  of 
gouty,  rheumatoid,  and  inflammatory  conditions. 

The  disorders  of  sensation  of  the  hand  include  hyper- 
esthesia, parjesthesise,  a,nd  especially  local  ansesthesia  or 
hypsesthesia  caused  by  injuries  or  lesions  of  the  brachial 
plexus  or  its  branches,  besides  more  general  and  irregu- 
lar aiisesthesias  from  central  nervous  disease.  In  given 
nervous  lesions  sensory  disturbances  are  usually  less  in- 
tense and  more  quickly  recovered  from  than  tlie  corre- 
sponding motor  paralyses. 

Paralysis  of  any  or  all  of  the  groups  of  muscles  per- 
taining to  the  hand  occurs  in  general  paralytic  condi- 
tions, as  hemiplegia,  anterior  poliomyelitis,  progressive 
muscular  atrophy,  and  numerous  others,  and  in  inflam- 
mations or  injuries  of  the  nerves  of  the  upper  extremity. 
With  the  paralytic  condition  is  usually  associated  atro- 
phy, often  extreme,  of  the  affected  muscles. 

The  primary  effect  of  any  paralytic  condition  is  loss  of 
the  corresponding  muscular  function.  Secondarily,  from 
the  unopposed  action  of  the  muscles  antagonistic  to  tlie 
paralyzed  muscles,  or  from  the  unequal  degree  in  which 
different  groups  are  affected,  muscular  contractures  arise, 
which  may  cause  various  deformities.  The  contractures 
are  at  first  of  the  nature  of  continuous  or  tonic  spasms 
and  can  be  overcome  by  passive  force.  Ultimately  the 
prolonged  malposition  causes  vicious  secondary  altera- 
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tions  and  ankylosis  in  the  joints,  with  atrophic  changes 
or  arrested  development  in  various  structures  resulting 
in  disproportionate  relations  of  the  various  parts  of  the 
member,  so  that  finally  the  deformity  becomes  permanent 
and  uncorrectible.  Different  nervous  diseases  produce 
different  characteristic  deformities  of  the  hand,  as  the 
"  claw  hand  "  of  ulnar  paralysis,  the  "  wrist  drop"  of  mus- 
culo-spiral  paralysis,  the  "  preacher's  hand  "  of  cervical 
pachymeningitis,  the  club  hand  of  infantile  paralysis. 
Tonic  spasms  of  the  hand,  not  associated  with  paralysis, 
occur  in  tetany,  tetanus,  hysteria,  and  Thomson's  dis- 
ease. 

Some  nervous  affections  are  manifested  in  the  hand  by 
tremors  and  clonic  spasms,  as  in  multiple  sclerosis,  paraly- 
sis agitans,  athetosis,  chorea,  epilepsy. 

Ataxia,  or  inco-ordination  of  the  movements,  may 
affect  the  hands  as  a  part  of  the  symptom-ensemble  of 
various  central  nervous  diseases,  as  in  multiple  sclero- 
sis, locomotor  ataxia,  general  paresis,  Priedrich's  ataxia. 
The  occupation  neuroses  are  also  largely  manifested  by 
ataxic  phenomena.  The  inco-ordination  is  manifested  by 
difficulty  or  inability  to  perform  delicate  movements  or 
by  spasmodic  movements  on  attempting  voluntary  ac- 
tions, and  is  not  necessarily  associated  with  any  paralysis 
or  decrease  of  motor  strength. 

Trophic  changes  in  the  hand  resulting  from  morbid 
nervous  impressions  may  cause  great  damage,  and  ex- 
hibit considerable  variety,  as  muscular  atrophies,  skin 
changes,  onychias,  joint  changes,  ulceration,  necrosis, 
hypertrophies.  Atrophies  of  various  muscles  of  the 
hand,  in  connection  with  paralytic  and  spastic  phenom- 
ena, are  characteristic,  severe,  and  conspicuous  lesions 
in  various  affections,  as  progressive  muscular  atrophy, 
nerve  injuries,  and  other  conditions.  Trophic  changes 
in  the  skin  and  nails  occur,  as  in  the  condition  termed 
glossy  skin.  In  many  paralytic  conditions  of  the  hand 
the  skin  is  pale,  cool,  rather  smooth,  and  exhibits  a  ten- 
dency to  desquamation;  and  the  subcutaneous  tissues 
are  slightly  cedematous.  Trophic  changes  in  the  joints 
occur  rarely,  exemplified  by  Charcot's  arthropatitiy  in 
locomotor  ataxia.  General  hypertrophy  of  the  hand  has 
been  noted  in  a  few  cases  of  syringomyelia.  Dermatitis, 
the  formation  of  vesicles  and  blebs,  ulceration,  and  even 
necrosis  of  circumscribed  areas  occur  in  syringomyelia, 
the  neuritis  of  leprosy,  Raynaud's  disease,  and  other 
conditions.  In  nervous  diseases  arising  during  the  pe- 
riod of  growth,  as  infantile  paralysis  and  infantile  palsies, 
arrested  and  irregular  development  may  contribute  tow- 
ard contracture  and  deformity  in  later  years. 

Vascular  Phenomena — flushing,  pallor,  etc.— occur  in 
Raynaud's  disease,  erythromelalgia,  hysteria,  and  other 
conditions. 

Having  briefly  summarized  the  neuropathic  functional 
and  structural  changes  to  which  the  hand  is  subject,  the 
effects  upon  the  hand  of  the  various  nervous  diseases  re- 
main to  be  considered. 

Occupation  Neuroses.— These  comprise  a  class  of  local 
functional  nervous  disturbances  produced  by  the  exces- 
sive use  of  definite  groups  of  muscles  in  performing  deli- 
cate and  complicated  actions  necessitated  in  various 
pursuits,  to  which  the  hand  from  its  usage  is  subject. 
These  affections  are  characterized  by  tonic  spasms  or 
cramps,  tremors,  inco-ordination  and  ataxia,  or  pain, 
which  are  brought  on  when  attempts  are  made  to  per- 
form the  habitual  actions,  so  that  these  movements  can 
be  executed  only  with  difficulty  or  not  at  all.  As  a  rule, 
other  acts  requiring  equal  delicacy  and  complexity  of 
co-ordination  can  be  performed  with  ease,  the  neurosis 
operating  only  against  tlie  particular  movements  that 
produced  it.  The  occupation  neuroses  present  no  menace 
to  hfe  or  the  general  health,  but  they  are  financially  and 
psychically  serious  in  that  they  may  prevent  their  sub- 
jects from  continuing  in  their  accustomed  avocation. 

No  anatomical  changes  have  been  demonstrated  in 
these  cases.  Neuritis  is  sometimes  present,  but  it  is  a 
complication  and  not  an  essential  feature.  The  condi- 
tion is  a  functional  motor  disorder  and  is  sometimes 
styled  a  local  neurasthenia.     The  affection  may  develop 
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at  any  adult  age ;  it  is  rave  under  twenty,  a  large  pro- 
portion of  cases  develop  between  twenty  and  tliirtj-,  and 
many  from  thirty  to  fifty  years.  Occupation  neuroses 
may    attack    persons  in  excellent   physical    condition, 


changed.  New  sets  of  muscles  should  be  brought  into 
play,  and  the  motions  of  writing  should  be  altered  as 
much  as  possible  and  carried  on  with  the  entire  hand  and 
forearm  rather  than  with  the  fingers  alone. 
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Fig.  2.5H.— Handwriting  in  a  Case  o(  Writers'  Cramp  (Tremulous  Variety)  of  the  Right  Hand.    The  patient  was  a  cleric  and  had  been  a  good 
penman  with  the  right  hand ;  after  the  invasion  of  the  neurosis  he  learned  to  write  with  the  left  hand.    (Original.) 


though  those  of  a  neurotic  tendencj'  or  debilitated  state 
are  more  subject.  They  develop  insidiously,  the  first 
symptoms  being  a  certain  amount  of  stiffness,  tremulous- 
ness,  uncertainty,  jerkiness,  dull  aching  pain,  fatigue, 
or  weakness,  during  the  acts  at  fault.  These  troubles 
slowly  increase,  until  the  neurosis  is  fully  established, 
when  on  attempting  to  execute  the  customary  move- 
ments the  hand  is  seized  with  a  cramp  or  tonic  spasm,  or 
involuntarily  goes  into  jerky  spasmodic  or  choreic  move- 
ments, or  its  movements  cannot  be  co-ordinated,  or  it  be- 
comes tremulous,  or  paretic,  or  the  seat  of  a  deep  dull 
aching  pain.  The  affection  is  chronic  in  its  course.  The 
pi'ognosis  Is  unfavorable  so  far  as  cure  is  concerned,  as 
the  neurosis  is  very  difficult  or  Impossible  to  eradicate. 
The  symptoms  can  be  easily  ameliorated  by  rest  and 
change  of  occupation,  but  even  after  long  intervals  the 
trouble  almost  invariably  recurs  upon  resumption  of  the 
occupation  that  caused  it. 

The  commonest  and  best  known  of  the  occupation 
neuroses  is  writers'  cramp,  which  typifies  the  whole 
group.  Analogous  neuroses  occur  or  have  been  ob- 
served in  connection  with  many  other  occupations,  of 
which  the  commonest  are  telegraphers' _  cramp,  type- 
writers' cramp,  musicians'  (pianists',  violinists')  cramp, 
sewers'  cramp,  hammer  cramp. 

The  diagnosis  of  well-marked  cases  of  occtipation  neu- 
roses usually  presents  no  difficulty.  The  earlier  stages 
may  not  be  easily  distinguishable  from  the  vague  incip- 
ient symptoms  of  other  nervous  affections.  A  local  neu- 
ritis may  present  symptoms  simulating  occupation  neu- 
roses ;  but  in  neuritis  the  motor  or  ataxic  trouble  is  not 

so  closely  related  to  one 
particular  set  of  move- 
ments,'and  the  electrical 
reactions  may  be  altered. 
The  prognosis  of  neu- 
ritis is  also  more  favor- 
able. 

If  symptoms  of  ap- 
proaching writers' 
cramp  appear,  propliy- 
lactic  treatment  is  im- 
portant. The  act  of 
writing  should  be  made 
as  comfortable  as  possi- 
ble, by  the  use  of  an 
easy-writing  pen  (as  a 
^old  pen),  a  penholder 
that  can  be  held  with 
ease,  smooth  paper,  and 
the  adoption  of  such  arrangements  and  position  as  are 
-easiest  for  writing.  The  pen  should  be  held  lightly  and 
grasped  with  as  little  force  as  is  possible.  The  manner 
in  which  the  penholder  is  held  by  the  fingers  should  be 
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Fig.  2512.— Mathleu's   Apparatus  lor 
Writer's  Cratop.    (After  Dana.) 


The  best  treatment  of  incipient  or  fully  developed  oc- 
cupation neuroses  is  rest  and  suspension  or  change  of  the 
occupation.  The  symptoms  readily  yield  to  such  treat- 
ment, but  unforttmately  these  measures  are  not  always 
practicable.  General  neurotic  or  debilitated  conditions 
should  receive  appropriate  treatment.  Local  massage, 
gymnastics,  and  electricit)-  are  useful.  The  unaffected 
hand  may  be  used,  after  practice  and  training,  to  execute 
the  movements  impaired  in  the  other  hand,  though  in 
such  cases  the  second  hand  often  becomes  itself  affected 
by  the  neurosis.  Various  forms  of  apparatus  have  been 
devised  for  use  in  writers'  cramp,  for  immobilizing  the 
fingers  involved,  for  holding  the  penholder  and  so  reliev- 
ing the  fingers  of  the  effort  of  pen-preliension,  and  for 
bringing  new  muscles  into  play  in  the  act  of  writing 
(Figs.  3512,  2513).  Such  devices  maj'  be  of  service  in 
these  ca.ses,  but  the  substitution  of  type-writing  machines 
for  the  pen  would  be  far  more  efficacious. 

Dineimes  and  Injuries  of  the  JSeri-es. — Inflammation  of 
tlie  nerves  supplying  the  hand  presents  the  usual  phe- 
nomena of  neuritis,  tenderness  over  the  affected  nerve, 
pains,  hjfperaesthesia,  hypiEsthesia,  or  paresthesia  of  the 
area  supplied,  motor  paralysis,  trophic  changes,  altered 
electrical  reactions.  'The  symijtoms  vary  in  their  char- 
acter, location,  and  intensity  in  different  cases  and  in 
different  varieties  of  the  disease,  as  in  the  traumatic, 
multiple,  rheumatic,  gouty,  toxic  (lead,  alcohol,  etc.), 
leprous,  and  other  forms  of  nerve  disease.  Neuritis 
sometimes  exists  with  and  complicates  occupation  neu. 
roses;  and  an  occupation 
neuritis  may  be  induced 
in  the  member  by  the  oc- 
cupation pursued.  De- 
gi'neration  of  the  nerves 
produces  corresponding 
paralj'tic,  spastic,  and  tro- 
phic phenomena. 

In  chronic  lead  poisoning 
the  extensor  muscles  of  the 
hands  are  often  paralyzed, 
producing  the  "wristdrop  " 
characteristic  of  this  condi- 
tion; sometimes  there  is 
also  in  plumbism  a  swell- 
ing or  ganglion  on  the  back 
of  the  wrist.  In  alcoholic 
polyneuritis  wrist  drop  may 
also  occur,  but  less  fre- 
quentl}'  than  foot  drop. 

Injury  or  disease  of  the 
brachial  plexus,  produced  by  rheumatic  inflammation,  by 
rheumatoid  disease  of  the  cervical  vertebrae,  in  connec- 
tion with  dislocations  of  the  shoulder,  from  the  pressure 
of  crutches,  or  other  causes,  results  in  motor  paralysis, 
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Fig.  3.513.— Apparatus  for  Writers" 
Cramp.    (After  Dana.) 
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contractures,  sensory  disturbances,  muscular  atrophies, 
and  other  trophic  changes;  corresponding  to  the  man- 
ner and  extent  in  which  the  cords  of  tlie  plexus  are 
involved. 

In  division  or  other  causes  producing  paralysis  of  the 
tmisculo-spiral  nerce,  there  is  paralysis  of  all  tlie  muscles 
on  the  posterior  aspect  of  the  forearm  and  the  radial 
group  of  muscles,  so  that  the  wrist  and  proximal  ]3ha- 
langes  of  the  fingers  cannot  be  extended,  and  the  hand 
falls  limply ;  this  constitutes  the  condition  of  "  wrist 
drop  "  which  is  a  characteristic  phenomenon  in  lead 
poisoning  and  other  nervous  affections.  The  middle  and 
distal  phalanges  remain  capable  of  extension  from  the 
action  of  the  interossei  and  lumbricales  muscles,  which 
are  innervated  by  the  ulnar  nerve.  The  paralyzed  mus- 
cles may  atrophy.  Sensalion  may  be  lost  on  the  radial 
portion  of  the  dorsum  of  the  hand,  usually  over  the  area 
corresponding  to  the  thumb,  index  and  middle  fingers, 
and  radial  half  of  the  ring  finger ;  individual  variations 
in  the  distribution  of  the  nerves  of  cutaneous  sensation 
in  the  hand  are,  however,  frequent. 

The  median  nerce  furnishes  cutaneous  sensation  to  the 
palmar  aspect  of  the  thumb,  index,  middle,  and  radial 
half  of  ring  finger,  and  innervates  the  pronator  muscles, 
flexor  carpi  radialis,  flexor  longus  poUicis,  flexor  sub- 
limis  digitorum,  radial  half  of  flexor  profundus  digi- 
torum,  abductor  pollicis,  opponens  poUicis,  outer  head 
of  flexor  brevis  pollicis,  and  the  two  outer  lumbricales. 
Paralysis  of  tlie  median  nerve  produced  by  section  of  it 
above  the  elbow  or  other  cause  results  in  loss  of  sensa- 
tion over  the  area  mentioned,  atrophic  changes  in  the 
muscles  of  the  forearm  and  the  thenar  eminence,  loss  of 
power  of  abduction  and  opposition  of  the  thumb,  loss  of 
flexion  of  last  phalanx  of  the  thumb,  diminished  power 
of  flexion  of  the  proximal  phalanx  of  the  thumb,  and  im- 
pairment of  flexion  especially  of  the  index  and  middle 
fingers.  The  power  of  pronation  is  lost  and  the  wrist  is 
flexed  only  bj'  the  flexor  carpi  ulnaris. 

Division  of  the  median  nerve  at  the  wrist,  below  the 
separation  of  the  branches  to  the  muscles  of  the  forearm, 
results  in  loss  of  power  of  abduction  and  opposition  of 
the  thumb. 

Paralysis  of  the  ulnar  nerve  causes  loss  of  sensation 
over  the  ulnar  third  of  the  hand  and  over  the  little  and 
ulnar  half  of  the  ring  finger,  anteriorl}-  and  posteriorly, 
loss  of  motor  power  of  the  muscles  supplied  by  it  (flexor 
carpi  ulnaris,  ulnar  half  of  flexor  profundus  digitorum, 
the  muscles  of  the  little  finger,  the  two  ulnar  lumbricales, 
all  the  dorsal  and  palmar  interossei,  adductor  pollicis, 
and  inner  half  of  flexor  brevis  pollicis),  together 
sometimes  with  atrophic  changes,  at  times  extreme,  in 
the  muscles  affected.     Adduction  of  the  thumb  and  lat- 


FIG.  2ol4.— Extreme  Atrophy  and  Contractures  Irom  Paralysis  of 
Ulnar  Nerve  fCaused  by  Wound  at  A);  an  Extreme  Instance  of 
"Claw-hand."    (Duchenne.) 

eral  movements  of  the  other  fingers  are  abolished ;  flex- 
ion of  the  proximal  phalanges  is  interfered  with,  and 
these  phalanges  are  held  in  extension  or  superextension. 
From  paralysis  of  the  interossei  and  two  lumbricales 
extension  of  the  middle  and  distal  phalanges  is  lost  or  im- 
paired, and  these  phalanges,  especially  in  the  little  and 
ring  fingers,  are  held  strongly  flexed.  '  The  action  of  the 
flexor  carpi  ulnaris  is  lost.     In  closing  the  fist,  the  distal 
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and  middle  phalanges  are  first  flexed  by  the  common 
flexors,  and  then  the  proximal  phalanges  are  bent  by  the 
continued  action  of  these  muscles. 

When  the  injury  or  lesion  involves  the  distal  portion 
of  the  ulnar  nerve,  near  the  wrist,  beyond  the  branches 
given  ofl:  to  the  flexor  profundus  digitorum  and  flexor 
carpi  ulnaris,  these  muscles  will  escape  paralysis. 

The  deformity  known  as  "  claw-hand  "  (main  en  griffe) 
is  produced  by  paralysis  of  the  interossei  and  lumbricales, 
the  common  flexors  and  extensors  being  at  the  same  time 
unparalyzed.  As  the.se  muscles  are  (with  the  exception 
of  the  two  radial  lumbricales)  supplied  by  the  ulnar 
nerve,  claw  hand  is  a  characteristic  consequence  of  paral- 
ysis of  the  ulnar  nerve,  and  occurs  in  injuries  ot  that 
nerve  (Fig.  3514),  and  sometimes  in  progressive  muscular 
atrophy  (Fig.  2517),  amyotrophic  lateral  sclerosis,  syrin- 
gomyelia, leprous  neuritis,  and  other  conditions.  The 
action  of  the  interossei  and  lumbricales  is  to  flex  the 
proximal  phalanges  and  extend  the  middle  and  distal 
phalanges,  besides  acting  as  abductors  and  adductors. 
Paralysis  of  these  muscles  results  in  a  superextended 
position  of  the  proximal  phalanges  (from  the  unopposed 
action  of  the  extensors)  and  strong  flexion  of  the  middle 
and  distal  phalanges  (from  the  action  of  the  common 
flexors) ;  this  jjosition  of  the  hand  is  the  one  to  which  the 
term  claw-hand  is  applied.  Along  with  this  pai-alytic 
and  contractured  condition,  extreme  atrophy  of  the 
paralyzed  muscles  is  often  present  in  claw-hand,  the 
palm  being  hollowed  out,  and  the  interosseous  spaces  on 
the  dorsum  of  the  hand  being  sunken  so  as  to  form  deep 
grooves. 

Combined  paralysis  of  the  ulnar  and  median  nerves, 
the  musculo-spiral  nerve  being  normal,  results  in  the  de- 
formity known  as  the  "preacher's  hand"  (main  du  prc- 
dicateur  emphatique),  from  its  supposed  resemblance  to 
the  emphatic  gestures  of  public  speakers  (Fig.  2515). 
The  unopposed  action  of  the  extensor  muscles  causes  the 
hand  and  proximal  phalanges  to  be  habitually  held  in  a 
position  of  marked  extension  and  superextension.  The 
"  preacher's  hand  "  occurs  esisecially  in  hypertrophic  cer- 
vical pachymeningitis,  though  it  occasionally  appears  in 
other  nervous  diseases. 

Olossy  skin  is  a  rare  trophic  change  sometimes  result- 
ing from  wounds  or  other  lesions  of  nerves,  which  affects 
the  fingers  especially.  The  digits,  or  one  or  two  of 
them,  are  smooth,  shining,  and  glossy,  devoid  of  hair, 
pinkish  or  blotched  as  if  by  chilblains,  and  the  surface 
of  the  skin  lacks  its  natural  linear  markings.  Trophic 
changes  in  the  nails  also  occur.  The  lesions  are  the  seat 
of  burning  pain  and  neuralgia. 

Vaso-nen roses. —There  are  some  allied  conditions  which 
along  with  prominent  vascular  phenomena  present  pro- 
nounced neuropathic  featui-es,  and  hence  may  be  classed 
as  vaso-neuroses.  These  are  Raynaud's  disease,  ery- 
thromelalgia,  chilblains,  and  the  condition  of  vascular 
spasm  described  under  the  name  "dead  fingers"  The 
hand,  along  with  the  foot,  is  a  favorite  seat  for  these 
affections,  which  are  considered  in  full  elsewhere  and 
can  be  only  briefly  t(5uclied  upon  here. 

TtnynatiiVs  disease  (peripheral  gangrene,  symmetrical 
gangrene)  is  a  rare  condition  characterized  by  small  cir- 
cumsenbed  areas  of  vast'ular  disturbance  or  ischtemia 
running  on  to  gangrene,  associated  with  severe  neuralgic 
pains.  The  lesions  are  usually  several  in  number  situ- 
ati'd  on  the  fingers  or  toes,  sometimes  the  face ;  almost 
always  they  are  bilateral  and  symmetrical,  but  the  writer 
has  seen  a  case  involving  one  hand  only.  In  the  milder 
cases  or  earlier  stages  the  lesions  consist  of  small  local 
areas  of  antemia  ("local  syncope  ")  or  of  passive  conges- 
tion (local  asphyxia").  In  the  severer  cases  circum- 
scribed moist  bla.'k  gangrenous  patches  develop ;  after 
the   slough  separates  an   ulcer  is  left  that  heals   very 

fr^}lA  ti  "i  '^"'''''''  "^  ""^  f^'^'^^s''  'S  ^ery  slow  and  pro 
tiacted,  the  lesions  requiring  weeks  or  months  for  tlieir 
evolution  and  repair.  The  necrotic  process  has  been 
i'nXlf  +r"i''  complete  spontaneous  amputation  of  the- 
ends  of  the  fingers.  In  treatment,  analgesics  are  re- 
quired for  the  relief  of  pain,  and  tonics  or  other  measures 
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for  improving  the  general  condition.  Local  treatment 
aims  at  promoting  the  separation  of  the  slough  and 
stimulating  the  healing  process ;  this  is  accomplished  by 
poultices,  caustics  (silver  nitrate,  copper  sulphate),  ex- 
cision of  the  sloughs,  antisepsis,  etc. 

Erytliromelalgia  is  an  uncommon  condition  affecting 
usually  the  feet,  but  also  the  hands  and  rarely  other 
regions.  The  disease  is  manifested  by  recuri'ing  parox- 
ysms, though  sometimes  the  trouble  is  almost  contin- 
uous. The  attacks  consist  in  the  development  of  areas 
of  intense  burning,  pain,  and  tenderness  on  the  feet  or 
hands,  associated  usually  with  transient  redness  or  con- 
gestion of  the  hypersBsthetic  area.  The  attacks  are 
brought  on  or  aggravated  by  warmth,  dependent  posi- 
tion, and  exertion.  The  pain  is  frequently  so  excruci- 
ating as  to  cause  complete  disability  of  the  extremity 
affected.  Erytliromelalgia  is  usually  classed  with  ner- 
vous diseases,  though  it  can  perhaps  be  equally  well 
ranked  as  a  circulatory  disorder — a  vaso-motor  neurosis 
or  vascular  hypersesthesia.  Distance  from  the  heart  is 
a  factor  in  causing,  and  determining  the  location  of,  the 
lesions;  and  gravity  is  another 
factor  contributing  to  ischsemia 
which  probably  accounts  for  the 
preference  for  the  feet  which 
the  disease  exhibits.  The  dis- 
ease is  obstinate  and  persistent 
and  no  effective  treatment  is 
known.  During  the  paroxysms 
relief  is  usually  afforded  by  ele- 
vation of  the  part,  the  applica- 
tion of  cold  (immersion  in  ice 
water),  and  rest. 

GhUblains  (pernio)  are  often 
regarded  as  related  to  frostbite, 
but  in  some  respects  they  re- 
semble Raynaud's  disease  and 
erythromelalgia,  and  are  prob- 
ably a  form  of  vaso-neurosis. 
Fig.  3515.-Characterlstic  While  they  sometimes  originate 
Position   ol  the  Hand  in    after   exposure   to   cold,   this  is 

BF„''w?S^'S„*^f-J'';?i   not   always    the   case;    ana;mic 

Pacbymeugitis  —  the         ,     ,,     •',.     .    ,.    .,   ', 

"Preacher's      Hand."    and  chlorotic  mdividuals  are  es- 

(Meillet  and  Richer.;)  pecially  subject.     Chilblains  are 

commonest    on    the     feet,    but 

sometimes  occur  on  the  hands.     The  disease  is  obstinate 

and  the  attacks  persistently  recur,  especially  in  winter. 

The  attack  consists  in  a  severe  itching  or  burning  pain 

and  tenderness  in  the  areas  affected,  which  are  red  and 

erythematous.     The  pain  is  aroused  or  aggravated  by 

warmth,  especially  by  warmth  following   exposure   to 

cold.     In   severe  cases  the  affected   areas  may  become 

oedematous   and  bullous,  and   undergo  ulceration.     For 

relief  of  the  pain,  very  hot  or  very  cold  water  may  be 

applied ;  also  astringent  or  sedative  ointments  or  lotions, 

etc.     Constitutional  treatment  should  be  directed  against 

any  anaemic,  chlorotic,  gouty,  or  rheumatic  conditions. 

Vascular  Spasm. — In  the  rare  condition  sometimes 
termed  "dead  finger"  one  or  more  fingers  undergo  sud- 
den, repeated,  and  transient  vascular  spasm,  so  that  they 
become  white,  bloodless,  and  cold.  The  paroxysms  last 
a  few  minutes,  hours,  or  even  days.  At  times  tlie 
blanching  is  preceded  by  lividity,  and  is  occasionally  ac- 
companied by  dull  pain.  The  affection  was  first  de- 
scribed by  Allan  McLane  Hamilton  in  1874,  and  since 
then  a  few  cases  liave  been  reported.  The  treatment  is 
by  galvanism,  nitroglycerin,  or  other  vasodilators. 

Acrodynia  is  a  disease  of  the  Orient,  occasionally  oc- 
curring in  Europe,  characterized  by  pains  in  the  hands 
and  other  extremities,  with  erythema,  thickening  and 
exfoliation  of  the  epidermis,  pigmentation,  and  other 
changes  in  the  skin. 

Hypertrophic  Cervical  Paehymenincjitis.—ln  this  affec- 
tion the  upper  extremities  are  especially  involved, 
usually  one  becoming  affected  after  the  other.  In  the 
period  of  development  of  the  diseases  there  are  pains  and 
altered  sensation  in  one  or  both  hands.  After  the  cervi- 
cal lesions  are  fully  established  marked  paralytic  and 


atrophic  changes  develop.  The  particular  distribution 
of  these  lesions  varies  in  different  cases,  but  llic  common- 
est and  most  characteristic  condition  is  a  paralysis  and 
atrophy  of  the  muscles  supplied  by  the  ulnar  and  median 


Fig.  251B.— Characteristic  Appearance  of  the  Hand  ("  Ape  Hand  ")  in 
Progressive  Muscular  Atrophy.     (Melllet  and  Richer.) 

nerves,  leaving  the  musculo-spiral  group  less  involved. 
The  flexors  and  pronators  and  the  muscles  iu  the  palm 
are  paralyzed  and  atrophied.  The  unopposed  action  of 
the  extensors  brings  the  hand  and  fingers  (especially  the 
proximal  phalanges)  in  a  position  of  superextension, 
forming  the  so-called  "  preacher's  hand,"  already  referred 
to;  this  position  is  ((uite  characteristic  of  cervical  pachy- 
meningitis, though  it  may  occur  in  other  affections  (Fig. 
2.515).  At  first  the  hand  can  be  flexed  pa.ssively,  but 
later  the  extensor  muscles  may  undergo  contracture. 
Sensation  may  be  lost  or  impaired  in  the  affected  areas. 

Certiad  Paraplegia. — In  injuries  or  myelitis  of  the  up- 
per part  of  the  spinal  cord  the  upper  extremities  may  be 
more  or  less  completely  paralyzed,  with  extensive  mus- 
cular atrophy. 

Progressive  2/iisciilar  Atrophy. — The  hands  suffer  early, 
cliaracteristically,  and  severely  iu  this  disease,  either  suc- 
cessively or  simultaneously.  The  muscles  of  the  thenar 
eminence  are  usually  the  first  to  be  affected ;  thej^  grad- 
ually become  atrophied  and  paralyzed,  producing  a 
peculiar  flatness  of  this  region.  The  h3'pothenar  muscles 
soon  become  similarly  involved.  At  this  stage  the  hand 
appears  long,  thin,  and  flat,  and  the  thumb  lies  parallel 
and  in  the  same  plane  with  the  other  fingers ;  the  hand 
in  this  condition  has  been  likened  in  appearance  to  that 
of  the  ape  (Fig.  2516). 

Later  the  interossei  and  lumbricales  atroph}'  and  be- 
come paralyzed,  resulting  in  corresponding  loss  of  the 
power  of  abduction  and  adduction  of  the  digits,  flexion 
of  the  proximal  phalanges,  and  extension  of  the  middle 
and  distal  phalanges.  If  the  flexor  and  extensor  muscles 
in  the  forearm  are  at  this  stage  unaffected,  "claw  hand" 
will  result  (Fig.  2517),  though,  as  the  muscles  of  the  fore- 
arm usually  become  involved  early,  this  deformity  does 
not  very  often  occur  in  progressive  muscular  atroi^hy. 

Fibrillary  contractions  occur  in  the  affected  muscles. 
Contractures  are  not  usually  present  to  a  marked  degree. 

Anterior  Poliomyelitis. — In  infantile  paralj'sis  the  up- 
per extremity  is  sometimes  involved,  but  much  less 
frequently,  especially  permanently,  than  the  lower.  Pa- 
ralysis of  irregular  and  varying  distribution  occurs,  with 
atrophy  of  the  affected  muscles  and  of  bony  and  other 
tissues,  contractures  of  the  opposing  muscles,  and  retarda- 
tion of  growth.  The  most  injurious  and  the  most  char- 
acteristic consequences  of  the  disease  in  infants  are  the 
deformities,  produced  by  arrested  and  irregular  develop- 
ment of  the  parts,  that  make  their  appearance  as  the 
growth  of  the  child  proceeds.  In  this  way,  from  con- 
tractures and  irreg- 
ular development 
at  the  wrist,  various 
forms  of  club  hand 
may  be  produced. 

In  the  adult  form 
of  the  disease,  per- 
manent paralyses, 
atrophies,  and  con- 
tractures may  de- 
delop,  but  as  full 
growth  has  been 
attained  the  ultimate  deformity  is  less  than  in  infants. 

Locomotor  Ataxia. — In  this  disease  the  hands  often 
suffer  from  want  of  co-ordination  and  inability  to  perfoi'm 


Fig,  2517. — Claw  Hand  of  Moderate  Degree 
in  Progressive  Muscular  Atrophy.  (Meil- 
let  and  Richer.) 
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Fig.  3518.— Hemiplesic  Contracture 
of  the  Fingers.  (Melllet  and 
Richer.) 


delicate  movements,  like  picking  up  a  pin  or  buttoning 
the  clothing.  Rarely  trophic  changes,  as  of  the  nails,  oc- 
cur in  the  hand.  Charcot's  arthropathy  occurs  rarely  in 
the  wrist  or  joints  of  the  fingers;  iu  this  condition  an  en- 
larged phalanx  may  pre- 
sent an  appearance  similar 
to  that  of  syphilitic  dacty- 
litis. H  y  p  e  r  ;u  s  t  h  e  s  i  a 
sometimes  occurs  about 
the  lingers. 

Ldtevdl  SHenisiK.  — In 
this  condition  the  upper 
extremities  are  usually 
affected  much  less  and 
mucli  later  than  the  lower, 
though  rarely  the  disease 
begins  in  the  upper  ex- 
tremities. There  are  pres- 
ent paresis,  mu,scular  tension,  and  exaggerated  tendon 
reflexes;  the  wrist  and  fingers  are  usually  strongly  flexed 
and  the  arm  is  adducted. 

Amyotrophic  Lideral  Sclerosis  usually  begins  in  the 
upper  extremity,  with  paralysis,  muscular  atrophy,  fibril- 
lar contractions,  pain,  and  paresthesia,  followed  at  a 
later  stage  by  muscular  rigidity  and  contractures.  Some- 
times the  fingers  are  bent  into  the  palm  and  the  wrist  is 
flexed;  sometimes  there  is  atrophy  of  the  interossei  and 
claw  hand. 

Multiple  Sclerosis. — The  most  conspicuous  symptom 
exhibited  by  the  hand  in  this  condition  is  the  intention 
tremor,  or  rapid  rhythmic  tremor  when  voluntary  move- 
ments are  attempted.  The  wrist  jerk  is  exaggerated, 
and  paresis  and  muscular  rigidity  may  be  present.  Tro- 
phic changes  in  the  hand  occasionallj-  occur,  as  swelling 
of  the  small  joints  of  the  fingers,  atrophy  of  the  small 
muscles,  blebs,  onychiii,  sweating,  lowered  tempera- 
ture. 

Syringomyelia  (Morvan's  disease)  involves  especially 
the  upper  extremities,  and  is  manifested  \)y  paralysis  and 
atrophy  of  muscle  groups,  varying  in  situation,  paraBS- 
thesise  and  anaesthesia  (especially  to  temperattire  and 
pain)  in  irregularly  distributed  patches,  and  trophic 
changes.  Some  cases  of  syringomyelia  simulate  progres- 
sive muscular  atrophy,  beginning  with  atrophy  and 
paralysis  of  the  thenar,  hypothenar,  and  interosseous 
muscles  of  the  hand,  producing, claw  hand;  the  paraly- 
sis later  proceeds  up  the  forearm.  Enlargement  of  joints 
(frequently  the  wrist)  occurs,  similar  to  Charcot's  tabetic 
arthropathy,  ffidema,  vesicles,  bulhe,  ulcers,  onychias, 
recurring  painless  whitlows,  and  even  extensive  gangrene 
and  mutilation  about  the  fingers  and  hand  may  occur. 
In  a  few  instances  general  hj-pertrophy  of  the  hand  has 
been  observed,  and  in  a  few  others  Dupnytren's  contrac- 
tion has  been  present. 

llemipUfiia. — In  this  affection  tlie  primary  condition 
manifested  in  the  hand  is  paralysis  Later,  especially 
following  secondary  descending  degeneration  in  the  spinal 
cord,  contractures  may  develop,  usually  of  the  flexor 
muscles  (Fig.  2518),  though  the  cxten.sors  may  be  short- 
ened. The  muscles  are  only  exceptionallj-  atrophied, 
aside  from  decrease  in  size  t-iused  by  disuse. 

Iiifiiiiiilc  cerebral  pithics  and  infantile  hemiplegia,  oc- 
curring especially  during  tlie  first  two  years  of  life  and 
arising  from  labor  traumatisms  (birth  palsies)  or  patho- 
logical cerebral  conditions,  usually  affect  the  upper  ex- 
tremity worse  and  more  permanently  than  the  lower. 
Trophic  eft'ects  which  cause  permanent  damage  follow 
the  primary  paralysis,  Giowth  of  the  parts  involved  is 
arrested  or  irregular,  so  that  the  hand  and  arm  are  small 
and  undeveloped,  less  in  size  than  tlieir  fellow,  and  often 
deformed  from  contractures,  disproportionate  dev<>lop- 
ment  of  different  parts,  or  secondary  joint  changes,  Tlie 
fingers,  wrist,  and  forearm  are  usually  flexed,  and  forms 
of  club  hand  may  be  produced.  Frequently  the  affected 
member  remains  the  seat  of  ataxia,  chorea,  tremor,  or  the 
peculiar  motor  disorder  called  athetosis  (see  below). 
About  ten  per  cent,  of  the  eases  of  infantile  hemiplegia 
are  followed  by  athetosis,  which  is  a  se(iuela  of  this  con- 
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dition  rather  more  frequently  than  of  birth  palsy  and 
much  more  frequently  than  of  adult  hemiplegia. 

Friedrich's  Ataxia  is  a  rare  hereditary  condition,  occur- 
ring chiefly  in  children,  in  which  the  hands  become  in- 
volved by'extension  of  the  disease  from  the  lower  ex- 
tremities,' The  hand  exhibits  an  ataxic  condition,  delicate 
movements  like  buttoning  the  clothes  being  interfered 
with.  "Manus  cavus"  often  occurs,  the  palm  being 
arched;  the  proximal  phalanges  may  be  superextended 
and  the  middle  and  distal  phalanges  somewhat  flexed, 
producing  some  tendency  to  claw  hand. 

In  general  paresis  the  hands  may  exhibit  ansesthesia, 
paralysis,  tremor,  and  lack  of  co-ordination,  shown  espe- 
cially by  impaired  ability  to  execute  delicate  movements, 
as  writing. 

In  tetanus  the  hand  participates  in  the  tonic  and  clonic 
spasms.  As  the  flexors  ai'C  stronger  than  the  extensors, 
in  this  as  in  many  other  spastic  conditions  the  position  of 
the  fingers  and  hand  is  usually  that  of  firm  flexion. 

Tetany  aft'ects  the  hands  conspicuously.  Intermittent 
paroxysms  of  tonic  muscular  spasms  occur,  associated 
with  pain  and  parsesthesia.  The  paroxysms  last  for  from 
a  few  minutes  to  a  few  days  and  may  persist  even  during 
sleep ;  the  intervals  between  the  paroxysms  last  from 
hours  to  months.  The  mechanical  and  electrical  irrita- 
bility of  the  muscles  is  increased,  and  pressure  on  the 
nerve  trunks  and  arteries  excites  an  attack  (Trousseau's 
symptom).  The  position  assumed  by  the  hand  during 
the  spasm  depends  on  the  group  of  muscles  affected,  but 
is  usually  one  of  flexion.  Often  the  hand  assumes  the 
conical  shape  of  the  accoucheur's  hand  about  to  be  in- 
troduced into  the  vagina;  the  fingers  are  flexed  at  the 
metacarpophalangeal  joints  and  extended  at  the  other 
joints,  the  hand  is  narrowed  and  the  tliiunb  adducted. 
Sometimes  the  fist  is  forcibly  closed  by  general  flexion, 
the  thumb  being  pressed  into  the  palm  and  the  other 
fingers  flexed  upon  it.  Rarel}'  the  Angers  are  extended 
and  separated. 

Tlwmsen's  Disease  (congenital  myotonia)  is  a  rare  he- 
reditary affection,  manifested  by  the  occurrence  of  tonic 
spasms  on  attempting  voluntary  movements.  The  hand 
may  be  involved  with  other  parts  of  the  body.  On 
closing  the  hand  firmly,  for  instance,  cramp  occurs  and 
the  grip  cannot  be  relaxed. 

Hysteria. — In  this  condition  the  hand,  like  other  parts 
of  the  body,  may  be  involved  in  a  varietj'  of  ways,  by 


Fig.  3519.— Hysterical  Contracture  of  Extensor  Muscles  ot  Hand   of 
Six  Months'  Duration.    (Dana.) 

hyperoesthesias,  auoesthesias  (often  dissociated)  slight 
wasting,  vascular  phenomena  (as  flushing,  pallor  cold- 
ness, ordinary  o'dema,  cyanotic  or  "  blue  "  axlema),  paral- 
yses, sudden  temporary  loss  of  power  in  the  muscles 
tremor  (simple  or  intentional),  contractures  etc  Hys- 
terical contractures  of  the  hand  may  be  temporary  or 
persistent,    and    usually    involve    tlie    flexor    musVles 
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though  sometimes  the  extensors  are  aflected  (Fig.  2519) ; 
sometimes  the  contractiires  are  extreme  and  very  firmly 
fixed,  not  yielding  to  sleep  or  a  mild  degree  of  general 
anesthesia;  they  may  continue  for  months,  and  cause 
permanent  damage  by  setting  up  secondary  joint  changes. 

lu  epilepsy  the  hand  may  take  part  in  the  spasms.  In 
cliored  the  fingers  and  hand  usually  participate  actively 
in  the  irregular  movements  and  inco-ordination.  In  the 
ties  and  habit  i-liorea  the  hand  may  be  involved,  thougli 
the  face  is  tlie  commonest  seat  of  these  disorders. 

Paralysis  agitdiis  is  usually  manifested  in  the  liand  in 
a  very  characteristic  fashion.  In  typical  cases  the  fin- 
gers are  flexed  at  the  metacarpophalangeal  joints  and 
the  pulp  of  the  thumb  is  opposed  to  tliat  of  the  index 
finger ;  by  the  constant  tremor  the  opposed  thumb  and 
index  finger  are  kept  continually  rolling  over  each  other, 
producing  the  movement  described  as  "pill-rolling." 
The  tremor  is  usually  less  during  voluntary  movements. 
Muscular  rigidity  of  the  digits  and  hand  is  often  present. 

Athetosis,  or  post-liemiplegic  chorea,  is  a  peculiar  motor 
affection  of  the  fingers  and  toes  that  occurs  most  fre- 
quently as  a  sequela  of  infantile  hemiplegia  and  infan- 
tile palsies,  less  frequently  after  hemiplegia  in  adults. 
It  is  manifested  by  slow  and  deliberate  forcible  involun- 
tary movements  of  the  digits,  in  extension,  flexion, 
abduction,  and  adduction,  which  take  place  successively 
and  incessantly,  even  during  sleep.  The  movements 
may  be  complicated  and  peculiar,  and  may  lead  to  dis- 
torted positions  of  the  hand ;  they  can  be  only  partially 
and  for  a  short  time  controlled  by  the  will,  and  the  fin- 
gers cannot  be  permanently  kept  in  any  fixed  position. 

The  treiitmeiit  of  nervous  afl;ections  of  the  hand  is  in 
general  that  of  the  cause  or  of  the  general  condition  pro- 
ducing the  local  trouble,  together  with  measures  to  im- 
prove the  local  condition  when  no  general  amelioration 
is  possible. 

In  wounds  in  which  nerves  leading  to  the  hand  are 
divided,  the  ends  of  the  severed  nerve  should  be  care- 
fully sutured  together  with  catgut.  If  this  is  not  done 
at  the  time  of  the  injury,  secondary  suture,  even  after 
mouths  or  years,  may  restore  the  function  of  the  nerve. 
If  a  portion  of  a  nerve  is  destroyed  and  the  ends  cannot 
be  approximated  by  stretching,  plastic  procedures  or 
transplantation  may  be  tried. 

Developing  or  impending  paralysis  and  atrophy  of 
muscles  and  the  resulting  contractures  and  deformity 
may  sometimes  be  arrested,  retarded,  or  diminished  by 
the  use  of  electricity,  massage,  exercise,  passive  move- 
ments, etc.  When  deformity  is  fully  developed  there  is 
usually  little  possibility  of  accomplishing  anj'  material 
improvement,  though  sometimes  the  local  condition  can 
be  somewhat  bettered.  Thus,  division  or  lengthening  of 
the  tendons  of  contractured  muscles  sometimes  improves 
deformity  and  motion.  In  some  cases  shortening  of  the 
tendons  of  partially  paralyzed  muscles,  as  the  extensors, 
may  improve  their  action.  Tendon  transplantation,  that 
is,  the  transference  and  joining  of  tendons  of  non-para- 
lyzed muscles  to  those  of  paralyzed  muscles,  has  been 
tried  in  the  hand  in  a  few  cases,  in  some  with  good  re- 
sults; thus,  in  extensor  paralysis,  some  of  the  tendons 
of  flexor  muscles  may  be  cut  off  and  the  tendons  passed 
subcutaneously  or  through  the  interosseous  space  to  the 
dorsum  of  the  wrist,  where  they  are  sutured  to  the  ten- 
dons of  the  paralyzed  extensor  muscles.  In  some  cases 
the  use  of  mechanical  apparatus  is  beneficial.  Local 
trophic  changes  of  inflammatory  or  necrotic  character 
demand  appropriate  treatment. 

Senile  Changes  in  the  Hand. 

In  old  age  the  skin  and  subcutaneous  tissues  often  be- 
come atrophied  and  thinned,  diminishing  the  size  of  the 
hand  and  fingers.  Joint  changes  are  often  present,  and 
have  been  referred  to  above;  they  comprise  chiefly  en- 
largements (relative  or  absolute),  ulnar  deflections, 
changes  in  the  thumb  joint,  and  other  lesions  which 
merge  into  conditions  of  rheumatoid  character. 

Occasionally  general  palmar  induration  (as  already  de- 


scribed) is  observed.  Trophic  changes  in  the  nails — 
longitudinal  ridges  ("  reedy  nail ") — sometimes  occiu-. 
Senile  warts  (verruca  senilis)  may  develop  on  the  hands 
as  elsewhere ;  they  may  be  flatfish  or  elevated,  pigmented 
or  non-pigmented,  sometimes  fatty.  The  back  of  the 
hand  is  a  favorite  seat  for  keratosis  senilis,  which  is  mani- 
fested by  warty  projections  in  the  form  of  small  papules 
or  larger  flattish  plates,  greasy  plates  or  patches,  branny 
scales,  pigmented  spots,  or  in  some  cases  thickening  of 
the  entire  skin;  sometimes  the  skin  of  the  back  of  the 
hand  is  converted  into  a  dense  horny  plate.  This  condi- 
tion may  run  into  epithelioma.  Tremor  of  the  hand, 
merging  into  paralysis  agitans,  is  a  common  senile  condi- 
tion. 

Condition  of  the  Hand  in  General  Diseases. 

The  changes  exhibited  by  the  hand  in  a  large  number 
of  general  diseases  have  been  already  detailed,  so  that 
there  is  little  to  be  added  on  this  subject.  In  antemic 
conditions  the  hand  is  pale,  cold,  dry,  and  the  nails  are 
pale.  In  conditions  of  vascular  relaxation  and  atony, 
weak  circulation,  or  lowered  blood  pressure,  the  skin  is 
clammy,  cold,  purplish,  or  mottled.  In  cardiac  disease 
the  hands  may  be  congested,  cold,  clammy,  or  oedema- 
tous,  and  the  fingers  may  be  clubbed.  In  nephritis  the 
hand  is  dry,  pale,  oedematous.  In  tuberculosis  the  hand 
may  be  emaciated,  hot,  dry,  or  sometimes  clammy,  and 
the  fingers  are  occasionally  clubbed  or  blunt.  Clubbed 
fingers  may  occur  in  other  forms  of  pulmonary  disease. 
The  hand  is  dry  and  shrivelled  in  diabetes.  Onychias 
may  follow  severe  acute  diseases.  In  typhoid  fever  the 
palms  of  the  hands  (and  soles  of  the  feet)  are  usually  dry, 
parchment-like,  of  a  yellow  to  brownish  color,  and  dur- 
ing convalescence  are  the  seat  of  active  desquamation. 
In  certain  forms  of  idiocy  the  ^in  of  the  hands  is  loose, 
wrinkled  like  a  washerwoman's,  and  looking  too  large 
for  the  hand,  while  the  finger  tips  are  tapering  and  coni- 
cal. JoJm  Benjamin  Nichols. 

HARBIN  HOT  SULPHUR  SPRINGS.— Lake  Countj, 
California. 

Post-Ofpice. — Harbin  Springs,     Hotel. 

Access. — Take  boat  at  Oakland  Ferry  from  San 
Francisco.  At  Vallejo  change  for  Napa  Vallej'  branch  to 
Calistoga;  thence  a  twenty-mile  stage  ride  brings  one  to 
the  springs.  Time  from  San  Francisco :  seven  and  one- 
half  hours.  The  location  is  at  the  base  of  a  spur  of  the 
Coast  Range  of  mountains,  2,000  feet  above  tide  water. 
Lake  County  has  been  justly  named  the  Switzerland  of 
America,  and  it  would  be  difficult  to  find  a  more  delight- 
ful and  picturesque  location  than  that  of  the  Harbin 
Springs.  The  mountain  air  is  very  invigorating  and  not 
subject  to  extremes  of  heat  or  cold,  the  mean  temperature 
being  70°  F.  The  waters  are  sulphurous  and  saline,  the 
principal  spring  fiowing  1,500  gallons  per  hour.  There 
is  also  a  small  chalybeate  fount  yielding  only  sixty 
gallons  per  hour.  The  sulphur  spring  has  a  temperature 
of  123°  P.,  and  is  used  for  bathing,  for  which  excellent 
facilities  have  been  provided.  Following  is  an  analysis 
of  this  water: 

One  United  States  Hallon  Contains: 

Solids.  Grains. 

Soaium  chloride 23.05 

Sodium  carbonate 5.43 

Sodium  sulphate 10.19 

Potassium  carbonaie 1.74 

Magnesium  carbonate 6.18 

Magnesium  sulphate 11.94 

Calcium  carbonate 9.10 

Calcium  sulphate  14.68 

Ferrous  sulphate  1.75 

Arsenious  salts 07 

Alumina 1.60 

Silica - 2.76 

Organic  matter Trace. 

Total 88.43 

Gases.  Cu.  in. 

Carbonic  acid  ffas 4.26 

Free  sulphureted  hydrogen U.74 
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It  is  said  that  much  benefit  accrues  from  tlie  use  of 
this  water  in  chronic  rheumatism  and  gout  and  other  ar- 
ticular affections,  as  well  as  in  certain  varieties  of  skm 

The  chalybeate  spring  shows  the  following  mineral  in- 
gredients : 

ONE  UNITED  STATES  GALLON  CONTAINS  : 

Solids.  Grains. 

Sodium  chloride "[-^ 

Sodium  carbonate t'ti 

Sodium  bicarbonate ^'I^ 

Sodium  sulphate ^•'^^ 

Potassium  chloride i  r^**. 

Potassium  carbonate -j-'g 

Magnesium  carbonate *■}'' 

Magnesium  sulphate o-J:i 

Calcium  carbonate '^■''' 

Calcium  sulphate i^Si 

Ferrous  carbonate i-™ 

Alumina '^^ 

Silica l-*! 

Organic  matter Trace. 

Total 48.53 

Carbonic  acid  gas,  9.34  cubic  inches. 

This  water  is  clear  and  sparkling,  and  has  a  pleasant 
taste.  It  is  tonic,  antacid,  diuretic,  and  aperient,  and  is 
useful  in  dyspepsia,  anaemia,  chlorosis,  chronic  malarial 
poisoning,  and  wasting  diseases.  In  addition,  there  are 
two  more  springs  of  some  importance ;  they  are  known 
as  the  "Magnesia"  and  the  "Arsenic"  springs.  The 
last-named  spring  has  gained  quite  a  reputation  in 
syphilitic  and  skin  diseases,  glandular  indurations,  etc. 

Jimies  K.  Crook. 

HARDHACK.     C^ee  Rosacea.) 

HARELIP,  unlike  cleft  palate,  may  be  regarded  as  a 
strictly  congenital  malformation.  It  is  a  deformity  that, 
from  its  peculiar  prominence,  has  brought  more  sorrow 
to  the  hearts  of  parents  than  perhaps  any  other  of  na- 
ture's defects.  To  the  surgeon  it  has  been  the  source  of 
more  thought  and  care  as  regards  the  operation  for  its 
relief  than  are  demanded  by  many  surgical  problems  of 
far  greater  importance. 

Like  cleft  palate,  it  may  be  looked  upon  as  an  arrest 
in  fcEtal  development,  confined,  with  very  rare  excep- 
tions, to  the  upper  lip.  "When  situated  in  the  lower  lip, 
there  are  many  deformities  that  may  coexist  with  it, 
such  as  combined  fissure  of  the  lower  jaw  and  tongue,  and 
a  variety  of  other  like  complications.  Sir  William  Fei- 
gusson,  in  the  fifth  edition  of  his  "Surgery,"  p.  506, 
speaks  of  several  cases  of  this  kind  which  had  been  ob- 
served by  himself  and  others  in  their  practice. 

Associated  with  upper  harelip  are  sometimes  remark- 
able deformities  about  the  face ;  for  instance,  the  fissure 
may  extend  up  along  the  nose  on  one  or  both  sides  to, 
or  into,  the  eyelids,  or  it  may  extend  out  on  one  or  both 
sides  from  the  angle  of  the  mouth,  and  may  implicate 
Stenson's  duct,  a  very  unpleasant  complication. 

Mason  speaks  of  a  cyanotic  condition  of  the  child. 
This  condition,  which  I  have  also  observed,  is,  at  times, 
cured  by  the  operation  for  closure  of  the  fissure.  Mr. 
George  Lawson  gives  the  explanation  (l,<iiicet.  June  7th, 


Fig.  2520. 


Fig.  2531. 


1863,  p.  599)  that  during  the  lull  in  the  circulation,  in 
cases  in  which  faintness  occurs,  the  foramen  ovale  be- 
comes closed  and  thus  the  double  current  is  established. 
The  pathology  of  harelip  is  a  subject  into  which  the 
narrow  limits  of  an  article  like  the  present  one  will  not 
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permit  me  to  enter  except  in  the  most  superficial  manner. 
M.  Coste '  states  that  the  mouth  is  formed  between  the 
twenty-fifth  and  the  twenty-eighth  day  of  fcetal  life. 
The  frontal  lobe  becomes  much  enlarged,  and  shows  a 


great  hollow  which  divides  into  two  smaller  lobes,  called 
by  him  the  incisive  centres,  and  from  which  the  incisive 
bones  and  the  middle  portion  of  the  upper  lip  are  devel- 
oped. The  centres  for  the  superior  maxillae,  which  form 
the  lateral  parts  of  the  upper  lip,  converge  one  toward 
the  other,  and  come  nearer  to  each  side  of  the  corre- 
sponding incisive  centre.  At  the  fortieth  day  the  two  in- 
cisive centres,  in  the  substance  of  which  the  incisive  teeth 
are  developed,  unite  one  to  the  other  in  the  middle  line 
and  thus  complete  the  central  portion  of  the  upiser  lip. 
Thus,  if  the  two  lateral  portions  do  not  unite  with  the  in- 
cisive portions,  we  have  a  double,  or  bilateral,  harelip; 
if  only  one  of  these  sides  fails  to  unite,  then  we  have  a 
single,  or  unilateral,  harelip. 

I  have,  in  a  few  of  my  earlier  operations,  removed  the 
intermaxillary  bone,  and,  on  examination  of  it,  have 
noted  an  absence  of  the  lateral  incisors.  This,  I  believe, 
has  been  the  experience  of  most  surgeons  who  have  given 
careful  thought  to  the  question  whether  this  island  con- 
tained all  of  the  upper  incisors  or  not.  In  two  cases  that 
I  examined  a  few  years  after  the  operation  for  cleft  palate, 
in  which  I  had  saved  the  intermaxillary  bones,  I  found  in 
each  instance  an  Irregular  lateral  incisor  on  the  right  side, 
back  of  the  regular  row  of  teeth. 

Pergusson,  Demarquuy,  Gurdon  Buck,  and  others  re- 
port a  large  number  of  cases  which  illustrate  the  fact  that 
harelip  appears  in  some  families  through  many  genera- 
tions, and  I  have  observed  tliis  in  tlie  record  of  mj-  own 
cases.  Like  webbed  fingers  and  toes,  harelip  is  often  seen 
without  any  evidence  of  consanguinity  being  present. 

There  are  fe^\■  surgeons,  I  suspect,  who  have  examined 
cases  of  harelip  carefully,  who  have  not  been  impressed 
with  the  effort  so  often  made  by  mother  or  nurse  to 
prove  that  the  deformity  is  entirely  due  to  some  fright 
which  the  mother  has  experienced  and  which  in  her  esti- 
mation has  produced  its  effect  upon  the  child  in  utero. 
Maternal  impressions  may  be  one  of  the  factors  in  the 
production  of  harelip,  and  yet  evidence  of  such  cause  is 
so  often  wanting  as  to  lead  us  to  doubt. 

Acting  early  upon  the  suggestion  of  the  late  Sir  Wm 
Fergusson,  I  have  examined  many  lips  and  jaws  for  fis- 
sure, and  have  frequently  found  slight  notching  or  partial 
detects  on  the  mouths  of  one  or  the  other  of  the  parents 
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I  have  frequently  had  occasion  to  call  the  attention  of 
my  class  to  this  point  in  the  study  of  these  cases.  This 
is  very  well  shown  in  Figs.  2530  and  2531,  from  Mason.* 
Some  cases  are  not  so  well  defined,  the  amount  of  depres- 
sion in  the  vermilion  border  of  the  lip  being  much  less. 
1  have  noticed  that  close  pregnancies  form  a  factor  in 
causing  this  deformity.  In  connection  with  these  cases 
it  is  not  unusual  to  see  in  the  same  patient  extra  thumbs 
or  fingers,  spina  bifida,  and  the  like.  The  late  Professor 
Alden  March  had  a  child  brought  to  his  clinic,  for  relief 
of  harelip,  who  had  cleft  palate,  an  e.xtra  toe  and  finger 
upon  each  foot  and  hand,  double  hernia,  and  club  foot. 
He  thought  the  child  hardly  in  a  proper  condition  for 
operation,  and  quietly  said  to  the  poor  mother,  "My 
good  woman,  you  had  better  try  it  over  again." 

Accidents,  bites  of  dogs  and  other  animals,  treatment 
of  neevi,  and  other  surgical  conditions  may  result  in  a 
temporary  form  of  harelip,  Avhich  maj'  be  said  to  be 
cured  generally  in  the  final  treatment  given  to  such  le- 
sions.    In  the  case  of  Miss  C ,  aged  six,   siitl'ering 

from  noevus  on  the  upper  lip,  whom  I  had  treated  in 
various  ways  without  complete  success,  the  final  injec- 
tion of  a  solution  of  tincture  of  iron  [iroduced  a  slough 
resulting  in  a  fissure  such 
as  is  seen  in  Fig.  2522,  but 
which  was  closed  with 
scarcely  any  scar  by  means 
of  two  silver  harelip  pins. 

A  considerable  number 
of  cases  is  met  with  in 
which  the  kind  of  harelip 
is  of  the  double  variety,  as 
seen  in  Fig.  2523,  from 
Mason.  In  this  variety  the 
fissure  maj^  be  very  slight 
on  one  side  and  yet  com- 
plete on  the  other,  or,  in  cases  in  which  there  is  a  double 
fissure  of  the  alveolar  arch,  as  in  cleft  palate,  we  may 
have  the  horrid  horn-like  projection  as  seen  in  Fig.  3534, 
from  Mason,  and  in  one  of  my  own  cases.  Fig.  1363,  of 
vol.  III. 

Cases  of  median  harelip  have  been  recorded  by  sur- 
geons, but  they  are  exceedingly  rare,  and  their  existence 
iias  even  been  doubted  by  some.  In  the  autumn  of  1883 
there  was  brought  to  my  clinic  a  female  child  (two  and  one 
half  years  of  age)  in  whom  a  cystic  tumor  at  the  tip  of  the 
nose  was  complicated  by  a  complete  median  fissure  of  the 
upper  lip.  Pig.  2525  (from  a  sketch  of  the  little  patient) 
shows  the  case  very  well.  Sir  Wm.  Fergusson  has  very 
justly  remarked  that,  after  the  operation  has  been  com- 
pleted, one  cannot  judge  correctly  as  to  whether  the  case 
was  originally  one  of  a  median  fissure  or  of  dou  ble  harelip, 
for  many  cases  of  the  latter  defect,  when 
operated  on,  show  a  decided  tendency  to  the 
formation  of  a  cicatrix  in  the  middle  line. 
Fig.  3526,  one  of  my  own  cases,  and  quite 
as  bad  a  case  of  double  harelip  as  I  have 
ever  operated  upon,  shows  this  condition 
clearly.  It  is  a  singular  fact  that  in  these 
various  kinds  of  fissure  in  the  upper  lip 
there  is  really  very  little  loss  of  substance. 
One  finds  this  to  be  true  by  merely  approxi- 
mating the  soft  parts  temporarily. 

Regarding  the  period  of  life  when  it  is 
best  to  operate,  in  cases  of  harelip,  much 
has  been  said  by  the  older  operators,  but 
with  little  unanimity  of  opinion ;  some  ad- 
vising interference  in  infancy,  others  pre- 
ferring to  wait  until  advanced  childhood. 
At  the  present  time,  I  am  of  the  opinion 
that  modern  surgeons  prefer  the  early  op- 
eration. My  own  experience  teaches  that 
a  good  time  for  the  operation  is  when  the  infant  is  about 
six  weeks  old,  especially  if  the  child  be  healthy.  In  a 
case  of  double  fissure  perhaps  it  is  well  to  wait  until  the 
child  is  six  or  seven  months  old.     Of  one  thing  I  am  cer- 
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tain,  that  in  the  latter  complication  we  should  perform 
the  operation  as  early  as  possible,  in  order  to  secure  the 
good  effect  which  is  ]iroduced  upon  the  soft  parts  when 
the  cleft  in  the  hard  palate  is  obliterated  b>'  operative 
interference, — an 
effect  which,  in  a 
period  of  two  j'ears, 
amounts  to  a  great 
deal. 

In  cases  of  double 
harelip  I  prefer  to 
operate  on  one  side 
at  a  time  and  to 
save  all  that  is  pos- 
sible of  tlie  island 
or  intermaxillary 
bone.  In  operating' 
upon  one  side  at  a 
t  i  m  e,  the  first 
should  be  allowed 
to  become  firmly 
healed  before  we 
resort  to  the  second 
operation.  Ordina- 
rily, this  interval 
would  amount  to  at 
least  two  months. 
I  sometimes  in  these 
cases    give    to   the 

skin  covering  the  island  the  form  of  a  square,  and  then, 
making  flaps  from  the  upper  lip  and  cheeks  on  each  side, 
secure  a  good,  full  lip,  one  which  does  not  appear  at  all 
constricted.  I  am  convinced  that  in  doing  the  operation 
we  should  pare  the  edges  of  the  fissure  freely,  but  not 
tlu-ow  the  pieces  away — that  is,  not  finally  detach  them ; 
therefore,  I  believe  that  the  operation  which  embodies 
this  principle  is  the  best. 

Operations  upon  the  adult  are  exceedingly  rare,  and 
and  are  then  generallj'  performed  for  the  purpose  of  im- 
proving an  imperfect  result  following  an  early  operation. 
In  a  few  instances  I  have  been  obliged,  for  such  a  reason, 
to  operate  on  an  adult. 

In  operating  for  harelip  we  should  in  all  cases  be  sure 
to  loosen  well  the  attachment  of  the  cheek  to  the  alveolar 
process ;  there  should  be  perfect  freedom  of  movement. 


FIG.  2525. 


*  Mason :  "  On  Harelip  and  Cleft  Palate." 


Fig.  2526. 

and  no  restraint  put  upon  the  parts  when  the  pins  or  su- 
tures— whichever  may  be  selected — have  been  introduced. 
This  is  generally  best  done  with  a  long,  blunt-pointed 
tenotome. 
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The  position  of  the  infant  at  the  time  of  operating  is 
a  point  of  much  importance.  If  the  child  is  strong,  I  be- 
lieve it  safe  and  wise  to  give  chloroform,  or  whatever  an- 
aesthetic the  surgeon  considers  to  be  the  best. 

Having  the  child  held  by  a  good  nurse  or  competent 
assistant — as  is  spoken  of  by  so  many  writei's — is  often 
the  easiest  and  best  for  the  operator;  but  I  am  much  in 
favor  of  placing  the  little  one  on  a  narrow,  firm  table  of 
proper  height,  around  which  the  assistants  can  work 
more  at  ease  and  not  be  in  the  way  of  each  other.  Stand- 
ing on  the  right  side  of  the  table  and  patient,  the  operator 
proceeds  to  free  or  loosen  the  fissure  on  each  side,  as  I 
have  already  stated.  After  this  has  been  thoroughly 
done,  he  directs  an  assistant,  opposite  to  him  and  at  the 

head  of  the  child, 
to  grasp  the  left 
side  of  the  fissure 
between  the  fore- 
finger and  thumb 
of  his  left  hand, 
and  then,  with  his 
right  forefinger  and  thumb,  to  hold  the  right  side 
in  the  same  manner.  The  surgeon  may  now,  witli 
the  so-called  harelip  forceps,  or  simple  forceps,  grasp 
one  edge  of  the  fissure,  and,  introducing  a  sharp-point- 
ed narrow  knife  at  the  point  of  the  cleft  nearest  the 
nose,  carry  the  knife  from  above  downward  toward  the 
vermilion  border  of  the  lip.  He  should  then  repeat  the 
same  steps  on  the  other  side,  in  each  instance  removing 
sufficient  tissue  to  give  good,  broad  surfaces  for  mutual 
contact.  In  a  simple  harelip  I  often  pare  the  edges  of 
the  fissure  with  a  strong  pair  of  curved  scissors  (Fig. 
1383,  vol.  III.).  Thus  far,  if  the  assistant's  thumbs  and 
fingers  are  not  too  large,  and  if  he  performs  his  part  well. 
but  little  blood  will  have  been  lost.  I  consider  the  com- 
pressors of  the  upper  lip  for  controlling  hemorrhage, 
spoken  of  by  some  authors,  as  really  not  necessary,  but 
if  they  are  to  be  employed  I  would  recommend  an  in  - 
strument  like  that  shown  in  Fig.  3527  (copied  from 
Mason). 

The  next  step  in  the  operation  involves  the  closure  of 
the  fissure.  It  must  ever  be  borne  in  mind  that  the  ver- 
milion border  of  the  lip  should  be  well  preserved,  with 
no  sliding  upward  or  downward  on  either  side,  and  also 
that  there  ought  not  to  be  any  notching. 

As  to  the  kind  of  suture  that  should  be  employed,  I 
must  say  that  my  preference  is  for  the  silver  harelip  pins. 
In  introducing  them,  I  prefer  that  the  first  should  be  in- 
serted nearest  the  vermilion  border ;  it  should  be  passed 
from  the  left  to  the  right  side  of  the  fissure,  and  the 
greatest  care  should  be  exercised  to  bring  the  parts  into 
good  apposition.  Of  course,  these  steps  may  be  moditied 
or  reversed  if  there  is  a  single  right-sided  fissure,  or  if 
the  surgeon  stands  in  front  of  the  child.  Fig.  3538  (from 
Mason)  illustrates  my  point.  The  pin  should  be  intro- 
duced at  least  a  quarter  of  an  inch  back  from  the  fresh- 
ened edge  of  the  fissure,  and  it  should  pass  obliquely 
through  the  edge  of  the  lip,  but-  should  not  include  the 
mucous  membrane ;  it  should  then  enter  the  opposite  side 
and  emerge  in  the  same 
manner.  Now,  around  this 
pin  put  a  figure-of-eight 
silk  ligature,  not  too  tight, 
as  some  allowance  must  be 
made  for  swelling.  Then, 
next  above  this  first  pin, 
introduce  in  a  similar  man- 
ner one  or  two  more,  as 
may  be  needed.  If  two  are 
used,  it  is  well  to  bring 
them  together  by  one  liga- 
ture, crossing  from  one  pin 
to  the  other,  as  by  adopting 
this  plan  one  is  not  likely  tig-  a528, 

to  get  so  much  of  a  slough 

— that  and  ulceration  being  the  two-  great  dangers  as- 
sociated with  the  employment  of  silver  pins. 
Sometimes  it  is  necessary  to  introduce  between  the 
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Fig.  2529.— Malgalgne's  Operation. 


pins  a  few  fine  stiperflcial  silk  sutures,  and  also  to  place 
two  or  three  in  the  mucous  membrane  and  one  in  the 
vermilion  border  of  the  lip,  not  leaving  them  in  for  more 
than  twenty-four  or  thirty-six  hours.  In  the  case  of 
the  mucous 
membrane  I  pre- 
fer to  use  fine 
catgut  sutures, 
and  I  then  leave 
them  undis- 
turbed. 

After  the  pins 
have  been  intro- 
duced the  points 

should  be  cut  off  with  bone  forceps,  and  a  small  por- 
tion of  absorbent  cotton  should  be  put  under  each  end. 
They  are  not  to  be  left  in  longer  than  three  days,  as  a 
rule,  and  should  always  be  watched  with  care  to  prevent 
ulceration  or  sloughing.  It  is  better  to  take  them  out 
too  soon  than  to  leave  them  in  too  long. 

Some  surgeons  prefer  simple  silk,  others  silver  wire; 
then,  besides,  many  other  devices  have  been  suggested. 
I  take  it  that  few  siirgeons  rely  upon  the  rubber  or  ad 
hesive  plaster  to  hold  the  parts  in  apposition  while  the 
healing  process  goes  on ;  but  after  the  pins  and  sutures 
have  been  removed,  in  order  to  prevent  too  much  tension 
on  the  newly  formed  tissue,  I  am  in  the  habit  of  hold- 
ing the  parts  well  in  apposition  by  placing  narrow  strips 
of  plaster  across  from  ear  to  ear.  These  hold  the  cheeks 
quiet  and  restrain  the  movements  of  the  lips.  Mr.  Mason 
speaks  of  the  use  of  collodion  over  pins  and  sutures. 
After  the  operation  the  child  should  be  kept  quiet  by  the 
use  of  anodynes,  if  necessary.  He  should  be  fed  first 
with  a  spoon,  and,  when  all  is  going  well,  after  a  few 
hours,  or  perhaps  one,  two,  or  three  days,  he  should  be 
allowed  to  nurse  or  take  the  bottle.     Crying  should  be 

prevented  as  far 
as  possible,  and 
yet  it  is  surpris- 
ing to  note  how 
little  harm  it 
does. 

It  is  clear  that 
no    one    special 
kind    of    opera- 
tion can  be  made 
to    apply    to 
Fortunately,    we    have    a 
modes    of    procedure   which 
to   be   successful.     In    the 
the  incision  is  com- 
and  performed 


U_^ 


Fig.  2530.— Mlrault's  Operation. 


every  variety  of  harelip 
choice  among  numerous 
practice  has  demonstrated 
operation  known  as  Malgaigne's, 
menced  at  the  superior  part  of  the  lip 
from  above  downward  (Pig.  3539,  left  side,  b,  b').  Scis- 
sors are  used  as  in  ordinary  operations,  except  that,  when 
the  operator  has  reached  the  lowest  point  possible  with- 
out detaching  the  cut  piece,  he  stops  (Fig.  3529,  left 
side,  a,  a').  The  other  side  of  the  labial  fissure  is  treated 
in  the  same  way.  There  are  then  two  small  flaps  each 
one  of  which  adheres  to  the  lip  by  a  pedicle.  After  hav- 
ing reunited,  by  the  aid  of  pins,  the  two  margins  of  the 
cleft  in  their  whole  extent,  ex- 
cept toward  their  free  border 
(that  is,  toward  the  bottom), 
the  surgeon  should  bring  these 
flaps  from  above  downward  and 
should  approximate  them  face  to 
face  (Fig,  3539,  right  side,  b,  b"). 
The  point  now  is  to  adjust 
these  flaps  (partly  by  shortening  fig.  2531.-s^dillot's  Opera- 
them)  in  such  a  manner  as   to  tion. 

prevent   the   later  development 

of  a  furrow.  This  result,  which  is  so  commonly  dreaded 
by  surgeons,  may  be  prevented,  at  this  stage  of  the  opera- 
tion, by  preserving  a  piece  varying  in  size  according  to 
the  extent  of  the  vacuum  to  be  filled  (Fig.  2529,  right 
side,  a,  a').  Union  is  afterward  effected  by  approxiating 
the  parts  with  one  or  two  interrupted  sutures  or  with  a 
fine  harelip  pin.     If  care  is  taken  to  place  these  uniting 
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Harelip.. 
Harelip. 


ageuts  veiy  near  the  free  margin  of  the  lip,  the  cicatrices 
will  scarcely  be  visible. 

M.  Mirault,  of  Angers,  employed  one  flap  only.  A 
flap  is  taken  from  above  downvvfard,  but  is  left  attacified  to 
the  prolabium  (Fig.  2530,  left  side,  a);  on  the  other  side 
of  the  cleft  the  margin  is  completely  removed  (Fig.  3580, 
left  side,  b).  The  flap,  a,  is  now  tm-ned  down,  and  from 
being  perpendicular,  it  becomes  horizontal,  and  forms  the 
margin  of  the  lip  (Pig.  3530,  right  side,  (i  and  h). 

For  double  harelip  Sedillot  suggested  a  cheiloplastic 
operation.  The  sides  of  the  central  tubercles  being 
pared,  a  flap  of  soft  tissue  is  taken  from  each  side,  as 
shown  in  Fig.  3531.  The  flaps,  a,  it,  are  brought  down 
to  form  the  red  margin  of  the  lip,  and  the  raw  surfaces, 
J,  b,  then  come  in  contact  with  the  raw  surfaces  on  the 
sides  of  the  central  tubercle,  b',  V . 

Dr.  A.  M.  Phelps,  of  Chateaugay,  N.  Y.,  in  a  paper 
read  before  the  Medical  Society  of  the  State  of  New  York, 
February,  1885  (see  Transactions,  p.  355),  presented  an 
operation  for  single  harelip  which  contains  some  original 
and  striking  features. 

The  steps  of  the  operation  are  these  ■. 

"  Af  tei'  first  passing  a  loop  through  each  angle  of  the 
lip  for  the  forefinger  of  the  left  hand  to  hold  the  parts 


perfectly,  with  a  pair  of  curved  scissors  separate  the  lip 
from  its  attachment  to  the  jaw  sufficiently  to  freely  re- 
lieve the  nostril  and  make  all  parts  easily  movable.  The 
mucous  membrane  should  be  freely  divided  in  both  direc- 
tions. AVith  an  ordinary  cataract  knife,  or  a  slender, 
sharp  tenotome,  puncture  the  hp  at  1  (Pig.  3533),  follow- 
ing the  dotted  lines  describing  a  curve  to  3,  and  from 
thence  to  3.  Withdraw  the  knife  after  going  freely 
through  each  nostril  at  3,  and  with  a  scalpel  cut  from  3 
to  4  through  the  entire  thickness  of  the  lip.  The  pieces, 
B  and  B,  will  now  turn  downward,  leaving  the  V-shaped 
piece  as  seen  in  Fig.  2533. 

"  Now  introduce  the  silk  sutures  as  shown  in  Fig.  2533, 
after  which  cut  away  the  pieces  B  and  B,  and  the  result 
will  be  shown  in  Pig.  2534.  Before  cutting  away  the 
pieces  B  and  B,  pull  the  lip  up  with  them  and  stitch  the 
mucous  membrane  together  with  catgut  as  far  imder- 
neath  as  possible.  Enough  tissue  should  be  left  in  the 
median  line  to  compensate  for  retraction.  The  tempta- 
tion is  to  cut  the  pieces  5  and  B  too  short.  It  is  bet- 
ter to  cut  them  long,   and,  if  necessary,  trim  them  a 

little.  .    .        „  ^      , 

"The  following  are  a  few  rules  which  it  is  well  to  oh- 

strvG ; 

"  1.  Select  only  those  cases  in  which  one-fourth  of  the 
lip,  at  least,  remains  between  the  fissure  and  the  corner 
of  the  mouth. 

"3.  Each  curved  inbision,  1,  3,  and  3  (liig.  ^5d/), 
should  be  an  equal  distance  from  each  corner  of  the 
mouth.  The  curves  should  be  similar,  and  both  should 
enter  the  nostril  at  the  same  point  on  each  side.  On  the 
normal  side  the  incision  should  enter  the  nostril  near  the 
columna,  and  but  little  or  none  of  the  nostril  be  cut 


away.  When  the  deformed  nostril  is  drawn  to  a  normal 
position  the  incisions  will  then  correspond.  Fig.  35:^13 
will  convey  the  idea. 

"3.  The  incisions  from  3  to  4,  making  the  V,  should 
extend  to  fully  one-half  the  breadth  of  the  lip.  If  the  V 
is  made  too  short,  difficulty  will  be  experienced  in  getting 
the  lip  together.     This  would  necessitate  a  more  exten- 


FIG.  -'533. 

sive  division  of  the  mucous  membrane,  or  possibly  the 
addition  of  transverse  incisions  extending  outward  into 
the  cheeks  under  the  corners  of  the  nose. 

"  A  fatal  mistake  would  be  to  get  the  centre  piece  too 
long,  as  it  would  make  a  deformity.  Cut  it  away  to  .just 
the  length  to  admit  of  the  lip  being  stitched  together, 
varying  it  according  to  the  tension  in  each  case,  making 
it  as  slwrt  as  possible.  It  would  be  much  better  to  make 
the  transverse  incisions  to  relieve  tension  than  to  leave  it 
too  long,  should  a  case  not  suitable  for  the  operation  be 
selected. 

"  The  steps  as  followed  in  single  harelip  should  also  be 
followed  in  double,  using  the  double  curved  incisions 
already  described. 

"The  advantage  of  the  double  curved  incision  is  this  : 
When  the  pieces  B  and  B,  Fig.  3533,  are  turned  down- 
ward, the  curve  at  <i,  a,  becomes  straight,  and  when 
joined  to  its  fellow  of  the  opposite  side,  adds  just  so 
much  to  the  width  of  the  lip,  at  a  point  where  it  is  de- 
sired, as  the  distance  is  from  1  to  3,  Fig.  3533.  The 
widening  of  the  lip  at  this  point,  and  the  curving  down- 
ward of  the  white  line  above  the  vermilion  border  of  the 


FIG.  2534. 

lip  into  the  point,  is  what  lends  the  artistic  appearance 
to  the  lip."    An  artistic  lip  and  a  scar  in  the  median  line 
are  the  strong  points  which  characterize  this  operation. 
Dr.  M.  H.  CoUis,^  of  Dublin,  says.  "I  never  throw 
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away  a  particle  of  the  parings.  My  incisions  ai-e  made 
so  as  to  make  every  fragment  of  them  useful.  On  one 
side  they  are  preserved  to  make  the  lip  thick,  and  on  the 
other  to  increase  its  depth.  The  method  is  somewhat 
complex,  but  a  reference  to  the  accompanying  figures 
will  make  it  intelligible  (Fig.  2535).     When  dealing  with 


(^-^ 


Fig.  2535.— CoUte'  Operation. 

.single  harelip,  I  take  the  larger  portion,  that  which  in- 
cludes the  middle  bit,  and  pare  it  freely  from  the  nostril 
round  the  margin  from  a  to  b,  until  the  point  of  the  knife 
comes  opposite  the  frsenum.  The  incision  goes  through 
.all  the  tissues  of  the  lip  except  the  mucous  membrane. 
It  follows  the  curved  line  of  the  margin  of  the  tissure, 
and  leaves  a  long  wound,  which  is  curved  toward  the  fis- 
sure. The  fiap  is  left  loose  and  attached  only  by  mucous 
membrane.  On  the  other  or  smaller  side  of  the  lip,  where 
we  generally  find  the  tissues  thin,  especially  as  we  ap- 
proach the  nostril,  the  treatment  is  quite  different.  I 
transfix  the  lip  at  d,  close  to  the  nostril,  and  carrying  the 
knife  along  parallel  to  the  margin  as  far  as  /,  I  detach  a 
moderately  broad  flap,  which  I  leave  adherent  above  to 
the  ala  nasi,  and  below  to  the  free  margin  of  the  lip, 
well  beyond  or  external  to  the  rounded  angle  at  the  fis- 
sure. This  fiap,  which  (unlike  the  one  at  the  opposite 
side)  comprises  all  the  tissues  of  the  lip,  is  now  divided 
into  two  at  its  centre  (c,  e).  I  thus  get  two  loose  flaps,  a 
superior  (c,  d),  attached  to  the  ala  nasi,  and  an  inferior 
(e, /),  hanging  on  to  the  free  margin  of  the  lip.  The 
loose  end  of  the  upper  fiap  is  turned  up  so  that  its  raw 
surface  faces  the  wound  in  the  opposite  side  of  the  fis- 
sure, and  the  lower  end  of  the  lower  flap  is  similarly 
turned  down.  The  point  o  is  brought  up  to  a,  and  fast- 
ened there.  The  point  e  is  brought  down  to  b,  and  fast- 
ened there.  I  have  thus  got  on  the  small  side  of  the  lip 
a  wound  as  extensive  as  that  on  the  larger  side.  The 
-upper  fiap  completes  the  outline  of  the  nostril.  The 
lower  one  supplements  the  outline  of  the  free  margin  of 
the  lip.  I  thus  get  a  lip  nearly  double  in  depth  any 
which  I  could  possibly  have  got  by  the  ordinary  inci- 
sions. " 

Mr.  Thomas  Smith  recommends  an  operation  which  is 
useful  in  suitable  cases  of  double  harelip.  According  to 
his  plan  the  lateral  sides  are  to  be  pared  in  the  manner 
shown  in  Fig.  2536,  a'  a,  and  two  flaps  are  to  be  taken 
from  the  central  tubercle,  but  are  not  to  be  detached  at 
their  lower  margins.  "The  wound  is  closed  by  drawing 
down  the  flaps  from  the  side  of  the  central  tubercle,  and 
.attaching  them  to  the  raw  surface  on  the  lower  margin 
-of  the  lip." 

The  condition  of  the  infant  before  operating  should 
be  as  good  as  possible.  There  should  be  no  unfortu- 
nate surroundings,  especially  as  regards  diphtheria  and 
allied  conditions,  nor  should  tlie 
operation  be  done  in  hot  weath- 
er, or  at  any  time  in  the  year 
when  epidemics  of  any  kind 
peculiar  to  children  are  prevail- 
ing. 

As  a  general  rule,  one  opera- 
tion is   all   that  is  needed,  but 
sometimes    failure     occurs,  and 
in  this  we  ought  not  to  be  dis 
couraged,  but,  as  soon  as  the  child  has  sufficiently  im- 
proved, we  should  try  again. 

Regarding  Hainsby's  truss,  I  have  had  but  little  ex- 
perience in  its  use,  and  must  say  that  it  requires  great 
■care,  and  is  apt  to  annoy  the  child. 

As  to  a  second  operation,  years  after  the  first,  to  relieve 


Tig.  2.936. 


Oper- 


an  unsightly  scar  or  depression  in  the  vermilion  border 
of  the  lip,  I  am  much  in  favor  of  its  performance,  espe- 
cially in  females.  Albert  Vander  Veer. 

>  Mason.  '  Ibid. 

HARRfS  LITHIA  SPRINGS.— Laurens  County,  South 
Carolina. 

Post-Oppice.— Harris  Springs.    Hotel  and  Cottages. 

Access. — Via  Georgia,  Carolina,  and  Northern  Rail- 
road (Seaboard  Air  Line)  to  Cross  Hill ;  thence  two  and 
one-half  miles  to  springs.  Or,  vifi  Port  Royal  and 
Western  Carolina  Railroad  to  Waterloo,  and  thence  two 
miles  to  springs.  These  springs  arc  located  in  a  hilly 
country,  and  are  open  for  the  reception  of  visitors  during 
June,  July,  August,  and  September.  They  are  two 
in  number,  known  respectively  as  the  "  Lithia  "  and  the 
"  Sulphur  "  Springs.  They  flow  about  sixty  gallons  per 
hour  each.  The  following  analysis  was  made  by  Prof. 
R.  Ogden  Doremus,  of  New  York,  in  1891 : 

One  United  States  G.illon  Contai.ns: 
Solids.  Grains. 

Calcium  sulphate 83..38 

Potassium  sulphate 51 

Sodium  sulphate 58 

Sodium  chloride "6 

Sodium  bicarbonate , 2.42 

Lithium  bicarbonate 2.32 

Map:nesium  bicarbonate  3.04 

Iron  bicarbonate .32 

Silica 2.51 

Phosphoric  acid Trace. 

Loss  on  ignition 15.84 

Total 111.68 

Total  dried  residue  at  268°  F 98.57 

Carbonic  acid  in  bicarbonates 3.35 

Total  solids  per  United  States  gallon 101.92 

The  combination  of  mineral  ingredients  shown  in  this 
analysis  would  suggest  a  very  useful  water.  It  is  highly 
eft'ervescent  and  agreeable  to  the  taste.  It  is  therefore 
useful  for  the  table,  and  mixes  well  with  wines.  It  is  a 
speedy  corrector  of  acidity  to  the  stomach.  It  is  said 
that  the  water  causes  a  notable  reduction  of  sugar  in  the 
urine  in  diabetes  mellitus.  It  adso  overcomes  constipa- 
tion, and  is  useful  in  rheumatism,  uric-acid  gravel,  cal- 
culi, etc.     The  water  has  an  extensive  sale. 

James  K.  Crook. 

HARRISON  HOT  SPRINGS. 

Location. — British  Columbia. 

Post-Ofpick. — Harrison  Hot  Springs.  Hotels:  St. 
Alice  and  Bath. 

Access. — By  Canadian  Pacific  Railway  to  Agassiz, 
thence  by  stage. 

Analysis   from   the  Laboeatokt  of  the  Geological  Survey 
OF  Canada. 


Sulphur 
Spring. 

Potash 
Spring. 

Temperature  of  spring 

150°  F. 
1001.13 

1.722 

31.297 

Trace. 

33.061 

.147 

14.000 

Trace. 

6.259 

4.634 

Trace. 

Trace. 

120°  F. 
1001.10 

1.414 

28.413 

Trace. 

28.749 

.168 

15.793 

Trace. 

3.689 

4.102 

Trace. 

Trace. 

Trace. 

Specific  gravity,  60°  F 

Chloride  of  potassium 

Chloride  of  sodium 

Chloride  of  lithium 

Sulphate  of  soda 

Sulphate  of  magnesia 

Sulphate  of  lime 

Bicarbonate  of  lime 

Bicarbonate  of  iron 

Alumina 

Silica 

Organic  matter 

Grains,  per  imperial  gallon,  at  60°  F    

91.960 

83.327 

These  springs  are  situated  on  the  western  slope  of  the 
Rocky  Mountains,  sixty  miles  from  Vancouver  The 
hotels  are  excellent  and  provide  every  comfort  for  the 
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tourist  or  invalid.  The  baths  are  well  an-augL'd  and  a 
doctor  and  skilled  attendants  reside  at  the  sanitarium. 
The  climate  is  mild  during  the  entire  year,  the  thermom- 
eter seldom  going  below  tlie  freezing  point,  and  the  vari- 
ations are  never  extreme.  The  hotel  is  situated  on 
Harrison  Lake  and  is  surrounded  by  snow-capped  moun- 
tains. The  scenery  is  beautiful  and  the  finest  fishing 
and  shooting  are  to  be  obtained  in  the  neighborhood. 

Beaumont  Small. 

HASTINGS    AND    ST.    LEONARD'S,    ENGLAND.— 

These  two  places,  virtually  one  town  of  about  50,000 
inhabitants,  are  situated  sixty-two  miles  southeast  of 
London  on  the  coast.  Their  claim  as  a  health  resort  is 
based  upon  the  mildness  of  their  winter  climate,  which 
renders  them  a  comparatively  favorable  residence  for 
those  of  feeble  vitality,  and  for  sufferers  from  chronic 
bronchitis  or  other  form  of  "  mucous  membrane  delicacj-. " 

The  front  of  the  town  looks  toward  the  South  and  the 
open  sea,  and  an  esplanade  three  miles  in  length  extends 
along  the  shore.  In  the  rear  are  downs  which  afford 
shelter  from  the  nortlierly  winds.  The  country  about  is 
picturesque,  affording  many  attractive  excursions;  there 
are  also  various  public  parks  aud  gardens.  Roundabout 
are  hills  broken  by  numerous  valleys,  thus  offering  some 
variety  of  climate.  The  soil  is  more  or  less  sand}-, 
through  which  the  rain  water  rapidly  escapes. 

The  mean  average  temperature  for  the  tour  seasons  is 
as  follows:  Spring,  45.9°  F. ;  summer,  59.9°  F. ;  autumn, 
51.5°  F. ;  winter,  39.9°  F.  ;  for  year,  49.9°  F. 

The  mean  daily  range  is  10.4°. 

The  day  temperature  averages  54.6°  F.,  and  the  night 
temperature  44.2°  P.  The  mean  relative  humidity  is  84 
per  cent,  for  the  year. 

The  most  prevalent  winds  are  from  the  west  and 
southwest.  The  average  rainfall  is  39.95  inches  per 
annum,  falling  on  an  average  of  one  hundred  and  eighty- 
three  days. 

The  mean  amount  of  bright  sunshine  (average  for  eight 
3'ears)  is  1,699.9  hours,  or  4.6  hours  per  day;  the  least 
amount  is  during  the  winter  months. 

Sea  fogs  are  not  infrequent  but  do  not  last  long;  land 
fogs  are  rare.  The  sea  front  enjoys  the  mildest  winter 
climate,  on  account  of  its  southerijf  exposure  and  shelter 
from  the  northerly  winds;  it  is  therefore  the  place  of 
residence  for  the  invalid,  in  winter.  The  mildness  of  the 
winter  climate  is  indicated  by  the  various  plants  and 
shrubs  which  flourish  during  that  season,  such  as  the 
arbutus,  primrose,  hepatica,  violet,  and  hydrangea.  The 
drainage  is  good,  and  the  water  supply  abundant  and  of 
good  quality.  Along  the  esplanade  before  mentioned 
are  hotels,  lodging  houses,  private  residences,  and  shops. 
In  the  spring  the  east  winds  begin  to  blow,  and  these  are 
often  "searching,"  but  are  somewhat  mitigated  by  the 
bright  sunshine. 

Mildnessand  equability,  with  protection  from  nortlierly 
winds  and  a  comparatively  large  amount  of  sunshine,  are 
the  characteristics  of  this  climate  from  which  these  towns 
have  derived  their  popularity  as  a  winter  health  resort. 

The  southwest  wind  which  is  the  prevalent  one,  except 
in  the  spring,  is  said  to  render  the  climate  somewhat  re- 
laxing. 

Patients  affected  with  various  maladies  frequent  this 
resort;  phthisis,  chronic  bronchitis,  convalescence  from 
acute  renal  diseases,  scrofula  and  anwmia  are  the  princi- 
pal diseases  which  are  benefited  by  this  climate.  Very 
many  phthisical  patients  are  reported  as  doing  well  un- 
der its  influence. 

"The  long,  sunny  parade,  sheltered  from  northerly 
winds,  offers  facilities  for  outdoor  exercise.  Many  per- 
sons have  found  that  they  can  pass  the  winter  at  least  as 
well  here  as  in  Southern  Continental  health  resorts.  This 
is  especially  the  case  when  the  patients  can  be  induced 
to  admit  fresh  air  into  their  rooms  freely  both  day  and 
night.  The  '  fresh-air  cure '  is  more  practicable  in  a 
South  of  England  seaside  resort  than  inland,  where  the 
night  air  is  damper  and  more  chilly  "  '''r<v,„.at^=  onri 
Baths  of  Great  Britain,"  1895.) 


("Climates  and 


"The  contraindications,  beyond  those  which  apply  to 
marine  stations  in  general,  are  singularly  few." 

Mdtoard  0.  Otis. 

HAWAIL— The  Territory  of  Hawaii,  United  States  of 
America,  consists  of  twenty  islands  in  the  mid-Pacific 
ocean  between  north  latitudes  18°  and  30°,  and  west 
(Greenwich)  longitudes  154°  and  172".  The  islands  com- 
prising tills  territory  are :  Hawaii,  Maui,  Oahu,  Kauai, 
Molokai,  Lanai,  Kahoolawe,  Niihau,  Molokiui,  Lehua, 
Kaula,  Bird,  Necker,  Johnson,  Laysan,  Lysiauski, 
Ocean,  ^Midway,  French  Frigate  Shoal,  and  Pearl  Reef. 
The  eight  first-named  islands  are  inhabited  permanently, 
and  constitute  the  ones  usually  comprehended  as  the 
Hawaiian  or  Sandwich  group.  (Three  of  the  eight, 
Niihau,  Lanai,  and  Kahoolawe,  are,  however,  nothing 
more  than  cattle  ranches.)  The  remaining  twelve  are 
small  islets,  little  more  than  rocks  or  coral  reefs,  and  un- 
inhabited except  at  such  times  as  they  are  visited  by 
workmen  of  guano  companies  collecting  the  eggs  and 
the  manure  of  the  innumerable  sea  birds  and  turtles  mak- 
ing these  spots  their  homes.  The  areas  of  the  eight 
major  islands  are: 


Square 
miles. 

Hawaii 4,015 

Maui 760 

Oatiu 600 

Kauai 590 


Square 
miles. 

Molokai 310 

Lanai 160 

Niihau 97 

Kahoolawe 69 


Honolulu,  the  capital  of  the  Territory,  in  Oahu  is  2,100 
miles  from  San  Francisco,  3,810  miles  from  Auckland, 
8,440  miles  from  Yokohoma,  2,380  miles  from  Tahiti, 
and  about  4,000  miles  from  Manila. 

History. — The  islands  were  visited  by  some  Spanish 
navigators  as  early  as  1542,  and  two  Spanish  ships  were 
wrecked  on  them  probably  in  1537.  The  actual,  that  is, 
useful,  discovery  of  the  islands  was  made  by  Captain 
Cook  in  1778,  who  gave  them  the  name  of  Sandwich  in 
honor  of  the  first  lord  of  the  British  Admiralty  at  the 
time.  Plawaii,  the  native  name  of  the  largest  member  of 
the  group,  has,  however,  been  the  one  generally  applied 
to  the  archipelago,  and  is  now  the  legal  name  of  the  Ter- 
ritory. At  the  time  of  Cook's  discovery  the  different 
islands  were  governed  by  one  or  more  independent 
chiefs.  Shortly  thereafter  Kamehameha,  a  chief  of  Ha- 
waii, subjugated  the  other  chiefs,  and  established  the 
kingdom  of  Hawaii,  which  remained  with  some  vicissi- 
tudes an  independent  government  till  1893.  Liliuoka- 
lani,  who  succeeded  her  brother  King  Kalakua,  in  1891, 
liaving  manifested  an  intention  to  change  the  existing 
constitution,  provoked  a  revolution,  January,  1893,  in 
which  she  was  deposed.  A  provisional  republic  was  pro- 
claimed and  negotiations  were  begun  looking  to  the  final 
annexation  of  the  islands  to  the  United  States.  A  repub- 
lic was  formed  in  1894,  and  negotiations  continued.  After 
some  delay,  caused  by  changes  in  the  political  ascenden- 
cies in  the  United  States,  the  islands  were  finally  ad- 
mitted into  the  Union  as  the  Territory  of  Plawaii.  The 
annexation  took  place  formally  August  12th,  1898. 

Pop'ulniio)!. — Captain  Cook  estimated  the  native  popu- 
lation as  400,000  inhabitants,  an  estimate  undoubtedly 
too  great.  The  first  census,  taken  in  1823,  showed  130,- 
313  natives.  According  to  the  census  of  1878  these  had 
decreased  to  44,088.  A  census  of  the  islands  in  1896 
gave  a  total  population  of  109,030  inhabitants,  composed 
as  follows : 


Native  Hawaiians 31,019 

Mixed  Hawaiians 8,485 

Japanese 34,407 

Chinese 21,616 

Portuguese 15,191 


Americans 3,086 

English 2,250 

Germans 1,534 

Other  nationalities 1,430 


The  present  outlook  is  the  gradual  extinction  of  the 
native  Hawaiian  race.  The  decrease  in  native  popula- 
tion gave  great  concern  to  the  original  government  and 
strenuous  efforts  were  made  to  check  it,  but  without 
avail.  In  general  appearance  the  natives  are  fine  speci- 
mens of  physical  development ;  the  women,  however,  are 
not  fruitful,  and  few  families  are  found  with  as  many  as 
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three  children.  The  original  islanders  belong  to  the 
widely  scattered  Malayo-Polynesian  family.  Although 
more  than  3,000  miles  of  ocean  intervene,  Hawaiians  and 
the  Maoris  of  New  Zealand  can  readily  understand  each 


Oeo(jraphy  and  Geology. — The  Hawaiian  Islands  arc  of 
volcanic  origin.  They  rise  from  the  general  level  of  the 
ocean  bottom  to  the  surface  a  distance  of  14,000  to  19,000 
feet.     This  rise  is  so  abrupt  that  this  great  depth  of 


FIG.  3337. 


other's  speech.  Cannibalism,  idolatry,  and  human  sacri- 
fices were  practised  at  the  time  of  discovery,  though  the 
cannibalism  was  only  moderate,  and  to  some  extent  a 
part  of  the  religion.  The  religious  adhesions  of  the  pres- 
ent population  are  almost  as  diverse  as  the  races  are  poly- 
glot. The  census  of  1896  gave  Roman  Catholics  26,363, 
Protestants  23,773,  Mormons  4,886,  Buddhists,  Confu- 
cians, and  other  Oriental  sects  44,306,  unknown  10,193. 
Notwithstanding  the  recent  influx  of  foreigners  due  to 
political  changes,  the  condition  of  population  offers 
material  for  serious  consideration.  Agriculture  is  the  in- 
dustry of  the  Islands,  and  laborers  are  imperatively  needed 
in  agriculture.  The  larger  part  of  the  arable  land  of  the 
archipelago  is  devoted  to  sugar  production  and  the  condi- 
tions under  which  this  industry  is  practised  at  present 
discourage  a  peasant  proprietorship  of  the  land.  With- 
out such  proprietorship  there  can  be  little  hope  of  a  per- 
manent population.  There  are  at  present  a  total  of  about 
one  hundred  miles  of  railroad  in  operation.  Most  of  the 
important  points  on  the  larger  islands  are  connected  by 
telephone  or  telegraph.  Oahu  and  Hawaii  are  connected 
by  submarine  cable,  and  it  is  not  improbable  that  by  the 
time  this  article  is  in  print  a  cable  will  be  in  construction 
to  join  San  Francisco  and  Honolulu.  The  valuation  in 
1900  of  the  imports  into  the  United  States  was  $30, 707, 903, 
and  of  the  exports  from  the  United  States  to  the  islands, 
$13,509,148.  The  facilities  and  conveniences  of  living  in 
Honolulu  and  Hilo,  the  chief  towns,  are  the  same  as  those 
in  like  cities  of  the  United  States.  The  cost  of  living  is, 
since  annexation,  however,  higher,  largely  due  to  the 
servant  question.  The  Chinese  constitute  the  chief 
source  from  which  this  element  is  drawn,  and  since  an- 
nexation they  are  excluded  from  the  islands  as  from  all 
other  parts  of  the  Union. 


water  is  found  from  30  to  50  miles  from  shore.  Above 
sea  level  the  islands  attain  elevations  that  in  many  places 
rival  t)ie  heights  of  the  Alps.  The  coast  line  is  in  places 
low,  in  others  it  rises  often  sheer  3,000  feet.  The  follow- 
ing tabular  view  shows  the  chief  elevations. 


Islands. 


Name  of  mountain  peak. 


Height  above 
sea,  feet. 

, ..  13,805 

...  13,67.5 

. . .  8,375 
. .  4,040 
. .     5,000 

...  10,033 

5,8r- 


Hawaii  Mauna  Kea 

Hawaii Mauna  Loa 

Hawaii Hualalai 

Hawaii Kllauea 

Hawaii Kohala  mountains 

Maui Halealcala 

Maui Eelia 

Kahoolawe (Highest  point) 1 J30 

Lanai (Highest  point) 3,000 

Mololiai (Highest  point) 3,500 

Oahu Kaula 4,060 

Kauai Waialeale 5,000 

Geologically,  Hawaii  is  the  most  recent  and  Kauai  the 
eldest  of  the  group ;  the  islands  increasing  in  age  from  the 
southeast  to  the  northwest.  Kauai  from  its  greater  age 
has  the  best  weathei-ed  soil,  and  by  its  inhabitants  is 
proudly  called  the  garden  island.  The  soil  of  the  isl- 
ands is  weathered  lava.  It  is  extremely  porous.  Two 
general  classes  are  recognized,  dark  red  soil,  from  simple 
weathering,  and  light  red  and  yellow  soils  from  weather- 
ing plus  the  action  of  imprisoned  sulphurous  and  other 
gases.  The  dark  red  Is  the  better  and  more  durable 
agricultural  soil.  The  light  red  and  yellow  soils  re- 
quire careful  cultivation.  But  few  minerals  are  found. 
Sulphur,  pyrites,  copperas,  sal  ammoniac,  common  salt, 
and  a  few  others  are  the  chief  ones.  Hawaii  has  the 
only  active  volcano,  the  world-renowned  crater  Kllauea. 
The  summit  of  Mauna  Loa  has  a  crater,  Mokuaweoweo 
occasionally  active.     Prom  Hilo,  the  chief  town  of  the 
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island,  a  good  road,  thirty  miles  in  extent,  runs  to  Ki- 
lauea.  Haleakala,  in  Maui,  is  an  extinct  crater,  the  larg- 
est known  in  the  world.  Although  more  than  10,000  feet 
high,  so  gentle  is  the  slope  that  it  can  be  ascended  to  the 
top  on  horseback.  Most  of  the  other  mountains  of  the 
islands  are  more  or  less  easil\'  rising  slopes,  and  moun- 
taineering is  not  arduous 

Flora  and  fauna.  The  mere  enumeration  of  tlie  varie- 
ties of  flora  on  the  islands  would  exceed  the  length  of 
this  article.  Hillebrand,  in  his  "  Flora  of  the  Hawaiian 
Islands,"  names  999  species  and  365  genera,  and  many 
others  have  been  introduced  since  his  book  was  puli 
lished.  "The  variation  in  the  climatic  conditions  due  to 
altitude  and  location  .  .  .  together  with  the  arable  soil 
at  all  altitudes,  justify  the  belief  and  warrant  the  asser- 
tion that  almost  every  tropical  and  temperate  plant  can 
somewhere  be  grown  successfully  on  this  island  "  [Hawaii] 
(Dr.  W.  C.  Stubbs,  "Report  on  the  Agricultural  Re- 
sources, etc,  Hawaii,"  Washington,  1901).  Over  seventy 
species  of  birds,  mostly  water  fc^wls,  have  been  enumer- 
ated. Captain  Cook  found  hogs,  dogs,  domestic  hens,  and 
rats,  on  the  island,  also  a  day-flying  bat.  Cattle,  goats, 
and  hogs,  escaped  from  domestication  run  wild  (goats 
were  introduced  by  Vancouver  in  1792)  and  have  damaged 
the  forests  incalculably. 

Climate. — The  Hawaiian  Islands  are  climatically  within 
the  sea  level  isotherms  of  70°  and  75"  F  The  average  sea- 
level  temperature  of  the  group  is  4°  to  6"  lower  than  the 
calculated  average  of  the  latitude  (see  table,  article  Cli- 
mate). The  distinguishing  characteristic  of  Hawaiian 
<;limate,  compared  with  that  of  other  tropic  islands,  is 
the  combination,  in  its  temperature,  of  mildness  and 
equability.  There  are  many  other  tropic  islands  that  have 
great  or  even  greater  equability  of  temperature,  but  they 
lack  in  greater  or  less  degree  the  other  element  of  mild- 
ness so  pronounced  in  the  perpetual,  pleasant  summer  of 
the  Hawaiian  archipelago.  The  following  table  shows 
the  temperature  of  Honolulu  compared  with  that  of  some 
other  insular  localities  in  or  near  the  tropics . 


Honolulu 

Praia,  Cape  Verde  Islands  . . 
Las  Palmas,  Canary  Islands. 

Bermuda 

Nassau,  W.  I 

San  Juan,  Porto  Rico 

Saint  Helena 

Mauritius 

Tahiti 

Levuka,  Fin  Islands 

Reunion 


AVEKAGK  TEMPERATl'EK  OF- 


Year. 

Warmest 

Coldest 

montb. 

month. 

74°  F. 

78°  F. 

70°  F. 

Tij 

m 

7'Z 

TD 

7.5 

6.1 

70 

80 

63 

77 

83 

72 

81 

84 

76 

71 

76 

68 

74 

79 

69 

1 1 

80 

74 

74 


The  average  temperature  and  rainfall  at  Honolulu  are: 


January . . 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October. . . 
November 
December 

Year 


Tem- 
perature. 


70 
71 
71 
73 
74 
76 


78 
76 

74 


Rainfall 
(Inches). 


6.0 
3.8 
3.0 
3.0 
1.6 
1.8 
2.0 
2.0 


4.7 


The  temperature  seldom,  if  ever,  rises  to  90°  F.  Accord- 
ing to  C.  J.  Lyons,  the  territorial  meteorologist,  a  tem- 
perature of  90°  is  to  be  regarded  with  suspicion,  and  a 
monthly  mean  of  80°  calls  for  inspection  The  average 
daily  difEerence  between  the  highest  and  lowest  temper- 


atures at  or  near  sea  level  is  from  10°  to  14°  accoiding  to 
the  season  of  the  year.  The  temperature  of  a  particular 
locality  will  depend  upon  the  elevation  of  the  place. 
Owing  to  the  small  land  areas  of  the  different  islands  the 
rate  of  decrease  in  temperature  due  to  altitude  is  practic- 
ally that  found  in  ascending  in  the  free  air,  namely  1°  F. 
forever}'  300  feet  vertical  ascent.  The  altittides  of  some 
of  the  mountain  peaks  of  the  i.slands  place  their  summits 
Avithin  the  limits  of  perpetual  snow.  The  crests  of 
jMauna  Kea  and  Mauna  Loa  are  seldom  entirely  free  of 
snow.  The  rainfall  of  the  islands  follows  the  regimen 
of  tropical  islands  similarly  situated  with  respect  to  the 
]irevailing-  winds.  The  key  to  the  rainfall  is  altitude 
and  the  prevailing  winds  of  the  region  and  the  season. 
The  rainfall  is  plentiful  wherever  the  land  ri.ses  sufli- 
ciently  to  be  a  barrier  to  the  winds  of  the  region.  At  sea 
level  the  rainfall  is  relatively  small,  but  it  increases 
rapidly  with  elevation  up  to  6,000  feet,  and  then  de- 
creases. From  the  orography  of  the  islands  the  greatest 
variet)'  of  rainfall  distribution  is  observed.  On  Hawaii 
the  average  annual  rainfall  varies  from  140  inches  at  Hilo 
on  the  east  coast  to  less  than  30  inches  on  the  west  coast. 
On  Oahu  a  more  striking  difEerence  is  observed.  At 
Honolulu,  50  feet  above  sea  level,  the  average  annual  fall 
is  38  inches,  while  about  15  miles  east,  at  Nuuanu,  850 
feet  above  the  sea.  the  average  is  132  inches,  and  less 
than  25  miles  west,  in  a  sheltered  valley,  the  rainfall  is 
oul}'  15  inches.  Even  on  the  same  plantation,  the  rain- 
fall on  one  part  will  be  abundant  for  the  most  luxuriant 
tropical  growth  and  on  the  other  part  irrigation  will  be 
necessarj-  to  grow  an  ordinary  crop.  The  porosity  of 
the  soil  is,  as  already  stated,  great,  so  that  notwithstanding 
the  torrential  downpours  that  occur  on  the  elevated  lands, 
the  soil  remains  free  from  dampness.  The  water  runs 
through  it  with  great  rapidity.  The  average  relative 
huniidil}'  of  the  islands  is  about  75  per  cent,  of  satura- 
tion, varj-ing  somewhat  with  the  direction  of  the  wind. 
It  is  greater  with  souther]}'  and  less  with  northerly 
winds.  The  prevailing  winds  of  the  archipelago  are  the 
northeast  trades.  For  nine  months,  March  to  November, 
they  blow  with  almost  unfailing  regularity.  During  the 
other  three  months  the  islands  are  more  or  less  under  the 
influence  of  the  southwest  antitrades.  These  antitrades 
are  the  disagreeable  winds  of  the  islands.  It  is  only  dur- 
ing their  pi'cvalence  that  the  sultriness  and  oppressive- 
ness of  the  tropics  become  manifest. 

Health. — Statistics  as  to  the  prevailing  diseases  of  the 
islands  are  not  jjlentiful.  Leprosy,  an  imported  disease, 
is  now  endemic  among  the  natives.  Great  care,  however, 
is  taken  to  prevent  its  ravages  and  stamp  it  out.  The 
government  yeai'S  ago  established  a  leper  colony  on  the 
high  table-land  of  Molokai,  and  hither  all  aiflicted  are 
sent  and  carefully  cared  for. 

Among  the  causes  of  death  given  in  a  lecent  report 
for  the  city  of  Honolulu,  phthisis  claimed  more  than  10 
per  cent. :  old  age  and  heart  disease  about  7  and  6  per 
cent,  respectivelv.  Among  other  causes  enumerated  were 
pneumonia,  bronchitis,  diarrhcea,  and  ]iaralvsis. 

W.  F.  !!.  Phillips. 

HAW,  BLACK.    See    Viburnum  Frunifoliinn. 

HAY  FEVER  is  the  popular  title  for  an  annually  recur- 
ring affection  which  involves  the  mucous  membranes  of 
the  ocular  and  respiratory  tracts  and  is  associated  with 
certain  symptoms  which  can  be  accounted  for  only  by 
reference  to  the  nervous  system.  It,  or  a  very  closely 
allied  disorder,  occurring  during  the  early  summer  in 
England,  was  first  described  by  Bostock  in  the  Medico- 
Chirurgical  Transactions  for  1819,  under  the  name  of 
Catarrh'iis  yEKtiriis  ,  and  in  his  work  upon  the  affection 
now  treated  of,  Dr.  Wyman  advocates  the  use  of  the 
term  aiiUniinal  eatarrh  as  more  correct,  and  not  involv- 
ing the  absurdity  of  associating  a  disease  with  an  impos- 
sible cause — for  the  season  of  hay-making,  in  the  United 
States  at  least,  is  long  past  before  hay  fever  makes  its 
appearance.  But  the  title  has  become  so  embedded  in 
the  popular  mind  that  there  seems  to  be  no  escape  from 
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•what  is  indisputably  a  misnomer.  Basing  tlie  suggestion 
upon  the  view  that  the  aft'ection  depends  upon  engorge- 
ment of  tlie  nasal  mucous  membrane,  with  associated 
reflex  nervous  symptoms,  Mackenzie,  of  Baltimore,  has 
proposed  as  a  new  name  coryza  vnsotiKilnriit  periodica, 
which  has  the  advantage  of  accuracy  at  least. 

The  peculiarity  of  the  affection  is  its  annual  recur- 
rence, in  the  same  individuals,  with  almost  ludicrous 
exactness  in  point  of  time,  throughout,  in  many  in- 
stances, the  years  of  a  long  life.  Thus  an  examination 
of  the  narratives  of  their  cases,  written  l)y  those  who 
suffer  from  hayjeeer.  will  reveal  the  fact  that  tlie  attack 
occurs  upon  the  same  day,  or  even  the  same  hour  of  the 
day,  in  each  year,  and  in  none  is  there  a  variatif)n  of 
more  than  a  few  days.  This  regularity  of  return  is  ap- 
parently but  little  affected  by  the  peculiarity  of  one  year 
as  compared  with  another.  Whether  the  season  is  wet 
or  dry,  whether  as  a  consequence  vegetation  is  rankly 
growing  or  falling  into  decay,  appears  to  make  no  differ- 
ence. Another  singular  fact  is  that  the  sufferer  from 
this  disease  in  Philadelphia  or  Baltimore  may  rest  assured 
that,  at  the  precise  time  he  begins  to  feel  the  approach  of 
his  enemy,  his  fellow-sufferer  in  a  place  as  far  removed 
geographically  as  Boston  is  subject  to  attack  at  the  same 
time,  tliough  his  climatic  surroundings  are  quite  modi- 
fied. 

The  attacks  are,  however,  not  of  similar  severity  each 
year,  but  will  vary  somewhat.  Why  this  should  be  so 
it  is  hard  to  determine,  but  it  has  been  observed  that 
when,  as  in  1885,  there  is  a  prolonged  drought  in  the 
early  summer,  succeeded  by  heavy  rains  leading  to  a  re- 
vival of  vegetable  growth  in  the  month  of  August,  the 
season  is  likely  to  be  a  bad  one  for  sufferc^i's  from  au- 
tumnal catarrh. 

Age  appears  to  have  nothing  to  do  witli  this  affection, 
some  persons  experiencing  their  first  attack  as  early  as  in 
their  third  or  fourth  j'ear,  while  others  escape  the  forma- 
tion of  so  undesirable  an  acquaintance  until  quite  mature 
life.  It  is  a  curious  fact,  revealed  by  an  examination  of 
Dr.  AVyman's  table  of  eighty-one  cases,  that  males  are 
more  likely  to  be  sufferers  in  early  life  than  females; 
which  is  in  accordance  with  the  observation  of  the  writer, 
although  there  is  no  particular  significance  in  it,  so  far 
as  his  knowledge  goes. 

Another  peculiarity  of  this  disease,  and  one  whicli  has 
been  noticed  by  many  observers,  is  its  greater  prevalence 
among  those  who  are  not  compelled  to  resort  to  manual 
labor  for  a  livelihood.  Not  that  it  does  not  occur  in  this 
latter  class,  for  some  such  are  recorded  by  Wyman,  and 
many  have  fallen  under  the  observation  of  the  writer  of 
this  article  and  others;  but  that  it  is  of  comparatively 
rare  occurrence  among  the  laboring  classes  is  a  pateu't 
fact.  The  writer's  experience  leads  him,  however,  to 
think  that  this  difference  is  becoming  less  mai'ked  of  late 
years,  and  that  not  only  is  the  aggregate  number  of  cases 
increasing,  but  that  periodical  catarrh  is  extending  among 
classes  which  were  at  one  time  in  a  great  degi-ee  exempt 
from  its  visits. 

Having  now  referred  to  some  of  the  peculiarities  of 
this  troublesome  affection,  I  may  next  proceed  to  a  de- 
scription of  its  xyiiipioms  and  course,  as  ordinarily  ob- 
served. 

About  tlie  middle  of  Aiigust  the  patient  experiences 
itching  of  the  eyes  and  pharynx,  which  at  times  is  in- 
tense, and  is  accompanied  by  most  inordinate  and  fre- 
quent sneezing.  The  irritation  of  the  eves  and  throat 
appears  to  be  without  cause,  but  the  sneezing  seems  to 
be  provoked  by  bright  light,  cool  currents  of  air,  or  some 
exposure  to  the  causes  which  ordinarily  aie  regaixled  as 
provocative  of  catarrh.  At  first  these  attacks  are  infre- 
quent and  of  moderate  severity,  but  they  soi.n  become 
more  severe  and  more  frequent.  On  first  getting  up  in 
the  morning,  while  dressing,  and  often  during  bi-eakfast 
the  attacks  of  sneezing  are  prolonged,  and  altonelher 
unaccompanied  with  the  grateful  sense  of  relief  wliicii 
in  other  circumstances  is  experienced  in  connection  witli 
this  manifestation.  Every  exertion  increasi-s  tliese  symp- 
toms, and  there  accompanies  them  that  general  feeling 
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of  discomfort,  with  slight  acceleration  of  pulse,  which 
have  earned  for  the  disease  the  misnomei-  of  hay  fever; 
yet  there  is  no  record  showing  the  existence  of  a  higher 
temjDeratuie.  Tlie  amount  and  severity  of  these  symp- 
toms will  vary  somewhat  with  different  years,  but  they 
will  always  exceed  in  both  respects  those  obser\'ed  in 
ordinary  coryzas. 

Usually  symptoms  of  bronchial  irritation  manifest 
themselves  in  about  a  week,  and  dryness  and  injection 
of  the  fauces  are  followed  by  a  tickling  cough,  accom- 
panied with  but  little  expectoration.  After  a  time  the- 
cough  becomes  more  severe,  paroxysmal  in  character,  and 
is  often  accompanied  with  much  soreness  in  the  chest, 
which  is  somewhat  relieved  when  expectoration  is  estab- 
lished. Like  the  coryza,  the  bronchitis  varies  much  in 
intensit}'  in  different  individuals,  and  somewhat  in  the 
same  persons  in  different  years.  In  some  it  does  not  ex- 
ceed in  severity  that  attending  a  mild  cold,  in  others  it. 
becomes  a  most  serious  affection,  and  is  occasionally 
accompanied  by  expectoration  of  mucus  streaked  with, 
blood.  Tlie  observation  of  the  writer,  however,  has  not 
brought  him  in  contact  with  a  case  in  which  true  pneu- 
monic sputa  were  present,  although  he  is  familiar  with 
one  in  which  the  expectoration  has  on  two  occasions, 
very  nearly  approached  that  character.  The  physical 
signs  on  auscultation  are  those  of  bronchitis. 

In  many  cases,  after  a  most  harassing  experience  ex- 
tending over  ten  days  or  two  weeks,  both  tlie  corj^za  and 
the  cough  lessen  in  severity.  The  former  almost  entirely 
disappears,  and  while  the  latter  may  persist  as  a  most 
exasperating  tickling,  especially  at  night,  convalescence 
passes  into  complete  recovery,  the  whole  course  of  the 
disease  having  lasted  for  from  three  to  four  weeks. 

But  in  the  vast  majority  of  cases  the  advent  of  the 
cough  is  accompanied  by  asthmatic  symptoms  of  more 
or  less  severity,  and  in  very  many  these  symptoms  cause 
everything  else  to  appear  as  insignificant.  Indeed,  more 
severe  asthma  than  accompanies  some  cases  of  autumnal 
catarrh  is  rarely,  if  ever,  seen. 

The  first  asthmatic  symptoms  generally  appear  about 
the  asth  of  August,  and  are  often  brought  on  by  a  spell 
of  coughing,  some  unusual  exertion,  or  in  many  cases 
by  the  change  of  wind  accompanying  a  thunder-storm. 
From  the  time  of  their  first  appearance  these  symptoms 
do  not  entirely  disappear  until  the  conclusion  of  the 
annual  attack,  which  is  ordinarily  about  the  end  of 
September,  altliough  in  some  cases  prolonged  until  a 
later  date.  All  the  time  tliere  is  more  or  less  difficulty 
of  breathing,  accompanied  with  true  asthmatic  ntles. 
L'pon  percussion  the  chest  is  more  than  usually  resonant, 
showing  the  existence  of  at  least  a  temporary  emphyse- 
ma ;  but  upon  applying  the  ear  to  its  parietes,"  it  is  found 
to  be  filled  with  dry  cooing  and  sibilant  murmurs,  remind- 
ing the  listener  of  nothing  so  much  as  "  a  bag  of  whistles. " 
Indeed,  these  sounds  are  generally  readily  perceptible  at 
a  considerable  distance,  and  become  more  marked  at  the 
approach  of  a  paroxysm. 

Than  a,  severe  paroxysm  of  dvspnwa,  such  as  is  fre- 
quently seen  in  these  cases,  there  is  scarcely  anvtliing 
harder  to  bear  or  more  painful  to  witness.  Tlie  approach 
of  the  attack  is  signalled  liy  an  increase  in  the  loudness 
ot  the  chest  murmurs,  and  by  increased  difficulty  of 
breathing.  The  patient  cannot  lie  down  and  indeed 
yery  soon  cannot  lean  back  in  his  chair.  Sitting  or 
standing,  the  patient  will  seek  a  firm  surface  on  which 
to  lean,  and  planting  his  elbows  firmly  upon  it  for  sup- 
port, will  gasp  for  breath.  The  sonorous  chest  sounds 
lessen  the  inspiration  becomes  comparatively  lengthened 

nnb„nnnf;iT''r   "'"'''    ''""'''^•i-       ^hc    COlla,'   will    b^ 

unbuttoned,  the  face  assume  a  yearning  and  almost  de- 

S"tf  &'''f'°".'  '^  '-^''^  ^^  «"«"«'^d  a"d  tearful 
while  the  efforts  of  the  arms,  shoulders,  and  all  of  the 
muscles  accessory  to  respiration  are  most  severe  and  ac- 
companied with  a  very  copious  perspiration.  The  sense 
of  atigue  IS  extreme,  and  to  the  expression  of  anxiety  is 
faxed  Z  tTT'  \'^:^T'''  '^"*  "'-^  efforts  are  uire 
and  c'annAt  h,  f  '"""f'f^'  "^^'^^^'  ^^"^  ""^^  involuntary 
and  cannot  be  lessened  by  any  effort  of  the  will.     No 
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sounds  whatever  come  from  the  chest,  and  while  tlie  pa- 
tient feels  as  if  he  was  breathing  in  vacuo,  the  inexperi- 
enced spectator  will  think  that  actual  suffocation  is  im- 
pending. If  not  interfered  with  this  state  of  things  may 
last  for  from  a  few  minutes  to  several  hours.  Gradually 
there  will  be  a  return  of  wheezing  noises  in  the  chest,  the 
respiration  will  become  somewhat  less  shallow,  and  the 
sense  of  suffocation  less  acute :  and  if  the  improvement 
continues  the  expression  of  relief  becomes  marked  upon 
the  face,  and  the  sufferer  drops  into  sleep  without  much 
reference  to  the  position  he  occupies. 

But  the  relief  experienced  is  very  generally  only  par- 
tial, and  the  respiration  continues  laborious  and  op- 
pressed, while  exercise  or  any  physical  effort  is  impos- 
sible without  immediate  aggravation  of  tlie  symptoms. 
This  state  of  things  continues  until  the  end  of  the 
season,  though  lessening  gradually  with  the  diminution 
of  the  bronchitis  and  the  disappearance  of  the  cough. 
The  writer  has  known  this  asthmatic  periud  to  last  for 
from  three  to  six  weeks,  during  which  time  the  patient 
could  not  go  up  and  down  stairs,  could  not  sleep  at  all 
without  the  aid  of  anodynes,  nor  indulge  in  the  slightest 
dietary  indiscretion.  The  eating  of  large  amounts  of 
food  late  in  the  day,  or  of  indigestible  food  at  any  time, 
is  likely  to  bring  on  an  acute  paroxysm,  and  the  same 
result  is  veiy  apt  to  follow  a  prolonged  spell  of  cough- 
ing. Very  often  sleep  can  be  obtained  only  in  the  uj}- 
right  position,  either  in  a  chair  or  propped  up  in  bed 
with  a  large  number  of  pillows. 

In  many  cases  of  periodical  catarrh  the  asthmatic 
symptoms  never  attain  the  severity  of  those  which  have 
been  described,  but  thej'  are  present  in  a  more  or  less 
modified  form  in  the  majority  of  instances,  especially  at 
night.  As  has  been  said,  when  the  asthma  is  a  marked 
feature  in  the  individual  cases  it  overshadows  all  other 
symptoms,  and  we  shall  not  obtain  the  vividly  thrilling 
descriptions  of  the  sufferings  from  catarrh,  which  en- 
cumber books  upon  this  special  topic,  from  those  who 
have  severe  asthma.  They  will  express  tlieniselves  as 
quite  read}'  to  bear  the  annoyances  of  tlie  most  violent 
coryza  and  the  most  irritating  cough,  if  tliey  can  only 
secure  immunity  from  the  dyspnaa  and  orthopnoea 
which  they  have  learned  to  dread. 

After  the  middle  of  Septemljer  there  is  a  gradual  dec- 
lination in  the  severity  of  all  the  symptoms,  and  by  the 
end  of  themonth  they  have  in  great  measure  disappeared, 
though  in  the  severer  cases  there  may  remain  a  tickling 
cough  and  the  liability  to  attacks  of  oppression  to  a  much 
later  date.  Indeed,  it  would  seem,  in  the  more  severe 
cases,  and  especially  In  those  which  suffer  much  from  asth- 
ma, as  if  there  was  a  tendency  to  a  gradual  prolongation 
of  the  after-period,  so  that  thi-oughout  the  winter  any 
severe  cold  is  liable  to  be  complicated  with  asthmatic 
symptoms.  That  this  should  be  the  case  is  quite  natural 
in  view  of  the  causal  relation  existing  between  asthma 
and  true  emphysema.  Yet  permanent  emphysema  is 
rarely  present,  probably  owing  to  the  shortness  of  the 
attacks,  and  to  the  fact  that  most  patients  enjoy  a  suffi- 
ciently long  period  of  health  between  them  to  prevent  or- 
ganic changes  taking  place  in  the  elastic  lung  tissue. 

Observation  has  convinced  the  writer  of  this  article 
that  the  recurrence  of  these  attacks,  unmodified  by  effec- 
tive treatment,  tends  to  fasten  the  habit  more  firmly 
upon  the  system,  as  well  as  to  increase  the  length  of  the 
after-period.  His  experience  has  taught  him  that  if  the 
season  is  anticipated  by  a  suitable  change  of  residence, 
and  the  severity  of  the'attacks  modified  by  appropriate 
treatment,  the  force  of  the  annual  habit  is  lessened,  and 
while  it  may  not  be  entirely  obliterated,  the  acuteness  of 
the  periodical  attacks  will  be  diminished.  It  is  this  fact 
which  leads  him  to  urge  careful  attention  to  those  cases 
which  occur  in  children,  as  in  them  there  is  more  hope  of 
being  able  to  attain  good  and  permanent  results.  As  a 
general  thing,  the  first  attacks  are  less  severe  than  the 
succeeding  ones,  and  there  would  seem  to  be  more  en- 
couragement to  expect  good  results  by  prompt  and  early 
treatment. 

When  we  come  to  consider  the  nature  and  cause  of  this 


curious  affection  we  enter  upon  a  wide  field,  and  one 
upon  which  most  conflicting  theories  contend.  That  this 
should  be  the  case  is  natural  from  the  absence  hitherto 
of  any  researches  throwing  much  light  upon  any  ana- 
tomical peculiarities  pertaining  to  the  affection.  That 
there  are  such  peculiarities,  however,  at  any  rate  asso- 
ciated with  it,  cannot  be  doubted  in  the  face  of  the  ob- 
servations recently  made  by  such  authors  as  Harrison 
Allen,  J.  N.  Mackenzie,  Sajous,  and  others;  but  it  ia  as 
yet  too  early  to  conclude  with  certainty  that  these  ana- 
tomical peculiarities  are  undoubtedly  the  cause  of  the 
affection  under  consideration.  According  to  these  ob- 
servers the  subjects  of  "hay  fever"  are  all  alike  in  pre- 
senting certain  peculiarities  in  the  anatomy  of  their  nasal 
cavities.  According  to  Harrison  Allen,  the  nostrils  are 
obstructed  by  deflection  of  the  septum,  hypertrophy  of 
the  soft  parts  and  bones,  or  turgescence  of  the  mucous 
membrane,  and  always  an  undue  prominence  of  the  in- 
ferior turbinated  bone.  J.  N.  Mackenzie,  Roe,  Daly, 
Hack,  and  Sajous  hold  that  there  exist  in  these  cases- 
both  an  unusual  development  and  an  unusual  excitability 
of  the  mucous  membrane  covering  a  well-defined  sensitive 
area,  which  is  known  to  be  coterminous  with  the  inferior 
turbinated  bone.  According  to  these  observers  the  symp- 
toms of  periodical  catarrh  are  reflexes  induced  by  irrita- 
tion of  this  area,  in  cases  which  possess  at  the  same  time 
abnormal  vaso-motor  excitability,  and  hence  J.  N.  Mac- 
kenzie proposes  the  name  of  coryza  vasomotoria  period- 
ica for  the  disease. 

The  theory  of  these  gentlemen,  though  revolutionary 
in  character,  has  much  to  recommend  it,  and  is  found  to 
be  in  strict  accord  with  many  of  the  observed  facts  in 
these  cases.  Yet  in  some  respects  it  is  not  altogether 
satisfactorj',  especially  when  the  cjuestion  of  periodicity 
is  considered,  or  when  regard  is  had  to  effects  often 
noticed  when  a  change  of  climate,  or  rather  of  place,  is 
resorted  to.  Thus  it  is  difficult  to  see  how  turgescence 
of  the  erectile  tissue  over  the  turbinated  bone  should  oc- 
cur, or,  at  any  rate,  produce  serious  effects,  only  at  one 
season  of  the  year.  Then  it  is  certainly  going  too  far  to 
account  for  the  benefit  secured  at  certain  seashore  places 
simply  by  the  tonic  effects  of  the  sea  air  upon  the  ner- 
vous system,  and  to  point  to  the  well-established  fact 
that  a  land  breeze  is  injurious,  and  claim  that  it  is  so 
only  so  far  as  it  is  relaxing  and  enervating.  At  everj' 
place  on  the  seashore  there  are  alternating  sea  and  land 
breezes;  yet  relief  from  autumnal  catarrh  is  experienced 
at  but  few  of  them,  and  those  that  experience  has  proved 
to  be  suitable  places  of  resort  are  such  as  b}'  their  topog- 
raph}' receive  no  breeze  from  the  land  until  it  has  passed 
over  a  considerable  expanse  of  water. 

But  these  observers,  while  maintaining  the  anatomical 
and  nervous  basis  of  the  disease,  do  not  deny  that  pollen 
may  be  one  source  of  irritation  among  many  others,  and 
even  should  the  theory  they  propose  not  be  at  present 
reconcilable  with  all  the  facts  in  any  given  case,  it  is 
reasonable  to  anticipate  that  further  observation  and 
closer  study  may  tend  to  complete  elucidation  of  it. 
Hitherto  there  has  been  nothing  more  definite  than  the 
supposition  that  the  affection  was  produced  by  one  or 
more  kinds  of  pollen  acting  upon  a  personal  idiosyncrasy 
— the  latter  term,  of  course,  being  only  a  convenient  ex- 
pression to  cloak  ignorance.  This  theory  has  been  up- 
held hy  the  majority  of  writers  in  the  past,  and  is  still, 
contended  for  by  Morell  Mackenzie,  Blackley,  and  many 
others.  According  to  these  writers,  at  a  given  season 
there  is  a  large  amount  of  pollen  grains  afloat  in  the 
atmosphere,  which  serve  as  the  exciting  cause,  in  cases 
possessing  that  personal  peculiarity  or  idiosyncrasy 
wherein  lies  the  true  essential  characteristic  of  the  dis- 
ease. When  tested  by  experience  the  theory  is  found  to 
fit  in  almost  every  particular. 

That  there  is  some  peculiar  atmospheric  condition  pres- 
ent only  at  a  given  season  would  seem  to  be  proven  by 
the  fact  that  in  the  vast  majority  of  cases  there  is  an  en- 
tire absence  of  symptoms  at  all  other  times.  That  this, 
condition  is  imparted  from  the  vegetable  kingdom  would 
seem  proven,  because  almost  all  cases  are  benefited  by  a. 
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residence,  during  the  time,  eitlier  at  certain  places  among 
tlie  mountains,  at  certain  seashore  resorts  separated  from 
the  mainland,  where  there  is  little  vegetation,  or  most 
certainly  during  a  sea  voyage.  The  mahgn  influence  of 
vegetable  exhalations  in  these  cases  receives  support  also 
from  the  well-known  fact  that  the  kindred  affection 
known  as  "  rose-cold  "  seems  to  be  largely  dependent  upon 
such  irritants.  The  writer  is  acquainted  with  one  gen- 
tleman who  sufl^ei-s  acutely  in  September,  but  is  perfectly 
well  in  June.  His  mother-in-law,  for  very  many  years 
and  until  her  death,  suffered  in  precisely  the  same  way, 
and  was  also  well  all  the  early  summer.  They  were 
both  relieved  by  removing  to  Beach  Haven,  on  an  island 
off  the  New  Jersey  coast  only  six  miles  distant  from  the 
home  of  the  motherin-law.  In  this  coincidence  there  is, 
of  course,  nothing  pecviliar;  but  two  of  the  brothers  of 
the  gentleman  mentioned,  with  his  wife  and  sister-in- 
law,  have  been  severe  sufferers  from  acute  coryza  in 
June,  and  are  all  (juite  well  in  September.  "We  have 
here  a  group  of  six  cases,  five  of  whom  would  be  prop- 
erly described  as  very  far  I'emovcd  from  the  category 
of  nervous  persons,  who  have  for  many  years  suffered 
periodically,  in  all  of  whom  relief  is,  at  least,  associated 
with  the  comparative  absence  of  vegetable  influences. 
Of  the  June  cases,  two  were  always  better  in  town,  and 
the  attack  was  not  so  severe  as  to  require  other  measures 
of  relief ;  one  is  free  from  attack  at  Beach  Haven ;  while 
the  fourth,  whose  attacks  are  the  slightest,  gets  comfort 
by  keeping  most  of  the  time  in  the  house.  In  none  of 
the  June  cases  is  asthma  present ;  but  all  have  noticed 
great  aggravation  of  their  symptoms  when  exposed  to 
various  kinds  of  pollen,  notably  that  of  the  horse-chest- 
nut, the  ailanthus,  and  the  scented  honeysuckle.  In  one 
of  the  June  cases,  and  in  one  of  the  September  cases, 
prominence  of  the  inferior  turbinated  bone  has  been 
noted. 

The  object  in  citing  these  cases  is  not  to  bolster  up  the 
old  and  exclusive  pollen  theory,  but  to  submit  them 
merely  as  cases  which  show  the  difficulty  which  presents 
itself  to  any  one  wJio  attempts  a  close  and  exclusive  defi- 
nition which  will  suit  all  cases. 

Advocates  of  the  purely  nervous  and  anatomical  theo- 
ries maintain  that  their  theory  is  supported  by  the  results 
of  treatment,  and  this  will  be  spoken  of  more  at  length 
in  its  proper  place ;  but  the  claim  is  as  yet  not  fully  sub- 
stantiated, and  quite  a  number  who  have  undergone  local 
and  tonic  treatment  are  known  still  to  suffer  from  their 
old  enemy.  Whether  this  will  continue  to  be  true  when 
they  have  undergone  a  sufficient  number  of  applications 
to  the  nasal  mucous  membrane  remains  to  be  seen,  but  it 
is  not  as  yet  proved.  It  is  still  subjiiilice,  and  is  subject 
in  some  measure  to  the  well-known  disposition — or  idio- 
syncrasy shall  we  call  it — possessed  by  many  hay-fever 
patients,  to  be  cured  in  succession  by  many  forms  of 
treatment.  At  the  present  time  (1901)  a  resort  to  local 
treatment  is  comparatively  safe,  the  results  not  having 
proved  so  satisfactory  as  was  at  one  time  expected. 

In  his  recent  work  on  hay  fever,  Sajous  recognizes  the 
■difficulty  of  precise  and  exclusive  definition,  and  formu- 
lates a  theory  which  is  comprehensive,  and  which  may 
at  least  serve  as  a  working  iiypothtsis  until  more  ex- 
tended and  complete  observation  f\irnishes  us  with  one 
that  is  entirely  satisfactory.  According  to  this  author, 
hay  fever  requires,  first,  an  external  irritant;  second,  a 
predisposition  to  become  influenced  by  this  irritant ;  and, 
third,  a  vulnerable  or  sensitive  area  through  which  the 
irritant  may  exert  its  influence. 

It  may  be  safely  concluded  that  autumnal  catarrii  is 
largely  dependent  upon  some  disorder  of  the  vaso-motor 
nerves,  that  the  sympathetic  system  is  partially  respon- 
sible for  the  trouble,  and  that  many  of  the  symptoms  arc 
true  reflexes;  but  what  is  the  precise  character  of  the 
trouble  is  not  known ;  undue  excitability  there  may  be 
and  probably  is,  but  that  tells  us  little  more  than  the  old 
term  idiosyncrasy.  It  has,  however,  the  great  advantage 
of  directing  our  treatment  into  a  definite  channel.  While 
admitting  the  implication  of  the  nervous  system,  it  can- 
not, however,  be  concluded  that  pollen  has  no  share  in 
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producing  the  disease.  That  it  has  a  large  and  impor- 
tant part  as  an  exciting  cause,  it  seems  impossible  to 
doubt.  On  the  other  hand,  pollen  is  not  the  only  excit- 
ant, but  dust,  heat,  electrical  conditions  of  the  atmos- 
phere, and  many  other  things  share  with  pollen  the  abil- 
ity to  provoke  an  attack  in  properly  disposed  persons. 

Trent.ineiit  has  hitherto  been  of  two  kinds,  namely, 
palliative  at  home,  or  radical  by  removal  to  a  locality 
which  experience  has  proved  to  be  exempt  from  the  ex- 
citing causes  of  the  disorder.  While  the  formei-  has  been 
unsatisfactory — so  much  so,  indeed,  as  to  lead  many  suf- 
ferers from  hay  fever  to  disregard  it  altogether — there  is 
no  doubt  that  "much  can  be  done  to  lessen  the  severity  of 
the  attacks,  and  to  mitigate  the  suffering  they  cause. 
Leaving  out  of  view,  for  the  present,  the  local  treatment, 
so  much  lauded  of  late  as  the  only  radical  one,  the  fol- 
lowing line  of  procedure  may  be  safely  followed  as 
rational,  harmless,  and  as  proved  by  experience  to  be 
beneficial. 

The  patient  should  lead  a  very  quiet  life  from  the  be- 
ginning to  the  end  of  the  period,  avoiding  exposure  to 
draughts,  the  direct  rays  of  the  sun,  and  any  exertion 
which  may  tend  to  quiclien  the  circulation.  Ho  should 
pay  pai'ticular  attention  to  his  diet,  especially  during  the 
later  hours  of  the  day.  Hy  this  it  is  not  meant  that  lie 
should  go  upon  a  low  diet,  but  that  he  should  avoid  any- 
thing that  is  indigestible,  or  which  during  digestion  gives 
off  a  large  amount  of  gas.  such  as  sweet  potatoes  or  lima 
beans.  In  many  cases  watermelons  act  injuriously,  and 
the  individual  poweis  of  digestion  should  always  be 
carefully  considered.  Keeping  this  last  point  in  view, 
there  is  no  i-eason  why  rich  soups,  meats,  the  less  starchy 
vegetables,  and  many  fruits,  should  not  be  indulged  in. 
He  will  do  well  to  have  any  peaches  he  maj'  eat  pared 
before  tliey  are  bi'ought  into  the  room,  and  he  will  be 
wise  if  he  eats  notliing  after  the  early  hours  of  the  after- 
noon. 

For  the  conjunctivitis,  or  rather  the  ocular  injection, 
which  exists  in  these  cases,  a  weak  solution  of  brandy 
and  water,  or  some  other  mildly  stimulating  collyrium, 
will  prove  most  comforting.  When  obliged  to  go  out  In 
the  day-time,  dark -colored  spectacles  will  afford  consid- 
erable relief.  Similar  locally  stimulating  treatment  will 
be  found  beneficial  to  the  coryza.  AVeak  solutions  of 
quinine,  of  sea  salt,  or  any  other  suitable  substance,  will 
afford  tempoiai-}-  relief,  and  if  attention  is  paid  to  the 
specific  gravity  of  the  solutions  by  the  addition  of  a 
saline,  so  that  they  approach  that  of  the  blood,  they  can 
be  frequently  repeated  without  injury,  and  with  positive 
benefit.  In  the  use  of  hydrochlorate  of  cocaine,  there  is 
every  reason  to  expect  decided  benefit.  Dr.  Da  Costa  has 
found  it  useful  in  a  number  of  cases,  when  applied  to  the 
nasal  mucous  membrane,  and  there  would  seem  to  be 
good  grounds  to  anticipate  advantage  from  its  further 
use  in  solutions  of  varying  strength.  The  danger  of 
acquiring  the  cocaine  habit  by  these  applications  should, 
however,  not  be  lost  sight  of.  Stimulating  gargles,  such 
as  vinegar  and  salt,  are  useful  by  temporarily  allaying 
the  intense  itching  in  the  roof  of  the  mouth,  and  lessen- 
ing the  hypeiwmiaof  the  mucous  membrane  of  the  fauces 
and  pharynx. 

When  the  bronchitic  symptoms  appear,  the  use  of  mild 
expectorants  with  opium  will  be  found  decidedly  useful 
in  allaying  the  cough,  cx'eu  though  the\-  do  not  abolish 
It  altogether.  Neither  physician  nor  patient  should  allow 
the  tact  that  the  disease  is  annually  recurrent  and  that 
the  predisposition  cannot  be  destroyed,  to  prevent  the 
use  of  ordinary  remedial  measures  to  palliate  the  severity 
ot  the  symptoms.  Very  many  cases  will  be  benefited  by 
some  such  prescription  as  the  following:  R  Morphina; 
sulphatis,  gr.  i. ;  extract,  belladonna;,  gr.  ij  ■  extract 
prun.  virg  fluid,  syrupi  lactucarii,  aa  fl  §i.  Dose,  a 
teaspoonful  every  four  hours.  Beyond  the  fact  that  they 
divert  the  attention  of  the  patient,  counterirritants  ap- 
plied to  the  chest  do  not  appear  to  do  much  good  while 
they  possess  the  disadvantage  of  sometimes  provoking 
troublesome  skin  affections.  ^ 

When  asthmatic  symptoms  present  themselves,  opium, 
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In  one  form  ov  another,  will  be  found  to  be  by  far  the 
most  efficient  remedy.  Two  or  three  doses  of  one-fourth 
•of  a  grain  each,  taken  two  hours  apart  in  the  evening, 
will  be  found  to  diminish  the  spasmodic  tendency  most 
materially,  and  by  cautiously  increasing  the  dose  from 
time  to  time,  or  by  changing  the  form  of  the  drug,  it  will 
be  found  possible  to  maintain  the  good  efEects  throughout 
the  time  of  the  attack  without  resoi-ting  to  a  very  large 
dose.  In  recommending  this  method  of  treatment  the 
physician  should  carefully  weigh  the  risk  that  the  pa- 
tient runs  of  acquiring  an  evil  habit,  and  should  always 
insist  that  it  should  be  pursued,  under  competent  medi- 
cal oversight,  only  when  the  discomfort  is  severe.  He 
should,  above  all,  urge  its  abandonment  at  the  earliest 
possible  day.  He  should  always  bear  in  mind  the  fact 
that,  while  the  immediate  comfort  of  the  patient  may  be 
promoted,  his  ultimate  well-being  may  be  seriously  Im- 
perilled by  a  drug  which  is  so  potent  for  both  good  and 
•evil. 

When  the  physician  is  called  to  witness  one  of  those 
■extreme  attacks  previously  described  in  this  article, 
when  the  orthopnoea  is  complete,  and  the  sufferings  of  the 
patient' are  far  greater  than  are  usual  at  any  death-bed, 
he  will  find  that  in  his  hypodermic  syringe  he  possesses 
an  implement  of  almost  magical  power.  The  injection 
beneath  the  skin  of  one-fourth  or  one-third  of  a  grain  of 
sulphate  of  morphine  will,  in  the  vast  majority  of  cases, 
aiford  complete  relief  in  a  very  few  minutes.  The  prac- 
tice of  the  writer  has  been  to  use  seven  minims  of  Magen- 
die's  solution,  and  he  has  never  witnessed  more  marvellous 
■^fleets  from  any  medication.  Generally  within  fifteen 
minutes  the  spasm  has  entirely  disappeared,  and  the  pa- 
tient has  fallen  into  a  quiet  sleep.  Rarely,  and  only  in 
those  cases  in  which  the  remedy  has  been  often  adminis- 
tered, he  has  had  to  use  a  supplemental  injection  of  four 
or  five  minims. 

Smoking  various  kinds  of  cigarettes,  burning  saltpetre 
papers,  or  some  of  the  various  quack  compounds  so  ex- 
tensively sold  often  afford  some  relief,  generally  just  in 
proportion  as  an  anodyne  has  been  Incorporated  in  the 
mixture.  Chloral  will  afford  relief  in  some  cases,  but, 
apart  from  the  danger  which  attends  its  use,  it  is  much 
less  efficacious  than  the  course  of  treatment  above  indi- 
cated. When  resorted  to  it  may  be  advantageously  com- 
bined with  full  doses  of  one  of  the  bromides.  These 
last-mentioned  remedies  may  often  be  used  with  benefit. 
Twenty  grains  of  the  bromide  of  potassium,  repeated 
-every  hour  until  a  drachm  has  been  taken,  will  frequently 
secure  a  quiet  night.  The  bromides  and  chloral  may  be 
usefully  added  to,  or  alternated  with,  opiates.  Musk, 
-camphor,  asafcetida,  stramonium,  and  very  many  other 
remedies  addressed  to  the  nervous  system,  have  been 
recommended,  and  may  be  tried  sometimes  with  advan- 
tage, both  from  their  own  intrinsic  power,  and  from  the 
aid  they  lend  to  the  effort  to  keep  within  bounds  the  dose 
of  opium  necessary  for  the  control  of  spasm. 

The  treatment  above  indicated  will  enable  sufferers 
from  hay  fever  to  exist  with  a  minimum  of  discomfort 
at  home,  but  in  those  cases  which  suffer  much  from  asth- 
ma it  will  be  a  period  of  confirmed  invalidism  at  best, 
and  they  will  long  for  more  radical  and  more  effectual 
means  entirely  to  abolish  the  recurrence  of  the  annual 
attacks.  There  are  very  many  who  merely  suffer  the  in- 
■  convenience  of  a  severe  coryza  and  an  annoying  catarrh, 
but  who  are  able  to  go  about  and  attend  to  business,  with 
■discomfort,  indeed,  but  without  interruption.  Such  cases 
may  afford  to  consider  whether  they  will  continue  satis- 
fled  with  palliative  treatment,  or  seek  that  which,  while 
more  severe,  is  certainly  more  effectual.  But  the  patient 
who  has  had  one  attack  of  severe  asthma  will  share  the 
anxiety  of  his  friends  that  he  may  escape  another  such, 
.and  will  be  willing  to  make  great  efforts,  to  endure  many 
■discomforts,  aye,  go  even  to  the  ends  of  the  earth,  if  he 
may  only  thereby  avoid  another  attack. 

Fortunately,  a  change  of  location  can  be  recommended 

with  confidence.     Experience  has  proved  that  immunity 

is  enjoyed  at  Bethlehem,  and  many  other  localities  in  the 

White  Mountains,  as  well  as  at  other  elevated  locations; 
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at  Beach  Haven,  N.  J.,  Fire  Island,  N.  Y.,  Halifax,  Nova 
Scotia,  and  a  few  other  places  on  the  seashore ;  or,  better 
than  all,  at  sea,  out  of  sight  of  land.  It  would  be  out  of 
place,  in  an  article  like  the  present,  to  go  into  a  discussion 
of  the  reasons  for  the  immunity  enjoyed  under  the  cir- 
cumstances, yet  it  may  be  well  to  refer  to  certain  facts  as 
tending  to  an  elucidation  of  the  matter,  or  at  least  as 
helping  us  to  a  knowledge  of  the  conditions  essential  to 
immunity.  Why  certain  mountainous  regions  should  be 
exempt  and  others  not,  is  not  known.  It  cannot  be  ele- 
vation, for  all  elevated  regions  do  not  afford  relief,  while 
those  which  do  are  often  less  high  than  those  where  no 
relief  is  obtained.  It  cannot  be  altogether  the  absence  of 
pollen,  for  none  of  the  localities  proved  to  be  beneficial  are 
entirely  destitute  of  vegetation.  Yet  the  fact  remains,  and 
it  is  idle  to  deny  it,  that  autumnal  catarrh  is  escaped  at 
Whitefield,  Franconia,  Fabyan's,  Crawford's,  Mount 
Washington,  Gorham,  and  many  other  places  in  the  White 
Mountain  region,  at  many  places  in  the  Adirondacks  and 
in  the  Catskills,  at  the  Straits  of  Mackinaw,  and  at  some 
other  points  in  the  Northwest.  When  we  come  to  the 
seashore,  we  find  that  Fire  Island  and  Beach  Haven  are 
both  situated  upon  islands  of  limited  extent,  somewhat 
removed  from  the  mainland,  and,  so  far  as  our  present 
knowledge  goes,  it  is  only  at  places  similarly  situated  on 
the  seashore  that  exemption  from  hay  fever  is  enjoyed. 
These  islands  are  very  low.  Beach  Haven  not  being  more 
than  eight  or  ten  feet  above  high  water.  Nor  is  there  an 
entire  absence  of  vegetation,  there  being  an  abundance 
of  marine  plants,  and  the  upland  flowers,  though  few  in 
number,  are  yet  amply  sufficient  to  supply  pollen  to  a 
disastrous  degree,  did  it  possess  the  virident  properties 
supposed  to  belong  to  it  by  Morell  Mackenzie  and  Black- 
ley.  Yet,  as  was  pointed  out  by  the  author  of  this  article 
some  years  since,  very  many  persons  entirely  escape  their 
annual  attacks  of  hay  fever  at  Beach  Haven,  and  all  en- 
joy a  greater  or  less  measure  of  relief.  While  the  wind 
is  from  the  sea  complete  immunity  is  enjoyed ;  when  it 
comes  from  the  land  some  inconvenience  is  experienced, 
but  the  attacks  are  always  of  modified  severity. 

Although,  therefore,  it  is  difficult  or  indeed  impossible 
to  give  a  satisfactory  explanation  of  the  reasons  why  cer- 
tain places  are  safer  resorts  for  sufferers  from  autumnal 
catarrh  than  others,  it  is  well  to  advise  such  cases  to 
make  trial  of  one  of  them,  making  the  selection  accord- 
ing to  the  dictates  of  individual  convenience  and  incli- 
nation. But  it  is  important,  when  the  patient  goes  to  one 
of  these  resorts,  that  he  go  before  the  time  of  the  expected 
attack,  and  observe  ordinary  hygienic  precautions  while 
there.  Personal  observation  leads  the  writer  to  believe 
that  it  is  of  importance  to  anticipate  the  attack  by  several 
days,  and  that,  when  it  has  once  begun,  it  is  much  more 
difficult  to  get  rid  of  it.  Yet  many  persons  will  arrive  at 
their  safe  harbor  suffering  acutely,  and  find  complete 
relief  in  a  few  hours.  Nourishing  food,  light  woollen 
clothing,  thin  flannel  next  the  skin,  the  avoidance  of 
undue  exertion,  and  rational  medical  treatment  for  any 
symptoms  which  arise,  will  give  comfort,  even  though 
the  exile — for  an  exile  it  is  when  enforced  from  year  to 
year — may  be  inconvenient  and  hard  to  bear.  The  writer 
would  especially  urge  the  importance  of  sending  children 
to  some  safe  place,  as  he  is  increasingly  convinced  that, 
if  there  is  any  hope  of  breaking  up  what  may  be  in  part 
a  systemic  habit,  it  may  be  most  reasonably  indulged  in 
the  case  of  very  young  persons.  To  accomplish  this  is 
worth  every  effort,  for  while  autumnal  catarrh  is  not  a 
disease  endangering  life,  and  the  suffering  attendant 
upon  it  may  be  alleviated  or  borne,  its  annual  recurrence 
does  most  seriously  interfere  with  all  the  avocations  of 
the  individual,  whether  he  remains  at  home  or  seeks  ref- 
uge in  an  exempt  locality.  Experience  would  seem  to 
show  further  that  when  complete  exemption  is  enjoyed 
for  a  series  of  years,  rscurring  attacks  exhibit  less 
severity. 

During  the  years  which  have  passed  since  this  article 
was  written  its  author  has  met  with  quite  a  niimber  of 
cases  in  which  the  disease  has  practically  disappeared  in 
those  who   persistently  visited  exempt  localities  for  a 
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series  of  years,  and  his  conviction  is  strengthened  that 
when  the  habit  of  the  system  is  interrupted  by  such 
means  there  is  a  distinct  tendency  for  the  disease  to  wear 
out  (May,  1901). 

The  new  pathological  views  to  which  reference  has 
been  made,  and  which  identify  the  disease  in  question 
with  certain  abnormalities  and  pathological  changes 
within  the  nasal  cavities,  have  led  to  local  treatment  of 
greater  or  .less  severity,  instituted  with  a  view  of  getting 
rid  of  the  cause  entirely.  Any  abnormal  prominences  or 
growths  connected  with  either  the  mucous  membrane  or 
the  bones  are  attacked  by  the  snare  or  galvanic  cautery 
and  destroyed,  or  if  the  trouble  is  found  to  consist  in 
turgescence  of  the  erectile  mucous  membrane,  various 
stimulating  applications  are  resorted  to,  and  with  most 
satisfactory  results  to  those  who  have  used  them.  The 
metliod  is  recommended  by  such  capable  observers,  and 
specialists  so  skilful  in  their  departments,  that  it  is  cer- 
tainly worthy  of  more  extended  trial.  As  reported,  the 
results  have  been  very  good,  but  it  is  yet  too  early  to 
utter  any  ex-catliedra  opinions  iipon  the  subject.  Sev- 
eral wlio  have  undergone  the  treatment  referred  to  have 
fallen  under  the  writer's  notice.  Some  have  thought 
they  were  benefited,  others  that  they  were  not  improved, 
and  one,  at  least,  believed  that  he  was  worse  than  before. 
Most  of  the  cases  were  met  at  a  hay-fever  resort.  It  is 
but  right  to  add  that  some  of  the  cases  had  not  under- 
gone the  number  of  local  applications  which  their  attend- 
ants thought  were  necessary  to  work  a  complete  cure. 
While  the  application  of  mechanical  and  operative 
measures  may  be  safely  tried  within  certain  limits,  there 
would  seem  to  be  danger  of  carrying  the  practice  too  far. 
It  should  not  be  forgotten  that  extensive  tracts  of  cica- 
tricial tissue  may  become  the  seat  of  more  serious  disease 
than  hay  fever.  For  the  latter  we  have  a  tolerably  cer- 
tain and  satisfactory  palliative,  if  not  a  permanently 
radical  cure,  in  temporary  change  of  residence,  while  at 
present  operative  interference  is  undertaken  only  with 
the  chance  of  permanent  relief.  As  has  been  already 
stated,  this  form  of  treatment  is  less  frequently  resorted 
to  at  the  present  time,  having  proved  disappointing  to  its 
advocates. 

Those  who  desire  to  familiarize  themselves  with  the 
natural  history  of  hay  fever  will  do  well  to  consult  the 
admirable  work,  "Autumnal  Catarrh,"  by  Morrill  Wy- 
man,  M.D.  (New  York,  1872),  in  which  they  will  find 
the  best  account  of  the  disease  and  the  most  careful  study 
of  places  wliere  exemption  from  its  attacks  exists.  Those 
who  desire  to  know  all  about  the  pollen  theory,  and  the 
extent  to  which  it  can  be  carried,  will  do  well  to  consult 
"  Experimental  Researches  on  the  Causes  and  Nature  of 
Catarrhus  ^stivus,"  by  Charles  H.  Blackley,  M.R.C.S. 
Eng.  (London,  1873),  and  "Hay  Fever:  its  Etiology  and 
Treatment,  with  an  Appendix  on  Rose  Cold,"  by  Morell 
Mackenzie,  M.D.  (London,  1885).  This  last  book  is 
most  vigorously  reviewed  in  the  American  Journal  qf  the 
Medical  Sciences  for  October,  1885,  by  Dr.  John  N.  Mac- 
kenzie, of  Baltimore,  who  has  also  contributed  several 
papers  bearing  upon  hay  fever  to  various  journals,  in 
which  he  ably  upholds  the  neurotic  and  anatomical 
theory  of  the  disease.  An  able  and  suggestive  paper 
will  be  found  in  the  number  of  the  American  Journal  for 
January,  1886,  in  which  Sir  Andrew  Clark  maintains  very 
similar  views,  but  would  account  for  the  asthmatic  spasm 
by  temporary  and  sudden  congestion  of  the  mucous 
membranes  rather  than  by  muscular  constriction  of  the 
bronchial  tubes.  In  "Hay  Fever  and  its  Successful 
Treatment  by  Superficial  Organic  Alteration  of  the  Na- 
sal Mucous  Membrane,"  by  Charles  E.  Sajous,  M.D. 
(Philadelphia,  1885),  there  will  also  be  found  an  expo- 
sition of  the  modern  views,  and  details  of  the  treatment 
recently  so  highly  lauded  for  this  most  troublesome  af- 
fection. Other  papers  upon  the  subject  will  be  found 
scattered  through  the  journals  by  Daly,  Roe,  Allen,  Bos- 
worth,  Da  Costa,  Beverley  Robinson,  S.  S.  Cohen,  and 
Hack.  The  work  of  Dr.  W.  C.  Hollopeter,  of  Philadel- 
phia, is  among  the  more  recent  contributions  to  this  sub- 
ject. Samuel  Ashhurst. 
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HAYWOOD  WHITE  SULPHUR  SPRING.— Post-Of- 
fice.— Waynesville,  Haywood  County,  North  Carolina. 
Hotel  and  cottages. 

Access.— From  Asheville,  via  Murphy  branch  of  the 
Western  North  Carolina  Railroad,  thirty  miles  west. 
The  location  of  these  springs  is  in  the  heart  of  the 
Alleghanies  at  the  foot  of  the  Great  Balsam  Mountains, 
where  the  peaks  tower  5,000  to  6,000  feet  in  height. 
The  altitude  at  the  springs  is  about  2,800  feet.  The 
surrounding  scenery  is  of  surpassing  beauty,  not  excelled 
in  rugged  grandeur  east  of  the  Rockies.  During  the 
summer  and  autumn  seasons  the  weather  here  is  gen- 
erally delightful,  the  temperature  ranging  from  56°  to 
80°  F.  The  hotel  is  usually  crowded  with  visitors  at 
these  times,  some  of  them  from  remote  points.  There 
are  two  springs,  one  sulphur,  the  other  iron.  The  tem- 
perature of  the  water  is  54°  F.  No  complete  analysis 
has  been  made,  but  we  are  informed  that  the  waters  con- 
tain, besides  sulphur  and  iron,  salts  of  sodium,  potas- 
sium, and  magnesium.  The  present  hotel,  a  large  and 
commodious  brick  building,  with  surrounding  wooden 
cottages,  is  located  on  the  banks  of  the  Richland  River, 
a  beautiful  trout  stream.  Numerous  attractions  in 
the  way  of  shooting,  fishing,  archery,  tennis,  bowling, 
and  billiards  are  at  the  option  of  the  guests.  The  medi- 
cal properties  of  the  water  have  been  amply  attested, 
especially  in  chronic  functional  disturbances  of  the 
liver,  stomach,  and  kidneys.  Rheumatism  and  neural- 
gic troubles  are  benefited  by  the  hot  baths. 

James  K.  Crook. 

HEADACHE. — Headache  is  a  frequent  manifestation  of 
the  most  varied  disorders  of  the  nervous  system  and  of 
other  organs.  Being  merely  a  symptom  of  so  many  dif- 
ferent morbid  states,  it  cannot  be  consistentlj'  character- 
ized or  described  as  a  disease,  although  it  is  occasionally 
of  such  a  nature  as  to  possess  the  significance  of  an  inde- 
pendent affection. 

It  may  be  so  fleeting  or  transient  as  to  be  more  or  less 
ignored  by  the  patient,  or  it  may  attain  such  a  degree  of 
severity  or  persistency  as  to  lead  the  sufferer  to  seek 
medical  advice.  Familiarity  with  its  various  forms  is 
essential,  and  it  is  necessary  always  to  bear  in  mind  that 
headache  is  a  frequent  accompaniment  of  many  constitu- 
tional diseases.  Hence  a  description  and  classification 
of  headache  with  suggestions  as  to  the  means  of  deter- 
mining its  causation  must  prove  of  great  practical  value. 
According  to  many  modern  observers,  we  know  almost 
nothing  of  the  structures  in  which  the  pain  of  headache 
is  felt  or  of  the  mechanism  of  its  production.  As  the  me- 
ninges, especially  the  dura  and  a  large  area  of  the  cra- 
nium, receive  their  sensory  supply  from  the  terminal  sen- 
sory branches  of  the  trigenlinus,  and  as  the  meninges  are 
also  supplied  by  branches  of  the  sympathetic  nerve,  it  is 
reasonable  to  assume  that  headache  is  the  result  of  direct 
or  indirect  irritation  of  these  nerves. 

Psychical  disturbances,  in  the  form  of  depressing  emo- 
tions such  as  grief,  worry,  fright,  etc.,  often  produce 
headache ;  in  such  instances  it  must  be  due  to  processes 
originating  in  the  higher  cerebral  centres  through  which 
superficial  pain  is  perceived.  Headache  must  not  be 
confounded  with  true  neuralgia  in  which  the  pain  is 
paroxysmal  in  character  and  directly  limited  to  the 
course  of  the  nerve  and  its  distribution.  The  idea  that 
the  location  of  the  pain  in  any  particular  region  of  the 
head  is  always  directly  related  to  some  special  under- 
lymg,  adjacent  or  remote  pathological  process  (except- 
rag  pericranial  inflammation),  has  not  been  substantiated 
by  clmical  experiences.* 

No  deflnite  rules  can  be  laid  down  in  regard  to  this 
matter  that  will  apply  in  every  case.  It  may  be  said 
however,  after  perusal  of  the  histories  and  observation 
ot  a  large  number  of  cases,  that  pain  located  at  certain 
parts  of  the  head  occurs  more  often  in  this  or  that  con- 
dition  of  disease.     Such  information,  nevertheless,  may 

*  Recently,  Head  in  his  work  on  "  Referred  Pain  "  lias  endeavored 
™i?,'i!i''VH<'^=''''*°''*  '''  '•ertain  sensitive  areas  on  the  scalp  In  S 
relation  to  diseases  of  internal  organs. 
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prove  valuable  in  suggesting  certain  lines  of  inquiry 
when  found  associated  with  other  symptoms. 

The  headache  may  be  confined  to  the  forehead,  to  the 
vertex,  the  parietal,  temporal,  or  occipital  region  on  one 
or  both  sides ;  it  may  be  unilateral  as  in  migraine,  or  it 
may  affect  the  entire  head,  and  is  then  described  as  gen- 
eral or  diffused,  or  it  may  occur  in  various  combinations. 

Patients  usually  describe  the  pain  in  the  head,  which 
frequently  dominates  all  other  symptoms,  as  acute,  sharp, 
throbbing,  darting,  dull  ache,  boring,  burning,  stabbing, 
etc.  It  may  be  transient,  paroxysmal,  periodical,  or  con- 
tinuous, and  may  vary  in  degree  and  location  from  time 
to  time.  As  pain  is  a  subjective  symptom  we  can  judge 
of  its  degree  only  by  the  tout  ensemble  of  the  individual 
and  by  its  association  with  unmistakable  physiognomical 
expressions  and  physical  manifestations. 

"  Traditional  psychology  may  be  said  to  regard  pain  as 
a  feeling,  i.e.,  a  purely  mental  state  or  condition,  with  or 
more  frequently  without  a  physical  basis  in  the  nervous 
system.  Physicians  do  not  place  much  contidence  in  the 
patients'  statement  of  the  quality  or  character  of  the 
pain,  largely  because  patients  have  not  words,  nor  ex- 
perience to  prompt  the  words,  in  which  to  describe  their 
pains.  The  description  of  pain  by  a  patient  seems  to  be 
directly  proportional  to  (1)  liveliness  of  imagination,  (3) 
vocabulary,  (3)  experience"  (Witmer).  The  descrip- 
tion is  often  materially  enhanced  by  the  patient's  gestures. 

Headache,  for  all  practical  purposes,  may  be  divided 
into  two  classes — functional  and  organic.  'The  so-called 
functional  forms  of  headache  are  by  far  the  more  fre- 
quent, and  include  those  resulting  from  various  consti- 
tutional or  psychical  disorders,  and  from  causes  not  situ- 
ated in  the  skull  or  cranial  cavity,  excepting  the 
disturbances  of  special-sense  organs,  such  as  the  eye,  ear, 
and  nose,  and  dental  caries.  Some  special  foi'ms  of  dis- 
turbance of  the  cerebral  circulation  may  also  be  placed 
in  this  category. 

The  organic  form  includes  all  types  of  intraci'anial  dis- 
ease, whether  vascular,  meningeal,  or  cerebral,  and  dis- 
ease of  the  cranial  bones. 

The  functional  forms  of  headache  may  be  classified  and 
subdivided  as  follow ; 

'  1.  Retained  excrementitious  substances. 
2.  Products  of  defective  metabolism. 
ToXjBmic.  \  3.  Infectious  germs  or  their  toxins. 

4.  Various  drugs. 

5.  Graves'  disease. 
1.  Neurasthenia. 

Netiropathic.  \  3.  Hysteria. 

_  3.  Epilepsy. 

(  1.  Ocular.     2.  Gastric.    3.  Nasopharyn- 
Rbflex <      geal.      4.  Auditory.      5.  Dental.      6. 

(      Uterine.     7.  Sexual. 
CiRcnLATORY.  ^  1.  Hypcrsemia.     3.  Anfemia. 

MlGKAINE. 

Toxemic  Headache. 

In  which  the  blood  is  contaminated  by  various  delete- 
rious agents. 

1.  Retained  Excrementitious  Substances. — (The 
absorption  of  decomposition  and  fermentation  products 
developed  in  the  alimentary  canal,  or  the  reabsorption  of 
retained  excrementitious  substances.)  {a)  Constipation. 
(b)  Intestinal  indigestion,  (c)  Gastric  indigestion,  {d) 
Ursemia. 

{a)  Constipation;  (b)  Intestinal  Indigestion. — In  a  very 
large  majority  of  instances  in  which  headache  is  com- 
plained of,  it  is  due  to  toxsemia  resulting  either  from  con- 
stipation, or  from  intestinal  or  gastric  indigestion.  'The 
clinical  fact  has  long  been  established  that  auto-intoxica- 
tion of  intestinal  origin  plays  an  important  role  in  the 
production  of  headache,  migraine,  and  vertigo,  but  such 
symptoms  are  evidently  more  or  less  dependent  upon  in- 
dividual susceptibility.  Constipation  is  not  incompatible 
with  apparent  health,  for  some  persons  may  be  consti- 
pated for  a  week  or  more  at  a  time  without  any  complaint 
of  digestive  trouble  or  headache.     For  this  reason,  the 


objection  has  often  been  made  to  the  hypothesis  of  auto- 
intoxication of  isscaX  origin.  On  the  other  hand,  Bou- 
chard, who  has  made  a  special  study  of  this  subject,  be- 
lieves that  constipation  should  be  regarded  as  a  protection 
against  intoxication,  and  says :  "  it  supposes  that  all  that  is 
absorbable  has  been  absorbed,  the  aqueous  part  with  what 
was  held  in  solution."  The  lengthiest  argument,  how- 
ever, will  not  controvert  the  familiar  fact  that  thorough 
purgation  causes  the  rapid  disappearance  of  the  headache 
and  associated  symptoms  in  most  eases  of  this  charactei-. 

In  these  patients  the  headache  is  usually  located  in  the 
frontal  region,  but  is  often  diffused  over  the  entire  head. 
As  a  rule,  it  is  not  constant,  and  may  or  may  not  be  as- 
sociated with  gaseous  eructations. 

In  some  it  is  accompanied  by  morbid  somnolence  dur- 
ing the  day  and  heavy  sleep  at  night,  while  in  others 
insomnia  is  complained  of.  Occasional  attacks  of  ver- 
tigo may  also  occur. 

(b)  Intestinal  indigestion,  "with  or  without  constipation, 
is  more  frequently  productive  of  headache  through  auto- 
toxfemia  than  as  a  supposedly  reflex  cause.  The  urine 
is  often  of  high  specific  gravity  and  may  contain  an  ex- 
cess of  indoxyl. 

(f)  Gastric  Indigestion. — It  would  seem  that  gastric 
indigestion,  on  the  other  hand  (although  in  some  in- 
stances occasioning  toxic  absorption),  is  more  likely  to 
produce  headache  by  reflex  irritation  through  the  pneu- 
mogastric  nerve  from  fermentation  of  food  and  gaseous 
distention  of  the  stomach.  Thus,  headache,  possibly  due 
to  both  causes,  is  frequently  an  accompaniment  of  dila- 
tation of  the  stomach  on  accoiint  of  the  anomalous  fer- 
mentations that  are  the  consequences  of  it.  The  location 
of  the  headache  is  usually  supraorbital  or  frontal. 

(d)  TIrcBmia. — Headache  due  to  renal  disease  is  of  very 
common  occurrence.  Two  forms  ai'e  found  in  nephritic 
subjects — urmmic  and  congestiw.  Either  one  or  both 
may  be  present  in  the  same  patient.  The  urmmie  form 
is  due  to  the  retention  in  the  circulation  of  excrementi- 
tious products,  and  may  manifest  itself  in  any  type  of 
kidney  disease,  whether  acute  or  chronic.  The  pain  is 
ordinarily  situated  in  the  occipital  region,  extending  to 
the  neck.  It  may  or  may  not  be  associated  with  somno- 
lence, nausea,  or  vomiting,  etc.,  according  to  the  degree 
of  damage  to  the  kidneys  and  arterial  system.  In  some 
cases  the  headache  may  be  accompanied  by  vomiting, 
vertigo,  and  optic  neuritis,  thus  simulating  the  general 
cerebral  symptoms  of  brain  tumor.  The  congestive  form 
arises  in  consequence  of  disturbed  cerebral  circulation  in 
the  presence  of  cirrhotic  kidneys,  with  arterio-sclerosis, 
cardiac  hypertrophy,  and  increased  arterial  tension. 
(See  "  Circulatory  "  form  of  headache.) 

Puerperal  Eclampsia. — Headache  which  is  at  times  per- 
sistent and  severe  is  often  a  premonitory  symptom  of  a 
convulsive  attack  in  this  affection,  and, may  be  associated 
with  delirium,  excessive  somnolence,  mental  hebetude,  or 
insomnia.  (Edema  of  the  face  and  extremities  is  often 
present.  This  condition  is  generally  regarded  as  acute 
renal  disease  of  pregnancy,  the  headache  and  other 
symptoms  being  ascribed  to  some  form  of  toxfemia  not 
yet  determined.  Unless  the  urine  is  carefully  analyzed, 
and  the  functioning  power  of  the  kidneys  ascertained 
beyond  question,  the  ursemic  fonn  of  headache  will  often 
pass  unrecognized,  thus  leading  to  unexpected  and  seri- 
ous consequences, 

3.  Products  op  Defective  Metabolism. — (a)  Rheu- 
matism,    (b)  Gout,     (f)  Diabetes. 

(a)  Bheumatism. — There  are  two  forms  of  headache 
which  occur  in  rheumatic  subjects.  One  is  due  to  auto- 
toxffimia,  the  headache  generally  being  diffused  and  simi- 
lar to  that  occurring  in  other  forms  of  toxaemia.  The 
other  is  a  true  muscular  rheumatism  or  m}ralgia  located 
in  the  scalp  and  ailecting  particularly  the  occipito-fron- 
talis  muscle  and  its  aponeurosis.  The  pain  is  increased 
by  active  or  passive  movement  of  this  muscle,  and  it  is 
common  to  obtain  a  history  of  other  attacks  of  muscular 
rheumatism,  affecting  different  parts  of  the  body.  These 
patients  may  also  have  suffered  from  acute  or  subacute 
articular  rheumatism.     The  attack  may  last  for  from  a  few 
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hours  to  several  weeks.  Like  other  forms  of  muscular 
rheumatism,  it  is  brought  about  by  exposure  to  cold.  One 
of  the  worst  cases  seen  by  the  writer  occurred  in  a  rheu- 
matic subject  after  bathing  the  head  in  cold  water,  and 
then  sitting  at  an  open  window  for  a  half -hour  or  more. 

(J)  (?(/«<.— Headache  is  frequent  in  gouty  subjects.  It 
may  be  due  to  toxic  products  of  defective  oxidation,  or 
the  result  of  vascular  disease  affecting  the  cerebral  circu- 
lation. It  is  not  unusually  accompanied  by  interstitial 
changes  in  the  kidneys.  Gout,  it  is  claimed,  is  merely  a 
hypothetical  condition  and  presupposes  an  excess  of  uric 
acid  in  the  general  circulation.  The  headache  and  the 
irregular  symptom-complex  often  described  as  litha;mia 
is  an  atypical  form  of  gout.  There  is  more  often  a  sense 
of  presiTure  and  fulness  about  the  head  than  actual  pain. 
Haig  has  called  special  attention  to  the  association  of 
such  symptoms  with  retention  of  uric  acid  in  the  system. 
It  is  now  well  established  that  the  headache,  aberrant 
neuralgic  pains,  slight  stiffness  in  the  joints,  and  occa- 
sional attacks  of  acute  gout,  etc.,  arise  in  connection  with 
defective  metabolism.  The  most  essential  etiological  fac- 
tor is  deficient  oxidation  resulting  from  overindulgence 
in  unsuitable  food  and  overdrinking,  and  the  lack  of  suf- 
ficient phy.sical  exercise. 

(c)  Diabetes. — Headache  occurring  in  diabetics  is  often 
accompanied  by  hebetude  and  depression  of  spirits.  As 
a  premonitory  symptom  of  diabetic  coma,  it  is  soon  fol- 
lowed by  delirium  and  dyspncea.  The  prevailing  theory 
is  that  the  latter  form  of  intoxication  is  due  to  the  pres- 
ence of  acetone  in  the  general  circulation. 

3.  Infectious  Gbems  or  their  Toxins. — (a)  Acute 
infectious  diseases.  Headache  is  frequently  a  prominent 
symptom  in  the  early  period  of  all  acute  infectious  dis- 
eases. It  is  usually  described  by  the  patient  as  a  general- 
ized or  frontal  headache.  As  an  initial  symptom  of 
typhoid  fever,  it  is  sometimes  so  severe  and  persistent  as 
to  demand  special  attention.  The  pain  is  often  located 
in  the  occiput  and  back  of  the  neck.  It  may  be  accom- 
panied by  photophobia,  retraction  of  the  head,  and  mus- 
cular twitching,  thus  simulating  meningitis.  In  the 
early  stage  of  smallpox,  the  intense  frontal  headache  is 
accompanied  by  pains  in  the  back  and  limbs.  The  same 
may  be  said  of  the  grippe.  General  headache  also  oc- 
curs in  the  early  period  of  acute  croupous  pneumonia 
and  may  simulate  meningitis  until  the  lung  trouble  has 
clearly  developed.  During  the  febrile  stage  of  malarial 
intermittent  or  remittent  fever,  violent  headache  is  often 
present.  In  general,  it  maybe  said  that  headache  occurs 
in  all  conditions  accompanied  by  fever.  As  a  routine 
practice,  the  temperature  should  be  taken  in  every  case 
of  acute  headache.  The  character  and  frequency  of  the 
pulse,  and  the  presence  of  fever  are  always  suggestive 
of  the  probably  infectious  or  inflammatory  origin  of  the 
trouble. 

4.  Various  Drugs.— (Nitrite  of  amyl,  nitroglycerin, 
alcohol,  tobacco,  coffee,  lead.)  Nitrite  of  Amyl  and  Ni- 
troglycerin will  be  mentioned  under  the  head  of  "Dis- 
turbances of  the  Intracranial  Circulation." 

Alcohol. — Headache  is  often  due  to  acute  or  chronic 
alcoholic  poisoning.  The  nervous  system  is  at  times  so 
sensitive  that  a  small  dose  of  alcohol  may  produce  vio- 
lent but  transient  general  headache  of  a  congestive  type. 
Very  frequently,  after  large  doses  sufficient  to  produce 
heavy  sleep,  the  individual  awakes  with  a  severe  head- 
ache the  result  of  such  indiscretion.  This  picture  is  \m- 
fortunately  so  familiar  that  it  requires  no  further  elabor- 
ation. Chronic  alcoholic  poisoning  is  often  the  cause  of 
daily  or  constant  headache.  The  headache  is  commonly 
due  to  a  combination  of  causes,  such  as  toxaemia,  inter- 
ference with  the  digestive  processes,  and  cerebral  arterio- 
sclerosis. It  is  often  accompanied  by  cirrhotic  changes 
in  the  liver  and  kidneys,  and  by  many  of  the  attendant 
phenomena  of  these  conditions. 

Tobacco.— Tiift  habitual  and  excessive  use  of  tobacco 
may  be  the  indirect  cause  of  headache,  through  its  dele- 
terious action  on  the  digestive  organs,  its  interference 
with  the  cardiac  rhythm  and  the  cerebral  circulation  and 
the  ultimate  production  of  neurasthenia. 
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Coffee. — In  some  individuals  the  injudicious  and  exces- 
sive use  of  coffee  is  productive  of  headache  and  a  sense 
of  fulness  in  the  head. 

Lead. — Headache  due  to  the  toxic  action  of  lead  is  a 
comparatively  rare  symptom.  In  some  cases  of  chronic 
lead  poisoning,  however,  headache  does  occur,  and  its 
cause  must  be  recognized.  It  is  probably  due  to  the  di- 
rect action  of  the  lead  on  the  cerebral  nerve  centres,  or 
indirectly  through  the  production  of  pathological  condi- 
tions in  the  liver  and  kidneys.  A  rare  form  of  saturn- 
ism, which  is  productive  of  serious  cerebral  symptoms 
and  which  may  terminate  fatally,  is  known  as  "Lead 
Encephalopathy."  In  this  condition  the  headache  is 
usually  severe,  and  is  associated  with  vertigo  and  bilat- 
eral optic  neuritis  (which  may  end  in  complete  blind- 
ness) and  a  series  of  symptoms  simulating  the  presence 
of  an  intracranial  tumor.  The  more  severe  forms  termi- 
nate in  convulsions,  delirium,  and  coma. 

5.  Graves'  Disease. — Recent  studies  regarding  the 
pathogeny  of  the  symptom  group  known  as  Graves' 
disease  lead  us  to  assume  that  the  condition  is  due  to 
autotoxaemia  from  hypersecretion  of  the  thyroid  gland, 
which  is  often  preceded  by  sudden  or  prolonged  depress- 
ing emotions.  Headache  is  not  common  in  this  affection, 
but  it  is  sometimes  a  troublesome  symptom,  and  may  be 
confined  to  one  side.  It  is  occasionally  accompanied  by 
a  sense  of  throbbing  in  the  head,  a  pulsating  noise  in  the 
ears,  and  transient  vertigo.  The  rapid  action  of  the  heart 
and  cardiac  palpitation,  the  presence  of  thyroid  enlarge- 
ment, exophthalmos,  tremor  and  excessive  perspiration, 
will  lead  to  a  correct  diagnosis. 

Neuropathic  Headache. 

1.  Neurasthenia. — Headache  is  often  an  important 
symptom  in  neurasthenia,  but  it  is  not  present  in  all 
cases.  As  a  rule  it  is  not  general,  but  is  commonlj-  lo- 
cated in  the  frontal  or  occipital  region,  and  is  often  ac- 
companied by  occasional  vertigo  and  muscae  volitantes. 
The  headache,  which  is  usually  slight  in  degree,  is  either 
continuous  or  occurs  at  brief  intervals.  In  the  majority 
of  neurasthenics  actual  pain  is  not  complained  of,  but 
the  sensations  in  the  head  are  described  as  the  feeling  of 
"  a  constricting  band  about  the  forehead, "  "  fulness  in  the 
head  "  as  if  there  was  "  something  pressing  from  within 
against  the  skull,"  etc.  Frequently  it  is  a  sensation 
of  weight  or  numbness,  and  occasionally  of  throbbing. 
The  headache  and  other  sensations  increase  after  fatigue, 
and  are  often  diminished  by  rest.  DifHculty  in  concen- 
trating the  attention  is  often  present.  As  a  result  of 
these  varied  forms  of  cephalic  parsesthesise,  such  patients 
are  inclined  more  or  less  to  indulge  in  excessive  intro- 
spection. They  often  become  morbid  and  apprehensive, 
dreading  the  possibility  of  a  brain  tumor  or  other  serious 
cerebral  disease.  All  of  these  symptoms  are  modified  in 
proportion  to  the  attention  given  them  by  the  patient. 
The  presence  of  other  signs  of  neurasthenia,  their  devel- 
oprnent  or  increase  through  mental  effort  or  emotional 
excitement,  and  the  absence  of  evidence  of  organic  cere- 
bral disease,  make  the  diagnosis  clear. 

2.  Hysteria.— Headache  that  is  confined  to  a  small 
spot  which  has  for  many  years  been  described  as  "cla- 
vus,  IS  comparatively  unusual  in  this  country  and  oc- 
curs most  frequently  among  the  premonitory  symptoms 
of  convulsive  hysteria.  The  scalp  is  sometimes  so  sensi- 
tive that  the  slightest  touch  is  not  tolerated  without  winc- 
ing In  the  majority  of  cases  of  hysteria,  however,  the 
headache  corresponds  with  that  of  neurasthenia.  It  may 
be  limited  to  one  side  and  thus  simulate  migraine  In 
some  instances  it  may  be  characterized  as  a  veritable 
psychalgia.  The  peculiar  character  of  the  headache  its 
tte  natlent  51?°°  *^^'  momentary  psychical  conditio^  of 
Iv.'^t^  f  •  ^  V"^^^  disappearance  or  variation  in  de- 
gieo  the  favorable  influence  of  suggestion  or  diversion 
and  Its  occasional  association  with  other  signs  of  hysteria 
SflUv  ?tc?'   T^^^^^"   ^"^'^l^'  dkturbanSs  of 

Ssttmktaof  hv«?^'  "'  *°  '"'^J'"  ""  ^°™'=*  diagnosis. 
1  ne  stigmata  of  hysteria  are  not  always  present. 
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3.  Epilepsy. — While  headache  cannot  he  regarded  as 
a  symptom  of  epilepsy,  its  occurrence  is  at  times  of  great 
importance  in  the  diagnosis  of  obscure  cases.  An  attack 
of  grandmal  is  often  followed  by  severe  general  headache 
which  may  last  for  several  hours.  This  fact  is  of  value 
in  interpreting  the  cause  of  the  headache  when  it  is  men- 
tioned as  occurring  in  the  early  morning  on  awaking.  It 
is  at  times  indicative  of  a  nocturnal  epileptic  attack,  and 
the  diagnosis  is  positive  when  such  headache  is  associated 
with  soreness  of  the  muscles  and  joints  of  the  extremities, 
a  bitten  tongue  or  mucous  membrane  of  the  cheek,  and 
wetting  of  the  bed. 

Rbplbx  Headache. 

1.  Ocular;  2.  Gastric;  3.  Nasopharyngeal;  4.  Audi- 
tory; 5.  Dental;  6.  Uterine;  7.  Sexual. 

1.  Ocular. — Ocular  defects,  such  as  errors  of  refrac- 
tion and  insuflBciency  of  the  ocular  muscles,  are  a  com- 
mon source  of  headache.  The  two  conditions  may  be 
found  in  various  combinations.  It  has  been  claimed  that 
fully  sixty  percent,  of  functional  headaches  due  to  errors 
of  refraction  are  caused  by  astigmatism  alone,  or  in  con- 
junction with  other  forms  of  ametropia  (De  Schweinitz). 
The  headache  is  produced  by  strain  on  the  ciliary  mus- 
cles, and  frequently  arises  in  connection  with  hyperme- 
tropic astigmatism.  The  pain  may  be  situated  in  any 
part  of  the  head,  but  it  is  most  frequently  located  in  the 
supraorbital  region.  It  may  be  persistent  in  character, 
and  is  often  aggravated  by  using  the  eyes.  It  is  relieved 
temporarily  by  the  instillation  of  atropine,  which  para- 
lyzes the  ciliary  muscles,  or  permanently,  by  wearing 
suitable  glasses. 

Headache  caused  by  insufficiency  of  the  ocular  muscles 
may  affect  any  portion  of  the  cranium,  but  is  often  lo- 
cated in  the  occipital  region.  It  may  immediately  follow 
the  use  of  the  eyes,  but  usually  this  is  not  the  case,  the 
pain  occurring  at  irregular  intervals.  At  times  it  may 
develop  into  a  typical  attack  of  migraine,  and  is  often 
associated  with  symptoms  of  neurasthenia.  The  claims 
4  of  certain  writers,  that  the  lack  of  balance  in  the  action 
of  the  muscles  of  both  eyes  is  a  prolific  cause  of  head- 
ache and  various  forms  of  nervous  disease,  have  certainly 
been  much  exaggerated.  The  headache  arises  as  a  result 
of  repeated  or  continuous  efforts  to  obtain  and  preserve 
binocular  single  vision.  It  is  a  fact  well  known  to  all 
ophthalmologists  that  so-called  ocular  headache  does  not 
occur  in  patients  in  whom  there  is  a  congenital  or  ac- 
quired absence  of  binocular  vision,  as  such  patients  are 
known  habitually  to  suppress  the  ima^e  in  one  eye. 
Hence,  the  causative  element  of  "effort  at  binocular  fix- 
ation "  is  negligible  under  such  circumstances.  This  oc- 
curs with  high  degrees  of  strabismus;  paralysis  of  ocular 
muscles ;  when  vision  is  greatly  diminished  or  lost  in  one 
eye ;  and  when  there  is  considerable  difference  in  the  re- 
fraction of  the  two  eyes.  When  headache  occurs  in  such 
people  it  is  invariably  due  to  some  other  cause.  The 
writer  knows  of  a  patient  with  ocular  headache  from 
muscular  trouble  in  whom  the  pain  entirely  disappeared 
after  the  accidental  destruction  of  one  eye. 

The  improved  methods  in  the  examination  of  the  power 
and  action  of  the  ocular  muscles,  introduced  within  re- 
cent years,  have  led  to  a  more  accurate  and  thorough 
study  of  these  conditions.  Curiously  enough,  the  mus- 
cular troubles  which  occasion  the  greatest  amount  of  dis- 
comfort to  the  patient  at  times  produce  no  evident 
changes  in  the  gross  appearance  of  the  eyes.  Hence  it 
is  only  after  the  most  careful  and  painstaking  investiga- 
tion that  they  can  be  discovered  and  rectified.  This  is 
accomplished  either  by  the  use  of  suitable  lenses  to  neu- 
tralize any  existing  refractive  anomaly,  and  thus  indi- 
rectly influence  muscular  action,  or  by  surgical  oper- 
ation, or  both.  There  must  be  a  peculiar  individual 
predisposition  to  headache,  for  there  are  persons  who 
have  both  muscular  and  refractive  anomalies  without 
any  symptoms  of  headache. 

Headache  often  results  from  inflammatory  eye  troubles 
such  as  iritis,  glaucoma,  etc.     In  iritis,  the  pain  is  gener- 


ally supraoi'bital,  but  may  extend  to  the  whole  side  of 
the  head.  Acute  inflammatory  glaucoma  is  accompanied 
by  violent  pain  radiating  through  the  head  from  the  eye. 
The  headache  occurring  in  these  conditions  cannot  be 
classified  as  of  reflex  origin.  It  is  due  to  direct  inflam- 
mation of  the  ophthalmic  division  of  the  trigeminus. 

3.  Gastric. — (Vide  supra)  Gastric  indigestion. 

Headaclie,  Superinduced  by  Hunger.  — In  some  individuals 
headache  arises  as  a  result  of  hunger.  A  delay  of  a  few 
hours  in  the  time  of  the  customary  meal  causes  general 
discomfort  and  headache  which  disappear  at  once  when 
food  is  taken.  This  form  of  headache  is  probably  pro- 
duced through  irritation  reflected  from  the  gastric  muco- 
sa, or  from  temporary  impoverishment  of  the  blood 
diminishing  the  nutrition  of  the  cerebral  sensory  centres. 
Such  individuals  often  manifest  a  peculiar  susceptibility 
to  headache  from  other  causes,  especially  migraine. 

3.  Nasopharyngeal.— Any  of  the  following  patho- 
logical processes  may  occasion  headache :  adenoids  in  the 
nasopharynx;  polypoid  obstruction  to  nasal  breathing; 
lesions  of  the  turbinated  bones,  especially  of  the  middle 
and  posterior  parts  of  the  inferior  turbinate ;  spurs  from 
the  nasal  septum;  or  intranasal  syneehise.  Hence,  head- 
ache is  not  an  uncommon  condition  in  mouth-breathers. 
The  pain  is  ordinarily  located  in  the  temporal  region  or 
the  forehead.  When  such  abnormities  are  removed  the 
headache  has  often  been  known  to  disappear. 

4.  Auditory. — Impacted  cerumen  has  in  rare  instances 
been  the  supposed  cause  of  headache.  In  middle-ear  dis- 
ease, the  headache  affects  the  vertex  or  is  situated  in  the 
temporal  or  mastoid  region  on  the  same  side. 

5.  Dental. — Caries  of  the  teeth  in  the  upper  jaw  is  an 
occasional  cause  of  headache. 

6.  Uterine;  7.  Sexual. — Headache  occurring  in  pa- 
tients with  uterine  or  ovarian  disease  should  not  be  looked 
upon  as  a  symptom  of  reflex  origin.  It  is  merely  one  of 
many  phenomena  associated  with  a  neurasthenic  condi- 
tion which  so  frequently  accompanies  intrapelvic  disease 
in  women.  The  headache  frequently  affects  the  vertex 
but  is  more  often  general,  and  is  at  times  accompanied  by 
tenderness  of  the  scalp.  Other  causes  are  usually  oper- 
ative independently  of  any  local  uterine  lesion.  The  mor- 
bid self-consciousness  developed  in  many  women  who 
have  or  think  they  have  uterine  or  ovarian  disease,  is 
often  sufficient  in  itself  to  engender  a  depressive  form  of 
neurasthenia.  The  same  may  be  said,  mutatis  mutandis, 
of  affections  of  the  male  genito-urinary  organs. 

According  to  Head  (Allbutt's  "  System  of  Medicine," 
vol.  vii.,  p.  749)  headache  may  be  secondary  to  disease 
of  the  organs  within  the  thorax  and  abdomen.  The 
pains  in  the  head  may  be  very  slight,  but  are  always  as- 
sociated with  scalp  tenderness  in  certain  areas.  The  de- 
gree to  which  these  pains  in  the  head  intrude  on  the  pa- 
tient's consciousness  varies  greatly.  Thus,  sometimes  he 
is  quite  unaware  that  the  scalp  is  tender,  and  the  asso- 
ciated tenderness  is  discovered  only  by  examination.  He 
may,  however,  complain  of  headache  which  leaves  be- 
hind it  a  feeling  of  intense  soreness. 

Circulatory  Headache. 

1.  Hyperemia.     2.  Anaemia. 

Headache  due  to  disturbance  of  the  cerebral  circulation 
in  the  absence  of  organic  intracranial  disease. 

Headache  is  at  times  the  result  of  hypersemia  or  con- 
gestion of  the  intracranial  circulation.  It  may  also  be 
occasioned  by  cerebral  anaemia.  When  it  is  due  to  in- 
creased arterial  supply  it  is  called  active.  If  it  is  caused 
by  obstruction  of  the  venous  circulation,  it  is  termed  pas- 
sive. 

(a)  Active  Hypercemia. — This  condition  has  been  de- 
scribed as  "  cephalalgia  vasomotoria  "  by  Eulenburg,  and 
is  due  to  paralysis  of  the  vasoconstrictors  permitting  of 
distention  of  the  vessels.  It  may  be  either  acute  or 
chronic,  but  it  is  most  frequently  acute.  As  a  rule,  in 
the  severe  cases,  it  is  accompanied  by  throbbing  and  pul- 
sating general  headache,  vertigo,  tinnitus,  muscae  voli- 
tantes,  photopsia,  insomnia,  mental  confusion,  and  delir- 
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ium,  all  of  which  are  made  worse  by  lowering  the 
head.  There  may  also  be  photophobia  and  general 
hypersesthesia.  The  face  and  scalp  are  red,  and  the  con- 
junctivoe  injected.  There  are  fulness  and  throbbing  of 
the  temporal  arteries,  and  contracted  pupils.  The  pulse 
is  full,  and  may  be  either  slow  or  increased  in  frequency. 
Occasionally  there  is  a  slight  rise  of  temperature.  In 
some  individuals,  such  attacks  occur  periodically.  The 
severe  forms  of  this  condition  are  fortunately  rare.  In 
the  milder  degrees  it  is  not  uncommon,  but  the  diagnosis 
may  at  first  be  doubtful.  Somewhat  similar  phenomena 
occasionally  occur  in  the  early  stage  of  acute  leptomen- 
ingitis of  the  convexity.  There  may  be  considerable 
variation  in  the  intensity  of  the  process,  hence  the  above 
described  symptom-complex  is  manifested  in  varying  de- 
grees. The  condition  is  usually  due  to  mental  over- 
work, emotional  disturbances,  alcoholism,  excessive  use 
of  tobacco,  onanism,  and  injuries  to  the  head.  It  occa- 
sionally occurs  as  a  sequel  of  sunstroke,  and  from  sud- 
den suppression  of  menstruation  in  plethoric  women. 

The  writer  has  in  several  instances  witnessed  a  similar 
but  slightly  modified  array  of  symptoms  occur  periodi- 
cally in  }'oung  women  after  removal  of  both  ovaries.  A 
prototype  of  this  group  of  symptoms  can  be  produced 
by  the  administration  of  various  drugs,  such  as  nitrite  of 
amyl,  nitroglycerin,  etc. 

(b)  Passive  Hyperemia. — Venous  hypersemia  of  the 
cerebral  vessels  is  an  important  cause  of  habitual  head- 
ache. It  may  be  either  acute  or  chronic,  but  is  most  fre- 
quentty  chronic.  The  pain  is  of  a  dull  character,  and  is 
often  accompanied  by  a  sensation  of  fulness  and  heavi- 
ness in  the  head.  The  face  and  ears  may  be  slightly 
C3'anotic  in  the  more  pronounced  cases.  The  attacks 
also  vary  in  degree,  the  minor  forms  not  being  uncom- 
mon. Passive  cerebral  congestion  is  generally  caused  by 
mechanical  hindrance  to  the  return  of  blood  from  the 
head.  Thus,  it  results  from  growths  in  the  neck  making 
pressure  on  the  jugular  veins,  cardiac  disease,  pulmonary 
emphysema,  and  persistent  cough,  as  in  pertussis.  It 
may  also  be  produced  by  a  tight  collar,  or  by  continuous 
flexion  of  the  head.  The  headache  and  other  symptoms 
are  aggravated  by  straining  at  stool,  coughing,  sneezing, 
stooping,  or  muscular  effort. 

Cerebral  Ancemia. — Ansemia  of  the  brain,  as  a  rule,  is 
a  part  of  a  general  condition  of  anaemia  and  malnutrition. 
It  may  be  the  result  of  arterio-sclerosis  including  disease 
of  the  coronary  arteries.  Whether  the  general  anaemia 
be  of  a  chlorotic  nature  or  from  loss  of  blood,  it  is  almost 
always  accompanied  by  headache.  The  condition  of  cere- 
bral anaemia  in  which  headache  occurs,  is  generally  of  the 
chronic  form.  The  headache  may  be  frontal,  vertical,  or 
diffused,  and  is  commonly  of  a  dull  character.  It  is  often 
associated  with  attacks  of  syncope,  tinnitus,  dizziness, 
incapacity  for  mental  work,  depression,  and  irritability. 
The  pupils  are  usually  dilated.  The  headache  often 
diminishes  or  subsides  when  the  patient  assumes  the  re- 
cumbent position  with  the  head  low . 

Migraine. 

Definition. — This  affection  has  also  been  termed  "sick 
headache,"  "hemicrania,"  and  "paroxysmal  headache." 
It  is  a  periodical  neurosis  occurring  most  frequently  in 
women,  and  is  characterized  by  paroxysmal  attacks  of 
severe  pain  usually  confined  to  one  side  of  the  head, 
chiefly  in  the  course  of  the  fifth  nerve.  At  times  it  is 
preceded  by  a  variety  of  transient  visual  disturbances 
and  parsesthesioe,  and  followed  by  nausea  and  vomiting. 

>Si/mpto7ns.—'The  headache  does  not  arise  suddenly,  but 
is  generally  preceded  by  premonitory  symptoms,  such  as 
vague  indisposition,  restless  sleep,  irritability,  depression 
of  spirits,  somnolence,  sensation  of  fulness  in  tlie  head, 
slight  dizziness,  etc.,  and,  later,  transient  ocular  symp- 
toms may  develop.  The  headache  is  dull  and  slight  at 
first,  but  gradually  reaches  such  intensity  that  it  is  often 
described  as  unendurable,  and  the  patient  is  frequently 
obliged  to  go  to  bed.  During  the  attack  all  of  the 
senses  become  more  acute,  and  there  is  general  hyperfes- 
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thesia,  the  sufferer  being  disturbed  by  bright  light  or 
the  slightest  sound.  The  temperature  is  normal,  and  the 
pulse  is  either  slightly  accelerated  or  slow.  Sometimes, 
on  the  affected  side,  the  face  is  flushed  and  hot,  the  con- 
junctiva injected,  the  pupil  contracted,  and  there  is 
strong  pulsation  of  the  arteries ;  or  the  face  is  pale  and 
the  pupil  dilated.  But  such  phenomena  are  by  no  means 
constant;  in  fact  they  are  quite  rare.  They  usually 
alternate  during  the  attack  and  are  most  frequently 
bilateral.  The  former  has  been  interpreted  as  due  to 
sympathetic  vaso-motor  paralysis  (angio-paralytic),  and 
the  latter  as  being  due  to  vaso-motor  spasm  (angio-spas- 
tic).  Too  much  stress  has  been  laid  by  some  writers 
upon  the  value  of  such  manifestations.  They  are  so  uncer- 
tain and  variable  that  as  a  rule  they  are  of  no  special 
clinical  significance.  The  pain  is  usually  confined  to 
one  side  of  the  head.  It  may,  however,  affect  either  side 
alternately,  or  both  sides  may  become  involved  at  the 
same  time,  the  pain  varying  in  degree  on  the  two  sides. 
The  left  side  is  more  frequently  affected.  At  one  time 
it  may  have  its  greatest  intensity  in  the  forehead,  and  at 
another  time  it  may  be  situated  in  the  occipital  region. 
Nausea  and  vomiting  generally  take  place  either  during 
the  early  part  of  the  attack  or  toward  the  end.  In  some 
patients  vomiting  is  absent.  Polyuria  occasionally  oc- 
curs at  the  termination  of  the  attack.  When  the  pain 
subsides,  sleep  follows,  and  the  patient  awakes  free  from 
discomfort.  The  headache  may  last  for  from  several  hours 
to  three  or  four  days.  Ocular  symptoms  constitute  a 
prominent  feature  in  a  certain  number  of  cases,  but  they 
do  not  occur  in  every  attack.  In  the  most  common  type 
of  migraine  they  are  entirely  absent.  The  visual  disturb- 
ances occur  in  the  form  of  photophobia,  blurring  of 
vision,  bright  lights,  vibrating  or  luminous  sensations 
which  commence  over  a  small  area  and  gradually  widen 
out,  the  flashing  increasing  in  intensity  and  often  assum- 
ing a  zigzag  shape  like  the  outline  of  fortifications  (sco- 
toma scintillans),  hemianopsia  and  transient  amblyopia 
or  blindness.  This  type  has  often  been  termed  "  ophthal- 
mic migraine." 

Other  abnormal  sensations  are  also  complained  of,  such* 
as  disturbed  sensation  in  the  extremities,  numbness  and 
tingling  in  the  skin,  as  well  as  partial  aphasia.  The  eye 
symptoms  and  paraesthesise  when  present  almost  invar- 
iably precede  the  headache  (just  as  certain  aurse  precede 
an  attack  of  epilepsy),  and  last  for  from  a  few  minutes  to 
half  an  hour.  In  rare  instances,  such  sensory  phenomena 
occur  paroxysmally  without  the  headache. 

Etiology.— It  is  pre-eminently  an  inherited  disease.  The 
constitutional  peculiarity  which  predisposes  certain  peo- 
ple to  migraine  is  not  clearlj^  understood.  That  some 
persistent  pathological  condition  must  exist  is  quite  evi- 
dent. Many  of  the  so-called  reflex  causes,  such  as  uter- 
ine and  menstrual  disorders,  eye-strain,  dental  caries,  or 
nasopharyngeal  disease,  are  frequently  only  coincidental 
conditions.  Ocular  defects  are  more  frequently  the 
cause  of  other  forms  of  headache. 

Indigestion  and  intestinal  autotoxaemia  are  the  most 
important  acquired  factors  in  the  causation  and  persist- 
ency of  the  affection.  Neurasthenia  and  hysteria,  gout 
and  various  lithaemic  conditions  also  play  an  important 
role.  The  constitutional  substratum  varies  in  different  in- 
dividuals. Among  the  exciting  causes  of  attacks  may 
be  mentioned  mental  overwork  and  anxiety,  excessive 
fatigue  or  exhaustion  from  any  cause,  constipation,  er- 
rors in  diet,  menstruation,  and  emotional  excitement. 

Didf/nosis.— It  is  differentiated  from  other  forms  of 
headache  by  its  periodical  and  paroxysmal  character,  its 
usual  limitation  to  one  side  of  the  head,  and  its  associ- 
ation with  transient  visual  disturbances  and  other  evan- 
escent sensory  symptoms,  and  the  absence  of  evidence  of 
organic  intracranial  disease. 

Course  and  Duration.— Migraine  usually  begins  after 
the  twentieth  year,  but  it  has  been  known  to  commence 
as  early  as  the  fifth  or  sixth  year  of  life.  The  interval 
between  the  attacks  varies  from  two  weeks  to  several 
months,  the  length  of  time  often  being  modified  by  treat- 
ment.    During  these  intervening  periods,    the   patient 
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may  appear  perfectly  well.  In  women  the  attacks  seem 
to  occur  more  frequently  at  or  about  the  menstrual  pe- 
riod. In  the  ordinary  form  it  has  a  tendency  to  subside 
spontaneously  about  the  menopause  in  women,  and  after 
the  age  of  fiftj'  years  in  men.  This  is  not  the  rule,  for  it 
sometimes  lasts  through  a  whole  lifetime.  When  the 
affection  has  persisted  for  several  years,  the  attacks 
being  frequent  and  severe,  it  usually  leads  to  a  general 
neurasthenic  condition.  It  is  thus  commonly  found  in 
association  with  neurasthenia  and  hysteria.  The  oph- 
thalmic form  of  migraine  usually  appears  later  in  life, 
occasionally  growing  progressively  worse,  and  it  has 
been  known  to  be  the  precursor  of  serious  organic  brain 
disease.  Migraine  has  occasionally  been  found  in  con- 
junction with  epilepsy.  In  such  cases,  the  migraine  at- 
tacks have  at  times  alternated  with  the  epileptic  seizures 
or  epilepsy  has  followed  migraine  which  had  entirely 
disappeared. 

In  rare  instances,  the  attack  of  migraine  is  complicated 
by  sudden  paresis  or  paralysis  of  the  third  nerve  on  the 
same  side.  The  ocular  paralysis  is  usually  transient  and 
recurs  in  varying  degrees  in  subsequent  attacks  of  mi- 
graine. In  many  of  the  reported  cases,  the  patients  have 
eventually  made  a  complete  recovery  both  from  the  at- 
tacks of  migraine  and  from  the  accompanying  third -nerve 
affection.  But  the  outcome  is  not  always  so  fortiinate, 
for  in  some  cases  the  paralysis  gradually  increases  during 
the  intervals  and  ultimately  becomes  permanent. 

Pathology. — The  pathology  is  still  obscure.  The  pre- 
vailing and  most  plausible  theory  is  that  the  attacks  arc 
due  to  periodical  discharges  of  nerve  force  originating  in 
the  cerebral  cortex  or  in  the  sensory  centres,  involving 
principally  the  intracranial  branches  of  the  trigeminus 
and  the  pneumogastric  nerves.  According  to  a  recent 
"  mechanical "  theory,  the  attack  is  produced  by  an  acute 
transient  closure  of  the  foramen  of  Munro  and  a  conse- 
cutive swelling  of  the  brain  (Spitzer). 

Treatment. — Patients  with  migraine  should  lead  a 
regular  life  free  from  excesses  of  any  kind.  The  avoid- 
ance of  mental  overwork,  and  the  systematic  practice  of 
some  form  of  outdoor  exercise  are  always  necessary.  All 
sources  of  reflex  irritation  should  be  investigated.  Re- 
fractive errors  should  be  corrected  by  suitable  lenses,  and 
if  there  is  any  defect  in  the  eye  muscles  it  should  be 
remedied  if  practicable.  This  does  not  necessarily  imply 
that  every  patient  with  migraine  must  be  subjected^  to 
operation  or  the  wearing  of  spectacles  as  a  routine 
method.  The  same  rule  holds  good  in  regard  to  oper- 
ation for  deviation  of  the  nasal  septum.  While  some  of 
the.se  patients  are  in  fairly  good  health  during  the  inter- 
vals between  the  attacks,  many  suffer  from  various  mani- 
festations of  toxaemia  due  to  gout  or  rheumatism,  such  as 
stiffness  and  pain  in  the  muscles  and  joints,  vague  and 
fleeting  neuralgic  pains,  etc.  The  neurasthenic  state 
also  requires  careful  management.  Certainly  such  indi- 
cations are  to  be  met,  and  treatment  is  to  be  instituted 
accordingly.  Particular  attention  should  be  given  to  the 
regulation  of  the  action  of  the  bowels  and  to  proper 
diet.  Hydrotherapy  is  also  a  valuable  adjunct  in  these 
cases.  The  more  intelligent  patients  usually  judge  from 
personal  experience  when  the  attack  is  approaching,  and 
in  time  they  also  learn  to  avoid  exciting  causes.  Various 
drugs  have  been  recommended  to  abort  the  attack  in  its 
incipiency,  or  to  relieve  the  pain  during  the  paroxysm, 
and  as  a  rule  they  are  more  effectual  the  earlier  they 
are  administered.  Among  these  may  be  mentioned 
If  Caffeine,  gr.  ij. ;  Phenacetin,  gr.  x.,  with  or  with- 
out potassium  bromide,  gr.  xv.  I^  Acetanilid,  gr.  ij.; 
Caffeine,  gr.  ij.,  to  be  repeated  in  twenty  or  thirty 
minutes  if  necessary;  or  If  Codeine,  gr.  I;  Acetanihd, 
Caffeine,  aa  gr.  ij.  '  At  times  a  brisk  cathartic,  such  as 
two  or  three  ounces  of  Rubinat  water,  or  a  few  ounces 
of  a  strong  infusion  of  coffee,  or  a  moderate  dose  of  wine, 
whiskey,  or  champagne  will  abort  the  attack,  if  taken 
early.  If  the  paroxysm  is  very  severe  the  pain  will 
generally  be  relieved  by  the  hypodermatic  injection  of 
morphine,  or  morphine  or  codeine  may  be  given  by  the 
mouth  if  nausea  and  vomiting  are  absent.     Some  pa- 


tients obtain  relief  from  applications,  to  the  head,  of  hot- 
water  cloths  or  a  hot-water  bag,  while  others  prefer  the 
ice  bag.  This  is  purely  a  matter  of  individual  suscepti- 
bility. A  mustard  plaster  over  the  nucha,  or  over  the 
side  of  the  neck  in  the  course  of  the  pneumogastric 
nerve,  also  at  times  diminishes  the  pain.  The  use  of 
arsenious  acid  and  extract  of  cannabis  indica  administered 
for  a  prolonged  period  of  time,  has  proved  that  they  are 
most  serviceable  drugs.  "B,  Ext.  cannabis  indicaj,  gr.  l ; 
Acid,  arsenios.,  Strych.  sulph.,  aa  gr.  ^;  Quinin.  sulph., 
gr.  ^;  Bxtr.  taraxaci,  q.  s.  M.  ft.  pil.  No.  i.  These 
pills,  given  after  meals  for  one  week — the  dose  of  the 
various  ingredients  being  gradually  increased  each  week 
— should  be  taken  regularly  for  many  months  or  a  year. 
When  the  attacks  are  frequent  and  severe,  the  admin- 
istration of  potassium  bromide  gr.  xv.,  and  fluid  extract 
of  ergot  TTl  XV.  t.i.d.  proves  serviceable  during  the  first 
few  weeks  of  treatment. 

ORGANIC  HEADACHE. 

Headache  is  commonly  a  pronounced  symptom  in  all 
inflammatory  processes  which  affect  the  exterior  or  inte- 
rior of  the  skull.  It  thus  occurs  in  disease  of  the  perios- 
teum, in  caries  of  the  petrous  portion  of  the  temporal  bone, 
in  inflammation  in  the  cavities  situated  in  the  sliull,  as  the 
frontal  and  sphenoidal  sinuses,  the  orbital  cavity  and  the 
middle  ear,  and  in  diseases  of  the  brain  and  meninges. 
Headache  as  it  occurs  in  the  following  conditions  will  be 
briefly  described:  1.  Intracranial  tumor.  2.  Cerebral 
abscess.  3.  Leptomeningitis.  4.  Pachymeningitis.  5. 
Intracranial  syphihs.  6.  Vascular  disease.  7.  Enceph- 
alitis. 8.  Mastoid  disease  and  sinus  thrombosis.  9. 
Disease  of  the  cranial  bones.  10.  Diseases  of  the  frontal 
sinus.  11.  Caries  of  the  cervical  vertebrae.  13.  Acro- 
megaly.    13.  Spinal-cord  disease. 

1.  Intkaceanial  Tumor. — The  most  persistent  and 
distressing  form  of  headache  is  that  which  occurs  in  pa- 
tients with  intracranial  tumor.  It  is  one  of  the  most  con- 
stant and  obtrusive  symptoms.  In  exceptional  instances, 
headache  may  be  absent  during  the  entire  course  of  the 
disease.  But  such  a  condition  is  very  rare,  the  headache 
varying  in  intensity  in  different  cases.  Occasionally  it 
may  be  of  a  mild  character.  As  a  rule  it  attains  great 
severity,  preventing  sleep,  and  at  times  becoming  so  un- 
endurable that  the  patient  has  been  known  to  commit 
suicide.  Sometimes  the  pain  is  paroxysmal,  but  more 
frequently  it  is  almost  continuous  with  periods  of  great 
exacerbation.  The  headache  is  usually  diffuse,  but  it 
may  be  limited  to  the  forehead,  parietal  region,  or  occi- 
put, changing  its  location  from  time  to  time.  The  seat 
of  the  pain  in  the  cranium  does  not  necessarily  implj^ 
that  the  growth  is  subjacent.  When  the  pain  is  confined 
to  the  frontal  region  it  by  no  means  indicates  that  the 
frontal  lobes  are  involved,  for  such  pain  often  occurs  in 
cerebellar  tumor.  The  presence  of  persistent  occipital 
pain  extending  to  the  neck  would  lead  us  to  assume 
that  the  growth  is  probably  situated  in  the  posterior 
cranial  fossa.  If  the  headache  is  limited  to  a  circum- 
scribed area  it  most  frequently  corresponds  with  the  lo- 
cation of  the  growth  which  has  also  involved  the  under- 
lying meninges.  If  it  be  confined  to  one  side  of  the 
head,  the  probability  is  that  the  tumor  is  on  the  same 
side.  This  is  not  an  invariable  rule,  however.  The 
pain  is  aggravated  by  everything  that  interferes  with  the 
cerebral  circulation.  It  is  thus  made  worse  by  psychical 
excitement,  alcohol,  coffee,  muscular  activity,  coughing, 
straining  at  stool,  sneezing,  etc.  Headache  can  be  con- 
sidered only  one  of  the  prominent  general  symptoms  of 
brain  tumor,  and  in  itself  it  is  of  no  value  in  localization. 
The  other  important  general  symptoms  frequently  found 
in  association  with  the  headache  are  vomiting,  double 
optic  neuritis  (choked  disc),  and  vertigo.  Various  symp- 
toms indicating  the  location  of  the  lesion  are  usually 
present.  It  is  universally  assumed  that  the  headache  is 
produced  by  irritation  of  the  numerous  branches  of  the 
trigeminus  supplying  the  dura.  The  dura  may  also  be 
stretched  and  irritated  as  a  result  of  intracranial  press- 
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ure.  If  this  be  true,  in  the  former  condition  the  pain 
would  probably  be  circumscribed,  while  in  the  latter  we 
would  expect  it  to  be  diffused.  Clinical  facts,  however, 
cannot  always  be  reconciled  with  this  view. 

3.  Cbrebral  Abscess. — ^In  cerebral  abscess  headache 
is  the  earliest  and  most  constant  general  symptom,  just  as 
it  is  in  brain  tumor.  It  is  generally  of  great  severity, 
but  often  manifests  itself  as  a  persistent  dull  ache,  deeply 
situated,  and  referred  mainly  to  the  seat  of  the  abscess. 
The  development  and  growth  of  the  abscess  are  likely  to 
produce  paroxysms  of  headache  of  the  severest  type. 
During  the  latent  stage  the  pain  may  be  slight  and  occur 
only  periodically.  The  attacks  may  last  for  from  sevei-al 
hours  to  several  days.  As  in  brain  tumor,  the  pain  is 
aggravated  by  everything  that  causes  mechanical  con- 
gestion or  increases  the  intracranial  circulation.  The 
headache  may  be  general,  but  is  more  frequently  con- 
fined to  the  same  side  as  the  abscess.  In  otitic  abscess 
it  may  be  strictly  circumscribed  to  the  temporal  region, 
the  pain  being  first  experienced  in  the  ear,  and  later  ra- 
diating over  the  entire  head.  Abscess  in  the  cerebellum 
may  begin  with  frontal  headache,  but  is  usually  accom- 
panied by  pain  in  the  occipital  region  and  neck.  In 
cerebral  abscess  the  headache  is  generally  associated 
with  other  symptoms  of  intracranial  pressure,  as  optic 
neuritis,  vomiting,  and  slowness  of  the  pulse.  As  the 
disease  advances,  there  may  be  general  or  localized  con- 
vulsions, weakness  of  memory,  restlessness,  irritability, 
or  mental  confusion.  Fever  is  generally  present,  but 
often  disappears  for  varying  periods,  only  to  return 
higher  than  before.  Frequently  the  temperature  is  nor- 
mal or  subnormal.  The  commonest  cause  of  abscess  in 
the  brain  is  middle-ear  disease.  In  such  cases  the  tem- 
poral lobe  or  cerebellum  is  most  frequently  involved. 

3.  Inflammation  op  the  Pia  ok  Leptomeningitis. 
— This  is  always  due  to  an  infective  process.  The  acute 
form  is  often  purulent,  and  of  Ihe  cerebrospinal  type. 
Extremely  severe  general  headache  is  a  persistent,  promi- 
nent, and  obtrusive  symptom.  It  may  precede  or  follow 
a  chill  and  rise  of  temperature.  There  may  be  vertigo, 
vomiting,  general  hypersesthesia,  rigidity  of  the  neck 
muscles,  inequality  of  the  pupils,  and,  later,  mental  con- 
fusion and  coma.  In  chronic  leptomeningitis  persistent 
headache  is  a  frequent  symptom,  but  It  is  not  present  in 
every  case.  Its  severity  is  probably  dependent  on  the 
extent  of  the  process.  It  is  usually  accompanied  by  signs 
of  intracranial  pressure,  such  as  vomiting  and  optic  neu- 
ritis. The  disease  may  attack  either  the  convexity  or 
the  base  of  the  brain.  In  the  former,  the  cranial  nerves 
escape,  there  is  more  delirium,  and  there  may  be  unilat- 
eral or  general  convulsions  and  hemiparesis.  In  the  lat- 
ter, several  or  many  of  the  cranial  nerves  may  be  in- 
volved, and  there  is  more  marked  rigidity  of  the 
post-cervical  muscles. 

4.  Inflammation  of  the  Dura  or  Pachtmenenqitis 
Externa. — The  headache  is  usually  circumscribed,  and 
is  often  accompanied  by  nausea  or  vomiting  and  slight 
fever.  When  only  one  side  of  the  convexity  of  the  brain 
is  involved  the  pain  is  confined  to  the  same  side.  In 
severe  cases  the  disease  may  extend  to  the  pia,  and  it  is 
then  often  accompanied  by  typical  Jacksonian  epileptic 
attacks  and  hemiparesis  on  the  opposite  side  of  the  body. 
It  is  usuall  y  the  result  of  traumatism  to  the  skull,  of  caries 
of  the  petrous  portion  of  the  temporal  bone,  as  in  mastoid 
disease,  of  syphilis,  and  of  ethmoidal  caries.  Pachymen- 
ingitis interna  or  hcematoma  of  the  dura  is  also  accom- 
panied by  headache  and  somewhat  similar  symptoms. 
This  disease  occurs  most  frequently  in  old  people  with 
chronic  alcoholism,  syphilis,  or  dementia. 

5.  Intracranial  Syphilis,— Headache  may  antedate 
all  other  symptoms  of  intracranial  syphilis,  especially 
syphilitic  meningitis,  for  several  months  or  years.  As  a 
rule,  it  is  the  earliest  and  most  constant  symptom,  and 
often  occurs  in  paroxysms,  or  there  are  periodical  exacer- 
bations iu  which  it  becomes  intolerable.  Very  frequently 
such  exacerbations  occur  toward  evening  or  at  night,  and 
thus  prevent  sleep.  At  times  the  attacks  are  periodical. 
At  the  height  of  the  paroxysm  the  pain  often  becomes 
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excruciating,  while  during  the  intervals  it  may  diminish 
to  a  dull  aching  sensation  or  entirely  disappear.  The 
headache  is  rarely  circumscribed  (unless  there  is  disease, 
of  the  cranial  bones),  but  is  usually  distributed  over  the 
frontal,  temporal,  or  parietal  regions,  and  eventually  over 
the  occiput  and  neck.  Extreme  tenderness  on  pressure 
upon  the  skull  occurs  only  when  the  periosteum  or  bonea 
are  involved  at  the  same  time.  The  pathological  process 
affecting  the  intracranial  structures  is  that  of  arteritis, 
gumma,  or  gummatous  meningitis.  It  is  uncommon  for 
all  three  conditions  to  exist  at  the  same  time.  The  men- 
ingitis is  frequently  of  the  type  of  a  meningo-encepha- 
litis,  and  may  be  coniined  either  to  the  convexity  or  to  the 
base  of  the  brain.  In  the  former,  there  are  more  delir- 
ium, and  disturbance  of  consciousness,  and  localized  or 
general  epileptic  seizures,  sometimes  followed  by  hemi- 
paresis or  hemiplegia.  In  the  latter,  the  cranial  nerves 
at  the  base  often  become  involved,  thus  producing  facial 
or  ocular  paralysis,  etc.  Chronic  syphilitic  meningitis  is 
generally  local,  and  occurs  chiefly  in  the  neighborhood 
of  a  gummatous  growth.  The  main  features  or  general 
symptoms  of  cerebral  syphilis  are  similar  to  those  of  tu- 
mor. Thus,  in  addition  to  headache,  there  are  vomiting, 
double  optic  neuritis,  and  various  paralyses.  Mental 
hebetude,  somnolence,  or  periods  of  unconsciousness  are 
often  characteristic  and  almost  pathognomonic  symp- 
toms that  occur  in  association  with  the  persistent  head- 
ache of  intracranial  syphilis.  In  addition,  there  often 
are  alterations  in  character,  loss  of  memory,  mental  dul- 
ness,  and  absence  of  the  pupillary  light  rellex. 

6.  Vasoular  Disease. — Headache  dxie  to  arterioscle- 
rosis is  essentially  the  result  of  circulatory  disturbances 
in  the  brain  and  interference  with  nutrition.  (See  Cere- 
bral hyperaemia  and  anamia.)  In  syphilitic  endarteritis, 
however,  the  headache  is  not  due  to  the  arterial  changes 
alone,  but  to  the  associated  meningitis  or  gumma.  Vas- 
cular disease,  such  as  arteritis  and  sclerotic  degeneration, 
frequently  arises  in  conjunction  with  chronic  renal  dis- 
ease, chronic  gout  and  rheumatism,  and  old  age. 

7.  Encephalitis. — This  is  an  acute  inilammatory  affec- 
tion of  the  brain.  It  has  recently  been  well-described  by 
Oppenheim  as  "  acute  primary  hemorrhagic  encephalitis. " 
The  headache  is  very  severe,  and  generally  affects  the 
entire  head,  or  the  pain  may  he  greater  in  the  occipital 
region  and  neck.  It  is  accompanied  by  vertigo,  nausea 
and  vomiting,  apathy  and  general  depression.  These 
symptoms  are  soon  followed  by  somnolence,  which 
rapidly  develops  into  unconsciousness.  Later,  there  may 
be  monoplegia,  hemiplegia,  and  various  other  signs  indi- 
cating in  vol  vement  of  special  cerebral  centres.  Recovery 
is  not  infrequent.  The  disease  is  rare,  and  generally  af- 
fects young  people  between  fifteen  and  thirty  years  of 
age.  As  it  most  frequently  complicates  or  follows  acute 
influenza,  it  has  also  been  termed  "influenza  encepha- 
litis." It  is  acute  in  its  onset,  beginning  like  many  of 
the  acute  infectious  fevers. 

There  is  another  form  of  encephalitis  known  as  "  acute 
polio-encephalitis  superior. "  After  several  days  of  head- 
ache, vertigo,  and  vomiting,  mental  confusion  and  delir- 
ium take  place.  At  about  the  same  time  the  eyes  be- 
come involved  in  paralysis  of  ocular  muscles,  which  at 
times  develops  into  complete  ophthalmoplegia.  It  usu- 
ally terminates  in  death  in  about  two  weeks.  Recovery 
is  rare.  This  disease  was  originally  described  by  Wer- 
nicke. It  is  an  acute  hemorrhagic  encephalitis  confined 
mamly  to  the  gray  matter  in  the  floor  of  the  third  ven- 
tricle and  that  of  the  aqueduct  of  Sylvius.  Chronic  al- 
cohohsm  and  infection  are  the  usual  causes. 

8.  Mastoid  Disease  and  Sinus  Thrombosis.— Head- 
ache occurring  in  these  conditions  is  usually  on  the  same 
side  as  the  lesion.  Beginning  in  the  ear  the  pain  radiates 
over  the  entire  side  of  the  head.  When  severe,  it  gener- 
ally arises  m  consequence  of  the  extension  of  the  infec- 
tive process  to  the  dura.  As  the  local  and  general  pye- 
mic infection  advances,  the  headache  often  diminishes 
pari  passi,  ^nth  the  obtunding  of  the  sensorium  Fur- 
thermore It  may  be  complicated  by  the  presence  of  a 
subdural,  temporal,  or  cerebellar  abscess,  and  leptomen- 
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ingitis  may  ultimately  develop  with  its  usual  train  of 
symptoms.  Mastoid  disease  and  sinus  thrombosis  are  in 
nearly  all  cases  due  to  middle-ear  disease  and  caries  of 
the  petrous  portion  of  the  temporal  bone.  Sinus  throm- 
bosis is  also  a  complication  of  facial  carbuncle  and  erysip- 
elas of  the  head. 

9.  Disease  of  the  Cranial  Bones.  Periostitis. — 
Bone  disease  affecting  the  exterior  of  the  skull  is  the  re- 
sult of  traumatism  in  the  majority  of  instances.  In  a 
large  proportion  of  cases,  however,  there  may  be  perios- 
titis due  to  syphilis,  i.e.,  periosteal  nodes  over  the  cra- 
nium. Circumscribed  gummata  of  the  skull  arise  in  the 
most  part  in  the  epicranial  periosteum.  In  such  cases 
headache  is  often  constant  and,  as  in  all  forms  of  intra- 
cranial syphilis,  is  liable  to  exacerbations  during  the 
night.  The  bone  affected  is  usually  tender  and  painful 
to  the  touch.  The  headache  accompanying  cranial  peri- 
ostitis may  be  mistaken  for  the  form  of  headache  due  to 
muscular  rheumatism,  or  vice  versa. 

10.  Disease  of  the  Frontal  Sinus. — In  catarrh  or 
suppuration  in  the  frontal  sinus,  the  headache  is  confined 
to  the  frontal  region  as  a  rule,  but  may  become  general, 
with  the  greatest  intensity  over  the  affected  sinus.  At 
first  the  pain  is  dull  and  intermittent  in  character.  It 
may  gradually  or  suddenly  become  persistent  and  severe 
and  prevent  sleep.  Percussion  over  the  sinus  usually  in- 
creases the  pain.  Swelling  and  tenderness  of  the  tissues 
over  the  region  of  the  affected  sinus  are  commonly  pres- 
ent, and  ultimately  all  of  the  symptoms  of  local  and  gen- 
eral infection  may  develop. 

11.  Caries  op  the  Cervical  Vertebrae. — Occipital 
headache  is  commonly  present  in  caries  of  the  upper  cer- 
vical vertebrae.  The  pain  may  extend  to  the  parietal  and 
temporal  regions,  and  is  increased  by  movement  and  deep 
pressure  over  the  vertebrae.  It  is  usually  accompanied 
by  rigidity  of  the  neck  muscles,  or  the  head  may  be  par- 
tially fixed  in  the  median  line. 

12.  Acromegaly. — The  headache  may  be  localized  in 
the  occiput  or  the  frontal  region,  or  be  confined  to  one 
side  of  the  head.  It  may  be  continuous  or  intermittent, 
and  is  often  persistent  and  severe,  usually  being  worse 
in  the  morning.  It  is  almost  always  accompanied  by 
ocular  symptoms,  such  as  impairment  of  central  vision 
or  bitemporal  hemianopsia,  which  often  terminates  in 
optic  atrophy  and  complete  blindness.  Acromegaly  is 
a  rare  disease,  and  was  first  described  by  Pierre  Marie  of 
Paris,  in  1886.  Since  that  time  many  cases  have  been 
observed  in  this  country  and  elsewhere.  The  diagnosis 
of  the  cause  of  the  headache  can  be  made  only  by  a 
recognition  of  the  associated  pathognomonic  physical 
signs  of  the  disease,  i.e.,  enlargement  of  the  hands  and 
feet,  enlargement  of  the  cranial  and  facial  bones,  hyper- 
trophy of  the  tongue,  and  of  the  muscular  and  connec- 
tive tissues  of  the  extremities,  slow  but  progressive 
weakness,  and  the  visual  defects  as  above  described. 

The  headache  may  continue  for  years  or  persist  during 
the  progress  of  the  affection,  and  is  supposed  to  be  due 
to  the  enlargement  of  the  hypophysis  (pituitary  body). 

13.  Spinal-Cord  DiSEASE.^Headache  cannot  be  con- 
sidered a  symptom  of  spinal-cord  disease.  When  it  is 
present,  it  is  merely  a  coincidental  element  in  the  general 
constitutional  disturbance,  or  due  to  some  complication. 
The  characteristic  tabetic  neuralgic  pains  occasionally 
attack  the  scalp,  and  are  due  either  to  involvement  of 
the  spinal  or  cerebral  sensory  root  of  the  trigeminus,  or 
to  irritation  in  its  peripheral  distribution. 

General  Diagnosis. — The  diagnosis  of  the  cause  of 
headache  depends  entirely  upon  the  patient's  history  and 
the  presence  or  absence  of  certain  associated  symptoms. 
This  will  be  readily  appreciated  after  a  review  of  the  con- 
ditions in  which  headache  occurs,  either  as  a  concomitant 
or  as  a  pathognomonic  symptom.  The  general  health 
of  the  patient  must  always  be  carefully  investigated, 
particularly  with  regard  to  the  function  of  the  digestive 
tract  and  the  action  of  the  kidneys.  While  the  seat  of 
the  pain  is  often  suggestive,  too  much  stress  must  not  be 
placed  on  this  indication,  for  in  all  forms  of  headache  the 


pain  may  vary  in  its  location  from  time  to  time.  In  su- 
praorbital and  occipital  neuralgia,  the  pain  is  more  or  less 
paroxysmal  and  superficial  in  character,  being  usually 
confined  to  the  anatomical  distribution  of  the  nerve,  and 
is  tlierefore.  not  a  true  cephalalgia.  Continuous  head- 
ache lasting  many  days,  with  nocturnal  exacerbations, 
should  always  lead  to  the  suspicion  of  cerebral  syphilis. 
It  is  always  necessary  to  decide  whether  the  headache  is 
due  to  a  functional  disturbance,  or  is  the  result  of  organic 
intracranial  disease.  A  safe  rule  to  follow  in  all  cases  of 
persistent  headache  is  to  ascertain  if  any  signs  of  cere- 
bral disease  are  present,  such  as  muscular  spasm ;  paresis, 
or  paralysis  affecting  the  face,  extremities,  or  cranial 
nerves.  A  constant  general  headache  which  is  accom- 
panied by  optic  neuritis  and  frequent  attacks  of  vomit- 
ing invariably  points  to  intracranial  disease.  The  ex- 
amination of  the  pupils  should  never  be  omitted.  In 
hypersemic  forms  of  headache  the  pupils  are  usually 
contracted,  while  in  antemia  they  are  found  dilated. 
When  the  pupils  fail  to  react  to  light,  or  are  absolutely 
rigid,  the  vision  being  unaffected,  it  is  highly  suggestive 
of  cerebral  syphilis  or  some  other  form  of  cerebral  degen- 
eration. The  ophthalmoscope  often  proves  extremely 
valuable  in  diagnosis.  Although  abnormities  of  the 
cerebral  circulation  may  exist  without  evidence  of  such 
disturbance  in  the  retina,  the  discovery  of  "  choked  disc  " 
or  optic  neuritis,  or  a  high  degree  of  hypermetropia  or 
myopia,  will  often  be  the  means  of  determining  the  cause 
of  the  headache.  The  most  important  use  of  the  oph- 
thalmoscope in  cases  of  headache  is  to  determine  the 
presence  or  absence  of  optic  neuritis.  While  its  absence 
does  not  exclude  organic  disease,  its  presence  is  jDresump- 
tive  evidence  of  some  form  of  intracranial  disease  (basal 
meningitis,  increased  brain  pressure  from  cerebral  tumor, 
or  the  vascular  degeneration  associated  with  renal  dis- 
ease). 

Treatment.— A  careful  investigation  of  the  entire 
organism  is  essential 'in  every  case,  the  most  important 
element  in  the  treatment  of  patients  with  headache  being 
the  recognition  of  the  cause,  as  the  pain  is  oftener  de- 
pendent upon  some  underlying  constitutional  condition 
than  upon  organic  intracranial  disease.  The  discovery 
and  correct  interpretation  of  such  facts  should  be  the 
principal  guide  in  the  adoption  of  therapeutic  measures. 
In  the  toxaemic  form  of  headache,  as  well  as  in  all  other 
forms,  it  is  absolutely  necessary  that  the  intestine  be 
kept  free  from  ffecal  accumulation,  and  that  the  action  of 
the  digestive  organs  be  regulated  by  suitable  diet.  Head- 
ache from  constipation  is  rapidly  relieved  by  a  brisk  ca- 
thartic. All  supposedly  reflex  causes  should  be  rectified, 
but  too  much  stress  must  not  be  laid  upon  the  paramount 
importance  of  such  disorders,  for  many  patients  seem  to 
possess  an  inherited  or  inherent  predisposition  to  develop 
headache  upon  the  slightest  provocation.  It  is  generally 
desirable  and  universally  advocated  that  any  existing 
error  of  refraction  or  eye-muscle  defect  be  corrected. 
Even  when  such  conditions  are  discovered  and  remedied, 
relief  from  the  headache  does  not  always  follow,  for 
several  causes  may  be  operative  in  the  same  individual. 
Therefore,  before  saddling  a  patient  with  spectacles  for 
slight  refractive  errors,  or  cutting  the  eye  muscles,  or 
operating  upon  the  nose  for  deviated  septum,  or  replac- 
ing a  slightly  displaced  uterus,  or  suturing  a  trifling 
laceration  of  the  cervix,  etc.,  all  other  probable  causes 
of  the  headache  should  be  systematically  eliminated. 
Headache  due  to  cerebral  congestion  may  be  relieved  by 
the  avoidance  of  all  forms  of  cerebral  stimulants  and 
psychical  excitement,  regidation  of  the  diet,  free  purga- 
tion by  calomel  and  salines,  and  the  administration  of 
bromide  of  potassium  gr.  xv.,  and  fluid  extract  of  er- 
got TH  XV, ,  every  three  or  four  hours.  Severe  cases  re- 
quire cupping  or  blistering  over  the  nucha,  and  local 
blood-letting  or  venesection.  It  would  appear  from  the 
experiments  of  Leonard  Hill  and  others  upon  dogs  that 
the  application  of  ice-bags  to  the  head  as  a  form  of  treat- 
ment has  practically  no  effect  upon  the  cerebral  circula- 
tion. Hence  the  time-honored  custom  of  using  the  ice- 
coil    and    ice-bag    in    cases  of    meningitis  or    cerebral 
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congestion  is  without  any  scientific  evidence  as  to  its 
action.  Its  clinical  value,  however,  is  still  an  open  ques- 
tion. When  the  ice-cap  is  used,  it  should  always  be  ap- 
plied to  the  shaven  scalp.  In  headache  from  cerebral 
ansemia,  rest  in  bed  with  the  head  low,  and  special  atten- 
tion to  the  cause  (which  is  usually  general  aneemia)  are  of 
prime  importance.  The  administration  of  cardiac  tonics, 
and  the  use  of  iron  and  easily  assimilated  food,  generally 
prove  successful  when  organic  visceral  disease  is  absent, 
In  every  form  of  headache  we  are  often  forced  to  resort 
to  the  temporary  use  of  local  applications  of  dry  or  moist 
cold  or  heat,  or  some  form  of  anodyne  or  counter-irritant. 
Antipyrin,  acetanilid,  phenacetin,  caifeine  with  bro- 
mide of  potassium,  etc. ,  or  diffusible  stimulants  such  as 
aromatic  spirits  of  ammonia,  tincture  of  valerianate  of 
ammonia,  etc.,  often  prove  serviceable  as  symptomatic 
remedies,  but  their  selection  must  be  left  to  the  judg- 
ment of  the  physician.  AVhen  headache  accompanies  the 
infectious  or  malarial  fevers,  the  reduction  of  the  tem- 
perature by  hydriatric  or  other  appropriate  measures,  or 
the  use  of  quinine,  usually  proves  efficacious.  In  head- 
ache due  to  cerebral  tumor,  free  cathai'sis  from  time  to 
time,  the  avoidance  of  cerebral  stimulation  or  of  causes 
known  to  produce  interference  with  the  intracranial  cir- 
culation, the  administration  of  the  drugs  above  men- 
tioned, or  morphine  if  necessary,  constitute  the  essential 
features  in  the  medical  treatment.  The  operation  of  tre- 
phining the  skull  should  be  resorted  to  if  other  methods 
fail  to  relieve  the  pain.  This  is  often  followed  by  de- 
crease in  the  intracranial  pressure  and  cessation  of  the 
headache.  When  the  tumor  is  accessible  to  surgical 
measures,  it  should  be  removed  as  soon  as  its  location  is 
established.  It  is  customary,  before  operating,  to  insti- 
tute a  thorough  course  of  antisyphilitic  treatment  in  order 
to  give  the  patient  the  benefit  of  any  doubt  as  to  the  pos- 
sible gummatous  character  of  the  growth.  The  subsi- 
dence of  headache  and  other  general  symptoms  of  cere- 
bral tumor  during  the  administration  of  mercury  and 
iodide  of  potassium  does  not  necessarily  imply  that  the 
neoplasm  is  syphilitic,  for  the  irritative  symptoms  of  sar- 
comatous and  other  processes  have  been  known  to  under- 
go retrogression  under  this  plan  of  treatment.  Headache 
due  to  syphilis  (gumma,  meningitis,  periostitis)  is  rapidly 
relieved  by  mercury  and  iodide  of  potassium.  In  cere- 
bral abscess,  correct  localization  and  immediate  surgical 
operation  constitute  our  only  hope. 

William  M.  Leszynsky. 

HEAD,  WOUNDS  OF.*— Certain  features  in  the  auat- 
omj'  of  the  skull  are  of  great  surgical  importance  when 
considering  the  nature  and  occurrence  of  wounds  of  its 
component  bony  parts  and  of  injury  to  the  brain.  The 
periosteum  of  the  cranium — called  usually  the  pericran- 
ium— is  not  thick,  but  is  strong  and  resistant.  Except 
over  the  sutures  and  the  great  foramina,  it  can  be  easily 
stripped  off,  or  even  made  to  glide  over  the  bone; 
though  in  the  aged  its  connection  with  the  underlying 
bone  is  more  firm.  It  is  nourished  principally  by  vessels 
from  the  bone.  The  internal  periosteum  of  the  cavity  of 
the  cranium  is  the  dura  mater,  which  is  thicker  and 
tougher  than  the  pericranium.  Concerning  the  cranial 
bones  themselves,  it  should  be  remembered  that  the 
diploG  e.xists  only  during  middle  life,  and  is  not  to  be 
found  in  the  very  young  or  very  old.  The  amount  of 
space  which  the  frontal  sinus  may  occupy  should  always 
be  borne  in  mind. 

Of  great  importance  are  the  connections  which  the 
veins  of  the  superficial  soft  parts  enjoy  witli  the  deep 
sinuses  and  the  veins  of  the  diplo6  through  the  emissoria 
Santorini.  The  most  important  of  these  anastomoses  are : 
(1)  Among  the  occipital  veins,  which  connect  with  the 
lateral  sinus  through  the  mastoid  foramen;  (2)  along  and 
around  the  interparietal  suture,  especially  its  posterior 
extremity,  where  numerous  openings  connect  with  the 

*  Use  has  been  made  In  this  article  of  a  portion  ol  that  which  ap- 
peared In  the  first  edition  o(  this  work  on  "  Skull,  Fractures  of  the 
Base  of,"  hy  Dr.  Thomas  H.  Russell,  of  New  Haven,  Conn.  The  part 
thus  used  is  enclosed  in  quotation  marks. 
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superior  longitudinal  sinus;  (3)  the  ophthalmic  veins, 
according  to  Sesemann's  investigations,  empty  into  the 
cavernous  sinus  as  well  as  into  the  facial  veins.  It  will 
thus  be  seen  that  the  sinuses  of  the  brain  have  their  over- 
flow outlets,  or  "  waste  weirs, "  in  abundance.  Neverthe- 
less, this  freedom  of  venous  connection  enhances  mate- 
rially the  danger  from  pysemic  or  thrombotic  trouble  in 
case  of  erysipelas  or  phlegmon  of  the  external  soft 
parts. 

It  will  be  well,  at  the  very  outset,  to  give  here  the 
greatest  possible  prominence  to  the  classical  dictum  (so 
often  ascribed  to  Sir  Astley  Cooper,  but  really  clearly 
enunciated  by  Hippocrates) :  "  No  injury  to  tlie  liead  is  too 
slight  to  be  despised,  nor  too  severe  to  be  despaired  of." 
There  is  a  great  temptation  to  ignore  trivial  scalp- 
wounds,  to  cleanse  them  insufficiently,  or  to  dress  them 
carelessly.  If  nothing  else  leaches  the  danger  of  care- 
lessness in  these  cases,  the  experience  gathered  from  the 
sword-duels  of  German  students  should  be  convincing, 
since  each  year  several  deaths  are  caused  by  compar- 
atively trivial  scalp-  or  face-wounds. 

SuPEKPiciAL  Wounds. — Bruises  and  contusions  need 
only  slight  attention  besides  rest;  evaporating  lotions, 
cold  applications,  or,  if  the  patient  is  not  seen  till  after 
swelling  and  ecchymosis  have  taken  place,  then  hot  ap- 
plications constitute  all  that  is  required.  Upon  a  super- 
ficial abrasion  some  antiseptic  should  be  used.  Any  ordi- 
nary effusion  of  blood  between  scalp  and  bone  will  be 
checked,  and  then  reabsorbed,  under  this  treatment.  The 
hair  may  be  cut  short  or  shaved  if  required ;  this  should 
be  done  if  the  wound  has  been  in  any  sense  severe.  If 
effusion  be  very  great,  and  apparently  unchecked  after 
prolonged  trial  with  simpler  measures,  then  it  would  be 
right  to  make  a  free  incision,  turn  out  the  fluid  or  solid 
blood,  search  for  bleeding  vessels,  twist  them  or  tie  them 
with  catgut,  cleanse  thoroughly,  wait  till  all  bleeding  has 
stopped,  and  then  neatly  approximate  the  edges  of  the 
incision  with  fine  silk  or  catgut,  with  the  insertion  of  a 
few  threads  of  horse-hair  or  catgut  for  drainage,  and 
with  a  firm  compress  over  all.  Of  course  all  this  should 
be  done  under  antiseptic  precautions,  with  clean  hands 
and  instruments,  etc. 

Small  punctured  wounds  need  only  antiseptic  occlusion 
after  their  freedom  from  foreign  matter  has  been  secured. 
Small  instruments  and  weapons  sometimes  make  small 
punctures,  yet  wound  a  vessel  of  some  size.  Numerous 
cases  of  aneurism  of  terminal  vessels  have  been  reported 
from  such  causes.  From  such  a  wound  hemorrhage 
would  be  free,  while  it  would  be  easy  to  recognize 
whether  an  artery  or  a  vein,  or  both,  had  been  injured. 
If  a  vein,  pressure  would  in  most  cases  suffice;  this 
should  be  made  a  part  of  the  antiseptic  occlusion,  being 
maintained  by  an  elastic  bandage  or  by  some  mechanical 
device. 

But  if  an  artery  be  wounded  and  such  pressure  be  in- 
sufficient, it  should  be  included  in  a  deep  suture  or  oc- 
cluded by  acupressure.  This  might  need  to  be  done  on 
either  side  of  the  cut,  which  should  then  be  cleaned  and 
occluded  as  before.  In  other  cases  it  might  be  well 
to  clip  off  the  hair,  shave  the  part,  and  enlarge  the 
opening  so  that  the  bleeding  vessel  may  be  caught  and 
secured. 

Extensive  lacerations  or  complicated  incised  wounds 
are  often  received,  by  which  large  skin  flaps  are  torn  up 
and  the  periosteum  is  stripped  rudely  off,  and  yet  with 
only  temporary  concussion  or  "  stunning. " 

In  such  cases  the  attendant  should  satisfy  himself  that 
the  bone  has  received  no  such  injury  as  may  call  for 
operative  interference.  He  should  first  check  hemor- 
rhage, next  shave  the  parts,  and  then,  with  sponge  and 
forceps,  address  himself  to  removing  every  particle  of 
dirt  and  every  loose  hair.  Shreds  of  tissue  whose  vital- 
ity 18  doubtful  had  best  be  removed.  It  then  remains 
only  to  close  the  wound.  It  periosteum  have  been  torn 
and  raised,  it  is  best  to  readapt  the  torn  edges  with  fine 
catgut  sutures.  Then  the  superficial  wound  edges  are 
™I!„"i^„'*PPJ°''™'^*<;d  Y  s'l"^  or  catgut  suturfs,  con- 
At  each  angle  a  stitch  may  be 


tmuous  or  interrupted. 
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omitted  for  the  escape  of  serum,  or  a  few  catgut  threads 
may  be  inserted  for  capillary  drainage. 

In  the  dressing  of  such  wounds,  gentle  compression 
should  be  so  exerted  as  to  compel  approximation  of  raw 
surfaces.  For  small  wounds  collodion  makes  a  very  ser- 
viceable application,  the  parts  being  first  thoroughly  dried 
and  dusted  with  an  antiseptic  powder.  When  a  moist 
dressing  is  used  about  tlie  scalp  or  hairy  face,  tlie  writer 
usually  prefers  a  glycerin  dressing:  i.e.,  some  antiseptic 
in  glycerin  solution  or  emulsion,  since  whatever  serum 
exudes  from  the  wound  will  be  readily  taken  up,  and  the 
dressing  cannot  di-y  and  so  stick  to  the  parts  that  its  re- 
moval will  be  very  unpleasant  to  the  patient. 

For  all  dressings  about  the  head,  the  writer  esteems 
naphthalin  very  higlily,  since  it  seems  to  be  particularly 
prophylactic  against  erysipelas;  the  latter  being  more 
common  after  head  injuries  than  after  those  of  any  other 
part  of  the  bodj'.  Should  there  be  any  special  reason  to 
fear  inflammation,  as  meningitis,  an  ice-bag  may  be  ap- 
plied outside  the  dressing. 

Cases  occasionally  occur  in  which  some  part,  or  nearly 
the  whole,  of  the  scalp  has  been  torn  off  or  torn  loose,  as 
by  machinery'  or  "scalping."  If  the  patient  be  seen  in 
time  an  effort  should  be  made  to  replace  the  loose  por- 
tion. Astonishing  successes  have  been  reported  in  in- 
juries of  this  nature,  and  the  case  must  indeed  be  very 
severe  which  does  not  justify  a  trial.  The  general  rules 
given  above  are  sufficient  to  guide  the  reparative  efllort ; 
perfect  cleansing,  proper  antisepsis,  accurate  approxima- 
tion, and  judicious  pressure  constituting  the  important 
canons  of  treatment.  Should  the  effort  partially  succeed 
or  fail,  if  the  loss  of  substance  be  not  too  great,  a  plastic 
operation  may  be  attempted :  otherwise  the  bare  or  raw 
surface  must  be  kept  clean,  and  healthy  granulations 
stimulated  by  such  dry  applications  as  zinc  oxide  or  boric 
acid,  or  compresses  soaked  in  a  saturated  solution  of 
potassium  chlorate.  The  healing  process  may  be  further 
hastened  b}'  Thiersch  skin-grafting.  No  case  of  this  kind, 
which  is  not  speedily  and  primarily  fatal,  need  be  de- 
spaired of. 

The  soft  spots  about  the  head  and  face  possess  great 
reparative  and  recuperative  power,  and  pieces  which 
have  been  severed  may  yet  unite  by  adhesion  if  properly 
and  quickly  reapplied.  Thus,  by  bites  and  by  various 
accidents,  portions  of  the  nose  and  ears  may  be  nearly  or 
quite  detached.  Unless  the  circumstances  be  very  un- 
propitious  the  attempt  should  be  made  to  restore  them. 
Careful  cleansing  and  perfect  approximation  are  here,  as 
elsewhere,  essential  to  success. 

Ragged  lacerations  of  the  lips  and  cheeks  may  some- 
times be  cleaned  and  sewed  up ;  at  other  times  it  will  be 
best  to  trim  or  pare  their  edges,  and  then  neatly  close  the 
wound,  this  procedure  causing  less  scar  or  disfigurement. 

It  may  happen  that  we  are  called  upon  to  deal  with 
parts  which  have  already  become  inflamed,  or,  perhaps, 
erysipelatous.  In  such  case  we  should  proceed  as  fol- 
lows :  The  hair  or  beard  should  be  closely  removed.  If 
the  appearance  of  the  part  or  the  general  condition  of  the 
patient  indicates  any  septic  process,  the  wound  should  be 
opened,  its  interior  freely  exposed  to  examination,  and  a 
most  painstaking  disinfection  of  its  entire  surface  made. 
Foul  spots  or  suppurating  surfaces  should  be  treated 
with  an  eight-per-cent.  solution  of  zinc  chloride,  new 
openings  made  for  drainage  at  the  most  dependent  parts, 
and,  according  to  circumstances,  the  edges  reunited  or 
the  whole  left  open  to  close  by  second  intention,  putre- 
fying and  necrotic  tissue  being  removed  with  knife, 
scissors,  or  curette.  Abscesses  should  be  laid  freely  open 
and  their  cavities  disinfected.  If  erysipelas  have  super- 
vened, the  whole  scalp  may  be  covered  with  antiseptic 
poultices,  of  which  the  best  is  made  of  common  brewers' 
yeast,  to  be  soon  followed  by  the  Crede  silver  ointment, 
or  one  containing  two  per  cent,  of  guaiacol  and  ten  per 
cent,  of  ichthyol.  Few  surgeons  would  feel  justified 
in  making  ice  applications  in  such  a  case  unless  cere- 
bral complications  were  extremely  severe.  It  will  of 
course  be  remembered,  in  the  light  of  the  vascular  con- 
nection between  the  scalp  and  deeper  parts  {vide  above), 


that  all  cases  of  erysipelas  of  the  head  are  at  least 
serious. 

With  reference  to  later  results  of  former  injuries  in  the 
way  of  granulating  or  indolent  ulcers,  caries,  necrosis, 
etc.,  there  are  no  indications  calling  for  treatment  dif- 
ferent from  that  generally  resorted  to  for  similar  condi- 
tions elsewhere  about  the  body.  A  healthy  ulcer  may  he 
covered  by  skin  grafts,  or  by  a  plastic  operation;  an  un- 
healthy one  should  first  be  made  healthy.  All  dead  or 
dying  bone  should  be  removed  with  curette  or  chisel,  and 
its  surface  allowed  either  to  heal  by  granulation  or  to  be 
covered  by  a  plastic  operation. 

The  soft  parts  about  the  head  and  face  are,  if  possible, 
more  vascular  than  in  other  parts  of  the  body.  This 
means,  on  the  one  hand,  that  life  may  be  lost  by  neglect 
or  from  ignorance.  Thus,  within  a  short  time,  the  writer 
has  seen  a  drunken  man  so  completely  exsanguinated 
by  hemorrhage  from  a  superficial  scalp  wound  only  2 
cm.  long,  that  it  was  with  the  greatest  difficulty  and 
care  that  he  was  recalled  to  life.  On  the  other  hand, 
by  virtue  f)f  this  excessive  vascularity,  reparative  proc- 
esses go  on  more  rapidly;  and,  provided  that  proper 
precautions  have  been  taken,  it  is  the  rule  for  most 
extensive  solutions  of  continuity  to  heal  per  prima/m. 

Superficial  gunalwt  wounds  should  be  treated  on  general 
principles.  It  must  be  remembered  that  a  bullet  may 
not  only  pursue  a  most  tortuous  track,  but  may  carry  in 
foreign  matter.  Such  a  wound  should  either  receive  pri- 
mary antiseptic  occlusion,  without  the  slightest  explor- 
ation or  disturbance,  or  its  track  must  be  carefully 
cleansed  and  drained,  being  laid  open  for  this  purpose  if 
necessary.  After  it  has  been  interfered  with  or  explored 
it  difiEers  in  nowise  from  other  wounds,  so  far  as  indica- 
tions for  treatment  are  concerned.  There  is  seldom  any 
positive  indication  for  removal  of  a  deeply  buried  bullet, 
save  the  anxiety  of  the  patient,  and  this  of  course  is  a 
minor  consideration. 

Deep  Wounds  with  Injuries  to  the  Bones.— Like 
all  other  wounds,  these  call  at  first  for  haemostasis,  then 
for  perfect  cleanliness,  with  removal  of  the  hair  in  the 
neighborhood.  This  completed,  exact  exploration  should 
be  made.  Should  it  appear  that  underneath  a  small  ex- 
ternal lesion  extensive  damage  is  concealed,  then  by  free 
incision  the  whole  must  be  exposed  to  touch,  if  not  to 
sight.  According  to  the  extent  of  these  deeper  lesions 
the  superficial  wound,  as  thus  extended,  should  or  should 
not  be  reunited. 

It  may  happen  that  one  or  more  pieces  of  the  external 
table,  or  of  the  malar  or  other  bones,  may  be  chipped 
off  or  entirely  separated  from  their  bony  basis,  and  held 
only  by  their  connections  with  the  periosteum  and  soft 
parts.  Not  forgetting  that  they  may  still  be  nourished 
by  these  connections,  it  is,  on  the  whole,  the  safest  plan 
to  remove  them,  leaving  if  possible  the  periosteum.  But 
should  a  prominent  process  of  bone  be  thus  detached 
from  its  seat,  e.g..  a  part  of  the  supra-orbital  ridge  or 
margin  of  the  orbit,  or  even  the  mastoid  process  (and 
such  cases  have  been  reported),  it  would  only  be  proper 
to  make  every  effort  to  save  it.  Such  a  fragment  is  to 
be  held  in  place  by  pressure,  by  stitches  in  the  perios- 
teum, or  by  drilling  and  suturing  with  catgut  or  silver 
wire.  Pieces  of  bone  that  lie  quite  loose  must  unhesitat- 
ingly be  removed,  even  if  dura  mater  or  brain  be  thereby 
exposed. 

Hemorrhage  from  a  denuded  bone  surface,  and  oozing 
from  a  deep  v.'ound,  may  commonly  be  checked  by  ice- 
water  or  hot  water  and  pressui'e.  A  solution  of  anti- 
pyrin  (five  per  cent.)  makes  a  most  excellent  styptic, 
while  suprarenal  extract  or  "adrenahn"  furnishes  almost 
an  ideal  remedy  in  this  regard.  Once  checked,  the  bleed- 
ing is  not  likely  to  recur  after  the  wound  is  protected 
from  the  air  and  dressed  with  suitable  compression. 

Aside  from  leaden  projectiles,  a  great  variety  of  for- 
eign bodies  may  not  only  injure  the  cranial  bones  and 
those  of  the  face,  but  parts  of  them  may  even  become 
embedded  or  disappear  from  sight — as,  for  example, 
workmen's  pointed  tools,  knife-blades,  bayonet,  sword 
or  foil  points,  arrow-heads,  hatchet  or  tomahawk  points, 
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pieces  of  glass,  splinters  or  chips  of  wood,  etc.  The  deeper 
they  penetrate  the  greater  the  gravity  of  the  case ;  the 
greater  also  the  possibility  of  perforation  or  depression  of 
the  inner  table  of  the  skull.    Thus  fatal  injury  of  the 


Fis.  2538.— Lines  of  Fracture  Visible  on  tbe  Outside  of  a  Skull.    CAf  t«r 
Hewett.) 

brain  is  not  so  rare  in  connection  with  a  wound  of  the  orbit, 
and  the  condyle  of  the  inferior  maxilla  has  been  forced 
through  into  the  cavity  of  the  cranium.  By  means  of  a 
wound  in  the  oropharynx,  death,  with  literally  no  external 
injury,  has  been  caused.  In  all  these  cases  the  indica- 
tions for  treatment  are  general,  yet  explicit.  Obviously, 
removal  of  a  foreign  body  is  called  for  in  almost  every 
case,  and  this  should  be  accomplished  with  the  least  pos- 
sible disturbance.  The  only  exception  would  probably 
be  when  it  has  totally  disappeared  within  the  brain  sub- 
stance. If  simple  traction  be  insufHcient  to  dislodge  it, 
enlargement  of  the  external  wound  and  instrumental  aid 
must  be  resorted  to.  Strong  forceps,  a  pointed  elevato- 
rium,  the  chisel  and  gouge,  the  trephine,  or  even  the  sur- 
gical engine  may  be  called  for.  Thus  the  writer  has  had 
to  resect  almost  the  entire  upper  jaw  to  get  away  a  piece 
of  wood  which  had  been  deeply  driven  into  the  skull  as 
it  flew  off  from  a  circular  saw.  The  more  recent  the 
case  the  better,  as  a  rule,  the  results.  If  a  pointed  ob- 
ject have  penetrated  the  cranium,  it  should  be  removed 
by  traction  in  the  direction  of  its  line  of  entrance,  so  that 
further  injury  to  the  brain  or  its  coverings  may  be 
avoided.  In  such  a  case  it  would,  in  many  cases,  be  well 
to  trephine  at  the  site  of  its  entrance  into  the  skull,  in  or- 
der to  remove  any  depressed  bone,  and  smoothly  to 
round  off  the  opening;  by  means  of  the  free  opening 
thus  made  hfemorrhage  can  be  more  easily  checked. 
Bullets  have  occasionally  been  more  easily  removed  by 
making  a  counter-opening.     This  is  more  easy  now  than 

a  few  years  ago 
when  the  tele- 
phone probe  and 
the  ROntgen  rays 
were  not  avail- 
able. 

In  every  case  in 
which  solution  of 
continuity  of  the 
external  table  has 
taken  place,  the 
attendant  should 
bear  in  mind  what 
a  vantage  ground 
the  diploe  offers 
for  the  lodgment 
of  septic  germs, 
and  for  the  de- 
velopment of  in- 
flammatory and 
septic  thrombotic 
processes  which 
may  greatly  mili- 
tate against  the 
safety  of  the  pa- 
,      ,,    .  ,  .  tient;   and    he 

should  m  such  cases  omit  no  precaution  which  mav 
tend  to  avert  their  destructive  tendency.  Rigid  anti- 
sepsis, or,  if  it  can  be  secured,  rigid  asepsis,  must  be 
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our  motto ;   without  it  no  such  wound  can  be  properly 
treated. 

The  possible  remote  consequences  of  a  blow  on  the 
head  should  not  be  lost  sight  of.  Inflammatory  hyper- 
trophy of  the  bone  may  be  the  result,  or  caries  or  necrosis 
may  ensue.  These  latter  may  be  limited  to  the  part  in- 
jured, or  may  be  very  widespread,  affecting  one  table  or 
both,  and  even  involving  the  whole  vertex.  Extensive 
destruction  of  the  inner  table  alone  has  been  known,  and 
Saviard's  celebrated  case  proved  that  the  entire  vertex 
might  separate,  since  in  his  patient,  two  years  after  a 
blow,  the  whole  skull  cap  came  away.  Not  to  speak  of 
other  bone  lesions,  we  must  also  remember  the  remote 
results  of  hemorrhage,  as  when  a  clot  organizes  into  a 
cyst,  etc.  {mde  Brain,  Tumors  of).  For  every  reason, 
then,  we  should  endeavor  to  diagnose  at  the  time,  if  pos- 
sible, the  nature  of  the  injury,  and  to  meet  the  indication 
at  once,  in  order  that  untoward  after-consequences  may 
be  avoided. 

Fractuees  of  the  Skull. — General  Considerations. 
— Those  of  the  vault  are  usually  direct,  the  result  of  the 
force  applied,  whether  the  head  have  been  struck,  or 
whether  the  patient  have  fallen  upon  it,  and  they  consist 
at  one  time  of  a  depression  (in  a  yielding  skull,  akin  to 


FIG.  2540.— Comminuted  Fractures  of  Vertex  of  Skull  and  of  Superior 
Maxilla.    (After  Bergmann.) 

green-stick  fracture),  at  another  of  an  abrupt  perforation, 
of  a  linear,  a  stellate,  or  a  comminuted  fracture.  Fract- 
ures may  here,  as  elsewhere,  also  be  simple  or  com- 
pound. If  the  fracture  be  fissured  the  fissure  may  be 
short,  or  may  pursue  a  long  devious  line,  even  to  the  base 
of  the  skull,  extending  through  two  or  three  bones  The 
comminuted  fracture  is  usually  less  extensive  as  far  as 
bnes  of  cleavage  are  concerned.  Fractures  of  the  vertex 
also  involve  either  one  or  both  of  the  tables.  Thus  we 
often  have  fracture  of  the  external  table  alone,  and  fract- 
ure of  the  inner  table  without  visible  lesion  of  the  outer 
IS  known.  Displacement  may  occur  outward  or  inward. 
1  he  lines  ot  fracture  visible  on  the  outside  of  a  given 
skull  are  seldom  any  index  as  to  what  may  be  found  on 
its  inner  surface. 

F-Tn^!fp=''^"l^  ^""^  3539,_from  Hewett's  monograph  in 
Holmes  'Surgery,"  third  edition,  illustrate  this  fact- 
they  rep,-es<-ut  respectively  the  outer  and  inner  aspects 
of  a  vertex  thus  injured.  A  large  number  of  similar 
illustrations  may  be  found  in  their  appropriate  nlaces  in 
tnd'FlI'lL^'f --^  °«^  "-  Civil  ^^Lr  ■?"  On  tt'oTh  r 
nand,  jHig  2540,  from  Bergmann,  will  give  an  idea  of 
the  extent  of  some  fractures  of  this  kind 
There  is,  further,  the  possibility  of  fracture  by  ojutve- 
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coup.  By  this  term  is  meant  fracture  by  violence  trans- 
mitted by  the  arched  construction  of  the  skull  to  a  point 
more  or  less  opposite  to  that  injured.  It  is  known  that 
in  cracking  a  cocoanut,  for  instance,  the  shell  is  not  al- 
ways broken  at  just  the  point  wliere  the  liammer  strikes 
it,  but  often  at  some  other  place.  So  a  blow  on  the  right 
side  of  the  head  may  cause  fracture  of  the  left  side,  or  in 
both  places.  Thus  may  be  explained  those  cases  in  which 
a  man  sustaining  injury,  as  by  a  kick  of  a  horse,  on  the 
right  side,  is  a  little  later  found  to  have  paralysis  of  the 
same  side  of  the  body;  the  explanation  being  fracture  of 
the  left  side  of  the  skull  by  eontre-coup,  with  rupture  of 
vessels  and  formation  of  a  clot  (or  even  rupture  of  ves- 
sels without  lesion  of  the  bone),  with  paralysis  conse- 
quently on  the  side  opposite  the  clot  as  an  ordinary  com- 
pi'ession  symptom.  There  is  no  limit  to  the  peculiarities 
of  fracture  by  contre-coup,  save  that  it  is  never  depressed. 

Concerning  the  diagnosis  of  fractures  of  the  vertex,  it 
is  not  paradoxical  to  say  that  it  is  easy  in  proportion  to 
the  severity  of  the  case,  and  most  difficult  when  the  in- 
jury is  most  trivial.  The  merest  novice  may  recognize 
the  ordinary  compound  fracture  at  a  glance,  while  the 
expert  may  be  at  a  loss  in  some  cases  of  simple  linear 
fissure. 

Doubtless  many  cases  of  concussion  of  the  brain  fol- 
lowing head  injury  are  accompanied  by  some  Assuring  of 
one  or  both  tables,  yet,  while  we  may  suspect  this,  there 
is  no  way  of  proving  it.  Even  a  compound  fracture  is 
sometimes  overlooked  when  the  broken  bone  lies  deep 
under  the  tempoi'al  muscle.  Mistakes  occur  in  the  op- 
posite direction  also ;  thus,  mere  extravasation  of  blood 
has  been  mistaken  for  fracture  with  depression,  and  pre- 
existing abnormal  depressions  have  been  deemed  to  be 
the  result  of  recent  violence. 

Fractures  at  tlie  Base  of  the  Skull. 

"  If  we  view  the  skull  as  a  whole  from  either  side,  and 
especially  from  the  rear,  it  will  be  noticed  that  while  the 
upper  and  posterior  surfaces  have  a  dome-like  arch  the 
shape  of  which  is  well  calculated  to  resist  any  ordinary 
violence,  the  base  or  under  surface,  especially  viewed 
from  the  rear,  is  nearly  flat.  This  is  more  strikingly  ap- 
parent if  we  make  a  transverse  and  vertical  section  just 


FIG  2541  —Transverse  Vertical  Section  of  Skull  througti  the  Foramen 
Magnum,  at  JuncHon  of  its  Middle  and  Posterior  Thirds ;  showing 
thinness  and  flatness  ol  the  base  in  contrast  with  the  thickness  and 
convexity  of  the  vertex.    (Thomas  H.  Eussell.) 

back  of  the  foramen  magnum.  This  will  show  that  the 
base  of  the  skull  at  that  point  is  almost  exactly  flat,  and 
lacks  the  arched  contour  calculated  to  withstand  blows 
or  pressure.     This  will  be  made  evident  by  reference  to 


the  accompanying  illustration  (Pig.  3541)  of  a  transverse 
vertical  section  just  back  of  the  foramen  magnum. 

"  A  glance  at  the  under  surface  from  without  will  show 
that  it  is  weakened,  not  only  by  the  large  foramen  mag- 
num, but  by  the  numerous  foramina  on  either  side  and 
in  front  of  it.  If  the  base  be  viewed  from  within,  being 
held  between  the  observer  and  a  moderately  strong  light. 


Fig.  a542.-Case  Eeported  by  Dr.  Blgelow,  of  an  Iron  Bar  (43  Inches 
long  and  m  inches  in  diameter)  Driven  Upward  through  the  SkuU. 
Recovery. 

a  considerable  portion  of  the  entire  base  will  be  found  to 
be  quite  translucent,  and  some  portions  almost  transpar- 
ent, owing  to  their  extreme  thinness.  The  posterior  fossa 
of  a  skull  before  me  is  thinner  than  at  any  other  portion 
of  its  entire  contour.  In  this  specimen  it  is  easy  to  dis- 
tinguish through  the  posterior  fossa  small  objects  held 
on  the  other  side  of  it,  the  bone  here  being  as  thin  as  the 
thinnest  paper. 

"  While  it  would  appear  that  the  thicker  portions  of  the 
base — as,  for  instance,  the  condyles  on  either  side  of  the 
foramen  magnum,  the  mastoid  portions  of  the  temporal, 
the  median  portion  of  the  sphenoid,  and  the  elevated 
ridges  on  the  occipital  bone — add  considerable  strength, 
in  reality  they  do  not  furnish  as  much  additional  support 
as  would  at  first  appear ;  for  if  we  make  sections  of  these 
above-mentioned  thicker  portions,  we  shall  find  that  the}' 
have  only  an  extremely  thin  layer  of  outer  and  inner 
table  or  solid  bone,  and  that  almost  their  entire  thickness 
is  made  up  of  diploS.  They  do  not  nearly  compensate 
for  the  extreme  thinness  of  the  greater  portions  of  all  the 
fossae  and  for  the  numerous  foramina.  It  will  therefore 
appear  evident  that  the  base  of  the  skull  is  relatively 
weak,  and  not  calculated  to  withstand  more  than  a 
moderate  amount  of  violence.  The  greater  portion  of 
the  base  has  little  or  no  diploS.  No  diploS  is  to  be  found 
in  the  posterior  fossa  and  in  the  orbital  plates  of  the  fron- 
tal bone. 
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"  If  it  were  not  for  the  fact  that  the  base  of  the  skull, 
from  its  less  exposed  position  and  from  its  being  to  a  great 
extent  protected  from  direct  violence  by  being  enclosed 
by  the  structures  of  the  neck  beneath,  and  for  the  fact 
that  its  great  mobility  upon  the  cervical  vertebrae  lessens 
the  danger  from  any  direct  violence,  it  would  be  much 
more  frequently  fractured. 

"  The  under  surface  of  the  brain,  that  contiguous  to 
the  base  of  the  skull,  is  of  greater  importance,  and  any 
injuries  of  it  are  much  more  serious  than  those  of  its 
upper  surface,  and  it  is  principally  for  this  reason  that 
fractures  of  the  base  are  more  disastrous  than  those  of 
+-jj(i  vprtGX 

"  Hilton  has  drawn  attention  to  the  extremely  important 
manner  in  which  the  cerebro-spinal  fluid  protects  the 
base  of  the  brain  from  injury.  He  has  shown  that  al- 
most the  only  part  of  the  base  of  the  brain  which  is  in 
close  apposition  with  the  base  of  the  skull  is  the  inferior 
portion  of  the  anterior  lobes  of  the  cerebrum,  where  they 
rest  upon  the  orbital  plates  of  the  frontal  bone,  and  that 
all  the  other  portions  of  the  base  of  the  brain,  including 
those  parts  most  essential  to  life,  do  not  rest  upon  the 
bones  at  all,  nor  even  touch  them,  but  that  under  these 
portions  of  the  brain  there  is  such  an  abundant  accumu- 
lation of  cerebro-spinal  fluid  that  it  forms  what  he  aptly 
terms  a  water-bed.  No  other  portions  of  the  brainare 
thus  protected  by  an  abundant  supply  of  cerebro-spinal 
fluid  to  break  the  force  of  any  violence.  The  contour  of 
the  two  posterior  lobes  of  the  brain  does  not,  therefore, 
correspond  to  that  of  the  portions  of  the  skull  over  which 
they  float  on  this  water-bed. 

"  The  most  remarkable  case  which  I  have  been  able  to 
find  recorded  is  described  in  the  American  Journal  of  the 
Medical  Sciences  for  July,  1850,  by  Dr.  Bigelow.  A  solid 
bar  of  iron,  three  feet  seven  inches  long  and  one  and  one- 
fourth  inches  in  diameter,  was  driven  by  a  premature 
explosion  of  a  blast  entirely  through  the  skull  of  a  man 
twenty-flve  years  of  age,  high  into  the  air,  and  fell 
several  rods  distant.  The  bar  passed  upward  beneath 
the  zygomatic  process  on  the  left  side,  and  through  the 
floor  of  the  anterior  fossa  of  the  base  of  the  skull,  and 
emerged  near  the  centre  of  the  frontal  bone  close  to  the 
coronal  suture.  A  considerable  portion  of  brain  sub- 
stance was  lost.  The  patient  was  almost  immediately 
able  to  converse  rationally,  and  rode  three-quarters  of  a 
mile,  sitting  erect  in  an  oxcart,  and  after  alighting  from 
the  cart  without  aid  walked  up  a  long  flight  of  stairs. 
His  recovery  was  complete  in  all  respects,  excepting  the 
loss  of  sight  in  the  left  eye  (Fig.  2543) . 

"  Perforations  have  also  occurred  in  various  parts  of  the 
base  of  the  skull  from  gunshot  wounds.  Wounds  from 
direct  violence  of  this  kind  are  much  more  common  in 
the  anterior  fossa  than  in  other  portions  of  the  base,  its 
floor  being  so  thin  that  but  little  force  would  be  required 


Fig.  2543.— Fracture  ol   CUnoid  Process  by  Sword  Thrust.    (From 
"  Surgical  History  o£  War  of  kebelllon.") 


to  thrust  any  of  the  above-mentioned  foreign  bodies 
through  into  the  brain.  Punctured  wounds  through  the 
anterior  portion  of  the  orbit  by  small  slender  instruments 
or  weapons  leave  liut  very  little  external  evidence  of  in- 
jury. If  slender  weapons  be  introduced  under  the  Tipper 
lid,  nothing  is  visible  but  a  slight  amount  of  ecchymosis 
of  the  conjunctiva.     If  the  wound  be  external  to  the  lid, 


there  will  be  nothing  visible  but  the  small  wound  in  the 
region  of  the  eyelid  or  eyebrow;  and  as  the  brain  symp- 
toms from  such  a  wound  of  the  anterior  portion  of  the 
brain  may  not  appear  for  several  days,  the  gravity  of  the 
case  or  the  nature  of  the  injury  may  be  entirely  over- 
looked. 

"  Nancrede  has  called  attention  to  the  fact  that  murder- 
ous wounds  leaving  no  trace  that  can  be  detected,  ex- 


FiG.  2344.— Fracture  ol  Anterior  Fossa  from  a  Blow  on  the  Nose. 
(Bryant.) 

cept  upon  a  very  careful  examination,  could  be  readily 
effected  by  passing  a  small  pointed  instrument  through 
the  retrotarsal  conjunctival  fold,  and  then  penetrating 
the  delicate  orbital  roof  and  superjacent  brain.  While 
this  would  not  be  difficult  in  an  adult,  it  would  be  espe- 
cially easy  in  children. 

"  The  ethmoid  bone  has  been  fractured  by  a  blow  upon 
the  nose,  driving  it  upward  against  the  brain. 

"  The  squamous  portion  of  the  temporal  bone  has  been 
fractured  by  a  blow  upon  the  chin,  driving  the  condyle 
of  the  lower  maxilla  through  the  glenoid  fossa. 

"  It  is  easy  to  appreciate  how,  if  a  man  fall  from  any 
considerable  height,  and  especially  if,  falling  upon  his 
head,  he  strikes  upon  any  soft  surface,  thus  distributing 
the  force  of  the  blow  over  a  considerable  area  of  the  ver- 
tex, the  weight  of  the  body  being  projected  like  a  blow 
from  a  hammer,  with  the  momentum  gained  by  a  descent 
of  many  feet,  against  the  base  of  the  skull,  an  extensive 
fracture  of  the  base  might  easily  be  produced.  These 
fractures  should  be  considered  as  caused  by  direct  vio- 
lence. As  the  entire  weight  of  the  individual's  body, 
projected  from  a  height  of  a  number  of  feet,  constitutes 
the  fracturing  force,  it  would  seem  very  easy  for  exten- 
sive fissure  of  the  base  to  occur. 

"  The  above-mentioned  fractures,  although  considered 
by  some  as  illustrations  of  mntre-coup,  are  the  result  of 
direct  violence  by  impact  of  the  base  of  the  skull  against 
the  cervical  spine,  and  not  properlj-  from  contre-coup, 
as  formerly  considered  by  Chopart  and  others,  who  have 
recorded  their  cases  of  co?itre-coup.  Counter-stroke  as 
a  factor  in  the  production  of  fractures  of  the  base  prob- 
ably very  rarely  occurs,  and  is  much  less  often  referred  to 
in  modern  medical  literature.  A  fracture  by  contre-cmip 
is  one  in  which  the  fracture  is  produced  on  the  side  of  the 
head  opposite  to  that  on  which  the  blow  is  received. 
Grima's  definition  of  contre-coup  is:  'A  lesion  produced 
by  a  blow  in  another  place  than  that  which  received  the 
blow.'  The  fracture  is  caused  by  the  violence  being 
transmitted  through  and  around  the  skull.  In  a  consid- 
erable proportion  of  cases  the  fracture  at  the  base  is  a  re- 
sult of  the  extension  of  a  fissure  from  a  fractured  vertex. 
In  those  cases  in  which  there  is  fracture  of  both  vertex 
and  base,  the  direction  of  the  fracture  is  from  the  vertex 
toward  the  base.  The  theory  of  Aran,  wlio  made  nu- 
merous experimental  investigations,  was  that  fractures 
of  the  base  are  always  connected  with  fractures  of  the 
vault  from  which  they  radiate,  following  a  line  within 
the  zone  in  which  the  former  occurred,  and  taking  a 
course  which  corresponds  with  the  shortest  route  to  the 
base.  Aran  based  his  theory  upon  numerous  experi- 
ments with  dead  bodies,  and  upon  old  dried  skulls. 

"  Fractures  of  the  base  are  generally,  if  not  in  all  cases, 
only  fissured  and  without  marked  depression,  as  in  fract- 
ures of  the  vertex. 
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"  Symptoms. — The  symptomsare  often  obscure,  and  the 
diagnosis  may  not  be  made  out  with  certainty  at  the  out- 
set. Symptoms  usually  appear  early,  but  may  be  long 
delayed,  and  all  may  be  absent  until  three  or  four  hours 
before  death,  as  in  a  case  recorded  by  Jackson.  Hilton 
mentions  an  interesting  case  of  a  gentleman  who  was 
thrown  from  his  horse,  striking  upon  the  back  of  the 
head,  and  he  was  dragged  by  his  foot  catching  in  the 
stirrup.  He  subsequently  disentangled  his  foot, 
mounted  his  horse  again,  and  rode  several  miles  home. 
He  occupied  himself  about  his  usual  duties  for  the  fol- 
lowing thirteen  days,  driving,  walking,  and  attending  to 
various  business  matters,  previous  to  coming  under  Hil- 
ton's care.  He  then  began  to  suffer  from  indications  of 
paralysis  and  subsequently  died,  and  an  examination  of 
his  skull  showed  that  he  had  suffered  a  fracture  at  the 
base.  Yet  during  the  thirteen  days  following  the  in- 
jury there  was  not  the  slightest  evidence  of  any  brain 
lesion. 

"  Owing  to  the  location  of  a  fracture  of  the  base,  and  to 
the  fact  that  such  fractures  are  only  fissured  and  with 
little  or  no  depression,  it  is  not  possible  to  make  out  by 
inspection  or  palpation  the  lines  of  fractures,  as  can  be 
done  in  those  of  the  vertex.  The  manner  in  which  the 
violence  has  been  inflicted  would  guide  us  very  much  in 
our  diagnosis,  and  the  symptoms  will  depend  upon  the 
portion  of  the  base  which  is  fractured. 

"  Hemorrhage  from  the  ears  alone  is  of  only  moderate 
importance,  for  it  may  occur  without  fracture,  simply 
from  any  laceration  of  the  small  vessels  of  the  external 
auditory  meatus  or  the  membrana  tympani;  but  if  the 
hemorrhage  be  prolonged  and  copious,  and  especially  if 
it  be  evidently  arterial,  as  shown  by  pulsation,  and  if  it 
be  accompanied  by  other  symptoms,  or  the  nature  of  the 
accident  be  such  as  would  be  likely  to  produce  fracture 
of  the  base,  it  is  a  symptom  of  considerable  importance, 
but  is  not  alone  quite  conclusive.  Severe  hemorrhage 
from  the  ear  has  occurred  without  fracture  of  the  base. 
This  symptom  does  not  occur  even  in  all  fractures  of  the 
middle  fossa,  but  only  when  a  fracture  through  the  pe- 
trous portion  of  the  temporal  bone  establishes  a  com- 
munication between  the  injured  intracranial  vessels  and 
the  cavity  of  the  tympanum,  the  membrana  tympani 
being  also  ruptured.  If,  in  such  cases,  the  membrana 
tympani  was  not  ruptured,  the  blood  would  escape 
through  the  Eustachian  tube  into  the  throat. 

"  Serous  discharge  from  the  ear  is  the  most  important 
and  almost  characteristic  symptom  of  fracture  of  the 
base.  This  discharge  is  sometimes  very  copious,  so 
much  so  that  it  Is  recorded  that  as  much  as  a  tumblerful 
has  been  discharged  in  a  short  time.  It  has  been  pretty 
conclusively  proven  that  this  consists  of  cerebrospinal 
fluid,  for  its  composition,  whenever  examined,  has  proved 
to  be  the  same,  and  there  would  appear  to  be  no  other 
possible  source  for  such  a  copious  discharge  of  fluid  cor- 
responding in  chemical  composition.  It  was  at  one  time 
erroneously  supposed  that  it  was  the  serum  of  the  blood, 
or  the  fluid  secreted  by  the  internal  ear.  The  cerebro- 
spinal fluid  is  a  perfectly  clear  fluid  of  a  very  pale 
yellow  color,  and  having  a  specific  gravity  of  about 
1.010.  It  has  a  saltish  taste  and  its  reaction  is  alkalme. 
It  contains  a  substance  which,  according  to  Foster,  al- 
though not  sugar,  acts  like  dextrose  when  tested  with 
Fehling's  solution.  Five  cases  have  been  recorded  by 
Wilder  (3fedical  News,  Philadelphia,  1885,  vol.  xlvi.,  pp. 
625-637),  in  which  brain  substance  escaped  through  one 
ear.  Of  these,  three  were  fatal  and  two  recovered.  The 
discharge  of  cerebrospinal  fluid  is  possible  only  when 
there  has  been  a  fracture  of  the  petrous  portion  of  the 
temporal  bone,  with  rupture  of  the  dura  mater  and 
arachnoid,  and  of  the  membrana  tympani.  Cerebro- 
spinal fluid  has  rarely  been  discharged  through  the  nose, 
when  the  line  of  fracture  extends  through  the  anterior 
fossa  In  a  case  recorded  by  Cameron  in  The  Lancet 
(London,  1884,  vol.  i.,  p.  205),  there  was  copious  discharge 
of  cerebro-spinal  fluid  through  the  nostril  and  one  ear; 
but  the  patient,  although  seventy-five  years  of  age,  re- 
covered.    Erichsen  reports  a  case  (fatal)  of  a  boy  who  re- 


ceived a  wound  on  the  back  of  the  head,  with  depressed 
and  comminuted  fracture  of  the  skull,  through  the 
wound  in  whose  scalp  a  large  quantity  of  cerebro-spinal 
fluid  escaped.  This  discharge  of  serous  fluid  by  itself  is 
a  very  characteristic  symptom,  and  when  taken  in  con- 
nection with  an  accident  the  nature  of  which  would  be 
likely  to  jDroduce  fracture  of  the  skull,  would  constitute 
almost  positive  proof.  A  very  noteworthy  case  has, 
however,  been  reported  by  Page  (London  Laneet,  1888, 
vol.  i.,  p.  774)  of  a  sailor  who,  after  a  fall  of  twenty  feet, 
had  ptosis  of  right  eye,  partial  loss  of  vision  in  left  eye,  and 
h<'morrliage  from  left  ear  and  nose,  followed  by  copious, 
clear  serous  discharge  from  left  ear,  and  insensibility. 
Nearly  complete  recovery  soon  followed,  but  he  died 
seven  weeks  after  the  accident,  and  at  the  autopsy  no 
fracture  could  be  found,  but  only  purulent  meningitis. 
Paralysis  of  one  or  several  cranial  nerves  has  occurred  as 
a  result  of  fracture  of  the  base.  Hemorrhage  from  the 
nose  and  mouth,  and  subsequent  vomiting  of  blood,  may 
arise  in  many  cases  in  which  there  is  no  fracture.  But  if 
the  hemorrhage  be  considerable,  and  if  the  nature  of  the 
accident  were  such  as  was  likely  to  cause  a  fracture  of 
the  base,  it  may  be  supposed  that  the  source  of  the  hem- 
orrhage is  probably  from  rupture  of  an  intracranial  ves- 
sel, the  blood  escaping  from  a  fracture  of  the  sphenoid 
or  ethmoid  bones  forming  the  roof  of  the  nasal  fossa. 
Vomiting  of  blood  in  considerable  quantity,  without 
hemorrhage  from  nose  and  mouth,  has  occurred  from 
fracture  of  the  base,  the  blood  having  been  previously 
swallowed. 

"  Hemorrhage  into  the  orbit  may  occur  to  a  very  notice- 
able extent  when  a  fracture  implicates  the  orbital  plates, 
the  blood  then  escaping  from  the  intracranial  vessels 
into  the  areolar  tissue  of  the  orbit,  and  appearing  very 
noticeably  under  the  ocular  or  palpebral  conjunctiva. 
The  discoloration  of  the  lids  from  such  a  cause  would  not 
usually  make  its 
appearance  as 
promptly  after  the 
injury,  nor  be  ac- 
companied by  as 
much  swelling,  as 
when  due  to  con- 
tusions of  the  lids 
from  direct  vio- 
lence. 

"  Loss  of  vision 
from  hemorrhage 
into  the  orbit  may 
occur,  as  recorded 
by  Rohrbach. 

"  The  only  objec- 
tive evidence  of 
hemorrhage  from 
fracture  of  the  base 
may  be  the  appear- 
ance, after  a  num- 
ber of  hours,  of 
extravasated  blood 
beneath  the  skin  on 
the  back  or  side  of 
the  neck.  In  such 
cases  the  blood 
flowing     from    the 

broken  skull  finds  its  way  down  along  the  cellular  tis- 
sue until  it  appears  beneath  the  skin,  in  the  neck.  Such 
extravasations  beneath  the  skin  are  of  considerable  diag- 
nostic importance,  if  there  has  been  no  direct  violence  at 
the  location  of  such  extravasations  to  account  for  them. 

"  Vertigo,  deafness,  otorrhoea,  hemiplegia,  impairment 
of  vision,  and  priapism  have  also  been  recorded  as 
symptoms.  There  is  no  one  symptom  constantly  present 
in  all  fractures  of  the  base. 

•'Prognosis. — Fractures  at  the  base  are  not  as  inva- 
riably fatal  as  was  formerly  supposed.  There  can  be  no 
doubt  that  recovery  occasionally  occurs.  The  prognosis 
as  to  the  injury  of  this  portion  of  the  skull  itself,  if  there 
were  no  accompanying  lesion  of  the  brain,  would  not 

559 


Fig.  2545.— Fracture  of  the  Base  by  a  Fall  on 
the  Vertex,  which  was  Fissured.  (Erich- 
sen.) 
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differ  from  fractures  of  other  portions,  for  repair  may 
take  place  here  as  in  other  portions  of  the  cranium.  If 
the  patient  survived  long,  union  would  probably  take 
place,  although  slowly.  According  to  Hewett,  m  some 
cases,  even  after  months  and  years,  no  trace  of  union  of 
the  fragments  could  be  found.  In  others  the  hne  of 
fracture  was  found  partly  united  by  dense  fibrous  tissue 
and  partly  by  a  thin  layer  of  inlaid  bone,  while  in  others 
bony  union  was  perfect.  In  some  instances  of  bony 
union  there  was  an  excessive  formation  of  porous  bone, 
it  being  heaped  up  along  the  line  of  fracture.  .  Usually, 
however,  the  injury  to  the  brain  results  fatally.  It  is 
liardly  possible  for  an  amount  of  violence  sufficient  to 
produce  fracture  of  the  base  to  fail  to  produce  concus- 
sion, laceration,  or  compression  of  this,  the  most  delicate 
part  of  the  brain.  As  in  fractures  of  other  portions  of 
the  skull,  the  prognosis  depends  almost  entirely  upon  the 
amount  of  injury  to  the  brain.  Bryant,  however,  re- 
ports a  series  of  thirty  cases,  with  twelve  recoveries.  In 
■these  twelve  the  injury  to  the  brain  consisted  of  simple 
■concussion." 

The  importance  of  a  fracture  of  some  part  of  the  skull  is 
subordinate  to  the  importance  of  the  presence  or  absence  of 
compression  symptoms.  Along  with  a  simple  fracture  of 
the  vertex  may  happen  a  rupture  of  some  vessel,  and  the 
formation  of  a  clot  of  such  size  as  to  determine  a  fatal 
ending;  on  the  other  hand,  we  may  have  a  compound 
■comminuted  fracture  with  a  minimum  of  compression  or 
of  cerebral  disturbance.  We  need,  then,  to  diagnose  the 
intracranial  lesions  with  greater  exactness,  if  possible, 
than  those  of  the  bone.  For  the  diagnostic  signs  and 
symptoms  of  compression,  the  reader  is  referred  to  the 
article  "i?;rr<«,  Comiyressionof''  (Vol.  II.).  When  after 
injury  to  the  head  such  evidences  of  compression  are 
noticed  as  are  there  detailed,  no  matter  whether  they 
appear  at  once,  indicating  depressed  bone,  after  a  few 
hours,  as  from  a  blood  clot,  or  after  a  few  days,  as  when 
•caused  by  pus  resulting  from  purulent  meningitis,  then 
there  is  sufficient  justification  for  exploration,  and  this 
usually  means  the  employment  of  the  trephine. 

After  all,  in  theory  at  least,  it  is  not  difficult  to  decide 
on  the  appropriate  course  in  a  given  case.  In  cases  of 
concussion  without  serious  external  lesion,  we  are  called 
on  to  do  but  little.  If  a  scalp  wound  be  present,  it  should 
be  first  utilized  for  purposes  of  exploration  and  then 
•closed,  as  already  advised.  In  cases  of  contusion  of  the 
brain,  unless  external  indications  are  sufficient,  we  must 
pursue  a  tentative  poilcy.  Later,  if  circumstances  call 
for  it,  the  trephine  may  be  employed.  But  in  cases  of 
distinct  compression  the  trephine  is  almost  always  indi- 
cated. To  be  sure,  its  proper  application  may  call  for 
anatomical  knowledge  of  the  construction  of  the  brain 
of  high  order;  nevertheless,  this  is  no  contraindication 
to  operate,  it  simply  calls  for  expert  skill. 

American  surgeons  are  now  almost  a  unit  on  the  sub- 
ject of  early  trephining,  or  what  may  be  called  the  early 
exploratory  use  of  the  trephine.  They  hold  that,  inas- 
much as  the  operation  is  -per  ae,  when  properly  (antisepti- 
cally)  performed,  one  of  very  small  danger,  we  are  likely 
to  gain  more  than  we  shall  lose  by  employing  it  for  pur- 
poses of  exploration  when  in  doubt.  Personally,  the 
writer  thoroughly  believes  in  and  advises  operation  when 
it  seems  as  if  any  benefit,  either  in  a  diagnostic  or  in  a 
tlierapeutic  way,  may  be  gained.  But  before  finally  de- 
ciding on  instrumental  interfei'ence,  valuable  hints  may 
be  gathered  from  external  incision  and  exploration.  The 
indication  for  the  trephine  may  be  in  this  way  placed 
beyond  the  limits  of  doubt.  The  writer  would  then  ad- 
vise, in  all  but  the  most  plain  and  tyjiical  case's,  the  fol- 
lowing order  of  procedures  in  cases  of  serious  iniurv  to 
the  head ;  •' 

1.  t^areful  external  examination  and  consideration  of 
the  general  condition  of  the  patient. 

3.  Exploration  with  the  finger  by  means  of  suitable 
incisions,  provided  the  cerebral  condition  be  other  than 
manifest  concussion. 

S.  Exploratory  or  therapeutic  use  of  the  trephine  ac- 
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cording  to  the  revelations  of  the  second  procedure,  or 
when  concussion  and  contusion  symptoms  give  way  to 
those  of  compression. 

Twenty-five  years  of  experience  have  impressed  upon 
the  writer  this  lesson :  When  in  doubt  as  to  the  wisdom  of 
trephining,  operate.  The  case  that  admits  of  serious  doubt 
will  be  safer  if  operated  than  without  an  operation.  This 
is  the  same  rule  which  I  follow  in  appendicitis ;  it  rep- 
resents the  truest  conservatism.  Delay  in  doubtful  cases 
is  hazardous,  dangerous. 

Guided  by  this  aphorism,  it  would  seem  as  if  the 
practitioner  should  be  much  less  likely  to  err  than  when 
actuated  by  the  teaching  of  a  certain  past  era,  and  of 
men  who  are  passing  away,  that  the  trephine  should 
never  be  used  unless  its  application  seems,  even  to  the 
novice,  plainly  and  unmistakably  necessary. 

For  the  details  of  the  operation  the  reader  is  referred 
to  the  article  under  the  heading  Trephining. 

Wounds  op  tub  Orbit. — Those  involving  the  eye  or 
its  adnexa  are  discussed  under  Eye,  Injuries  of ;  while 
those  which  do  not  injure  the  globe  are  to  be  treated  on  the 
general  principles  already  laid  down.  We  would  simply 
remind  the  practitioner  that,  in  case  of  a  penetrating 
wound  of  the  orbit  of  this  character,  there  is  necessity 
for  providing  adequate  drainage;  otherwise  pus  may  in- 
filtrate or  burrow  into  localities  where  its  presence  would 
be  most  undesirable. 

Wounds  of  Intracranial  Vessels  and  Sinuses. — 
These  most  often  involve  the  longitudinal  and  transverse 
sinuses  and  tlie  middle  meningeal  artery.  Wounds  of 
these  channels  have  also  occurred  during  the  operation 
of  trephining,  and  have  not  been  fatal;  in  fact,  in  more 
than  one  case  the  effect  was  rather  that  of  a  venesection, 
and  was  consequently  good.  If,  by  a  small  punctured 
wound,  a  superficial  sinus  be  penetrated,  an  antiseptic 
compress  may  be  sufficient  to  check  bleeding ;  over  this 
an  ice-cold  application  should  be  made.  The  cases  are 
numerous  in  which  recovery  has  followed  this  simple 
measure.  Death  is  unusual  in  such  cases,  and  results 
rather  from  other  complications,  such  as  injury  to  the 
brain,  partial  escape  of  blood  into  the  cranial  cavity,  sep- 
tic processes,  or  air  embolism.  Volkmann  has  lost  a  case 
by  entrance  of  air  into  a  sinus  during  extirpation  of  a 
sarcoma  from  the  bone  and  dura  mater.  But  under  most 
conditions  this  would  not  happen.  Wounds  of  the  cav- 
ernous sinus  through  the  orbit  have  always  been  fatal. 

A  splinter  of  bone  or  a  foreign  body  having  perforated 
a  sinus  wall,  the  blood  may  escape  at  once  or  only  after 
its  removal.  These  cases  are  very  rare.  Hemorrhage 
may  be  checked  by  antiseptic  tampons  with  ice  applica- 
tions, or  the  sinus  walls  may  be  sewed  together  with  fine 
catgut  or  silk,  as  was  first  done  in  one  notable  case  by 
Dr.  C.  T.  Parkes.  Provided  they  do  not  prove  rapidly 
fatal,  these  sinus  wounds  usually  heal  well,  with  only  a 
thickening  of  walls ;  but  entire  obliteration  of  the  chan- 
nel, should  it  occur,  would  be  of  no  great  import,  as 
Schellmann's  researches  have  proved.  The  principal 
danger  comes  from  softening  of  thrombi. 

Wounds  of  the  middle  meningeal  artery  may  be  recog- 
nized sometimes  by  the  supervention  of  compression 
symptoms,  even  tho'ugh  there  be  no  external  lesion  indi- 
cating them.  Among  causes  of  the  injury  may  be  men- 
tioned: a  direct  wound  by  some  sharp  object;  laceration 
by  projectiles  or  bone  spicula ;  rupture  by  changes  in  rela- 
tive situation  of  neighboring  bones;  rupture  without 
fracture  of  bones,  occurring  especially  on  the  side  oppo- 
site the  injury.  Rupture  having  occurred,  commotion 
may  retard  the  formation  of  clot,  but  it  will  form  sooner 
or  later.  It  may  even  putrefy  without  visible  exposure 
to  the  air. 

Symptoms  of  this  accident  are:  An  interval  of  con- 
sciousnsess  following  injury  before  supervention  of  som- 
nolence, sopor,  and  coma— these  are  sometimes  preceded 
by  irritation  symptoms,  and  the  compression  symptoms 
may  occur  at  any  time  after  hemorrhage  begins,  from 
fifteen  minutes  up  to  eleven  days;  hemiplegia  on  the 
side  opposite  the  injury,  the  artery  being  right  over  the 
motor  centres  for  the  opposite  arm  and  leg ;  changes  in 
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the  pulse  (infrequency  and  hardness) ;  slow,  embarrassed, 
stertorous  respiration ;  vomiting ;  loss  of  reaction  to  light 
of  the  pupil  on  the  same  side  as  the  clot;  occasional 
unilateral  impairment  of  sensation;  aphasia;  disordered 
bladder  and  rectum;  rise  of  temperature.  If  the  first 
four  of  these  symptoms  be  present,  the  diagnosis  may 
be  regarded  as  sufficiently  accurate  to  .iustify  opera- 
tion. The  gradual  supervention  of  aphasia  indicates 
extension  of  the  clot  anteriorly,  disorders  of  sensation 
its  extension  posteriorly,  while  paralysis  of  the  third 
pair  means  that  it  has  extended  toward  the  base  of  the 
brain. 

Numerous  cases  of  penetrating  wounds  with  lesion  of 
this  vessel  have  been  reported.  Not  infrequently  it  has 
required  a  ligature  during  removal  of  fragments  after 
severe  injury.  During  our  Civil  War  the  common  carotid 
was  seven  times  ligated  for  this  same  purpose,  with  three 
recoveries;  while  now,  twenty  years  later,  probably  no 
competent  surgeon  would  hesitate  to  trephine  over  its 
course.  A  case  of  Parker's  will  be  instructive  in  this 
connection.  In  this  there  was  no  external  wound  of  soft 
parts ;  nevertheless  he  trephined  over  the  artery  on  one 
side,  but  found  no  lesion ;  he  then  trephined  over  the 
artery  on  the  other  side,  but  finding  no  coagulum  outside 
the  dura,  and  noticing  that  this  was  discolored  and  dis- 
tended, he  incised  it  and  removed  a  considerable  amount 
of  blood.  In  three  days  the  patient  became  conscious, 
and  afterward  quickl5^  recovered. 

Symptoms  of  compression,  supervening  with  varying 
rapidity,  not  improbably  without  external  wound,  require 
exploration  by  means  of  the  trephine,  the  operation  of 
trephining,  with  proper  antiseptic  precautions,  being  by 
no  means  a  serious  or  hazardous  one.  In  trephining 
with  the  purpose  of  finding  the  artery  in  question,  the 
point  of  the  instrument  should  be  applied  an  inch  and  a 
fourth  to  an  inch  and  a  half  back  of  the  external  angle  of 
the  orbit;  otherwise  the  instrument  should  be  kept 
away  from  this  spot.  It  should  be  borne  in  mind  that 
sometimes  the  vessel  lies  in  a  very  shallow  groove  on  the 
under  side  of  the  bone,  sometimes  in  a  deep  groove,  and 
sometimes  in  a  complete  bony  canal.  The  instrument 
must,  therefore,  be  worked  with  gentleness  and  care  (ride 
Trepliiiiing). 

If  a  satisfactory  cause  of  the  compression  be  not  dis- 
covered on  one  side,  it  will  be  well  to  take  a  hint  from 
the  case  mentioned  above,  and,  remembering  the  possi- 
bility of  rupture  by  contre-coup  and  lesion  of  the  vessel 
on  the  other  side,  to  explore  there  also.  Certainly  cases 
of  compression  are  usually  desperate  enough  to  justify 
any  search  which  may  reveal  the  cause  and  permit  its 
removal. 

Wounds  of  vessels  in  the  brain  call  for  treatment  only 
when  diagnosed,  and  the  circumstances  which  permit 
diagnosis  will  also  at  once  indicate  the  proper  thing  to 
do.  Could  hemorrhage  in  the  subdural  space  be  diag- 
nosed, it  would  be  good  practice  to  trephine,  open  the 
dura,  and  wash  out  the  extravasated  blood.  One  such 
case  was  reported  during  our  Civil  War  (Gross :  Am.  Joxir. 
Med.  Sci.,  July,  1873). 

Injuries  to  the  cerebral  portion  of  the  internal  carotid 
are  much  rarer  than  those  to  the  meningeal.  Longmore 
relates  how  a  bullet  penetrated,  in  one  case,  through  the 
orbit  into  the  petrous  bone  and  lodged  there,  leading  later 
to  erosion  of  this  vessel  and  fatal  hemorrhage.  Some  m- 
jury  of  this  kind  might,  if  not  rapidly  fatal,  lead  to  the 
formation  of  an  arterio-venous  aneurism,  calling  for  hga- 
tion  of  the  common  trunk. 

Wounds  of  Cbanial  Nerves.— The  treatment  ot  in- 
juries to  these  nerves  cannot  be  other  than  symptomatic. 
Should  a  depressed  fragment  or  a  foreign  body  press 
upon  a  nerve  trunk,  removal  of  the  same  would  meet  the 
principal  indication,  and,  provided  the  injury  were  not 
too  severe  in  other  respects,  the  nerve  might  regain  some 
or  all  of  its  function.  Sometimes,  after  bruising  or  con- 
tusion of  a  terminal  branch,  e.g.,  the  infraorbital,  there 
will  ensue  so  violent  a  neuralgia  as  to  call  for  section  or 
exsection  of  the  nerve  on  the  proximal  side  of  the  injury. 
If  it  be  certain  that  a  nerve  trunk  outside  the  cranium 
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has  been  severed,  and  if  the  locality  of  the  lesion  be  rea- 
sonably accessible,  it  would  be  good  practice  to  cut  down 
upon  it  and  unite  the  severed  ends  with  a  fine  catgut 
suture. 

Wounds  op  Brain  Substance. — Since  these  are  by 
necessity  complicated  by  those  of  external  parts,  we  can 
draw  no  abrupt  therapeutical  distinctions.  Obviously, 
if  antiseptic  measures  are  indicated  for  more  superficial 
injuries,  they  are  vitally  essential  here.  The  majority 
of  these  wounds  are  inflicted  by  firearms,  and  we  wish 
here  to  emphasize  what  is  elsewhere  in  this  Handbook 
detailed,  viz.,  the  futility — nay,  even  the  homicidal 
effect — of  careless  or  ineffectual  probing  for  bullets. 
From  time  to  time  in  current  literature  the  writer  has 
denounced  this  practice  as  vigorously  as  he  could.  The 
array  of  cases  set  forth  by  German  military  surgeons,  in 
which  most  dangerous  wounds — such  as,  when  treated 
by  old  methods  of  promiscuous  bullet-hunting,  were 
surely  fatal — primarily  and  antiseptically  occluded,  and 
never  probed  nor  investigated,  have  gone  on  to  speedy 
recovery ;  this  array  should  be  most  convincing  as  to  the 
merits  of  this  practice. 

Gunshot  wounds  of  the  cranial  cavity  virtually  always 
call  for  the  trephine ;  but  with  elevation  of  depressed 
bone,  attention  to  bleeding,  and  smoothing  ofl:  the  edges 
of  the  bone  wound,  the  indications  are  fairly  met  in  the 
majority  of  cases.  Blood  clot  is  always  to  be  removed, 
and  the  source  of  the  hemorrhage  attended  to;  a  dis- 
colored, pouting  dura  may  justify  incision  and  explor- 
ation; while  in  the  effort  to  remove  pieces  of  bone  which 
have  been  detached  and  driven  into  the  brain,  the  bullet 
may  be  found  and  also  removed.  But  the  idea  of  intro- 
ducing a  probe  into  the  brain  through  a  small  penetrating 
wound  of  the  skull  is  one  which  must  be  abhorrent  to 
every  modern  surgeon.  Random  exploration  of  the  brain 
is  never  justifiable,  and  the  circumstances  which  would 
seem  to  call  for  the  introduction  of  the  probe  through  its 
bony  roof  would  call  much  more  loudly  for  the  use  of  the 
trephine.  Moreover,  many  recorded  cases  prove  with 
what  apparent  freedom  from  serious  consequences  pa- 
tients may  recover  with  such  foreign  bodies  as  bullets  in 
their  brains.  When  circumstances  seem  to  call  for  a 
hunt  for  the  missile  it  may  be  located  with  the  Roentgen 
rays,  or  with  the  telephonic  probe  of  Girdner,  or  its 
equivalent  signalling  instrument,  and  when  so  located  it 
may  perhaps  be  removed  by  an  appropriately  planned 
and  perfected  operation,  done  deliberately  with  every 
facility  at  hand,  but  not  otherwise.  The  safest  rule, 
then,  to  follow  is  to  abstain  from  all  operatiiie  measures  fw 
the  removal  of  missiles  when  indications  areobscure,  or  such 
as  dx>  not  to  promise  a  compensating  advantage. 

Traumatic  Abscess  op  the  Brain. — By  this  term  is 
meant  abscess  formation  supervening  on  injury,  as  dis- 
tinct from  those  cases  in  which  the  cause  of  the  abscess 
is  uncertain  or  unknown.  Such  traumatic  abscesses  are 
more  likely  to  result  from  gunshot  injury  than  from  any 
other,  though  they  may  follow  a  simple  contused  wound 
of  the  exterior.  The  symptoms  of  cerebral  abscess,  often 
much  resembling  those  of  compression,  have  already  been 
considered  (iiide  Brain,  Abscess  of).  We  wish  here  only 
to  put  in  a  plea,  not  only  for  the  exploratory  use  of  the 
trephine  when  there  is  good  reason  to  suspect  abscess,  but 
of  the  aspirating  needle  as  well.  Should  the  presence  of 
pus  be  thus  revealed  the  aspirator  should  be  disengaged, 
and  the  needle  used  as  a  guide  or  director  upon  which  to 
pass  a  small  knife,  perhaps  a  tenotome,  and  by  thus 
making  a  freer  opening,  not  only  permit  escape  of  pus, 
but  the  introduction  of  a  drainage  tube  and  careful  wash- 
ing out  of  the  cavity. 

This  operative  procedure,  though  bold  and  radical,  is 
not  half  so  dangerous  as  to  permit  the  abscess  to  take  its 
own  course,  and  will  fully  justify  itself. 

Hernia  or  Prolapsus  Cerebri. — When  from  a  re- 
cent wound,  or  one  of  a  few  days'  standing,  protrusion 
of  brain  suljstance  takes  place,  it  may  seem  doubtful 
whether  it  would  be  better  to  excise  the  protruding  mass 
or  to  endeavor  to  repress  it  by  suitable  pressure.  Of 
course,  the  careful  practitioner  will  dress  all  fresh  cases 
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with  such  a  judicious  amount  of  pressure  as  shall  guard 
against  this  condition ;  nevertheless,  he  may  be  called  on 
to  treat  it  after  it  has  occurred.  If  the  hernial  mass  has 
begun  to  slough  there  can  be  no  question;  excision  by 
ligature,  elastic  or  otherwise,  or  by  the  knife,  must  be 
practised,  and  hemorrhage  carefully  watched  for  and 
checked.  When  the  mass  is  small  and  appears  healthy, 
gentle  and  continuous  pressure,  as  by  an  elastic  outside 
bandage,  will  usually  coax  back  into  the  cranium  that 
which  belongs  there.  After  complete  reduction  a  lead 
or  caoutchouc  plate  may  be  adapted  to  the  shape  of  the 
part  and  applied  externally  as  a  part  of  the  bandage 
technique. 

An  abscess  may  underlie  the  hernial  mass;  this  is  to  be 
discovered  and  treated  as  above. 

Adams  has  reported  a  case  of  irreducible  hernia  cere- 
bri, in  which  he  succeeded  in  covering  the  hernial  mass 
with  a  flap  of  skin  by  a  plastic  operation,  and  Kusmin 
has  reported  another  case,  similar  to  it  in  many  respects, 
excepting  that  he  resorted  to  skin-grafting. 

PuKUiiENT  Meningitis.— When  compression  symp- 
toms supervene  several  days  after  injury,  there  is  fre- 
quently good  reason  to  suspect  the  presence  of  pus. 
This  may  be  in  the  form  of  a  circumscribed  collection, 
i.e.,  an  abscess,  which  has  already  been  spoken  of,  or  it 
may  mean  purulent  or  suppurative  meningitis.  This  ac- 
cession of  compression  symptoms  always,  or  nearly  al- 
ways, justifies  the  exploratory  use  of  the  trephine. 
Should  it  prove  to  mean  compression  from  suppurative 
meningitis,  there  is  no  reason  why  the  arachnoid  cavity 
should  not  be  washed  out,  but  every  reason  why  it  should. 
In  other  words,  it  should  be  treated  just  as  purulent  peri- 
tonitis is  now  treated,  that  is,  by  washing  out  and  drain- 
ing the  cavity.  Recovery  will  not  always  follow  this 
procedure,  but  it  will  in  a  fair  proportion  of  cases,  which 
are  inevitably  doomed  if  some  such  measure  be  not  in- 
stituted. 

Irbitative  Lesions  following  Head  Injukies. — 
These  are  mostly  to  be  grouped  under  two  classes,  viz., 
convulsive  (epileptic)  and  mental  disturbances  (mania,  de- 
mentia, etc.).  This  hardly  seems  the  appropriate  place 
in  which  to  discuss  these  at  length,  the  pathological 
lesions  being  so  varied,  including  depression  of  the  skull, 
cystic  formations,  abscess,  etc.  Nevertheless  there  is 
each  year  a  stronger  tendency,  on  the  part  of  advanced 
surgeons,  to  explore  these  cases  when  any  external  scar 
or  depression  may  indicate  rudely  a  point  of  attack.  The 
element  of  risk  is  small,  the  prospect  of  at  least  alleviation 
sufficiently  hopeful,  in  conjunction  with  the  otherwise 
hopeless  nature  of  the  case,  to  justify  the  attempt,  and 
besides,  the  degree  of  success  attending  these  efforts  is 
affording  more  and  more  encouragement.  In  cases  of 
this  general  nature  the  exact  condition  is  yet,  in  individ- 
ual instances,  too  uncertain  to  permit  of  more  than  gen- 
eral operative  directions.  Those  which  have  not  already 
been  given  in  this  article  can  be  found  in  their  appropri- 
ate places  elsewhere  in  these  volumes.  This  paragraph 
has  been  made,  therefore,  suggestive  rather  than  ex- 
plicit. 

Wounds  of  the  Head  during  Bikth. — With  refer- 
ence to  injuries  to  the  foetal  head  during  artificial  or 
natural  delivery,  it  is  necessary  to  add  but  little.  Even 
large  extravasations  of  blood  are  usually  absorbed;  in 
extreme  cases,  after  waiting  a  few  days,  it  might  be  well 
to  incise,  turn  out  the  clot,  and  sew  up  the  edges  of  the 
wound.  Excoriations  and  bruises  made  by  instruments 
need  only  conventional  treatment.  Fatal  phlegmonous 
inflammation  has  been  known  to  result  from  in  jury  done 
by  forceps ;  hence  the  advisability  of  antiseptic  precau- 
tions and  attention  to  detail.  Symptoms  and  appearances 
arising  from  compression  caused  by  the  forceps  will  com- 
monly subside  as  the  head  resumes  its  shape.  Should 
positive  fracture  take  place,  it  will  probably  run  its  course 
uninfluenced  by  therapeutic  measures.  No  hesitation 
should  be  felt  about  surgical  intervention  in  these  cases, 
when  otherwise  indicated,  simply  because  of  the  tender 
age  of  the  infant  or  child.  The  prognosis  must  be  based 
on  the  amount  of  injury.  Roswell  Park. 
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HEALING  SPRINGS,  ALA.— Healing  Springs,  Wash- 
ington County,  Alabama. 

Post-Ofpicb.  —Healing  Springs.    Numerous  Cottages. 

Access.— Buy  ticket  to  Buckatunna,  Miss.,  on  the 
Mobile  and  Ohio  Railroad,  seventy  miles  north  of 
Mobile ;  then  take  hack  to  springs,  fourteen  miles  east. 
These  springs  were  discovered  in  1870,  and  have  since 
attained  considerable  prominence  as  a  health  resort. 
The  surface  of  the  country  about  the  springs  is  broken, 
by  high  ridges  and  slopes,  and  covered  by  the  long- 
leaved  yellow  pine.  The  soil  is  sandy,  and  the  location, 
has  an  elevation  of  about  400  feet  above  tide  water. 
Like  all  resorts  in  this  latitude,  the  winters  are  mild, 
the  temperature  seldom  dropping  below  freezing  point. 
The  summers  are  not  exceptionally  hot,  the  mercury 
almost  always  sinking  to  68°  or  70°  F.  at  night.  Dur- 
ing the  recent  summer  the  highest  temperature  ob- 
served was  92°  F.  The  springs  are  eleven  in  number,  but 
only  four  are  much  used.  The  "  Creek  "  Spring  boils  up 
in  the  centre  of  a  small  stream  and  flows  about  eight 
gallons  per  minute.  It  is  said  to  contain  lithia,  iron, 
and  a  trace  of  arsenic.  "  Mound  "  Spring,  yielding  thir- 
teen and  a  half  gallons  per  minute,  issues  from  a  small 
mound  five  or  six  feet  higher  than  the  ground  around  it. 
Iron,  magnesia,  lithia,  and  sulphur  are  said  to  be  among 
its  ingredients.  "McCarty"  Spring,  supplying  seven 
gallons  per  minute,  is  supposed  to  contain  an  acid  of 
some  kind  and  also  iron.  Its  waters  are  used  extensively 
for  chronic  diarrhoea.  "  Scholes  "  Spring  contains  iron 
and  sulphur.  Many  varieties  of  skin  affections,  chronic 
renal  diseases,  and  disorders  of  the  bladder,  alimentary 
tract,  and  liver  are  said  to  receive  benefit  from  the  waters 
of  the  Healing  Springs.  James  K.  Crook. 

HEALING  SPRINGS,  \ A.— See  Hot  Springs,  Ta. 

HEALTH  RESORTS. — A  change  of  climate  and  envi- 
ronment is  one  of  the  most  valuable  means  we  possess 
for  the  treatment  or  prevention  of  disease,  and  this  is  also 
to  a  large  extent  true  in  the  thorough  use  of  such  climate 
as  exists  wherever  the  patient  happens  to  be, — the  home 
climate.  To  obtain  the  maximum  benefit  from  any  cli- 
mate, however,  one  must  live  in  it,  i.e.,  out  of  doors; 
hence  the  beneficial  results  from  an  indifferent  climate 
rigorously  utilized  may  be,  and  perhaps  most  frequently 
are,  better  than  those  from  a  much  superior  climate  only 
partly  made  use  of.  An  illustration  of  this  statement  is 
found  in  the  results  obtained  in  those  sanitoria  for  pul- 
monary tuberculosis  which  are  situated  in  ordinary  tem- 
perate climates  like  Falkenstein,  or  Rutland,  Mass.,  such 
results  being  more  favorable  than  those  obtained  in  open 
resorts  with  more  advantageous  climatic  conditions.  The 
use  of  the  health  resort  should  be  regarded  as  a  therapeutic 
measure  to  be  as  carefully  considered  and  watched  as  the 
administration  of  a  drug.  Many  climates  like  many  drugs 
are,  and  must  be,  empirically  used.  We  can  only  try  them 
and  await  the  effect.  Asthma  is  a  striking  example  of 
this  use.  Why  one  climate  avails  and  another  not  we  can- 
not always  say,  and  we  can  refer  the  effect  only  to  indi- 
vidual idiosyncrasy,  or  to  some  subtle  undiscoverable  in- 
fluence in  the  resort,  or  to  the  morbid  state  of  the  patient. 

Ease  and  rapidity  of  accomplishment  are  always  allur- 
ing factors  in  any  undertaking.  It  is  easier  to  take  drugs 
and  keep  on  in  the  same  accustomed  way  of  life  than  to 
make  the  sacrifice  which  a  change  of  climate  so  often 
entails.  Hence  the  inestimable  value  of  climatic  thera- 
peutics remains  so  largely  unappreciated  and  unused, 
even  by  the  profession.  And,  further,  there  is  the  ob- 
stacle, often  insurmountable,  of  the  expense  involved  in 
a  change  of  climate.  Hygiene,  dietetics,  hydrotherapeu- 
tics,  and  climate  are,  and  always  will  be,  the  principal 
agents  in  producing  cure  or  amelioration  in  a  large  pro- 
portion of .  diseases,  and  drugs,  after  all,  are  only  aids  in 
better  applying  or  restoring  to  their  legitimate  place 
these  great  natural  bulwarks  of  health. 

When  a  physician  advises  a  change  of  climate  he  means 
that  his  patient  should  take  up  a  temporary  residence  in 
some  place  known  as  a  health  resort  and  supposed  to 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Healing  Springs. 
Healtb  Resorts. 


possess  climatic  conditions  more  favorable  for  the  disease 
of  which  his  patient  Is  suffering  than  the  climate  where 
he  is.  Intelligently  to  prescribe  a  health  resort,  then, 
one  must  consider :  first,  the  classification  of  climates  and 
their  geographical  distribution ;  second,  the  value  of  the 
various  cUmatic  factors  and  their  influence  upon  the  hu- 
man organism ;  third,  the  adaptabilitj''  of  special  climates 
to  the  treatment  of  special  diseases;  fourth,  the  qualifi- 
cations other  than  those  of  a  purely  climatological 
character  which  should  be  possessed  by  a  health  resort. 
Various  classifications  of  climate  have  been  made  by 
different  authors.  Weber's  appears  to  be  the  simplest. 
He  makes  two  general  divisions:  marine  and  inland 
climates. 

Under  the  former  Solly  makes  the  subdivisions  of 
ocean,  island,  and  coast  climates ;  and  under  the  latter, 
of  low,  medium,  and  high  climates.  The  ocean  climate 
is  obtained  by  means  of  sea  voyages — such,  for  instance, 
as  the  one  to  San  Francisco,  via  the  Isthmus  of  Panama, 
or  to  the  Mediterranean,  or  from  England  to  the  Cape  of 
Good  Hope  or  to  Australia,  or,  best  of  all,  when  possible, 
a  yachting  trip  which  can  be  prolonged  at  pleasure. 

The  ocean  climate  is  characterized  by  purity  of  atmos- 
phere, moisture,  and  equability  of  temperature ;  the  im- 
pregnation of  the  air  with  salt,  iodine,  and  bromine  may 
also  be  of  value.  Of  course  many  of  the  weather  charac- 
teristics depend  upon  the  latitude  in  which  the  voyage  is 
taken.  Such  a  climate  is  a  sedative  to  the  nervous  sys- 
tem and  a  stimulant  to  the  appetite  and  digestion ;  it  is  a 
sedative  tonic.  A  sea  voyage  is  applicable  to  some  forms 
of  tuberculous  disease,  mental  exhaustion  from  overwork, 
insomnia,  various  forms  of  scrofulous  disease,  anaemia, 
and  chlorosis. 

The  climate  of  small  islands  sufficiently  removed  from 
the  mainland  is  much  like  that  of  the  ocean,  modified 
more  or  less  by  currents  and  by  the  configuration  of  the 
coast.  Bermuda,  Block  Island,  the  Isles  of  Shoals  are 
good  examples  of  island  climate. 

Coast  climates  resemble  that  of  the  ocean,  modified  by 
the  land  influence.  Here  we  have  the  land  as  well  as 
the  sea  breezes,  causing  less  equability  and  less  constant 
purity  of  air.  A  coast  climate  is  also  influenced  by  the 
configuration  and  character  of  the  adjacent  land.  For 
example,  the  Alps  influence  the  climate  of  the  Riviera, 
giving  rise  to  the  cold  winds  which  sweep  down  upon 
the  coast ;  the  desert  influences  the  character  of  the  cli- 
mate upon  the  African  coast ;  the  inland  desert  the  lit- 
toral of  Australia.  The  UnderclifE  at  Ventnor,  by  its 
shelter  from  land  influences,  is  rendered  a  more  purely 
marine  climate. 

"Weber  also  divides  marine  climates  into  humid  marine 
and  marine  with  moderate  or  slight  humidity.  Moreover, 
for  health-resort  purposes,  such  climates  as  fall  under  the 
above  subdivision,  and  at  the  same  time  are  warm,  are 
chiefly  to  be  considered. 

Of  the  humid  marine  warm  climates,  Madeira,  the 
Canaries,  the  West  Indies,  the  peninsula  of  Florida  are 
examples.  Such  climates  exercise  a  sedative  effect  upon 
the  nervous  system  and  mucous  membranes,  and  are  use- 
ful in  chronic  bronchitis  with  emphysema,  bronchial 
catarrh,  and  pulmonary  congestion  in  elderly  people  with- 
out cardiac  complications.  Of  the  warm  marine  climates 
with  moderate  or  slight  humidity,  we  have  the  Riviera, 
the  coast  resorts  of  southern  California,  southeastern 
Georgia,  and  Solly  also  includes  Florida  under  this  head. 
The  effect  and  uses  of  such  climates  are  practically  the 
same  as  those  of  the  previous  class.  All  the  seacoast  re- 
sorts of  the  North  may  be  classed  under  cool  marine  cli- 
mates with  moderate  humidity. 

Of  the  inland  climates  we  have  first  the  low  ones,  such 
as  Egypt,  Pau  in  France,  Lakewood,  the  interior  health 
resorts  in  the  Southern  States,  the  low  plains  of  Arizona, 
portions  of  Texas,  and  the  inland  resorts  of  southern 
California,  such  as  Riverside  and  Redlands. 

Such  climates  are  also  susceptible  of  classification  ac- 
cording to  temperature  and  humidity.  Their  uses  as 
health  resorts  are  very  varied;  pulmonary  tuberculosis, 
bronchitis,  cardiac  and  renal  disease,  gout,  rheumatism, 


are  some  of  the  diseases  likely  to  be  benefited  by  a  low, 
dry,  warm  inland  chmate. 

Medium  and  high  altitude  climates  can  be  considered 
together  as  the  difference  is  only  one  of  degree.  Solly 
makes  the  distinction  depend  upon  the  amount  of  alti- 
tude; from  4,500  feet  up  he  calls  elevated  climate.  Not 
alone  does  the  elevation  influence  the  character  of  the  cli- 
mate, but  the  latitude,  the  proximity  to  the  ocean  and 
to  mountain  ranges,  and  the  configuration  of  the  sur- 
rounding country ;  thus  Estes  Park  in  Colorado  is  com- 
parable with  Davos  in  Switzerland,  although  the  former 
is  1,000  or  more  feet  higher  than  the  latter.  The  general 
climatic  characteristics  of  the  mountain  health  resorts 
are :  a  I'arefled  atmosphere,  aseptic  air,  increased  diather- 
mancy, dryness,  abundant  sunshine,  and  a  comparatively 
low  temperature.  The  chief  peculiarity  is  the  lessened 
barometric  pressure,  and  upon  this  feature  probably  de- 
pends a  large  part  of  the  value  of  such  a  climate  in  the 
treatment  of  pulmonary  tuberculosis.  The  purity  of  the 
air  of  high  altitudes  has  been  compared  to  that  of  the 
ocean  and  of  the  desert. 

High-altitude  climates  are  found  in  all  the  four  quar- 
ters of  the  globe:  the  Alps  in  Europe;  the  Andes  in 
South  America;  the  Himalayas  in  Asia;  the  Rocky 
Mountains  in  North  America ;  the  lofty  plateaux  of  Mex- 
ico ;  and  the  high  altitudes  of  Australia  and  South  Afri- 
ca. Davos,  St.  Moritz,  Arosa,  and  Leysen  are  examples 
of  high-altitude  health  resorts  in  Europe;  while  Les 
Avants,  Goerbersdorf,  St.  Blasien,  and  many  others  in 
the  Black  Forest,  Harz  Mountains,  and  Alpine  foothills 
are  illustrations  of  mountain  resorts  of  moderate  eleva- 
tion. 

The  elevated  resorts  of  the  Rocky  Mountains,  from 
5,000  to  7,000  feet,  have  a  dryer  climate  and  more  sun- 
shine than  those  of  Europe.  The  principal  resorts  are 
found  in  Colorado,  New  Mexico,  Arizona,  Utah,  and 
Texas.  Many  which  are  climatically  valuable  are  un- 
available on  account  of  the  absence  of  suitable  accommo- 
dations. 

In  Colorado  we  have  Colorado  Springs,  Denver,  Estes 
Park,  Glen  wood  Springs,  and  others;  in  New  Mexico, 
Santa  Fe,  Albuquerque,  Las  Cruces  (3,800  feet)  and  Sil- 
ver City ;  in  Arizona,  Prescott,  Phoenix  (1,100  feet),  and 
Tucson  (2,400  feet);  in  Utah,  Salt  Lake  City;  in  Texas, 
El  Paso.  There  are  also  many  resorts  of  lesser  elevation 
in  the  Adirondacks,  AUeghenies,  Appalachian  and  White 
Mountains,  such  as  Saranac,  Asheville,  Bethlehem,  Kane, 
and  Mount  Pocono.  In  Mexico  we  have  the  City  of 
Mexico,  Guadalajara,  Agufe  Calientes,  Toluca,  all  over 
5,000  feet  high,  and  many  others.  In  South  America  we 
have  the  region  upon  the  Pacific  slopes  of  the  Andes, 
many  years  ago  made  known  as  favorable  for  phthisis  by 
Dr.  Archibald  Smith.  The  elevation  varies  from  8,000 
to  13,000  feet,  and  the  chief  climatic  characteristics  are: 
(1)  Moderate  warmth ;  (2)  equability  of  temperature ;  (3) 
abundant  sunshine;  and  (4)  moderate  dryness.  There 
may  be  mentioned  jauja,  IBogota,  Quito,  Arequipa,  and 
Huancayo. 

"Unfortunately,''  says  Weber,  "at  none  of  the  resorts 
is  the  accommodation  good  enough  for  invalids. " 

In  India,  Darjihng  (8,200  feet),  Simla,  Landour,  Naini 
Tal,  and  Murree  are  some  of  the  best  spoken-of  stations. 
According  to  AVeber,  the  testimony  of  Indian  medical 
officers  appears  to  be  rather  against  the  use  of  the  Hima- 
layas in  the  treatment  of  lung  diseases  "and  apparently 
this  is  on  account  of  the  heavy  rainfall."  In  South  Afri- 
ca, Kimberley,  Bloemfontein,  and  Pretoria,  all  4,000  feet 
high  or  over,  are  some  of  the  places  used  as  health  re- 
sorts. "The  accommodations  for  invalids,"  remarks 
Williams,  "  are  not  up  to  the  European  standard, "  but 
the  climate,  he  says,  has  yielded  excellent  results  in  his 
hands. 

In  Australia,  there  is  the  highland  region  embracing 
the  slopes  of  the  Australian  Alps,  with  an  elevation  of 
from  3,000  to  7,000  feet,  but  only  Mount  Macedon  in 
Victoria  (3,500  feet)  and  Mount  Victoria,  New  South 
Wales  (3,490  feet)  offer  satisfactory  accommodations  to 
invalids. 
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There  is  also  the  Darling  Downs  in  Queensland  (3,000 
feet). 

To  consider  now  briefly  the  value  of  the  various  cli- 
matic factors  and  their  influence  upon  the  human  organ- 
ism: 

Temperature. — Extremes  of  temperature,  unless  more 
or  less  neutralized  b_y  some  modifying  influence  like  the 
greater  diathermancy  of  the  air  in  altitudes  or  extreme 
dryness,  are  incompatible  with  a  genuine  health  resort. 
That  a  normally  well  man  can  endure  great  extremes  of 
heat  or  cold  with  impunity  for  a  limited  season  we  know, 
but  for  very  many  invalids  a  moderately  warm  or  cool 
temperature  is  to  be  desired,  with  a  moderate  variability. 
Extreme  or  rapid  changes  of  temperature  are  dangerous. 

Humidity. — In  the  majority  of  health  resorts  a  dry  or 
moderately  dry  air  is  desirable.  Moist  air  renders  the 
cold  more  intense,  and  the  heat  more  oppressive ;  moist 
heat  debilitates,  favors  decomposition,  retards  evapor- 
ation from  the  skin  and  lungs.  Moist  cold  increases 
the  functional  activity  of  the  kidneys  and  predisposes  to 
the  catarrhal  affections  of  the  respiratory  and  genito- 
urinary tracts. 

When  j  udging  of  the  dryness  or  moisture  of  the  air  of  a 
resort,  the  relative  liumidity  is  generally  taken  as  a  guide, 
but  it  must  always  be  considered  in  connection  with 
the  temperature ;  and,  in  order  to  make  a  fair  comparison, 
some  standard  temperature  should  be  taken.  55°  F.  is 
given  by  Wendt  as  the  mean  annual  temperature  of  the 
United  States,  and  this  can  be  taken  as  the  standard. 

Assuming  this  standard,  we  can,  according  to  Solly 
("Medical  Climatology,"  p.  34),  make  the  generalization 
that  50  per  cent,  or  less  relative  humidity  is  Ary ;  65  to 
75  per  cent,  is  medium;  75  to  85  per  cent,  is  moist,  and 
any  above  very  moist.  The  dew-point  and  evapora- 
tion are  also  to  be  taken  into  account  in  considering  the 
humidity. 

Rainfall. — "It  is  generally  assumed, "  says  Weber  (All- 
butt's  "S3'stem  of  Medicine,"  vol.  i.,  p.  252),  "that  con- 
siderable rainfall  is  an  injurious  condition,  but  this  is 
not  always  correct.  Provided  time  enough  be  left  for 
the  invalid  to  take  exercise  and  sit  in  the  open  air,  rain 
is  to  some  degree  useful,  as  it  has  a  purifying  influence 
upon  the  atmosphere.  The  notion  that  snow  is  injurious 
is  even  more  incorrect."  This  is  especially  true  when  it 
remains  on  the  ground  without  melting  for  a  long  time, 
as  at  Davos,  for  example. 

Whether  or  not  a  given  amount  of  the  rainfall  is  a  dis- 
advantage is  also  to  be  considered  in  connection  with  the 
character  of  the  soil ;  if  the  latter  is  porous,  quickly  ab- 
sorbing moisture,  the  amount  of  rainfall  is  of  less  impor- 
tance than  if  the  soil  is  clayey  and  holds  the  water. 

Wind.  — Winds-  vary  in  their  effects  according  to  the 
temperature,  humidity,  purity,  and  velocity  of  the  air  in 
motion.  They  often  produce  great  and  sudden  changes 
which  are  always  undesirable  for  an  invalid.  Cold, 
damp  winds  are  never  good,  and  cold  or  hot  dry  winds! 
like  the  Mistral  of  the  Riviera  or  the  Fohu  of  Switzer- 
land, are  too  irritating  or  debilitating. 

The  direction  of  the  wind  is  also  an  important  factor  in 
its  influence  upon  the  invalid,  for  from  one  direction  it 
comes  fresh  and  pure,  blowing  over  forest  expanses  or 
from  the  hills,  while  from  another  it  may  come  laden 
with  du.st  and  germs,  exhausted  of  its  ozone  and  defi- 
cient in  oxygen.  From  another  direction  they  "bring 
with  them,  so  to  speak,  the  climates  of  distant  regions." 

Beside  their  direct  action  upon  the  human  organism, 
winds  are  great  ventilators  and  purifiers  of  the  atmos- 
phere. 

Lir/ht  mid  Htimhine.—k.  large  amount  of  sunlight  is  re- 
quisite for  a  good  health  resort;  it  cheers  the  mind,  has 
a  stimulant  and  tonic  effect  upon  the  nervous  system 
probably  favors  tissue  metabolism,  and  destroys  various 
bacteria,  notably  the  tubercle  bacillus.  A  cool  dry  air 
and  sunshine  such  as  is  met  with  in  the  higli  altitudes  is 
a  combination  of  striking  value  for  the  tuberculous  oa- 
tient.  ^ 

The  influence  of  light  and  sunshine  upon  the  naked 
body  is  probably  far  more  potent  for  good  than  we  real- 
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ize.  The  reader  is  referred  to  two  interesting  papers 
upon  this  subject  by  Dr.  William  Duftield  Robinson  in 
the  Transactions  of  the  American  Climatological  Associ- 
ation for  the  years  1898  and  1899. 

In  considering  any  health  resort,  then,  the  average 
number  of  clear,  fair,  and  cloudy  days  is  to,  be  espe- 
cially noted.  Outdoor  life  is  what  is  desired,  and  with- 
out a  large  amount  of  good  weather  this  is  seriously  in- 
terfered with. 

Atnwspheric  Pressure. — The  physiological  effects  of  a 
diminution  in  atmospheric  density  has  been  fully  consid- 
ered in  the  article  upon  "  Altitudes,  High, "  and  the  reader 
is  referred  to  it  for  a  discussion  of  this  subject. 

Electricity. — What  effects  atmospheric  electricity  pro- 
duces upon  the  human  organism  is  not  sufficiently  under- 
stood to  enable  one  to  make  any  definite  statement  re- 
garding it.  This  much  we  know,  that  tWe  presence  of  a 
large  amount  of  electricity  in  the  atmosphere,  as  in  ele- 
vated regions,  appears  to  enhance  the  favorable  influence 
of  a  climate. 

The  configuration  of  the  land  often  modifies  the  climate 
of  a  health  resort,  for  better  or  for  worse ;  a  hill  or  moun- 
tain range  may  afford  protection  from  high  winds  or  those 
blowing  from  an  injurious  quarter;  or  if  the  resort  is  in 
a  valley  the  daily  amount  of  sunshine  may  be  reduced, 
as  at  Davos.  Moderate  ascents  are  often  of  value  for 
exercise,  as  Brehmer  utilizes  them  at  GOrbersdorf  for  his 
consumptives,  or  as  they  are  used  in  the  Oertel  "  cure  de 
terrain." 

Vegetation  is  an  important  factor  to  consider  in  the 
selection  of  a  health  resort.  The  existence  and  charac- 
ter of  the  vegetation  not  infrequently  modify  materially 
some  of  the  purely  climatic  factors.  Forests  render  the 
climate  more  equable,  lead  to  increased  rainfall,  and  have 
a  higher  relative  humidity.  The  fir,  pine,  spruce,  and 
other  evergreen  trees  are  generally  considered  beneficial 
to  a  health  resort  on  account  of  their  balsamic  exuda- 
tions, their  shade,  and  soothing  effect.  Lakewood,  Sum- 
merville,  and  Aiken  are  illustrations  of  resorts  among 
the  pines;  the  Adirondacks,  and  many  portions  of  the 
White  Mountains,  of  resorts  among  the  fir  and  spruce. 

"The  covering  of  the  soil  with  vegetation,"  says  Wil- 
liams ("Aero-Therapeutics,"  1894),  "  protects  it  from  the 
sun's  direct  rays,  and  the  temperature  of  plants  exposed 
to  the  sun  does  not  rise  so  high  as  the  soil  itself,  because 
much  of  the  heat  is  lost  through  the  large  evaporation 
which  takes  place  from  the  leaves  and  stems,  and  which 
gives  rise  to  air  currents  tending  to  reduce  the  tempera- 
ture. The  result  is  that  the  heat  is  more  evenly  distrib- 
uted over  the  twenty-four  hours,  and  is  less  intense  in 
the  hottest  time  of  the  day."  A  knowledge  of  plant  life 
is  desirable  on  account  of  its  bearing  upon  hay  fever. 

The  character  of  the  soil  of  a  health  resort  is  an  impor- 
tant fact  to  know ;  dryness  of  soil  and  subsoil  is  obviously 
of  advantage.  Dampness  favors  disease,  especially  phthi- 
sis. The  condition  of  the  soil  influences  the  temperature 
and  moisture  of  the  lower  zone  of  air  by  the  quantity  of 
naoisture  it  absorbs,  the  rate  at  which  evaporation  takes 
place,  its  porousness,  capacitv  for  warmth,  and  rapidity 
with  which  the  ground  is  heated  or  cooled. 

The  sandy  soil  of  the  desert,  for  example,  has  great 
power  of  accumulating  heat,  and  equal  power  at  night 
of  radiating  it  and  producing  a  great  lowering  of  tem- 
perature ;  hence  the  great  range  of  temperature  during 
the  twenty -four  hours. 

There  are  other  essential  qualifications  than  those  of 
a  purely  climatic  character  which  should  be  possessed 
by  a  health  resort.  For  example,  it  is  important  for  the 
invalid  to  know  what  facilities  exist  for  comfortable 
living,  without  which  the  best  of  climatic  conditions 
are  hkely  to  prove  elusive.  Pure  drinking  water  good 
sanitary  arrangements  and  sewerage,  proper  accommo- 
dations as  to  ventilation  and  heating,  food  of  proper 
quality  and  properly  cooked,  eflicient  attendants,  and 
facilities  for  an  outdoor  life,  especially  if  the  open-air 
T,,Po-P  Tw,."  ,g  to  be  taken,  are  all  matters  of  the  first 
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iniportance  for  the  success  of  the   health-resort  cure. 
There  should  exist  an  intelligent  and  active  board  of 
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health,  the  members  of  which  should  supervise  not 
only  the  general  sanitary  condition  of  the  resort,  but  the 
hotels,  boarding-houses,  or  rented  cottages  where  con- 
sumptives have  resided ;  and  they  should  see  to  it  that 
after  such  residence  renovation  and  disinfection  are  satis- 
factorily performed,  as,  for  example,  is  done  at  Cannes 
(vide  article  on  Cannes  in  tire  Handbook).  Facilities  for 
out-of-door  exercise,  amusement,  and  mental  occupa- 
tion are  important  features  of  a  health  resort.  Is  there  a 
library?    Are  there  schools?    What  are  the  churches? 

Ease  of  accessibility  is  often  a  strong  point  in  favor  of 
a  resort ;  and  equally  important  is  it  to  know  the  method 
of  reaching  the  place  selected,  the  expense  of  the  jour- 
ney and  of  residence  there.  No  resort  should  be  chosen 
for  a  genuine  invalid  which  does  not  contain  one  or  more 
good  physicians  known  either  by  reputation  or  personally 
to  the  physician  who  sends  the  patient  away ;  and  the 
latter  should  be  referred  to  the  local  physician  by  a  letter 
from  the  home  physician,  briefly  stating  the  case.  Hon- 
est statistics  of  cases  treated  at  health  resorts  are  perhaps 
the  most  valuable  indications  of  the  actual  benefits  to  be 
expected  from  a  residence  at  the  resort  for  whatever 
disease  its  climate  is  supposed  to  be  especially  curative. 

The  establishment  of  good  sanatoria  under  careful,  ex- 
pert medical  supervision,  especially  for  pulmonary  tuber- 
culosis, is  greatly  to  be  desired  in  such  health  regions  as 
Colorado,  New  Jlexico,  the  pine  belt  of  the  South  and 
elsewhere.  Some  few  already  exist,  such  asTrudeau's  at 
Saranac,  the  Loomis  Sanatorium  at  Liberty,  and  others. 
For  many  invalids  a  well-conducted  hotel  or  boarding- 
house,  and  a  competent  local  practitioner  in  the  neighbor- 
hood answer  well. 

A  practice  which  is  not  unusual,  but  which  is  to  be 
strongly  depi'ecated,  is  for  the  home  physician  to  attempt 
to  retain  the  guidance  of  his  patient  while  at  the  health 
resort.  The  local  physician  of  necessity  must  be  better 
acquainted  with  the  local  hygiene,  the  local  risks,  and 
all  the  local  conditions,  so  important  for  the  invalid  to  be 
made  aware  of  in  order  to  obtain  the  best  results  from  the 
climate  of  the  resort. 

Regarding  the  adaptability  of  certain  climates  to  the 
treatment  of  special  diseases,  only  a  few  general  indica- 
tions will  be  given  here,  and  the  reader  is  referred  to  the 
articles  upon  the  various  health  resorts  in  the  Handbook 
for  a  more  detailed  consideration  of  this  portion  of  the 
subject. 

For  phthisis,  for  which  a  health  resort  is  sought  more 
frequently  than  for  any  other  disease,  the  essential  cli- 
matic conditions,  as  has  been  more  than  once  before  stated 
in  this  Handbook,  are  pure  air  free  from  dust,  protection 
from  high  winds,  moderate  dryness  and  equability,  and 
a  dry  soil.  Such  a  combination  of  conditions  is  not  hard 
to  find  nor  does  one  have  to  travel  far  to  obtain  it.  With 
it,  however,  must  be  associated,  as  has  so  often  been  in- 
sisted upon,  the  most  careful,  continuous,  medical  super- 
vision ;  hence  the  great  value  of  sanatoria. 

It  must  also  ever  be  borne  in  mind  that  the  stage  of 
the  disease,  its  activity,  and  the  general  condition  of  the 
patient  are  always  to  be  carefully  considered  in  deciding 
upon  a  resort,  or  if  any  change  is  advisable. 

Assuming  that  the  patient  is  in  the  incipient,  curable 
stage,  and  that  there  are  no  other  contraindicatihg  condi- 
tions, the  writer  would  arrange  the  favorable  climates  in 
the  following  order  of  excellence :  (a)  High  altitudes,  like 
Colorado,  New  Mexico,  the  Alps ;  {b)  low  altitudes,  like 
the  Adirondacks,  Asheville,  the  Southern  pine  belt,  and 
southern  California;  (c)  coast  climates,  represented  by 
the  Riviera  resorts,'  (d)  island  climates,  like  Madeira  and 
the  Canaries ;  (e)  ocean  voyages.  As  to  results,  according 
to  Solly  ("Medical  Climatology,"  p.  141),  the  high  alti- 
tudes are  the  best,  the  sanatoria  the  next,  and  the  low- 
land climates  come  third. 

Brmichitis.— 'When  expectoration  is  abundant,  a  dry, 
warm,  inland  climate  like  Thomasville,  Augusta,  Sum- 
merville,  and  Camden,  S.  C,  southern  California,  in  the 
winter;  and  the  seaside  or  mountains  in  the  summer.  If 
the  expectoration  is  scanty,  a  warm  moist  climate  like 
Florida,  Nassau,  Algiers,  Madeira,  in  winter;  and  New- 


port, the  Jersey  coast,  Nantucket,  Cape  Cod,  etc.,  in  the 
summer. 

Pleurisy. — In  the  convalescent  stage  when  recovery  is 
delayed,  or  the  lung  does  not  expand— the  higher  alti- 
tudes, provided  the  condition  of  the  heart  permits. 
Likewise  in  retarded  pneumonia,  in  individuals  under 
thirty-five  years  of  age,  and  when  the  heart  is  normal, 
and  the  lungs  are  not  too  seriously  involved,  Solly  recom- 
mends the  higher  altitudes,  under  proper  restrictions. 

Asthma  (Branchial). — Although  the  climatic  treatment 
of  this  complex  disease  is  largely  a  matter  of  trial,  yet 
the  high-altitude  resorts  appear  to  give  the  best  results, 
especially  when  the  neurotic  element  seems  to  be  the 
prominent  factor  in  the  case.  If  the  bronchitis,  the  de- 
termining cause,  seems  to  be  the  most  important  element, 
either  a  sedative  or  a  stimulant  climate  is  to  be  selected 
according  to  the  character  of  the  bi'onchitis.  Or  if  the 
exciting  cause  appears  to  be  the  most  important,  especial 
consideration  must  be  given  to  that  in  the  selection  of  a 
resort. 

Hay  Ferer  (Nasal  AsthnKt). — The  Adirondacks,  White, 
Catskill,  and  Allegheny  Mountains,  Mackinac  Island, 
Georgian  Bay,  Cape  Breton,  the  "North  Woods,"  Beach 
Haven,  Fire  Island,  and  Halifax,  Nova  Scotia,  are  some 
of  the  many  resorts  which  afford  more  or  less  immunity. 
An  ocean  voyage  and  travelling  in  Europe  are  also 
prophylactic. 

Tuberculous  Glands. — Seaside  resorts,  sea  voyages,  and 
high  altitudes.     The  seaside  preferabl}^  with  salt  baths. 

Rlieumatism. — Warmth,  dryness,  equability,  and  sun- 
shine are  essential  factors  in  the  climatic  treatment  of 
rheumatism ;  such  conditions  are  found  in  Texas,  Arizo- 
na, the  Southern  Pine  Belt,  some  portions  of  southern 
California,  the  inland  Florida  resorts,  the  desert  of 
Egypt,  and  Algeria. 

It  is  also  to  be  remembered  that  the  hydro  therapeutic 
treatment  of  this  disease  as  exhibited  at  such  resorts  as 
Richfield  Springs,  the  Virginia  Hot  Springs,  the  Arkan- 
sas Hot  Springs,  Aix-les-Bains,  and  others,  is  most  effica- 
cious. 

Renal  Disease. — A  warm,  equable,  windless  climate, 
such  as  is  found  in  many  low  inland  or  coast  resorts,  ex- 
amples of  which  are  Arizona,  Madeira,  the  Southern  Pine 
Belt,  Florida,  southern  California,  etc.  The  West  Indies 
are  highly  extolled  by  Burney  Yeo. 

Cardiac  Affections.  —  Warmth,  equability,  sunshine, 
and  in  some  cases  moderate  elevation.  "  With  regard  to 
the  heart  and  great  vessels,"  says  Solly  ("Hare's  System 
of  Practical  Therapeutics  "),  "  it  may  be  stated  as  a  gen- 
erality that  they  are  much  more  apt  to  be  improved  on 
the  sea  than  on  the  mountains." 

Chronic  Diseasesof  the  Genito-  Urinary  Organs. — Warm 
and  moderately  dry  climates.  Renal  tuberculosis  requires 
in  general  the  same  climate  as  pulmonary  tuberculosis. 

Nervous  Maladies. — Each  disease  must  receive  its  own 
especial  consideration  in  regard  to  climate.  Some,  per- 
haps the  most,  require  a  mild,  low  climate;  others  a 
mildly  stimulating  one. 

Neurasthenia. — Any  climate  which  affords  rest,  a 
change  of  scene  and  diet,  with  life  in  the  open  air,  such 
as  a  life  in  the  woods,  at  sea,  or  on  the  plains,  is  likely  to 
be  beneficial.  Solly  is  of  the  opinion  that  the  larger  pro- 
portion of  cases  of  neurasthenia  are  most  surely  and 
(juickly  benefited  by  high  climates,  when  no  especial 
contraindications  exist.  When  any  one  symptom  is  pre- 
dominant, a  climate  which  is  favorable  to  that  is  to  be 
selected.  If  it  is  insomnia,  for  instance,  the  climate  which 
best  relieves  that — sometimes  high  altitudes,  sometimes 
the  low  resorts  or  the  seashore— will  prove  most  beneficial 
to  the  general  condition. 

Senility  inth  its  Accompanyiivj  Changes. — A  warm, 
sunny,  equable  climate,  where  the  individual  can  exist 
comfortably  with  the  least  expenditure  of  vital  force; 
in  winter  Florida,  southern  California,  the  Riviera,  many 
resorts  in  the  Southern  States.  Whatever  the  resort 
selected  it  is  of  the  first  importance  that  good  accommo- 
dations and  food  should  be  assured. 

Convalescence  from  Acute   Diseases — such  as  typhoid 
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fever,  epidemic  influenza,  whooping-cough,  diphtheria, 
etc.  A  warm,  sunny  climate,  inland  or  seashore,  where 
the  patient  can  live  out  of  doors,  protected  from  wind, 
and  can  bathe  in  the  sunshine.  Atlantic  City,  Old  Point 
Comfort,  Lakewood,  are  examples. 

Many  other  diseases  and  conditions  are  amenable  to 
climatic  treatment  with  more  or  less  success,  and  in  se- 
lecting a  health  resort  for  them  the  writer  cannot  do  better 
than  to  repeat  for  the  guidance  of  the  practitioner  the 
three  principles  enunciated  in  the  previous  edition  of 
this  Handbook  by  the  accomplished  author  of  the  articles 
upon  health  resorts:  "1.  A  thoughtful,  conscientious, 
and  painstaking  consideration  of  the  precise  pathological 
condition  of  the  individual  patient,  and  of  his  constitu- 
tional peculiarities.  3.  A  careful  study  of  the  effects 
produced  upon  the  human  organism,  both  in  health  and 
disease,  by  variations  in  each  and  all  of  the  meteorological 
factors  of  climate.  3.  The  detailed  study  of  these  factors 
as  they  exist  in  the  climate  of  each  place  which  experi- 
ence has  proved  to  be,  or  analogy  has  led  us  to  regard  as 
likely  to  be,  well  suited  for  use  as  a  health  resort " ;  and, 
to  this  may  be  added  the  statement  with  which  Solly 
wisely  concludes  his  article  upon  "  Climate  "  in  "  Hare's 
System  of  Practical  Therapeutics  " :  "  In  selecting  a  cli- 
mate for  an  invalid  let  us  above  all  remember  to  examine 
not  only  the  suitable  application  of  the  climatic  factors 
to  the  disease,  but  also  into  the  peculiarities  of  the  indi- 
vidual and  his  attendant  circumstances. " 

A  word  in  conclusion  regarding  home  climates.  It  is 
true  with  climates  as  with  other  things,  that  familiarity 
often  breeds  contempt.  In  looking  for  a  health  resort 
we  too  often  forget  the  possibilities  of  our  own  home 
climate.  In  the  treatment  of  phthisis  as  well  as  other 
diseases  we  can,  not  infrequently,  obtain  surprising 
results  by  a  painstaking  utilization  of  the  favorable 
climatic  conditions  existing  in  the  patient's  own  lo- 
calit}'. 

A  judicious  arrangement  of  rooms  and  verandas  so  as 
to  obtain  the  utmost  possible  sunshine  and  out-of-door 
life,  ingenuity  in  providing  shelter  from  the  wind,  ample 
ventilation,  and  an  equal  attention  to  the  hygienic- 
dietetic  regime  which  we  would  give  in  a  health  resort, 
with  the  same  assiduous  devotion  to  getting  well,  may 
produce  as  happy  results  as  those  obtained  in  many  well- 
known  health  resorts. 

Therefore  the  physician  or  his  patient  should  not  give 
up  hope  by  any  manner  of  means,  if  the  conditions  pre- 
clude a  change  of  climate.  "  I  can  cure  consumption  in 
any  climate,"  said  Dettweiler.  Edward  0.  Otis. 

HEALTH,  STATE  BOARDS  OF*.— The  recognition  of 
the  necessity  of  general  or  central  boards  of  health  or 
sanitary  organizations  in  each  of  the  States  may  be  said 
to  date  from  the  middle  of  the  nineteenth  century.  A 
resolve  of  the  Massachusetts  Legislature  of  1849  author- 
ized the  governor  to  appoint  a  commission  whose  duty 
it  was  to  make  a  sanitary  survey  of  the  State  and  to  re- 
port upon  the  same.  This  extremely  thorough  and  com- 
prehensive document  presented  a  plan  of  organization 
for  a  general  or  state  board  of  health,  and  although  it 
was  nearly  twenty  j'ears  before  such  a  board  was  organ- 
ized, the  plan  laid  down  in  that  report  was  very  closely 
followed  in  the  act  of  1869  which  authorized  the  estab- 
lishment of  a  state  board  of  health. 

The  first  three  state  boards  of  health  were  organized 
in  three  widely  separated  States,  Louisiana,f  Massachu- 
setts, and  California,  in  the  order  named,  and  these  were 
followed  by  the  establishment  of  similar  general  boards 
in  Virginia,  Minnesota,  and  Michigan.  The  States  and 
Territories  which  have  thus  far  established  state  boards 
of  health,  with  the  dates  of  their  organization,  are  given 
in  the  following  list : 


*  Condensed  from  article  In  "  Past  and  Present  Condition  of  Public 
Hygiene  and  State  Medicine  in  the  United  States,"  1900. 

'+  The  Louisiana  board  created  in  1855  could  hardly  be  classed  as  a 
state  board  of  health,  though  so  named  In  its  organic  act,  since  it 
vfas  created  almost  entirely  for  the  purpose  of  maintaining  a  quaran- 
tine to  protect  the  city  of  New  Orleans. 


Louisiana,  1855. 
Massachusetts,  June,  1869. 
California,  March,  1870. 
Virginia,  February,  1872. 
Minnesota,  March,  1872. 
Michigan,  1873. 
Maryland,  April,  1874. 
Alabama,  January,  1875. 
Georgia,  June,  187.5. 
Colorado,  February,  1876. 
Wisconsin,  March,  1876. 
Mississippi,  February,  1877. 
New  Jersey,  March,  1877. 
Tennessee,  March,  1877. 
Illinois,  May,  1877. 
Connecticut,  January,  1878. 
Kentucky,  March,  1878. 
Ehode  Island,  April,  1878. 
South  Carolina,  December,  1878. 
Delaware,  1879. 
North  Carolina,  1879. 


Iowa,  March,  1880. 
New  York,  May,  1880. 
Arkansas,  March,  1881. 
Indiana,  March,  1881. 
West  Virginia,  March,  1881. 
New  Hampshire,  August,  1881. 
Missouri,  March,  1883. 
Maine,  February,  1885. 
Kansas,  March,  1885. 
Pennsylvania,  June,  1885. 
Ohio,  April,  1886. 
Vermont,  November,  1886. 
Florida,  February,  1889. 
North  Dakota,  1889. 
Nebraska,  March,  1891. 
Washington,  March,  1891. 
Oklahoma,  March,  1891. 
South  Dakota,  March,  1891. 
Nevada,  March,  1893. 
New  Mexico,  February,  1895. 
Utah,  February,  1898. 


In  general,  it  may  be  said  that  the  work  of  state 
boards  of  health  has  not  been  largely  of  an  executive 
character,  but  has  been  eminently  didactic,  and  much 
good  has  been  accomplished  by  the  publication  and  dis- 
tribution of  tracts,  circulars,  and  pamphlets,  relating  to 
the  various  departments  of  sanitary  work,  and  by  the 
holding  of  frequent  conventions  or  assemblies  for  the  free 
discussion  of  sanitary  subjects. 

As  a  general  rule,  state  boards  do  not  have  authority 
over  local  boards  in  sanitary  matters,  but  in  some  in- 
stances they  are  authorized  to  exercise  co-ordinate  power 
with  local  boards  in  preventing  the  spread  of  infectious 
diseases,  either  within  the  limits  of  municipalities  or  along 
the  border  of  other  States  and  countries. 

The  most  important  duty  of  sanitary  authorities  is  the 
management  and  control  of  infectious  diseases,  and  while 
the  state  boards  of  health  are,  from  their  essential  com- 
position, not  so  closely  in  touch  with  the  people  as  munic- 
ipal boards,  yet  they  are  capable  of  doing  excellent  ser- 
vice in  educating  the  people  in  this  important  sanitary 
question.  In  those  States  which  are  the  most  densely 
settled,  and  are  of  comparatively  small  area,  it  has  been 
possible  for  the  general  boards  to  perform  a  considerable 
amount  of  executive  work,  and  to  carry  out  the  provi- 
sions of  such  laws  as  have  given  them  authority  to  act 
for  the  protection  of  the  public  health. 

In  several  of  the  States,  notably  those  of  the  western 
part  of  the  Union,  the  function  of  regulating  the  practice 
of  medicine  has  been  added  to  the  more  distincive  duties 
of  public  sanitation. 

A  valuable  summary  of  the  powers  and  duties  of  state 
boards  of  health  as  they  existed  in  1879  may  be  found 
in  Dr.  Billings'  Introduction  to  the  volumes  on  "Hy- 
giene "  published  in  New  York  by  Dr.  A.  H.  Buck.  In 
this  summary  Dr.  Billings  says:  "The  state  board  of 
health  should  be  the  central  supervising  authority,  hav- 
ing much  the  same  relation  to  local  boards  that  the  local 
board  has  to  the  households.  Its  functions  may  be 
classed  as  follows :  (1)  To  promote  the  organization  of 
local  and  municipal  boards ;  (3)  to  obtain  medical  and 
vital  statistics;  (3)  to  investigate  the  causes  of  undue 
sickness  and  mortality ;  (4)  the  removal  of  these  causes, 
acting  as  far  as  possible  through  the  local  sanitary  au- 
thorities ;  (5)  the  supervision  of  the  hygiene  of  state  in- 
stitutions; (6)  the  supervision  of  quarantine." 

ANNUAL  PEE  Capita  Expenditure  of  State  Boards  of  Health 
IN  THE  Year  1898. 

(Population  Estimated  to  1898.) 


1 

States 
and  Territories. 

Frac- 
tion of 
dollar. 

£ 
Ob 

States 
and  Territories. 

Frac- 
tion of 
dollar. 

Over 
3  cents 

1  cent 

to 
3  cents 

i  Florida 

<.  Vermont 

(  Massachusetts  . 

Rhode  Island . . 

Texas 

.0866 
.0301 
.0236 
.0167 
.0144 
.0141 
.0112 
.0106 
.0105 

Less 
than 
2  mills 

■  West  Virginia  . 

Missouri  

Kansas 

Nevada  

Kentucky 

South  Carolina. 

North  Carolina. 

Virginia 

.  Pennsylvania. . 

.OOIT 
.0016 
.0015 
.0015 

Mississippi 

1  Maine 

.0012 
.0012- 

New  Hampshire 
.  Minnesota 

.0011 
.0010 
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.Vnsfal  Per  Capita  Expenditttre  op  State  Boards  of  Health 
IN  THE  Year  1898.— Contiiraed. 

(Population  Estimated  to  1898.) 


5  mills 

to 
1  cent 


3  mills 

to 
.'5  mills. 


States 
and  Territories. 


Utah 

.(1098 

Connecticut  . . . 

.0093 

New  Jersey 

.0089 

Delaware 

.ooro 

New  Mexico  . . . 

.005.5 

New  York 

.0053 

Maryland 

.0049 

Colorado  

.0043 

North  Dakota.. 

.0040 

Ohio 

.0040 

Louisiana 

.0040 

Arkansas 

.0036 

Michigan 

.0035 

Oklahoma 

.11033 

Tennessee 

.0039 

Wisconsin 

.0038 

California 

.0037 

Iowa 

.0033 

Indiana 

.0031  + 

Illinois 

.(K131 

[  Alabama 

.(1030 

Frac- 
tion of 
dollar. 


Less 
than 
i  mills 


States 
and  Territories. 


South  Dakota 

Washington  . 
^  Nebraska 

Arizona 

Georgia 

Idaho  

Montana 

Oregon 

,  Wyoming  . . . 


Frac- 
tion of 
dollar. 


.0010- 

.0007- 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 


orifice,  and  sends  it  by  the  pulmonary  artery  to  the  lungs. 
From  the  lungs  the  aerated  blood  is  received  by  the  left 
auricle  through  the  pulmonary  veins,  and  by  it  trans- 
mitted to  the  left  ventricle  through  the  left  auriculo-ven- 


The  preceding  table  presents  the  per  capita  expenditure 
•  of  each  state  board  of  health  in  1898,  upon  an  estimated 
population  for  that  year.  The  comparativelj'  high  ex- 
penditure of  the  Gulf  States  of  Florida,  Texas,  and  Mis- 
sissippi was  employed  chiefly  for  the  maintenance  of 
quarantine  in  preventing  the  introduction  of  yellow 
fever  from  other  States  and  countries. 

Samuel  W.  Abbott. 

HEART. — The  heart  is  a  four-chambered  hollow  mus- 
cle, divisible  functionally  into  two  parts,  each  consisting 
of  two  chambers,  an  auricle  and  a  ventricle.  The  right 
half  of  the  heart  comprises  the  right  auricle  which  re- 
ceives the  venous  blood  from  the  body  general  through 
the  veniE  cavse,  and  the  right  ventricle  which  receives  the 
blood  from  the  auricle  through  the  auriculo-ventricular 


liericardinni 


Fig.  3546.— Outline  of  Heart,  Lungs,  and  Liver  to  Show  their  Bela- 
tions  to  Each  Other  and  to  the  Chest  Wall.  Heusman  and  Fisher's 
"  Anatomical  Outlines." 

tricular  orifice,  the  left  ventricle  in  turn  pumping  the 
blood  by  way  of  the  aorta  back  again  to  the  body.  This 
pump  is  supplied  with  appropriate  valves  to  determine 
the  direction  of  the  blood  stream  (see  Circulation  of  the 
Blood,  Fig.  1328). 

If  the  heart  be  removed  from  a  cadaver  that  has  been 
preserved  by  injection  with  a  solution  of  formalin,  which 
so  hardens  the  tissues  that  they  preserve  after  removal 


i;_-^iaas::f5.iir  JJ* 


thoracic  duct 

left  vagus  nerve 


right  vagus 
vena  azygos  major 


FIG.  2517.— Cross  Section  of  Thorax  at  Level  of  Eighth  Thoracic  Vertebra.    (Braune.) 
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the  form  they  had  in  situ,  it  is  seen  to  be  not  so  much  a 
conical  as  a  distinctly  six-sided  organ ;  the  sixth  side  or 
upper  surface  being,  however,  obscured  by  the  fact  that 
it  is  almost  entirely  occupied  by  the  openings  of  three 


pulmonary  opening 


aortic  opening  and  rlglit 
coronary  artery 


left  aurleulo- 
ventricular 
opening 


( rlghtauriculo- 
<  ventric.ul  a  r 
(     opening 

J  antero-in  f  e  r. 
I     segment 


1  posterior  seg- 
I     ment 


Fig.  2348. 


-View  of  Ventricular  Oriflces,  the  Auricles  and  Arteries  being  Removed 
Close  to  the  Ventricles.    W.  Kelller  ad  naturam  del. 


left    pulmo- 
nary veins 


great  vessels,  the  superior  vena  cava,  aorta,  and  pulmo- 
nary artery  (Fig.  3548  and  3553).  Two  well-marked 
grooves  are  distinguishable  on  the  surface  of  the  organ 
(Figs.  3549  and  3553):  the  auriculo-ventricidar  groove 
which  marks  the  separation  of  the  auricles  from  the  ven- 
tricles and  lodges  the  main  trunks  of  the  cardiac  vessels 
and  corresponding  nervous  plexuses;  and  the  interven- 
tricular groove  seen  on  the  anterior  and  inferior  surfaces 
of  the  heart,  which  marks  the  separation  of  the  two  ven- 
tricles and  larger  branches  of  the  cardiac  vessels.  A  con- 
siderable amount  of  fat  in  which  the  ves- 
sels are  embedded  fills  up  these  grooves 
and  obscures  them  till  dissection  makes 
them  more  prominent.  The  heart,  with 
the  oriflces  of  the  vessels  that  spring  from 
it,  occupies  a  separate  serous  cavity  in 
the  thorax  between  the  two  lungs  and 
pleurae,  called  the  pericardium,  the  heart 
with  its  fibro-serous  pericardial  sac  form- 
ing the  contents  of  the  middle  mediastinum 
(Fig.  2547).  Its  situation  and  relations 
will  be  readily  understood  by  reference  to 
Figs.  2546  and  2547,  the  former  being  self- 
explanatory,  the  latter  a  horizontal  sec- 
tion through  a  frozen  body  at  the  level  of 
the  eighth  thoracic  vertebra.  Both  figures 
show  that  the  organ  is  markedly  deflected 
to  the  left  side.  Before  considering  the 
relations  in  detail  we  will  make  ourselves 
acquainted  with  the  excised  heart.  Ex- 
amined externally  the  auricles  are  con- 
spicuous by  the  thinness  of  their  walls, 
and  mainly  occupy  the  right  and  pos- 
terior aspects  of  the  heart.  The  ventricles 
are  tliick-walled,  form  the  greater  part  of 
its  anterior,  left  and  inferior  aspects,  and 
the  left  ventricle  is  drawn  to  a  blunt 
point,  which  is  the  meeting  place  of  the 
three  just-named  surfaces,  and  is  known 
as  the  apex  of  the  heart. 

The  r/r/!it  aiiricle  (Figs.  2549,  2550,  and 
2554)  on  the  surface  presents  a  quadrangu- 
lar outline,  and  occupies  tlie  whole  right 
and  part  of  the  anterior,  posterior,  inferior,  and  superior 
surfaces  of  the  heart.  At  its  posterior  inferior  angle  is 
the  inferior  vena  cava  ;  at  its  postero-superior  angle  the 
superior  vena  cava;  while  its  antero-superior  angle  is 
I)rolonged  into  an  angular  diverticulum  which  extends 
round  in  front  of  the  aorta  and  is  called  the  auricular  ap- 
pendix.    The  anterior  limits  of  the  two  cavse  are  united 
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by  a  groove  on  the  surface  of  the  auricle  called  the  sulcus 
Urminalis  (Fig.  2549)  which  marks  off  the  portion  of  the 
auricle  formed  by  union  of  the  two  venae  cavae  from  that 
portion  which  belongs  to  the  primitive  auricle.  On  open- 
ing the  auricle  (Fig.  2550)  this  latter  por- 
tion is  found  to  present  on  its  inner  sur- 
face a  large  number  of  branching  muscular 
ridges  united  by  a  membrane  so  thin  as 
to  be  translucent.  Over  the  right  wall  of 
the  auricle  these  ridges  are  fairly  regular 
and  nearly  parallel.  They  extend  from 
a  prominent  crest,  the  crista  terminalis 
(which  corresponds  in  position  to  the  sul- 
cus terminalis),  to  the  region  of  the  auric- 
ulo-ventricular  groove  and  are  called 
musculi  pectinati.  In  the  appendix  they 
are  much  branched,  and  run  vertically 
across  its  cavity. 

The  rest  of  the  interior  of  the  auricle  is 
smooth  and  is  called  the  sinus  veiwsus.  Its 
left  wall  in  front  is  in  close  contact  with 
the  commencement  of  the  aorta,  and  be- 
hind this  is  formed  by  the  septum  between 
the  auricles.  Here  there  is  a  circular  de- 
pression where  the  septum  is  translucent. 
This  is  called  the  fossa  ovalis,  is  about 
flve-eighths  of  an  inch  in  diameter,  and  is 
surrounded,  except  at  its  lower  part,  by  a 
prominent  muscular  ridge,  the  amiulus  omlis.  The 
ridge  is  specially  prominent  above,  and  under  it  is  a  deep 
recess,  closed  after  birth  except  for  an  occasional  mi- 
nute canal  through  which  a  probe  can  be  passed,  but 
open  during  foetal  life  for  the  free  passage  of  blood  from 
the  right  to  the  left  auricle.  The  opening  in  the  foetal 
condition  is  the  foramen  ovale.  At  the  postero-superior 
angle  of  the  cavity  will  be  found  the  oriflce  of  the 
superior  vena  cava,  large  enough  to  admit  the  little  fin- 
ger,  and   unguarded  by  any  valve.     At  the  posterior 


view  of  Heart  from  Behind  and  Below.     The  surfaces  are  outlined  in 
blaclj  lines.     (His,  two-thirds.)     W.  Kelller  del. 


inferior  angle  is  the  oriflce  of  the  inferior  vena  cava, 
which  will  admit  two  flngers.  Stretching  from  the  right 
anterior  margin  of  the  inferior  caval  opening  to  the  an- 
terior limb  of  the  annulus  ovalis  is  a  prominent  musculo- 
membranous  ridge,  the  Eustachian  ealee,  whose  function 
in  the  fffitus  is  evidently  to  guide  the  blood  from  the  in- 
tenor  vena  cava  through  the  foramen  ovale.     Its  promi- 
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nence  and  constancy  in  the  adult  seem  to  show  that 
though  its  foetal  function  is  lost,  it  still  serves  an  impor- 
tant purpose  in  directing  the  intra-auricular  blood  cur- 
rents.    Its  muscular'  portion  consists  of  a  strong  bundle 


forms  the  interventricular  septum  (Pig.  2551).  The  lower 
two-thirds  of  the  posterior  wall  of  the  right  ventricle  is 
occupied  by  the  large  aurieulo-mntrieular  orifice,  the  up- 
per third  tapering  into  the  conus  arteriosus  and  lying  in 


pulmonary  artery 


superior  vena  cava 


appendix 

aurlculo-ventrlcu-  /. 
lar  opening         \ 


interior  vena  cava 


semilunar  valves,  two  only  visible 


i3onus  arteriosus 

superior  septal  chordae 


Eustachian  valve 


coronary  sinus 
and  its  valve 


(infundibular  segment  of 
I    tricuspid  valve 
moderator  band 


j  anterior  papillary 
I    muscle  (cut; 


basal  papillary  muscle 


wall  of  ventricle  reflected,  show- 
ing columnse  cameae 


Fig.  35.50.— Right  Auricle  and  Ventricle  Opened,  Somewhat  Stretched  Out  for  Better  Display.    Drawn  from  nature  by  W.  Keiller,  1901. 


of  fibres  which  surround  the  inferior  cava  and  are  at- 
tached to  the  septum,  thus  possibly  constricting  the  caval 
opening  during  auricular  systole.  On  the  floor  of  the 
auricle,  just  in  front  and  to  the  left  of  the  inferior  caval 
opening,  is  the  orifice  of  the  coronary  sinus,  guarded  be- 
low by  a  delicate  semicircular  valve  which  is  frequently 
fenestrated  and  is  called  the  valve  of  Tlubesiiis.  The  an- 
tero-inferior  angle  of  the  right  auricle  runs  into  a  large 
funnel-shaped  opening,  the  aurieulo-mntrieular  orifice 
(Pigs.  3548  and  2550).  This  opening  is  oval  or  triangu- 
lar in  shape,  readily  admits  three  fingers,  and  is  guarded 
by  the  tricuspid  valve.  In  addition  to  these  openings 
there  are  scattered  over  the  walls  of  the  auricle  numerous 
small  pits  and  little  openings  called  foramina  Tliebesii, 
some  of  which  are  blind  depressions, 
while  others  are  the  orifices  of  small 
veins. 

The  right  ventricle  (Pigs.  2550, 
2553,  2557)  occupies  the  greater  part 
of  the  anterior  surface,  and  about 
half  the  inferior  surface  of  the  heart. 
It  practically  forms  the  whole  ante- 
rior inferior  border,  but  stops  short 
of  the  left  inferior  angle  of  the  heart, 
the  so-called  apex.  When  opened 
it  is  seen  to  present  a  floor  and 
three  walls,  anterior,  left,  and  pos- 
terior, the  three  walls  tapering  up- 
ward to  form  a  smooth  funnel,  the 
conus  arteriosus,  which  leads  into 
the  pulmonary  artery.  This  orifice 
is  guarded  by  three  semilunar  flaps 
which  together  form  the  pulmo- 
na,ry  valve.  The  left  wall  of  this 
cavity  is  convex,  owing  to  the  great 
thickness  of  the  wall  of  the  left 
ventricle,  and  here  the  blending  of 
the    walls    of    the    two    ventricles 


close  relation  with  the  aorta.  With  the  exception  of  the 
conus  arteriosus,  the  walls  of  the  ventricles  are  marked  by 
an  intricate  network  of  muscular  ridges  and  bands  called 
columnm  carnem,  the  ridges  being  mere  thickenings  of  the 
wall,  the  bands  attached  at  both  extremities  and  free  in 
the  middle.  A  varying  number  of  these  fleshy  columns, 
called  musculi papillares,  end  in  fibrous  string-like  bands, 
the  chordcB  tendinece,  which  are  attached  to  the  segments 
of  the  tricuspid  valve.  The  tricuspid  valve  (Pigs.  2548 
and  2550),  which  guards  the  auriculo-ventricular  orifice, 
is  composed  of  three  triangular  segments ;  consisting  of 
fibrous  tissue  clothed  with  endocardium,  thick  at  their 
bases  where  they  are  attached  around  the  opening,  and 
thinning  off  toward  their  free  margins,  which  are  trans- 


left  appendix 


aortic  opening 
and  semilunai 
valves 


aortic    segment 
of  mitral  valve 


musculi  papillares 


Fig.  2551.— View  of  Opened  Left  Ventricle,  much  Foreshortened.    W.  Keiller  ad  naturam  del. 


569 


Heart. 
Heart. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


lucent  and  jagged.  The  extent  to  which  the  flaps  are 
separated  varies  greatly,  while  sometimes  tliere  are 
small  intermediate  lobes  between  the  main  segments. 
Branched,  thread-lilie  chordte  tendinese  pass  from  the 


Fig.  2.533.— Cross  Section  of  Heart  tbrougli  Ventricles, 
ad  naturam  del. 


W.  KelUer, 


-ventricular  wall  or  papillary  muscles  to  the  free  mar- 
,gins,  ventricular  surfaces,  and  attached  bases  of  the 
segments,  each  papillary  muscle  or  group  of  muscles 
sending  cords  to  the  contiguous  margins  of  two  separate 
flaps.  Thus  when  the  ventricle  contracts  the  blood  is 
forced  in  behind  tlie  cusps  which  come  together  and, 
being  prevented  by  the  chordae  tendinese  from  bulging 
too  much  into  the  auricle,  effectively  prevent  reflux  of 
l)lood  into  the  auricle  and  compel  its  flow  into  the  pul- 
monary artery.  Of  the  three  segments  the  antero-supe- 
Tior  is  the  largest,  and  separates  the  conus  arteriosus  from 
the  auriculo-ventricular  orifice.  It  is  therefore  called  the 
infundibular  segment.  It  is  smooth  on  both  its  auricu- 
lar and  infundibular  surfaces.  The  other  segments  are 
placed  antero-inferiorly  and  posteriorly,  and  the  last 
(being  in  contact  with  the  septum)  is  called  the  septal  seg- 
ment. The  musculi  papillares  in  the  right  ventricle  vary 
icxceedingly.  The  best  marked  springs  from  the  anterior 
wall  and  has  usually  a  muscular  band  of  varying  thick- 
ness, called  the  moderator  band,  attaching  its  base  to  the 
ventricular  septum.  It  sends  chordae  to  the  infundibular 
«nd  antero-inferior  segments.  A  group  of  small  papil- 
lary muscles  occupies  the  floor  and  lower  part  of  the  sep- 
tum and  supplies  chordae  to  the  contiguous  margins  of 
the  antero-inferior  and  septal  segments ;  while  from  the 
upper  part  of  the  septum,  in  the  conus  arteriosus,  a  few 
chordae  pass  directly  without  a  distinct  papillary  muscle 
to  the  contiguous  margins  of  the  infundibular  and  septal 
segments.  The  pulmonary  valve  is  so  similar  to  the 
aortic  that  one  description  will  do  for  both. 

The  left  auricle  (Figs.  3549  and  3556),  which  occupies 
the  whole  posterior  surface  of  the  heart,  is  quadrilateral 
in  outline  and  slightly  convex.  At  its  right  and  left 
margins  are  the  openings  of  the  right  and  left  pulmonary 
vems,  usually  two  of  each.  They  vary  greatly  in  size 
and  situation.  The  avricvlar  appendix  extends  upward 
and  forward  from  its  left  superior  angle  and  slightly 
overlaps  the  pulmonary  artery  in  front  and  to  the  left  of 
that  vessel  (Fig.  3553).  The  left  auricle  is  somewhat 
thicker-walled  than  the  right.  On  the  interior  the  walls 
are  smooth  and  the  musculi  pectinati  are  few  and  short 
and  almost  entirely  confined  to  a  small  part  of  the  roof 
and  appendix.  The  posterior  wall  and  floor  are  smooth 
Ihe  left  wall  is  narrow  and  presents  the  openings  (usu- 
:ally  two)  of  the  left  pulmonary  veins;  the  right  wall  has 
posteriorly  usually  two,  seldom  three  openings  of  the 
right  pulmonary  veins;  none  of  these  has  valves  In 
front  of  these  the  riglit  wall  is  formed  by  the  interau- 
ricular  septum,  and  presents  superiorly  one  or  two  semi- 
lunar slits  which  mark  the  remains  of  the  foramen  ovale 
They  correspond  in  position  to  the  upper  part  of  the  fossa 
ovahs  and  one  of  tliese  may  be  still  patulous.     In  five 
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average  specimens  liefore  me  the  foramen  is  not  com- 
pletely closed  in  any  one,  but  an  oblique  slit  varying 
from  .01  to  1  cm.  long  occupies  its  place,  and  there  is  no 
evidence  of  the  last  having  caused  any  cardiac  embarrass- 
ment. The  anterior  wall  in  the  upper  part  lies  in  close 
relation  with  the  conus  arteriosus  of  the  left  ventricle 
and  commencement  of  the  aorta;  and  its  lower  half  is 
occupied  by  tlie  obliquely  placed  somewhat  oval  auriculo- 
ventrieular  orifice  (Fig.  3548)  which  admits  two  fingers 
easily,  thus  being  distinctly  smaller  than  the  correspond- 
ing orifice  on  the  right  side.  It  is  guarded  by  the  mitral 
valve. 

The  left  ventricle  (Figs.  3555  and  2551)  forms  the  whole 
left  surface  of  the  heart,  a  small  portion  of  its  anterior, 
and  about  half  its  iuferior  surfaces.  On  cross  section  its 
outline  is  seen  to  be  almost  circular,  its  walls  being  at 
least  twice  as  thick  as  those  of  the  right  ventricle,  which 
tlierefore  moulds  itself  to  the  thicker-walled  cavity  and 
assumes  a  crescentic  outline  (see  Fig.  2553).  Its  cavity 
is  long  and  conical,  the  apex  of  the  cone  running  to  the 
extremity  of  the  so-called  apex  of  the  heart  which  is  thus 
formed  by  the  left  ventricle.  The  base  of  this  conical 
cavity  presents  two  orifices  (Fig.  2551),  the  lower  of 
which  points  backward  and  opens  into  the  left  auricle, 
and  is  guarded  by  the  mitral  valve  ;  while  a  smooth  fun- 
nel-like portion  runs  upward,  backward,  and  to  the  left 
into  the  aortic  opening,  this  last  being  somewhat  smaller 
than  the  auriculo-ventricular  opening,  and  guardvJd  by 
the  aortic  valve.  The  columnm  carnem  are  short,  thin, 
much  branched  and  best  marked  at  the  apex  of  the  coni- 
cal cavity.  The  mitral  valve  is  composed  of  two  large, 
well-marked  segments,  thicker  and  stronger  than  those 
of  the  tricuspid  valve,  and  between  them  are  two  distinct 
subsidiary  flaps.  Two  large  prominent  musculi  papil- 
lares,  springing  respectively  from  the  left  and  inferior 
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FIG.  2553.-Anterlor  Surface  of  the  Heart,  Pericardium  Opened.    W. 
Keiller  ad  naturam  del. 

walls  of  the  cavity,  send  chordiB  tendines  to  the  upper 
and  lower  margins  of  the  valvular  segments  respectively 
Thej'  are  so  situated  that  when  contracted  with  the  venl 
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together.     Of  these  two  segments,  the  anterior  or  aortic 
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segment  separates  the  auriculo- ventricular  from  the  aortic 
orifice  (Fig.  3551),  and  is  smooth  on  botli  its  auricular  and 
its  ventricular  surfaces,  the  chordae  being  attached  to  its 
margins  only.     The  aortic  valve  is  composed  of  three 
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Fig.  2554.— Eight  Surfaqe  ol  the  Heart.    W.  Kelller  ad  naturam  del. 

semicircular  or  semilunar  folds  of  fibrous  tissue  lined 
below  by  the  endocardium  and  above  by  the  intima  of 
the  aorta.  Their  convex  margins  are  attached  to  the 
ring  round  the  aortic  orifice,  and  their  straight  edges  are 
free.  Thus  three  pouches  are  formed  open  toward  the 
aorta,  into  which  the  blood  flows  when  the  systole 
passes  off,  and  thus  brings  the  three  segments 
together  so  as  effectively  to  stop  regurgitation  of 
blood  into  the  ventricle.  The  aortic  wall  bulges 
slightly  at  each  pouch,  and  each  bulging  is  named 
a,  sinus  of  Valsalva.  These  sinuses  in  the  aorta  are 
arranged,  one  anteriorly,  two  posteriorly,  and  from 
the  anterior  sinus  springs  the  rigJit  coronary  ar- 
tery (Fig.  2547),  while  the  left  coronary  artery 
springs  from  the  left  posterior  sinus.  Each  seg- 
ment of  the  valve  has  at  the  middle  of  its  free 
edge  a  fibrous  nodule,  the  co^-pus  or  nodulus  Ar- 
antii,  toward  which  the  stronger  fibres  radiate  so 
as  to  leave  an  exceedingly  thin,  sometimes  fenes- 
trated lunated  margin  on  either  side  of  it,  called  the 
lunula.  The  free  margin  of  the  valve  is  strength- 
ened by  a  fibrous  band.  The  portion  of  the  ven- 
tricle which  leads  up  to  the  aortic  orifice  is  so 
strengthened  by  fibrous  or  flbro-cartilaginous  tis- 
sue as  to  remain  uncoUapsed  during  diastole. 
The  septum  between  the  ventricles  is  thick  and 
muscular,  except  for  a  small  area  where  the  aorta 
springs  from  the  septum.  This  is  the  pars  mem- 
branacea  of  the  septum,  and  here  a  congenital 
defect  in  the  septum  may  cause  an  abnormal 
communication  between  the  ventricles. 

Relations  and  Surfaces  of  the  Heart.— As  has  been 
already  pointed  out,  the  heart  is  a  six-sided  or  cu- 
boidal  body,  presenting  anterior,  right,  left,  postenor  in- 
ferior and  superior  surfaces.  The  anterior  surface  (*ig. 
2553)  is  the  first  which  meets  the  eye  when  the  thorax  is 
opened.  It  is  triangular  in  shape,  the  apex  of  the  tnangle 
being  completed  by  the  merging  of  its  upper  hmit  into  the 


aorta  and  pulmonary  artery.  It  is  slightly  convex  and 
is  directed  forward  and  a  little  upward,  being  in  sagittal 
mesial  section  parallel  with  the  sternum.  In  it  are  in- 
cluded the  greater  part  of  the  right  ventricle  and  por- 
tions of  the  left  ventricle,  left  auricular  appendix,  right 
appendix,  and  part  of  the  right  auricle.  It  is  bounded 
below  by  the  sharp,  almost  straight  antero-inferior  border 
(iniirgo  Kcutus,  inferior  border  of  clinicians),  on  the  right 
by  the  nearly  vertical  and  convex  right  anterior  border 
(right  border  of  clinicians),  and  on  the  left  by  the  oblique, 
convex,  and  slightly  rounded  left  anterior  hm'der  (left 
border  of  clinicians).  Its  left  inferior  angle  forms  the 
clinical  ape.i;  Relations :  Separated  from  it  by  the  peri- 
cardium (Fig.  2547)  arc  the  margins  of  the  lungs  and 
pleura,  sternopericardial  ligaments,  triangularis  sterni, 
internal  mammary  vessels  and  sternum,  with  the  fourth, 
fifth,  and  sixth  left  costal  cartilages. 

The  right  surface  (Fig.  2554)  is  markedly  convex,  four- 
sided,  lies  almost  vertically,  and  is  directed  toward  the 
right.  It  is  composed  of  the  greater  part  of  the  right 
auricle.  Its  anterior,  posterior,  and  inferior  borders  are 
only  slightly  rounded  and  are  therefore  well  defined.  At 
its  superior  extremity  the  surface  blends  with  the  wall  of 
the  vena  cava  superior  and  its  posterior  inferior  angle  is 
similarly  related  to  the  vena  cava  inferior.  Relatione 
(Fig.  2547):  It  is  separated  by  perioardiVim  from  the 
phrenic  nerve  and  vessels,  pleura,  and  inner  surface  of 
right  lung. 

The  left  surface  (Fig.  2555)  is  a  convex  triangular  area 
directed  mainly  upward  and  toward  the  left.  It  includes 
about  one-half  of  the  free  surface  of  the  left  ventricle 
and  left  auricular  appendix.  It  is  separated  from  the 
anterior  surface  by  the  left  anterior  border;  from  the 
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FIG.  2555.— Left  Surface  of  the  Heart.    W.  Kelller  ad  naturam  del. 

inferior  surface  by  a  rather  sharp  left  inferior  border; 
and  behind  it  is  bounded  by  the  left  pulmonary  veins 
and  left  auriculo- ventricular  groove,  with  the  great  coro- 
nary vein  embedded  therein.  Relations  (Fig.  2547) :  It 
is  separated'  by  the  pericardium  from  the  left  phrenic 
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nerve  and  vessels,  left  pleura,  and  inner  surface  of  left 
lung. 

The  posterior  surface  (Fig.  2556)  is  called  the  base  in 
text-book  descriptions.     It  is  four-sided,  convex,  vertical, 
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FIG.  2556.— Posterior  Surface  of  the  Heart, 
del. 
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and  directed  backward.  It  is  formed  by  the  left  auricle, 
and  by  the  portion  of  the  right  auricle  which  joins  the 
two  venae  cavaj,  and  is  bounded  below  by  the  inferior 
vena  cava  and  coronary  sinus,  above  by  the  right  pul- 
monary artery,  on  the  right  by  a  fairly  defined  border 
joining  the  two  venae 
cavae,  and  on  the  left  by 
the  left  pulmonary  veins 
and  great  coronary 
veins.  It  is  only  par- 
tially invested  by  the 
visceral  layer  of  the 
pericardium.  Relations 
(Fig.  2547):  It  is  sepa- 
rated by  pericardium 
from  the  bronchi,  oesoph- 
agus, vagi,  descending 
aorta,  vena  azygos  ma- 
jor and  thoracic  duct. 

The  inferior,  diaphrag- 
matic surface  m-  true  base 
(Fig.  2557)  is  quadrilat- 
eral, slightly  convex 
when  the  ventricles  are 
distended  or  in  systole, 
slightly  concave  when 
they  are  relaxed  and 
empty.  It  is  directed 
downward  and  a  little 
backward  and  toward 
the  Hght,  and  is  bounded 
by  rather  sharp  and  well-defined  borders.  It  includes  a 
small  portion  of  the  right  auricle  and  opening  of  the  in- 
ferior vena  cava,  the  rest  of  the  surface  being  about 
equally  divided  between  the  right  and  left  ventricles. 
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Behind  the  inferior  vena  cava  is  seen  a  small  portion  of 
the  left  auricle.  It  presents  the  inferior  extremities  of 
the  right  and  left  auriculo-ventricular  grooves,  and  the 
inferior  interventricular  groove.  Relatione  (Pig-  2546): 
It  is  separated  by  the  central  tendon  of  the  diaphragm 
and  some  diaphragm  muscle  from  the  superior  surface 
(impressio  cardiaca)  of  the  liver.  Its  close  relation  to 
the  fundus  of  the  stomach  will  help  to  account  for  the 
cardiac  embarrassment  apt  to  be  caused  by  acute  disten- 
tion of  that  viscus. 

The  upper  surface  gives  origin  to  the  aorta,  pulmonary 
artery,  and  superior  vena  cava,  and  is  partly  formed  by 
both  auricles,  especially  the  left.  These  vessels  spring 
from  the  heart  on  a  level  with  the  upper  margin  of  the 
third  costosternal  articulation,  along  a  line  extending  one 
inch  and  one-half  to  the  left  and  one  inch  to  the  right 
of  the  middle  line. 

Superficial  indications  (Pig.  2.546):  The 
upver  limit  of  the  heart  has  just  been  indi- 
cated. The  clinical  apex,  or  apex  beat,  is 
felt  between  the  fifth  and  sixth  ribs,  three 
and  a  half  inches  to  the  left  of  the  middle 
line.  The  antero-inferior  border  is  indicated 
on  the  chest  wall  by  an  oblique  line,  slight- 
ly convex  downward,  extending  from  the 
clinical  apex  on  the  left,  across  and  slightly  upward 
to  a  point  one  inch  to  the  right  of  the  middle  line 
at  the  level  of  the  sixth  chondro-sternal  articulation. 
Along  this  line  the  cardiac  blends  insensibly  with  the 
hepatic  dulness.  These  lines  being  drawn,  the  right 
and  left  borders  of  the  heart's  anterior  surface  or  the 
absolute  lateral  limits  of  the  heart's  dulness  will 
be  defined  by  convex  lines  joining  respectively  their 
right  and  left  extremities.  Thus,  on  a  level  with  the 
fourth  chondrosternal  articulations,  the  area  of  the 
heart's  dulness  extends  three  inches  to  the  left  and 
one  inch  and  three-quarters  to  the  right  of  the  middle 
line. 

The  pulmonary  and  aortic  valves  lie  behind  the  left  half 
of  the  sternum  on  a  level  with  the  lower  border  of  the 
third  costal  cartilage.  The  right  auriculo-ventricular 
opening  lies  behind  the  sternum  on  a  level  with  the 
fourth  intercostal  space  and  fifth  cartilage.  The  left 
opening  is  a  little  higher  and  more  to  the  left.  (Compare 
Pigs.  2546  and  2548,  it  being  remembered  that  the  sur- 
face represented  in  Pig.  2548  lies  obliquely  so  as  to  point 
very  decidedly  toward  the  right). 
In  children  the  heart  is  relatively  broader  and  projects 
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FIG.  2557.-lnf erior  Surface  o(  the  Heart.    W.  KeUler  ad  naturam  del. 


more  to  the  left  than  in  the  adult,  and  the  apex  beat  mav 
be  in  line  with  the  ninnle  nr  Pvtprnd  t„  u^  ^^^ 


the  nipple  or  external  to  it. 
I,       £v,         -    ''"-^^ea'');.— The  heart  is 
by  a  fibro-serous  membrane,  the  epieardium,  under  which 
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lies,  especially  along  the  interventricular  and  auriculo- 
ventricular  grooves,  a  variable  amount  of  fat  with  the 
main  tj'unks  of  the  cardiac  vessels  embedded  therein.  Its 
cavities  are  lined  internally  by  a  smooth  endothelial  lin- 
ing, supported  by  a  delicate  fibrous  membrane  (the  endo- 
cardium); the  main  substance  of  the  heart  is  composed 
of  muscular  tissue  {myocardium),  the  intricate  arrange- 
ment of  whose  fibres  will  be  found  described  under  the 
heading  CircnlaUoii  of  tlie  Blood  (Vol.  III.,  p.  105). 
The  valves  are  avascular  and  composed  of  fibrous  tissue 
with  an  endocardial  lining;  while  in  the  region  of  the 
ventrioilar  orifices  are  fibrous  rings,  and  between  the 
aorta  and  auriculo-ventricular  orifices  there  is  a  central 
fibro-cartilage. 

Blood-Vessela  of  the  Heart. — The  right  coronary  artery 
(Figs.  2548,  2i553,  and  2557)  arises  from  the  anterior  si- 
nus of  Valsalva,  passes  forward  between  the  pulmonary 
artery  and  right  appendix,  and  follows  the  right  auriculo- 
ventricular  groove  till  it  reaches  the  inferior  interventri- 
cular groove  where  it  divides  into  two  branches,  of  which 
the  smaller  transrerse  or  auriculo-ventricular  branch  con- 
tinues in  the  left  auriculo-ventricular  groove  for  some  little 
distance,  and  the  larger  descending  (or  better,  interventri- 
cular) branch  follows  the  inferior  interventricular  groove, 
supplying  both  ventricles  and  the  septum.  This  vessel  in 
its  course  supplies  the  right  auricle  and  ventricle,  aorta 
and  pulmonary  artery.  Besides  the  terminals  it  gives  off 
two  named  branches,  an  infundibular  branch  to  the  front 
of  the  right  conus  arteriosus,  and  a  marginal  branch 
which  follows  the  antero-inferior  border  to  the  apex. 
The  left  coronary  artery  (Figs.  2553  and  3555)  arises  from 
the  left  sinus  of  Valsalva,  passes  behind  and  then  to  the 
left  of  the  pulmonary  artery,  and  appears  between  that 
vessel  and  the  left  auricular  appendix.  Here  it  divides 
into  two  branches,  the  anterior  descending  or  interven- 
tricular branch  following  the  anterior  interventricular 
groove  to  the  apex  of  the  heart ;  the  transverse  or  auric- 
ulo-ventricular branch  following  the  left  auriculo-ven- 
tricular groove.  A  considerable  mar- 
ginal branch  follows  the  left  anterior 
border  of  the  heart.  It  supplies  the 
aorta,  pulmonary  artery,  left  auricle, 
and  ventricle.  The  two  vessels  anas 
tomose  minutely  with  each  othei  on. 
the  heart  and  with  the  pericardial  and 
bronchial  vessels  on  the  walls  of  the 
aorta  and  pulmonary  artery. 

The  great  cardiac  or  coronary  vein, 
■commencing    near    the    apex    of    the 
heart  (Fig.  2553),  accompanies  the  in- 
terventricular branch  of  the  left  cor- 
onary   artery    in    the    anterior    inter- 
ventricular  groove;    beneath  the  left 
appendix   it  curves  backward   in   the 
auriculo-ventricular   groove  and  .ioins 
the  left  end  of  the  coronary  sinus  (Fig. 
2556)  where  its  opening  is  guarded  by 
a  valve.     Three  or  four  veins,  called 
posterior  cardiac,  but  better  called  left  and  inferior  car- 
diac veins  course  over  the  left  and  Inferior  surfaces  ot 
the  left  ventricle,  joining  the  great  coronary_  vein  and 
coronary   sinus.     The  middle  cardiac  vein  (Fig.    ^557), 
commences  at  the  apex  of  the  heart  and  follows  the  in- 
ferior interventricular  groove  with  the  descending  (inter- 
ventricular) branch  of  the  right  coronary  arteiy .     It  j  oins 
the  right  extremity  of  the  coronary  smus.     The  s«yf«  or 
right  coronary  win  (Fig.  3557)  runs  toward  the  left  in  the 
right  auriculo-ventricular  groove  to  jom  the  right  end  ot 
the  coronary  sinus.     The  coronary  sinus,  about  one  inch 
in  length,  occupies  the  inferior  extremity  of  the  left  auric- 
ulo-vlntricular  groove  (Fig.  2557).     It  receives  the  veins 
above  mentioned,  all  of  which  are  guarded  by  valves 
where  they  join  the  sinus;  and  empties  into  the  right 
auricle  in  front  of  the  inferior  canal  opening.     Its  open- 
ino-  is  guarded  by  the  valve  of  Thebesius  (Fig,  2550).     In 
addition  to  the  "above  a  small  vein,  the  oblique  vein  of 
Marshall,  runs  downward  and  over  the  back  of  the  left 
ventricle  to  join  the  coronary  sinus  (Fig.  3556).     Ihis 


vein  is  interesting  inasmuch  as  it,   with  the  coronary 
sinus,  represents  the  left  superior  cava  of  the  embryo. 

The  anterior  cardiac  veins  are  two  or  three  small  veins 
which  pass  from  the  anterior  surface  of  the  right  ventri- 
cle directly  into  the  right  auricle.  They  have  no  valves. 
Minute  veins  (the  mrm  cordis  minima:)  open  directly  into 
the  auricle  and  ventricles. 

Lymphatics. — ^The  cardiac  lymphatics,  found  in  great 
number  beneath  the  lining  membranes,  open  into  both 
the  right  lymphatic  and  the  thoracic  ducts.  The  former 
are  interrupted  in  a  gland  which  lies  between  the  aorta 
and  the  trachea. 

The  cardiac  nerves  are  described  in  the  article  on  the 
Circulation  of  the  Blood  (Vol.  III.,  p.  113). 

William  Keiller. 

HEART,  DEVELOPMENT  OF  THE.— The  vertebrate 
heart  arises  in  two  distinct  ways,  each  of  which  is  inti- 
mately associated  with  the  origin  of  the  blood-vessels  in 
general.  In  the  lower  vertebrates  its  first  appearance  is 
in  the  form  of  a  single  tube  on  the  ventral  median  line 
of  the  embryo,  quite  near  the  head.  Fig.  2558  is  a  sec- 
tion of  a  salamander  embrj'o  in  which  the  heart  is  just  be- 
ginning to  form.  The  body  cavity,  Ih,  is  composed  of  two 
lateral  halves  (see  Owlom)  separated  from  each  other  by  a 
median  septum.  It  is  in  this  septum  that  the  heart  first 
makes  its  appearance.  The  two  layers  which  contain 
this  septum  become  separated,  and  the  opening  soon  be- 
comes lined  with  a  layer  of  cells,  end,  the  endocardium. 
The  cells  of  the  septum  surrounding  the  opening  give 
rise  to  the  muscle  walls  of  the  heart. 

In  higher  vertebrates  the  heart  is  first  formed  by  the 
union  of  two  tubes  arising  from  what  may  be  called  the 
outside  of  the  body.  Fig.  2559  is  a  surface  view  of  a 
young  rabbit  embryo  in  which  the  heart  is  beginning  to 
form  on  either  side  of  the  body.  The  omphalomesenteric 
veins  on  either  side  run  toward  the  ventral  median  line, 
and  later  on  unite.     Their  appearance  is  such,  however. 


^"^^^^ 


FIG  2.558  —Section  through  a  Salamander  Embryo,  to  Show  the  Origin  of  the  Heart.  (From 
Hertwig,  after  Eabl.)  d.  Yolk ;  ■cm,  pericardium ;  Ih,  body  cavity ;  end,  endocardium ; 
3j,  muscle  layer  of  the  heart ;  ep,  epidermis. 

that  before  they  are  united  they  may  be  spoken  of  as  two 
hearts.  Fig.  2560  is  from  a  section  through  an  embryo 
of  the  same  stage  as  that  pictured  in  Fig.  2559.  The 
neural  canal,  if,  is  just  beginning  to  close,  and  in  the 
splanchnopleure  on  either  side  there  is  a  large  fold,  ahh, 
which  already  contains  the  endothelial  tube  coming  from 
the  omphalomesenteric  vein.  The  tubes  grow  toward 
the  median  lines,  but  before  they  unite  each  has  its  de- 
scending aorta,  as  shown  in  Fig.  a561.  The  rudimen- 
tary hearts  are  formed  between  the  splanchnopleure  and 
entoderm,  and  as  the  former  surrounds  the  heart  to  form 
its  muscular  laver  the  heart  protrudes  into  the  ccelomic 
cavity  (Fig.  2560),  much  as  does  the  single  heart  of 
lower  vertebrates  (Fig.  2558).  Soon  the  two  halves  unite 
as  indicated  in  Fig.  2561,  and  then  we  have  a  single  heart 
with  two  veins  entering  from  behind  and  two  arteries, 
aortfe,  leaving  from  in  front.  Although  this  primary 
division  has  nothing  whatever  to  do  with  the  later  sepa- 
ration of  the  heart  into  its  two  halves,  yet  before  the  two 
primary  hearts  are  united  into  a  single  tube  the  position 
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of  the  ventricle  is  already  marked  (Fig.  3561,  h).  So,  to 
sum  up,  in  the  lower  vertebrates  the  heart  appears  as  a 
single  tube  which  in  general  remains  such  during  the  life 
of  the  animal,  and  it  must  be  viewed  as  the  primitive 
form  of  heart.  Higher  in  the  animal  scale  the  heart 
arises  before  the  foregut  is  formed,  from  that  portion  of 
the  splanchnopleure  which  later  on  lies  in  the  median  line 
of  the  embryo.  It  is  this  part  which  is  to  give  rise  to  the 
heart,  and  in  the  higher  animals  the  heart  arises  before 
the  lateral  parts  have  reached  the  median  line  (Hertwig). 


Fig.  2559.— Rabbit  Embryo  of  tbe  Ninth  Day.  (After  yon  KOlliker.) 
X  10  times,  h.  Double  origin  of  tbe  beart ;  ab,  optic  vesicle ;  vK 
forebrain :  mh,  midbrain ;  hh,  hlndbrain ;  r/,  medullary  groove ; 
mo,  myotomes ;  h,  heart ;  uo,  vena  omphalo-mesenterica. 


The  two  hearts  then  unite  into  a  straight  tube  which  is 
destined  to  become  separated  into  the  right  and  left 
hearts  of  the  adult. 

Fig.  2562  is  a  ventral  view  of  two  chicks  just  after  the 
two  primary  tubes  of  the  heart  have  united.  It  is  seen 
that  the  veins  (1)  enter  from  behind,  but  the  relation  is 
soon  changed  by  the  heart  becoming  bent  as  is  already 
Indicated  in  Fig.  2564. 

Fig.  3563  shows  the  general  form  of  the  heart  in  a  very 
young  human  embryo.  The  front  of  the  thorax  has  been 
cut  away,  the  incision  also  extending  through  the  trans- 
verse septum  and  oj)ening  the  body  cavities.  The  en- 
trance of  the  veins  still  lies  behind,  and  the  aorta  in 
front,  but  the  heart  has  already  formed  one  complete 


loop,  making  of  it  an  S.     Fig.  3564  is  a  profile  of  the 
same  embryo,  and  the  heart  is  indicated  as  a  cast  of  its 


» 


cavity.  It  shows  the 
variations  in  calibre  of 
the  tube  throughout  its 
length.  At  a  some- 
what later  stage  the 
heart  is  bent  upon  it- 
self more,  and  its  walls 
have  also  become 
thickened.  Figs.  2565 
and  2566  arc  ventral 
and  lateral  views  of  a 
reconstruction  at  this 
stage.  The  profile 
view  again  gives  a  cast 
of  the  heart  cavity, 
which  now  shows  the 
beginning  of  the  auri- 
cle (F.A.).  Atthistime 
the  heart  is  partly  tilt- 
ed over  and  the  veins 
enter  on  the  dorsal  side. 
Viewed  from  in  front, 
the  auricles,  which  are 
just  appearing,  cannot 
be  seen  because  they 
now  lie  on  the  dorsal 
side.  A  stage  later 
(Figs.  2567  and  3568), 
the  adult  form  can  al- 
ready be  recognized. 
The  heart  has  under- 
gone a  half  revolution 

and  has  reached  the  S  form.     The  veins  enter  nearer  th& 
head  and  the  artery  arises  behind,  or  away  from  the  head. 


Fig.  2.561.— Sljetches  Showing  the  more 
Advanced  Condition  of  the  Bitubular 
Heart  of  the  Babbit.  X  22  times. 
(After  Allen  Thompson.)  Cis  morfr 
advanced  than  B.  VV.  omphalo- 
mesenteric veins:  h,  heart;  a,  aorta; 
the  arrows  indicate  the  direction  of 
the  circulation. 


Fig.  2.560.— Section  through  the  Embryo  Pictured 
in  Fig.  2,559.  (After  von  Kolliker.)  The  bi- 
lateral hearts  are  cut  transversely,  rf,  medul- 
lary groove ;  h,  ectoderm ;  men,  mesoderm ;  dd, 
entoderm ;  dd',  chorda ;  ahh,  muscle  wall  of  the  heart ;  ihh,  endothelial  lining  of  the  heart. 
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Fig.  2562.— Outlines  of  the  Anterior  Half  of  the  Chick  Viewed  from, 
the  Ventral  Side,  Showing  the  Heart  In  its  Earlier  Stages  of  Develop- 
ment. X  20  times.  (From  Quain,  after  Remak.)  X,  Thirty  hours ; 
JB,  forty  hours;  a,  anterior  cerebral  vesicle;  b,  myotomes;  c, 
cephalic  fold ;  1,  omphalo-mesenteric  veins ;  2,  3,  4,  the  heart. 

The  aorta  lies  upon  the  ventral  side  and  the  auricles 
clasp  it  from  the  dorsal.  Fig.  3568  shows  the  great  ir- 
regularity of  the  cavity. 

A  profile  view  of  a  heart  of  this  stage  is  shown  in  Fig. 
2569,  which  shows  the  relation  of  the  heart  to  the  sur- 
rounding organs.  The  auricle  (.1)  is  now  in  front  and 
the  ventricle  (F)  behind.  The 
larger  veins  enter  on  the  dorsal 
side  by  one  common  opening  into 
the  right  side  of  the  auricle,  the 
future  right  auricle. 

After  the  heart  has  once  reached 
this  stage  it  is  only  to  be  sepa- 
rated into  its  right  and  left  tubes 
to  produce  the  mammalian  heart. 
In  some  of  the  lower  animals  this 
never  takes  place,  and  in  others 
it  is  only  partial.  In  cases  of  ar- 
rested  development    the    human 
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heart  in  the  adult  may  show  any  of  its  embryological 
forms,  as,  for  instance,  an  open  foramen  ovale. 

Pigs.  3570  and  3571  show  the  interior  of  two  stages  of 
early  human  hearts,  taken  from  models  made  by  His.     In 


ventricular  canal  and  with  a  corresponding  constric- 
tion on  the  outside  of  the  heart.  Fig.  3571  shows  a  more 
advanced  stage.  The  general  state  of  the  lieart  is  much 
as  it  is  in  the  Pig.  3570,  only  that  the  auricles  are 
"  shoved  "  into  the  ventricle.  This 
is  of  considerable  importance,  as 
we  shall  see  later  on.  In  both 
cases    the    aorta    arises    from    the 


v.t. 

So. 
D. 

V.  0.  m. 

Lb. 

Lbg. 

Fig.  2567 

FIG.  2563. 


Fig.  2568. 

Figs.  2567  and  2568.— Ventral  and  Profile  Reconstruction  of  His'  Embryo,  Bl. 
X  40  times.    Ho,  Auricle ;  Co,  aurlculo-ventricular  canal ;  Tr,  aorta. 

right  side  of  the  ventricle,  and  in  its  further  develop- 
ment one-half  of  it  must  be  transferred  to  the  left  side 
in  order  to  produce  the  aorta  proper,  while  the  half 
which  remains  becomes  the  pulmonary  artery. 


Fiss.  2563  AND  2564.— Ventral  and  Profile  Reconstructions  ol  His 
Human  Embryo,  Lg.  X  40  times.  (After  His.)  In  the  profile  view 
only  the  outline  of  the  cavity  of  the  heart  is  shown.  F.,  Ventncle ; 
A.  &.,  bulbus  aortae. 

Pig.  3570,  the  auricle  is  enlarged  and  the  vein  enters  on 
the  right  side.     The  ventricle  is  considerably  smaller^nd 
its  walls  are  much  thicker  than  those  of  the  auricle.     "" 
is  usually  the  case  with  the 
hearts  of  embryos,   as   they 
die  with  the  ventricles  con- 
tracted and  the  auricles  filled 
with  blood.    Between  the  two 
there  is  a  narrowed  auriculo- 
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Fig.  2565. 


FIGS.  2565  AND  2566.-Ventral  and  Profile  Eeconstruction  of  His'  Embryo,  Lr.    X  40  times. 
(After  His.)     F,  Ventricle ;  Fft,  auricle ;  A.  b.,  bulbus  aortae. 


Fig.   2569.— Reconstruction  of  a  Human  Embryo  enlarged  sixteen 
times,  and  viewed  from  the  left  side.    H,  Hypophysis ;  1,  2,  3,  and 
4,  branchial  pockets;  iff,  mouth;  A,  auricle; 
F,  ventricle;    AD,   descending  aorta;    I/, 
lung ;  S,  stomach ;  P,  pancreas. 


•  The  first  important  change  in  the 
separation  of  the  heart  into  its  two 
lobes  is  the  formation  of  two  septa, 
one  arising  in  the  auricle,  S.s.,  wliich 
grows  backward,  and  one  in  the  ven- 
tricle, S.inf.,  which  grows  forward. 
At  the  same  time  that  these  are  grow- 
ing toward  each  other,  a  cushion  of 
connective  tissue,  s.i.,  is  formed  upon 
the  two  lips  of  the  slit-like  auriculo- 
ventricular  opening  which  aids  to  com- 
plete the  septum  of  the  heart.  This 
cushion,  or  septum  intermedium,  soon 
separates  the  auriculo-ventricular  open- 
ing into  two  canals,  the  right  and  the 
left,  to  become  the  right  and  left  auric- 
ulo-ventricular canals,  respectively. 
The  septum  of  the  auricle  is  com- 
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FIG.  3570. 


FIG.  2571. 


Figs.  2570  and  2571.— Two  Stages  in  the  Formation  of  tlie  Septum  Intermedium  in  tlie  Heart  of  tlie  Human  Embryo.  (From  Quain,  after 
His.)  In  Fig.  2570  the  septum  is  represented  as  growing  from  a  triangular  area  to  the  left  of  the  sino-auricular  orifice;  in  Fig.  2571  it 
has  coalesced  with  the  endocardial  cushions,  and  lies  like  a  stopper  in  the  auricular  canal.  r.a.  and  i.a.,  right  and  left  auricle ;  r.«.  and 
/.«.,  right  and  left  ventricle;  s.r.^  sinus  reuniens;  Eu.v.,  Eustachian  valve :  s.sp.  septum  spurium;  s.s.,  septum  superior;  8.m/.,  septum 
inferior ;  s.i.,  septum  intermedium ;  ji.c.s.,  vena  cava  superior  dextra. 


pleted  by  the  septum  superior  growing  backward  to 
unite  with  the  septum  intermedium.  Before  this  takes 
place,  however,  several  changes  take  place  in  the  septum 
(Pigs.  2573,  2573,  and  2574).  These  figures  represent 
three  stages  of  a  lateral  view  of  the  two  septa  above 


named,  with  the  opening  between  them.  In  Fig.  2573, 
the  septum  superior  is  forming,  but  the  S.  intermedium 
is  not  yet  complete.  It  was  at  first  thought  that  the 
opening  between  them,  0',  produced  the  foramen  ovale, 
but  later  observations  by  Born  showed  that  there  is  a 
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Fig.  2572. 


Fig.  2574. 


Figs.  2572,  2573,  AND  2574.-Side  View  of  Three  Stages,  to  Show  the  Formation  of  the  Foramen  Ovale.  (After  Bom. )  S',  First  portion  of  the 
superior  septum :  S\  second  portion  of  the  superior  septum ;  0',  first  foramen  ovale ;  0\  secondary  opening  or  true  foraS^n  ovale  ■  JE.p., 
endothelial  cushion  in  the  auriculo-ventricular  opening.  "i-cuius  ^^i     uc  lorameu  uvaic ,  ju.p.. 


J-^     S.I 


7".  an,. 


FIG.  2575. 


Fig.  25''6. 
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Fig.  2577. 


Figs.  2575,  2576,  AND  2577.— Diagrams  to  Show  the  Formation  of  the,Spntiim  of  fhe  v<.r,trinio=  „„j  t.  ,i.    ""■'""■ 

Common  Auriculo-ventricular  Aperture.    (From  Quain  after  BorS.)    r"   and  f /  rieht  and  w,  ^L^i'  ??''  ^^^  ^S^^  ""  division  of  the 
bulb  of  aorta ;  s.b.,  septum  bulbi ;  au.  vc,  auriculo-ventricular  cai^l;  <ro!aOTta ;  pla  .^pilmouary  S™   ' '  '•*"^-'  ^^^^"^  '^P'""'-  "- 
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secondary  rupture  in  the  septum  superior  wliich  is  des- 
tined to  become  the  true  foramen  ovale  (Fig.  3.573,  0"). 
The  portion  of  the  septum  superior  whicli  has  been  cut 
off  by  the  formation  of  the  foramen  ovale,  unites  with 
the  septum  intermedium  as  shown  in  Fig.  2573,     The 


the  septum  is  complete,  and  we  have  two  distinct  auricles 
communicating  independently  with  the  ventricle.  We 
can  view  this  as  the  completion  of  the  second  stage,  i.e., 


Fig.  2578.— Opened  Heart  of  a  Human  Embryo  Seen  In  ProBle.  X  33 
times.  (After  His.)  p..  Pulmonary  artery;  a,  aorta ;  S.rt.,  septum 
aorticum ;  S.inf.,  septum  interior :  S.s.,  septum  superior ;  S.int., 
septum  intermedium ;  v.e.^  Eustachian  valve ;  S.r.,  sinus  reuniens ; 
V.e.i.,  vena  cava  interior ;  Lb.,  liver ;  D,  diaphragm. 

secondary  septum,  S",  later  on  forms  the  limbus  of 
Vieussens,  and  the  first,  S,  the  valve  of  the  foramen 
ovale. 

A  partial  septum  of  the  heart  is  first  met  with  in  cer- 
tain classes  of  ganoid  fishes  (Dipnoi),  where  it  arises  by 
a  union  of  muscle  columns  in  the  auricle.  This  is  a  very 
incomplete  septum,  which  is  gradually  increased  in  the 
amphibia.  In  neither  of  these  cases  has  the  septum 
reached  the  auriculo-ventricular  opening.  This  gives  us 
an  auricle  partly  divided,  both  compartments  communi- 
cating with  each  other,  and  through  a  common  opening 
with  a  single  ventricle,  much  as  is  shown  in  the  heart  of 
the  human  embryo  pictured  in  Fig.  2570.     In  the  reptiles 


FIG.  2580.— Section  of  the  Wall  of  the  Heart  Ventricle  from  an  Embryo 
Pig  12  mm.  Long.  (After  MacCallum.)  The  left  side  of  the  figure 
represents  the  inside  of  the  heart.  A,  Endocardium  covering  a 
papillary  muscle ;  J3,  cross  section  of  cells  containing  a  simple  net- 
work, and  therefore  very  young;  C,  older  cells  containing  fibril 
bundles. 

a  complete  union  of  the  septum  superior  and  the  septum 
intermediuin.  In  Ijirds  and  mammals,  however,  there  is 
a  secondary  rupture"  of  the  septum  of  the  auricle ;  in  the 
former  it  is  multiple,  and  in  the  latter,  as  a  rule,  single. 
It  is  therefore  seen  that  the  formation  of  a  secondary  or 
true  foramen  ovale,  as  described  by  Born,  is  confirmed 
by  the  comparative  anatomical  evidence  (see  Born,  Arch. 


FIG.  2579.-Section  through  the  Heart  of  a  Human  Embryo  to  Show  the 
Formation  of  the  Columnae  Garnese.  X  36  times.  (After  His.)  Oe., 
^mSus- lo,  lung;  M.pp..  membrana  pleuro-pencardiaca;  S.r.d. 
^d'^S^s.!right  and  left  horasof  the  sinus  reuniens;  V.E.,  Eustachian 
ralve;S:int.r septum  intermedium;  S.inf.,  septum  inferior;  S.a.,  sep- 
tum aorticum. 

Vol.  IV.— 37 


FIG  2581.— Longitudinal  Section  of  a  Heart  Vencricle  from 
an  Embryo  Pig  16  mm.  Long.  (After  MacCallum.)  A, 
Position  of  karyokinetic  figures. 
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/.  mih.  Annt.,  Bd.  33,  and  Rose,  Morpli.  JaJirhuch,  Bd. 
15  and  16).  ^  , ,      .  ^, 

The  opening  of  tlic  vein  is  guarded  by  two  folds  of  the 
walls  of  the  heart,  which  really  form  a  complete  bicuspid 


separated  from  each  other,  a  view  of  the  septum  appears 
much  as  is  shown  in  Pig.  3578.  The  aorta  is  already 
completely  separated  into  two  vessels:  the  one  which 
communicates  with  the  right  ventricle,  communicating: 


Fig.  2582.— Diagram  ol  the  Course  of  the  Su- 
perflcial  Muscle  Layers  Oriprlnating  in  the 
Right  and  Left  Auriculo-ventrlcular  Rings 
and  in  the  Posterior  Half  of  the  Tendon  of 
the  Conus.  (After  MacCallum.)  C,  Ante- 
rior papillary  muscle. 


Fig.  2583.— Diagram  of  the  Course  of  the 
Superficial  Muscle  Layers  Originating  in 
the  Anterior  Half  of  the  Tendon  of  the 
Conus.  (After  MacCallum.)  A.,  Poste- 
rior papillary  muscle ;  B,  papillary  muscle 
of  the  septum. 


Fig.  2584.— Diagram  of  the  Course  of  the 
Deepest  Layer  of  Muscle  of  the  Left  Ventri- 
cle. (After  MacCallum.)  A,  Posterior  pap- 
illary muscle. 


valve  (Fig.  2571).  An  additional  fold  extends  to  this 
from  in  front,  the  sectum  spurium,  S.sp.  Later  on,  the 
orifice  enlarges  to  incorporate  a  portion  of  the  veins  into 
the  auricle,  but  the  right  lip  of  the  opening  remains  per- 
manently as  the  Eustachian  valve.  The  pulmonary  veins 
are  formed  later.  They  grow  from  the  lungs  to  the  left 
auricle. 

Returning  to  a  stage  of  heart  as  represented  in  Fig. 
.  3571,  we  notice  that  the  common  ventricle  shows  a  con- 
I'Striction  on  the  outside  which  corresponds  to  a  septum 
forming  on  the  inside.  As  this  septum  from  the  inside, 
the  septum  inferius,  grows  toward  the  S.  intermedium, 
it  must  also  grow  toward  the  aorta  to  join  a  septum  aor- 
ticum  which  is  forming  there.  Figs.  2575-3577,  show 
how  this  is  brought  about.  Fig.  3575  represents  a  stage 
in  which  the  auricles  empty  wholly  on  the  left  side  and 
the  aorta  arises  wholly  on  the  right.  As  the  inferior 
septum  arises  the  auriculo-ventricular  opening  moves,  as 
it  were,  toward  the  aorta ;  and  when  the  septum  inferius 
unites  with  the  S.  intermedium  it  cuts  the  auriculo-ven- 
tricular opening  in  such  a  manner  that  the  blood  coming 
from  the  right  auricle  passes  to  the  right  ventricle,  and 


above  with  the  fifth  aortic  arch,  and  the  one  from  the  left 
with  the  fourth.  The  fourth  is  destined  to  become  the 
aorta,  and  the  fifth  the  ductus  arteriosus  from  which 
the  pulmonary  artery  arises. 

At  an  early  stage  the  tissue  of  the  ventricle  walls  be- 
comes spongy  on  the  inside.  These  meshes  and  columns 
play  a  very  important  part  in  the  formation  of  the  valves, 
muscle  columns,  and  the  tendons  to  the  valves.  We 
have  seen  that  the  septum  intermedium  is  formed  in  the 
auriculo-ventricular  canal  and  divides  it  into  a  right  and 
a  left  half.  When  this  is  complete  a  section  of  the  heart 
gives  a  picture  as  shown  in  Fig.  3.579.  At  the  same  time 
a  portion  of  the  auricle  is,  as  it  were,  pushed  into  the 
ventricle,  as  the  figure  shows.  This  invagination  takes 
with  it  a  portion  of  the  epicardium,  to  be  incorporated 
in  the  formation  of  the  valve.  Connective  tissue  is  in- 
corporated in  the  formation  of  the  valve  at  its  beginning, 
although  the  great  bulk  of  the  valve  is  at  this  time  com- 
posed of  muscular  fibres.  The  burrowing  of  the  ventricle 
walls  includes  also  the  valves,  and  in  this  way,  as  the 
figure  indicates,  the  primitive  chordae  tendinese  are 
formed.     Soon,  however,    the  bands  lose  their  muscle 


Fig.  3585.— Diagram  of  the  Course  of  the 
Layer  Superficial  to  that  Shown  in  Fig. 
2584.  The  outline  of  the  deep  layer  is  also 
shown.  (After  MacCallum.)  A,  Posterior 
papillary  muscle;  B,  papillary  muscle  of 
the  septum. 


Fig.  2586.— Diagram  of  a  Layer  Still  more  Su- 
perficial to  that  Shown  in  Fig.  2585,  and 
Ending  in  the  Anterior  Papillary  Muscle. 
The  other  layers  are  represented  in  dotted 
lines.  (After  MacCallum.)  A,  Posterior 
papillary  muscle;  B,  papillary  muscle  of 
septum;  C,  anterior  papillary  muscle. 


Fig.  2587.— Diagram  of  the  Muscle  Originating- 
In  the  Tendon  of  the  Conus  and  Upper  Part 
of  the  Right  Ventricle.  (After  MacCallum.) 
This  layer  surrounds  the  layers  represented 
in  the  left  ventricle  in  Figs.  2584,  2585,  and 
2586. 


the  blood  from  the  left  auricle  to  the  left  ventricle.  A 
small  opening  exists  for  quite  a  while  between  the  two 
ventricles,  but,  later  on,  this  is  closed  by  a  membrane  of 
connective  tissue.     Before  the  ventricles  are  completely 
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fibres,  in  the  portions  which  form  the  chordae,  and  in 
other  portions,  farther  away  from  the  valve,  the  muscle 
fibres  increase  to  form  the  papillary  muscle.  The  valves 
have  therefore  a  double  origin;   (1)  Peripheral,  and  (2), 
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Fig.  2588. —  Diagram  o(  the  Layer  ol 
Muscle  Surrounding  the  Aorta,  and 
Left  Auriculo-ventricular  Ring.  (Al- 
ter MacCallum.)  Fig.  2587  is  repre- 
sented in  dotted  lines. 


from  the  septum  iutermediuni.  Aceoraiiii;-  to  His,  tlie 
tendons  attarhed  to  the  valves  arisinij;-  froiii  the  peripli- 
ery,  have,  tlieh-  perraaneut  attaclimeut  to  tlie  valve  from 
the  beginning,  while  a  portion  of  those  passing  to  Ihe 
valve  and  arising  from  the  septum  intermedium  may 
possibly  shift  their  valvidar  attachment. 

The  muscle  walls  of  the  two  ventricles  are  at  first  of 
the  same  thickness,  but,  later  on,  that  of  the  left  becomes 
heavier  tlian  tliat  of  the  right.  The  spongy  layer  in  the 
ventricle  is  covered  with  endocardium,  and  fi'om  this 
la>cr  the  column;e  carnese  arise. 

Recently  JlacCallum  has  made  extensive  studies  on  the 
development  of  the  heart  muscle  cells  as  well  as  of  the 
arrangement  of  the  fibre  bundles  in  the  hearts  of  em- 
bryos.* MacCallum  has  found  that  the  heart  muscle  cell 
in  its  development  undergoes  certain  changes  by  which 

younger  and  newly  de- 
veloped cells  can  be 
distinguished  f  r  o  m 
fully  developed  cells. 
The  difference  between 
the  oldei'  and  younger 
cells  is  well  shown  in 
Fig.  2580,  taken  from 
the  heart  of  a  very 
young  pig's  embryo. 
It  is  seen  that  tlie 
younger  cells  are  im- 
mediately under  the 
endocardium  and  that 
the  older  cells  have 
been  pushed  toward 
the  outside  and  lie  im- 
mediately below  the 
pericardium.  In  the 
younger  cells  the  nu- 
clei multiply  by  indi- 
rect cell  division  and 
the  distribution  of  such 
cells  is  shown  by  the  letter  A  in  Fig.  2581.  Here  again  the 
growing  point  of  the  muscle  of  the  heart  is  found  to  be  im- 
mediately below  the  endocardium.  It  appears  then  that 
the  growth  of  the  heart  after  the  organ  is  well  formed  is  on 
tlie  inside  immediately  below  the  endocai'dium.  In  some 
waj',  not  yet  definitely  known,  the  heart  is  then  gradually 
rolled  up,"  becoming  more  and  more  comple.x  in  the  higher 
animals.  MacCallum  has  succeeded  in  unravelling  the 
musculature  in  the  embryo  pig  and  the  human  fa^tus  be- 
fore the  fibres  have  become  interlaced  too  much.  Ac- 
cording to  him,  the  fibre  bundles  can  be  divided  into 
four  groups;  (1)  Those  arising  from  the  auriculo-ven- 
tricular ring  on  one  side  and  passing  to  the  papillaiy 
muscle  of  the  opposite  side  (Pigs.  2582  and  2583);  (2) 
those  bundles  arising  from  the  papillary  muscles  on  one 
side  and  passing  to  the  papillary  muscles  on  the  opposite 
side  (Figs.  3584,  2585,  and  2586) ;  (3)  those  fibres  arising 
from  the  auriculo-ventricular  ring  on  one  side  and  pass- 
ing to  the  auriculo-ventricular  ring  of  the  opposite  side 
(Fig.  2587);  and  (4)  those  fibres  which  simply  encircle 
the  left  auriculo-ventricular  ring  and  the  aorta  (Fig. 
2588). 

According  to  MacCallum,  the  points  to  be  emphasized 
in  liis  work  are  as  follows : 

The  heart  consists  of  several  layers  of  muscle,  the 
course  of  which  is  shown  in  some  detail  in  Figs.  2583- 
3588.  Nearly  all  begin  in  the  auriculo-ventricular  ring 
of  one  ventricle  and  end  in  the  papillary  muscle  of  the 
other.  Those  fibres  which  begin  near  the  outside  of  one 
ventricle  end  near  the  inside  of  the  other  ventricle. 

The  thin  superficial  muscle  being  removed,  the  left 
ventricle  can  be  unrolled  so  that  its  cavity  and  papillary 
muscle  are  exposed.  This  shows  it  to  be  a  flat  band  of 
muscle  continuous  with  the  muscle  fibres  which  cross 
over  in  the  septum  from  the  right  ventricle. 
Grouping  these  layers  together,  it  is  plain  that  the 

*  MacCallum :  Anat.  Anz.,  xiil.,  1897;  Journ.  ol  Experimental 
Medicine,  Iv.,  1899 ;  and  Welch  Festschrift,  Johns  Hopkins  Hospital 
Reports,  Ix.,  1900. 


heart  in  the  embryo  is  a  scroll-shaped  band  of  muscle 
with  tendons  at  each  end.  As  it  gi'ows  older  the  layer 
of  muscle  passing  ovei-  in  the  septum  from  the  right  to 
the  left  ventricle  remains  comparatively  thin,  while  the 
ventricular  cells  increase  greatly  in  thickness.  The  place 
of  most  active  cell  gi-owth  is  near  the  inside  of  the  ven- 
tricular walls,  and  they  are,  therefoi-e,  at  the  two  ends  of 
the  band  of  muscles  making  up  the  hcait. 

Fnnildiii  P.  Mull. 

HEART  DISEASES:  ACTINOMYCOSIS.— Actinomy 

co.sis  of  the  heart  has  been  observed  a  number  of  times 
within  recent  years,  and  it  is  very  probable  that  as  the 
reported  cases  of  infection  with  actinomyces  multiply  this 
organ  will  be  found  to  be  not  infrequently  alfected. 
Since  the  rcspii-atory  tract  appears  to  be  one  of  the  most 
common  avenues  of  entrance  of  this  parasite,  secondary 
involvement  of  the  mediastinum  is  of  frequent  occur- 
rence, whereby  extension  to  the  pericardium  is  verj'  likely 
to  take  place.  Besides  infection  by  direct  extension  from 
the  mediastinum  liiEmatogenous  metastases  in  the  heart 
wall  may  occur,  or  the  heart  may  be  primarily  affected, 
the  avenue  of  entrance  being  unknown.  Paltauf  found 
extensive  actinomycosis  of  the  wall  of  the  right  ventricle 
in  a  tuberculous  subject,  the  condition  having  been  diag- 
nosed as  tuberculous  pericarditis.  In  cases  observed  by 
Israel,  Ponflck,  and  others,  metastases  were  found  in  the 
heart  arising  from  primary  foci  in  the  liver,  lungs,  and 
other  parts  of  the  body  (pysemic  actinom3'COsis).  Occa- 
sionally a  general  infection  of  tlie  body,  acute  or  chronic, 
occurs,  and  the  heart  is  involved  in  common  with  other 
organs.  Actinomycosis  of  the  heart  presents  no  definite 
clinical  picture.  The  diagnosis  of  the  condition  will  rest 
entirely  upon  the  demonstration  of  the  presence  of  the 
parasite  within  the  body.  The  treatment  should  be  di- 
rected along  general  lines,  with  the  internal  use  of  potas- 
sium iodide,  wiiich  in  some  cases  has  appeared  to  have  a 
specific  effect  upon  the  fungus. 

Aldred  Scott  Warthin. 

HEART  DISEASES:    AN/EMIC  INFARCTION.— The 

occlusion  of  a  branch  of  a  coronary  artery,  if  not  imme- 
diately fatal,  is  followed  by  an  anajmic  necrosis  of  the 
part  of  the  lieart  wall  supplied  by  the  occluded  vessel. 
The  necrosed  area  is  known  as  an  antemic  or  white  in- 
farct or  as  iiiiji/indlacia  canUs.  The  terminal  branches  of 
the  coronary  arteries  are  true  end  arteries,  and  possess 
but  a  very  limited  collateral  anastomosis.  The  area  of 
necrosis  produced  by  the  occlusion  of  a  terminal  branch 
corresponds  to  the  physiological  distribution  of  the  af- 
fected vessel.  Infarction  occurs  most  frequently  in  the 
portion  of  the  myocardium  supplied  by  the  anterior 
coronary  artery,  the  most  common  location  being  in  the 
wall  of  the  left  ventricle  near  the  apex. 

The  occlusion  is  usually  produced  by  thrombosis  or  em- 
bolism. These  events  are  favored  by  sclerotic  changes ; 
under  certain  conditions  cororonary  sclerosis  in  itself  may 
give  rise  to  infarction  without  the  occurrence  of  throm- 
bosis or  embolism.  In  such  cases  the  nutrition  of  the 
muscle  already  impaired  by  the  partial  obstruction  of  the 
vessel  caused  by  sclerosis  may  be  so  much  further  low- 
ered by  general  circulatory  disturbances  that  the  integ- 
rity of  the. muscle  can  be  no  longer  preserved.  Thrombi 
are  of  much  more  frequent  occurrence  in  the  coronary 
vessels  than  emboli ;  their  formation  is  directly  depend- 
ent upon  the  occurrence  of  sclerotic  changes  in  the  vessel 
wall.  The  entrance  of  emboli  into  the  coronary  vessels 
is  of  rare  occurrence.  This  fact  is  explained  by  the  ana- 
tomical peculiarities  of  the  coronary  arteries,  the  location 
of  their  orifices,  angle  of  divergence  with  the  aorta,  force 
of  current,  etc.  Embolism,  however,  occasionally  occurs ; 
the  embolus  usually  consists  of  a  portion  of  a  thrombus 
primary  in  the  left  heart,  either  parietal  or  formed  upon 
the  mitral  or  aortic  valves.  In  other  cases  the  embolus 
may  consist  of  atheromatous  material  derived  from  the 
vessel  wall  above  the  point  of  occlusion.  Septic  emboli 
occur  in  cases  of  malignant  endocarditis ;  they  are  more 
frequently  derived  from  vegetations  on  the  mitral  than 
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on  the  aortic  valve.  In  whatever  waj-  produced,  coronai-\' 
occlusion  leads  immediately  or  very  quickly  to  anoemie 
necrosis,  the  slight  capillary  anastomosis  and  the  Thebe- 
sian vessels  being  inadequate  to  the  task  of  supplying 
sufficient  nutrition  to  the  affected  area. 

The  infarct  is  yellowish  or  grayish-red  in  color  and 
of  a  cloudv,  parboiled  appearance.  The  consistence  is 
somewhat  softer  than  that  of  the  normal  muscle,  and  the 
recent  infarct  is  slightly  elevated.  Subsequently  it  be- 
comes softer  and  depressed.  The  heart  infarct  is  rarely 
wedge-shaped,  as  is  so  frequently  the  case  in  infarction  of 
other  organs;  biit  the  contour  is  irregular,  areas  of  living 
muscle  alternating  with  dead  tissue.  This  irregularity 
of  distribution  is  due  to  the  peculiar  overlapping  of  the 
coronary  branches,  as  a  result  of  which  adjacent  muscle 
bundles  may  receive  their  blood  supply  from  terminal 
branches  arising  from  different  main  trunks  of  the  third 
or  fourth  degrees.  This  fact  is  of  great  importance  in 
the  heart  economy  in  so  far  as  the  occurrence  of  infarc- 
tion is  concerned.  Occlusion  of  the  smaller  terminals 
does  not  lead  to  an  infarction  e.xtending  entirely  through 
the  heart  wall,  and  the  chances  of  ruptiire  or  aneurismal 
dilatation  are  thereby  much  lessened.  Around  the  periph- 
ery of  the  infarcted  area  there  is  almost  always  a  narrow 
zone  of  hemorrhage  and  congestion  outlining  the  yellow- 
ish dead  muscle  with  a  border  of  red.  This  is  to  be 
regarded  as  being  of  the  nature  of  a  narrow  zone  of  hem- 
orrhagic infarction  in  the  limited  area  of  collateral  anasto- 
mosis between  the  occluded  vessel  and  the  neighboring 
terminal.  Large  hemorrhages  occasionally  occur  about 
the  infarct;  these  may  extend  in  between  the  dead  mus- 
cle bands  of  the  anjemic  area,  giving  it  the  appearance  of 
a  hemorrhagic  infarction.  Infarcts  of  small  size  do  not 
usually  involve  either  the  peri-  or  the  endocardium,  but 
larger  ones  are  accompanied  by  the  formation  of  thrombi 
on  the  endocardium  and  localized  areas  of  pericarditis. 

On  microscopical  examination  the  muscle  fibres  in  the 
central  portion  of  the  infarct  show  a  condition  of  simple 
necrosis,  their  nuclei  having  completely  disappeared,  and 
the  muscle  protoplasm  presenting  a  more  or  less  homo 
geneous  appearance,  staining  deep  red  with  eosin.  Oc- 
casionally extensive  fragmentation  or  Zenker's  necrosi.i 
may  be  present.  Around  the  periphery  of  the  completely 
necrosed  area  there  is  usually  found  a  zone  of  diffused 
chromatin,  the  muscle  nuclei  at  this  point  showing  be- 
ginning or  partial  disintegration.  Bordering  upon  this 
zone  is  the  area  of  partially  damaged  muscle  with  greatly 
congested  vessels  and  extensive  interstitial  hemorrhage. 
If  the  infarct  is  not  of  very  recent  occurrence  extensive 
leucocyte  infiltration  maybe  found  around  the  periphery, 
or  evidences  of  repair  in  the  formation  of  granulation 
tissue.  In  older  infarcts  the  dead  muscle  is  almost  or 
wholly  replaced  by  new  connective  tissue  at  the  peripli- 
ery,  in  which  numerous  hypertrophic  muscle  fibres  maj- 
be  present.  Scattered  throughout  infarcts  of  large  size 
small  islands  of  living  heart  muscle  are  usually  found 
corresponding  to  the  distribution  of  neighboring  branches. 
The  boundary  between  such  areas  and  the  necrosed  mus- 
cle usually  shows  a  narrow  intermediate  zone  of  partial 
necrosis,  diffused  chromatin,  and  hemorrhage.  In  the 
majority  of  infarcts  there  is  usually  present  a  narrow 
line  of  living  muscle  just  beneath  the  peri-  and  endocar- 
dium, which  is  to  be  explained  by  the  presence  of  small 
collateral  branches  running  beneath  these  surfaces. 

The  regeneration  of  lieart-muscle  fibres  in  or  around 
healing  infarcts  takes  place  only  to  a  very  limited  extent. 
Evidences  of  this  are  seen  in  greatest  degree  in  week-old 
infarcts.  The  division  figures  are  never  very  numerous, 
and  soon  disappear.  It  is  probable  that  the  new  cells 
formed  quickly  degenerate.  Hypertrophic  muscle  fibres 
are  often  very  numerous  in  the  immediate  neighborhood 
of  a  healing  infarct.  This  must  be  regarded  as  being  of 
the  nature  of  a  compensatory  hypertrophy  Whether  an 
increase  in  the  number  of  fibres  takes  place  or  not  cannot 
at  present  be  positively  stated,  Ultimatelv  infarcts  of 
small  size  are  completely  replaced  by  scar  tissue,  and  the 
area  of  induration  thus  formed  appears  as  a  white  ten 
dinous  patch  or  band  in  the  heart  muscle.     The  designa- 
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tion  of  fibroid  heart  or  fibrous  myocarditis  is  applied  to 
this  condition  as  well  as  to  the  areas  of  sclerosis  due  to 
obliterating  endarteritis. 

Septic  infarction  may  occur  in  cases  of  pysemia,  the 
smaller  branches  of  the  coronary  arteries  may  be  blocked 
with  septic  emboli.  Purulent  inflammation  of  the  \'essel 
wall  and  the  neighboring  tissue  results,  and  the  area  of 
infarction  becomes  converted  into  an  abscess.  Usually 
death  results  from  the  general  condition  before  these  de- 
velop into  abscesses  of  large  size.  In  the  majority  of 
cases  they  appear  as  pinhead  abscesses,  rarely  as  large 
as  a  pea.  Very  rarely  they  may  reach  such  a  size  as  to 
perforate  into  the  heart  cavity  or  into  the  pericardium, 
forming  what  has  been  termed  acute  cardiac  ulcer.  Em- 
bolic aneurismal  dilatation  of  the  affected  coronary  branch 
may  result  at  the  point  of  embolism,  and  rupture  of  this 
may  lead  to  the  formation  of  a  dissecting  aneurism  of  the 
heart  wall. 

As  a  result  of  ana?mic  infarction  of  the  heart  death 
may  occur  instantaneously  from  the  disturbance  of  the 
cardiac  circulation  and  the  arrest  of  the  fibrillary  contrac- 
tions. In  all  cases  of  sudden  death  occlusion  of  the 
coronary  vessels  should  be  carefully  sought  for.  Partic- 
ularly is  this  the  rule  in  medico-legal  examinations. 
Death  may  occur  before  recognizable  changes  in  the 
structure  of  the  muscle  take  place.  In  other  cases  it  may 
not  result  for  some  time  after  the  occlusion  of  the  vessel. 
It  has  been  shown  by  animal  experiments  that  the  heart 
muscle  is  capable  of  contraction  for  nearly  twelve  hours 
after  ligation  of  the  coronaries.  At  the  present  time  it 
is  impossible  to  say  whether  death  occurs  at  the  moment 
of  occlusion  of  the  vessel  or  at  the  moment  of  muscle 
failure.  With  the  softening  of  the  infarcted  area  either 
rupture  or  aneurismal  dilatation  of  the  cardiac  wall  may 
take  place.  Sudden  death  may  be  caused  by  the  former 
event.  After  healing  of  an  infarct  the  cicatricial  tissue 
may  give  before  the  blood  pressure  and  produce  an 
aneurism.  In  many  cases  there  is  a  progressive  occlu- 
sion of  the  coronary  branches  with  the  production  of 
multiple  infarcts.  A  ver}'  extensive  degree  of  fibroid 
heart  may  result  from  the  healing  of  these. 

The  symptoms  of  anasmic  infarction  are  usuallj'  those 
of  angina  pectoris.  The  direct  relation  between  the 
anginal  attack  and  the  moment  of  infarction  has  not  been 
sufficiently  emphasized.  The  cases  of  sudden  death  are 
quite  frequently  preceded  by  an  intense  but  brief  attack 
of  this  nature.  In  other  cases  there  are  no  definite  car- 
diac symptoms.  After  healing  of  the  infarcted  areas  the 
clinical  picture  is  that  of  fibrous  myocarditis.  Prognosis 
and  treatment  will  be  considered  under  that  head. 

Aldred  Sc'>H  Wnrihin. 

HEART  DISEASES:  ANEURISM.-Thetermaneurism 
of  the  heart  is  applied  to  three  very  different  conditions: 
aneurisms  of  the  coronary  vessels,  pouch-like  projections 
of  the  valves,  and  local  dilatations  of  the  heart  wall. 
The  original  use  of  the  expression  cardiac  aneurism  was 
that  of  Avenbrugger  and  Corvisart,  who  applied  it  to  all 
cardiac  enlargements  of  the  nature  Of  hypertrophy  or 
dilatation,  distinguishing  the  two  as  aiieury»mapassn->im 
and  aneiirysmd  iifticum.  This  conception  continued  up 
to  the  time  of  John  Hunter  and  Matthew  Baillie  with 
whom  the  term  took  on  its  modern  significance  of  a  par- 
tial dilatation  of  the  cardiac  wall.  In  accordance  with 
this  idea  the  condition  is  often  spoken  of  as  partial  aneu- 
lism,  though  in  the  majority  of  cases  cardiac  aneurism  is 
taken  as  referring  to  aneurism  of  the  wall  alone,  coronary 
and  valvular  aueurisms  being  considered  under  separate 
heads. 

Anethism  ok  tub  Coronary  Arteries. — Aneurismal 
dilatations  of  the  coronary  branches  of  the  second  and 
third  degree  occur  as  the  result  of  sclerosis  or  embolism. 
They  are  usually  multiple,  but  may  be  found  singly. 
They  varj'  in  size  from  a  mustard  seed  to  a  large  cherry, 
and  occasionally  form  small  nodular  enlargements  scat- 
tered over  the  heart,  lying  just  beneath  the  epicardium. 
They  are  found  in  greatest  numbers  and  of  largest  size 
when  due  to  septic  emboli.     The  symptoms  are  those  of 
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myocarditis.  Tliey  may  rupture  either  into  the  pericar- 
dial cavity  or  into  the  lieart  wall,  in  the  latter  case  form- 
ing dissecting  aneurisms  whicli  may  be  mistaken  for  true 
aneurisms  of  the  cardiac  wall. 

Aneurism  op  thb  Valves.— (See  article  next  beyond 
this.) 

_  Aneurism  of  the  Heart  "Walls.— Localized  dilata- 
tion of  the  heart  wall  may  be  congenital  or  acquired.  In 
the  latter  case  it  is  due  either  to  trauma  or  to  some  patho- 
logical condition  diminishing  the  resistance  of  the  heart 
m\iscle  in  localized  areas. 

Vongenital  Form.— In  defective  development  of  the 
heart  muscle  aneurismal  or  hernial  projections  of  the  en- 
docardium may  occur  between  the  muscle  bundles.  As 
a  lesult  of  congenital  abnormal  thinness  of  the  cardiac 
wall  aneurismal  dilatations  may  occur  in  any  part  of  the 
heart,  most  frequently  in  the  membranous  portion  of  the 
ventricular  septum.  The  occurrence  of  congenital  aneu- 
risms in  individuals  reaching  maturity  is,  however,  verv 
rare,  the  majority  of  the  cases  being  found  in  infants  or 
young  children. 

Acqvired  Form. — In  the  majority  of  cases  this  is  due 
to  fibroid  changes  in  the  heart  muscle  following  coronary 
obstruction  or  syphilitic  infiltration,  less  frequently  to 
angemic  infarction,  fatty  degeneration,  mural  endocarditis 
and  wounds  of  the  heart.  It  is  not  of  common  occur- 
rence, though  cases  have  been  reported  with  increasing 
frequency  in  late  years.  In  1867  Pelvet  collected  'the 
cases  published  up  to  his  time,  and  in  1883  a  similar  col- 
lection was  made  by  Legg,  who  found  in  the  literature 
the  reports  of  90  cases.  Since  his  article  new  observa- 
tions have  been  constantly  made,  and  the  number  of  re- 
corded cases  is  now  in  the  neighborhood  of  300.  Accord- 
ing to  Willigk,  170  cases  of  cardiac  aneui-ism  were  found 
in  34,000  autopsies.  The  acquired  dilatation  may  be 
acute  or  chronic ;  according  to  its  manner  of  formation  it 
may  be  a  pouch-like  dilatation  communicating  with  the 
heart  cavity  through  a  large  opening,  or  it  may  be  sac- 
cular with  a  very  small  opening,  or  the  aneurism  may  be 
of  the  dissecting  variety.  Rarely  it  maybe  multilocular, 
consisting  of  a  number  of  intercommunicating  sacs. 

The  majority  of  cases  occur  in  males  of  advanced  age, 
but  a  number  of  cases  in  young  men  have  been  reported, 
and  one  in  a  young  girl  of  twelve  years.  In  the  younger 
cases  the  condition  is  almost  always  the  result  of  syphi- 
litic weakening  of  the  wall.  The  usual  seat  of  the  aneu- 
rism is  in  the  anterior  wall  of  the  left  ventricle  near  the 
apex,  occui-ring  in  this  location  in  59  of  the  90  cases  re- 
viewed by  Legg.  The  septum  is  involved  next  in  point 
of  frequency,  while  the  auricles  and  right  venti'icle  are 
only  very  I'ai'cly  affected.  Usually  the  aneurism  is  sin- 
gle, but  veiy  i-arely  localized  dilatations  have  been  foimd 
in  all  four  of  the  heart  cavities.  In  the  auricles  the 
whole  wall  may  be  involved  in  the  dilatation.  Occasion- 
ally a  number  of  dilatations,  in  one  of  the  reported  cases 
four,  have  been  found  side  by  side,  their  walls  in  apposi- 
tion. The  aneurismal  dilatation  of  the  septum  usually 
protrudes  into  the  right  ventricle,  but  one  case  having 
been  recorded  of  its  projecting  into  the  left. 

The  size  of  the  aneurism  may  \'ary  greatly,  from  the 
size  of  a  fist  to  a  man's  head.  The  lai-ger  the  sac.  the 
thinner  the  wall.  In  very  large  sacs  it  may  be  as  thin  as 
paper  without  any  traces  of  heart  muscle  remaining. 
The  sac  may  be  "filled  with  a  soft  or  firm  thrombus. 
This  may  become  calcified  and  the  sac  thus  obliterated. 
Induration  and  calcification  of  the  sac  Avall  may  also 
occur.  L^sually  the  pericardium  becomes  adherent  to  the 
epicardium  over  the  sac,  so  that  eventually  the  wall  of 
the  sac  may  consist  of  the  endocardium  and  both  the  vis- 
ceral and  the  parietal  portions  of  the  pericardium. 

The  acute  dilatation  of  the  heart  wall  is  usually  due 
to  anfemic  infarction  or  septic  myocarditis,  rarely  to  di- 
rect trauma  of  the  heai't,  as  in  the  case  of  stab  wounds. 
In  some  cases  localized  degeneration  or  necrosis  of  the 
endocardium  may  make  the  latter  the  place  of  least 
resistance.  The  softened  membrane  yields  to  the  blood 
pressure,  is  torn,  blood  passes  through  the  rent  and  grad- 
ually undermines  the  heart  muscle.     When  the  area  of 


softening  is  primary  in  tlic  muscle  the  endocardium  over- 
lying the  weakened  spot  is  stretched  or  torn,  forming  a 
cavity  into  which  the  blood  forces  its  way.  In  this  man 
uer  the  weakened  area  gradually  bulges  out  more  and 
more  until  there  is  a  definite  pouch  formed.  Acute  aneu- 
risms usually  increa.sc  very  rapidly  in  size,  in  some  cases 
becoming  as  large  as  the  heart,  so  that  the  condition  has 
been  regarded  as  one  of  double  heart.  Though  the  sac 
may  become  filli'dwith  blood  clot,  the  wall  never  acquires 
a  sufiicient  power  of  resistance,  and  the  dilatation  usually 
proceeds  until  rupture  occurs. 

Chronic  aneurism  in  the  great  majority  of  cases  is  the 
result  of  fibrous  changes  in  the  heart  mu.scle.  The  con- 
nective tissue  lacking  the  power  of  contraction  against 
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Fig.  3589.— Skiagram  of  a  Case  of  Cardiac  Aneurism.    (After  Wal- 
shani :  Edinh.  Med.  Journal,  April,  1901.) 

the  blood  pressure  during  systole  gradually  becomes 
stretched  outward  or  a  cavity  may  be  formed  in  the  wall 
connected  with  the  ventricle  by  a  narrow  opening.  By 
many  writers  syphilitic  myocarditis  is  regarded  as  the 
most  common  cause  of  cardiac  aneurism  of  the  slowly 
progressive  type.  That  the  fibrous  changes  are  directly 
the  result  of  syphilis  cannot  be  proved  in  the  majority 
of  cases ;  much  rather  is  the  process  to  be  looked  upon  as 
being  of  the  nature  of  a  chronic  ana?mic  infarction  due 
to  the  progressive  narrowing  of  the  coronary  arteries 
through  sclerotic  changes,  which  may  be  due  to  syphilis 
or  to  other  causes.  In  a  number  of  cases,  however,  the 
dilatation  has  been  found  to  be  the  direct  result  of  gum- 
matous changes  in  the  cardiac  wall.  Further,  the  occur- 
rence of  coronary  sclerosis  and  fibrous  changes  in  the 
heart  muscle  in  young  individuals  may  be  quite  safely 
regarded  as  being  due  to  syphilis.  Ansemic  infarction 
plaj'S  a  much  greater  part  in  the  causation  of  chronic 
aneurism  than  is  accorded  to  it  by  the  majority  of  writers. 
Small  infarcts  are  replaced  by  connective  tissue,  and  up 
to  certain  limits  the  tone  of  the  wall  may  be  preserved, 
but  if  the  general  tone  be  diminished  by  fatty  degenera- 
tion, atrophy,  etc. ,  the  area  of  connective  tissue  offering 
the  least  resistance  gives  way  and  dilatation  occurs  at 
this  point.  Localized  areas  of  fatty  degeneration,  atro- 
phy, etc.,  may  of  themselves  be  the  primary  factor  in  the 
production  of  aneurism. 

Dissecting  Aneurism.  —The  dissecting  variety  of  car 
diac  aneurism  deserves  especial  mention.  Vestjbei'g  has 
made  the  most  complete  study  of  this  condition.  He  de- 
fines it  as  a  pathological  cavity  conmiuuicating  with  the 
heart  or  beginning  of  the  aorta,  caused  by  a  separation 
of  the  layers  of  the  cardiac  wall  by  the  blood.  Four 
varieties  are  distinguished :  parietal,  septal,  valvular,  and 
interparietal.  To  these  might  be  added  a  fifth  variety 
when  the  cavity  is  formed  between  the  layers  of  pericar- 
dial adhesions.     According  to  Vestberg,  the  total  number 
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of  dissecting  aneurisms  is  60.  Of  thesu  47  were  inter- 
parietal or  septal.  In  BO  cases  the  left  ventricle  was  the 
site  of  the  aneurism.  The  interparietal  form  occurs  in 
the  peri-aortic  space  of  Vestberg,  from  which  the  blood 
may  dissect  into  the  auricular  or  ventricular  septum.  In 
16  cases  the  point  of  origin  was  in  the  sinus  of  Valsalva. 
Acute  ulcerative  endocarditis  is  the  cause  in  the  majority 
of  cases;  in  other  cases  abscess,  atheroma,  and  trauma 
were  the  causal  factors.  Dissecting  aneurisms  of  the 
aorta  may  extend  into  the  walls  of  the  heart  and  through 
secondary  rupture  become  con\'erted  into  dissecting  car- 
diac aneurisms. 

Di.iGNOsis. — The  diagnosis  of  cardiac  aneurism  is  in 
the  majority  of  cases  impossible;  it  is  usually  made  at 
the  autopsj'  table.  In  the  case  of  acute  aneurism  the 
symptoms  are  those  of  acute  myocarditis;  in  the  chronic 
form  they  cannot,  as  a  rule,  be  separated  from  those  of 
chronic  myocarditis.  The  aneurism  is  usuallj'  so  small 
as  to  present  no  characteristic  physical  signs.  In  rare 
cases  the  sac  has  caused  erosion  of  the  tlioracic  wall, 
forming  a  visible  tumor.  The  results  of  percussion  and 
auscultation  are  very  uncertain  guides,  and  though  in 
individual  cases  unusual  murmurs  may  be  produced,  they 
are  not  constant  or  characteristic  enough  to  be  of  diag- 
nostic significance.  The  Roentgen  ray  has  recently  been 
applied  to  the  differential  diagnosis  of  this  condition, 
and  the  location,  size,  and  form  of  the  aneurismal  dilata- 
tion have  been  shown  by  this  means. 

Prognosis.— The  prognosis  in  the  majority  of  cases  is 
not  favorable.  In  early  and  undoubted  syphilitic  cases 
it  is  relatively  better.  Tlie  terminations  are  very  vari- 
able. After  reaching  a  certain  degree  of  dilatation  the 
process  may  remain  stationary.  The  sac  may  be  obliter- 
ated by  thrombosis ;  calciticalion  of  the  thrombus  may 
occur.  Deatli  usually  results  from  cardiac  insufficiency 
to  which  other  factois  than  tlie  aneurism  may  contribiite. 
In  other  cases  gradual  increase  of  size  with  resulting 
rupture  takes  place. 

Tre.\tmext.— The  treatment  in  suspected  cases  is 
along  the  general  lines  indicated  in  mvocardial  and  val- 
vular diseases.  The  possibility  of  syphilis  should  al- 
ways be  considered.  Ahlretl  Smft  Wayt7nii. 

HEART    DISEASES:    ANEURISM    OF    VALVES.— A 

valvular  aneurism  is  a  cavit.y  in  the  sub.stance  of  the 
valve  itself,  containing  pus  and  other  inflanmiatory  prod- 
ucts, or  blood  clots  and  debris.  The  origin  seems  to  be 
always  in  endocarditis  of  a  more  or  less  acute  form  of 
which  this  is  really  only  one  of  the  possible  results.  '  If 
the  process  starts  on  the  surface  of  the  valve,  ulceration 
may  perforate  one  layer,  after  which  the  blood  pressure 
dissects  away  the  other,  and  so  dilates  the  cavity  that  it 
may  be  as  large  as  a  pigeon's  egg.  On  the  other  hand 
the  .process  may  begin  in  the  tissue  of  the  valve  and  I'e- 
sult  m  perforation  of  one  of  the  layers  from  within  after 
which  the  blood  pressure  acts  precisely  as  in  tlie  former 
case  These  aneurisms  are  generally  sin-le,  but  may  be 
multiple,  and  seem  to  be  conflned  to  the  left  heart 
liiough  many  authorities  state  that  aneurisms  are  most 
commonly  found  in  the  aortic  valves,  the  review  of  the 
literature  rnade  by  Drasche  sllo^^•s  that  they  are  more 
fre.iuently  located  in  the  mitral  ^■alve  and  that  the  ante- 
rior leaflet  is  more  often  aifected  than  the  posterior  Of 
the  23  cases  collected  by  Pelvet,  in  16  the  aneurism  was 
on  the  mitral,  in  7  on  the  aortic  vuh-,..  The  perforation 
IS  almost -alvvays  found  on  the  side  of  the  valve  wWc°" 
expose.1  to  the  highest  pressure-the  ventilcu  a.  s  irface 
of  the  mitral,  the  distal  surface  of  tiie  aortic  Tl  e  aviu 
may  be  hue;  by  a  laminated  clot.  The  lave  of  tl.l 
valve  opposite  to  that  containing  the  perforation  n,,v 
rupture  and  the  valve  then  sucfdenly'b^com  "Tns  flt 
simihr  "'''.^";,P*°;^^'°«f''=^caseinight  be  precisely 
similai    to   those  of  valvular  rupture    from  any  othcT 

.Vneurisras  have  also  been  found,  though  mrely   in  the 
valves  of  the  right  heart.     As  may  bc^-eadilv '.    rlr 
stood,  valvular  aneurism  is  of  natholofrie,!  r„l'        i. 
clinical  interest,  inasmuch  as  it'bS'ifs  pre'^nce'by 
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no  distinctive  diagnostic  mark.  Acute  endocarditis  can 
usuall}'  be  detected,  and  so  also  valvular  incompetence, 
but  the  precise  steps  which  have  led  from  one  to  the 
other  in  anj-  given  case  must  remain  highly  uncertain. 
This  being  the  case  there  is,  of  course,  no  special  treat- 
ment to  be  recommended  other  than  that  suitable  to 
acute  endocarditis.  It  would  seem  that  the  affection  oc- 
casionall}'  becomes  chronic  when  seated  in  the  mitral 
curtains,  and  is,  therefore,  somewhat  less  serious  than  in 
the  semilunar  cusps. 

There  is  one  other  and  more  chronic  condition  which  is 
sometimes  classed  as  valvular  aneurism.  A  portion  of, 
or  the  whole  valve,  namely,  may  become  so  modified  by 
inflammatory  changes  that  its  tissue  generally  j'ields  and 
becomes  stretched  by  the  force  of  the  blood  pressure — 
both  laj'crs  of  the  valve  remaining  in  appo.sition,  but 
being  bellied  "out  with  the  convexity  toward, the  left 
auricle  or  ventricle  respectively,  according  as  the  changes 
are  seated  in  the  mitral  or  in  the  aortic  valve. 

Frederick  C.  S^lmttuck. 

HEART  DISEASES:  ANIMAL  PARASITES.— Animal 

parasites  are  but  rarely  found  in  the  human  heart.     The 
echinococcus  is  the  most  frequent  and  the  only  one  likely 
to  give  rise  to  serious  symptoms.     The  heart  "is  involved 
in  about  one  per  cent,  of  all  cases  of  echinococcus  infec- 
tion.    In  a  large  per  cent,  of  cases  the  heart  alone  was 
involved.     The  cysts  are  found  much  more  frequently 
in  the  right  side  of  the  heart.     They  may  vary  in  size 
from  a  pinhead  to  an  orange  or  even  large)-.  '  In  one 
case  in  which  the  hydatid  was  situated  in  the  left  ventricle 
the  enlargement  of  the  heart  was  so  great  as  to  displace 
and  compress  both  lungs.     The  cysts  may  be  single  or 
multiple ;  in  one  case  eighty  were  found  forming  a  grape- 
like cluster  extending  from  the  right  auricle  into  the 
ventricle  through  the  tricuspid  orifice.     As  a  rule  the 
hydatid  develops  within  the  wall,  but  it  may  occasion- 
ally project  as  a  pedunculated  cyst  into  the  heart  cavitv 
or  into  the  pericardial  sac.     In  both  cases  the  origin  o"f 
the  cyst  is  in  the  myocardium,  but  as  the  hydatid  in- 
creases in  size  the  muscle  is  either  pushed  aside  or  be- 
comes atrophic,  and  may  finally  disappear,  the  cvst  then 
coming  to  project  either  upon  the  pericardial  or  lipon  the 
endocardial  surface.     The  pedicle  consists  of  a  portion  of 
the  overlying  pericardium  or  endocardium.    In  rare  cases 
the  cyst  may  extend  entirely  through  the  wall,  formino- 
a  fluctuating  tumor  covered  on  one  side  b}-  pericardiuin 
and  on  the  other  by  endocardium.     The  large  h_ydatids 
may  contain  numerous  daughter  cysts,  varying  "in  size 
from  a  pea  to  a  pigeon's  e^g.     Tlie  heart  muscle  in  the 
ihimediate    neighborhood   of    the   cyst    may    show    no 
changes  or   the   muscle   fibres   may   be   atrophic.     The 
thickness  of  the  cyst  -wall  varies  from  1  to  5  mm  ,  but 
this  may   be  much  increased  by  fibroid  changes  iii  the 
overlying  peri-  or  endocardium." 

Small  hydatids  of  the  myocardium  not  projecting  into 
the  pericardial  sac  or  heart  cavit\-  produce  no  symptoms 
and  are  usually  discovered  only  at  autopsy.  When  the 
cyst  projects  into  the  cavily  of  'the  pericardium,  pericar- 
ditis may  be  produced,  and  this  may  in  turn  give  rise  to 
a  pleuritis  by  direct  extension.  Subpericardial  hydatids 
however,  do  not  always  e.xcite  pericardiris.  In"  neither 
ease  are  the  symptoms  characteristic.  Hydatids  pro- 
^Ttiiig  into  the  heart  cavity  are  very  likely  to  rupture  • 
In  this  event  sudden  death  may  result"  from  "the  embolism 
of  the  daughter  cysts.  In  the  great  majority  of  cases 
the  iK'i-foratiou  is  into  the  right  heart,  the  cvst's  blocking 
either  the  tricuspid  orifice  or  the  pulmonar^•  artery 
Smaller  cysts  may  pass  through  the  main  pidmonary 
branches  and  lead  to  embolism  of  the  smaller  arteries  and 
the  formation  of  multiple  hydatids  throughout  the  lun.o-. 
Death  may  result  in  such  c"ases  from  pneumonia,  slowFy 
developing  pleuritis,  general  cachexia,  etc.  Partial  ob- 
struction of  the  pulmonary  orifices  may  give  rise  to 
symptoms  of  jnilmonary  "stenosis  and "  insufticiency 
Rupture  of  an  echinococcus  cyst  into  the  left  heart  may 
lead  to  blocking  of  the  aortic  orifice  with  resulting  ste- 
nosis and  insufficiency,  or  smaller  cysts  may  cause  occlu- 
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sion  of  peripheral  arteries,  leading  to  local  gangrenous 
conditions.  In  one  case  rupture  occurred  into  both  the 
right  and  the  left  heart.  Embolism  of  echinococcus  cysts 
in  the  right  heart  or  pulmonary  vessels  may  also  occur 
as  the  result  of  the  ruptui-e  of  primary  hydatids  into  the 
large  veins.  This  occurs  most  frequently  in  the  case  of 
liver  hydatids. 

The  differential  diagnosis  of  heart  hydatids  is  in  the 
majority  of  cases  impossible.  Tlie  condition  may  be  sus- 
pected when  hydatids  are  present  in  other  parts  of  the 
body,  or  from  the  nature  of  the  emboli  when  embolism 
occurs.  In  one  of  the  reported  cases,  in  which  there  were 
numerous  metastases  throughout  the  lung,  small  cysts 
were  found  in  the  sputum.  Aspiration  of  the  pericar- 
dial sac  and  microscopical  examination  of  the  fluid  thus 
■obtained  may  lead  to  the  recognition  of  the  condition. 
In  those  cases  in  which  the  cysts  do  not  rupture  or  pro- 
ject Into  the  pericardial  sac  the  symptoms  are  of  a  verj- 
indefinite  nature  and  may  suggest  either  myocarditis 
or  valvular  lesions.  The  treatment  is  entirely  sympto- 
matic. In  certain  cases  surgical  interference  may  be 
of  avail.  Goodhart  claimed  to  have  cured  a  case  of  hy- 
datid cyst  of  the  cardiac  wall. 

The  cysticercus  cellulosae  is  of  rare  occurrence  in  the 
heart,  only  about  thirty  cases  having  been  reported. 
The  left  ventricle  appears  to  be  most  frequently  affected. 
The  C3-sts  are  usually  few  in  number,  the  size  varying 
from  a  bean  to  a  hazelnut,  rarely  larger.  They  may  be 
found  in  the  muscle  or  just  beneath  the  endo-  or  pericar- 
dium. As  in  the  case  of  the  echinococcus  hydatids  they 
may  project  from  the  endocardial  surface  into  the  blood 
stream,  being  attached  to  the  wall  by  a  slender  pedicle 
formed  by  the  endocardium.  The  layer  of  endocardium 
over  the  cyst  may  become  very  much  thickened.  The 
condition  cannot  be  diagnosed  during  life,  the  symptoms 
being  of  a  very  indefinite  character  or  entirely  wanting. 

Trichina  spiralis  is  stated  by  many  writers  never  to 
occur  in  heart  muscle,  but  cases  of  such  occurrence  have 
been  observed  by  Ijeuckart,  von  Zenker,  and  Fiedler. 
Pentastoma  denticulatum  has  also  been  found  in  the 
heart  wall.  In  the  case  of  both  of  these  parasites  the 
affection  of  the  heart  is  of  pathological  interest  only. 

Aldred  Scott  Warthin. 

HEART     DISEASES:      DISPLACEMENTS.— Dbpini 

TioNS  AND  Vabieties. — The  heart,  in  a  state  of  health, 
is  subject  to  certain  changes  of  position,  caused,  first,  by 
the  respiratory  movements,  and,  second,  by  alterations 
in  the  bodily  posture.  Abnormal  displacements  of  the 
organ  may  be  either  congenital  or  acquired.  The  latter 
only— or  those  that  occur  as  the  result  of  disease— will 
be  considered. 

In  studying  the  displacements  of  the  heart  it  is  impor- 
tant to  jemember  that  the  organ  is  held  in  situ  directly 
by  the  great  vessels,  and  only  indirectly,  through  the 
perlcai-dium,  by  the  diaphragm.  The  attachments,  fix- 
ing only  the  base  of  the  heart,  permit  free  play  to  the 
body  of  the  organ,  which  hangs  loosely  in  the  pericardial 
sac,  and  very  easily  undergoes  displacement  laterally  or 
vertically,  while  its  dislocation  either  forward  or  back- 
ward is  exceedingly  rare.  This  statement,  however, 
points  only  to  a  broad  general  classification  of  the  disor- 
ders in  question,  since  the  heart  is  very  seldom  displaced 
in  an  absolutely  horizontal,  or  in  an  absolutely  vertical, 
plane. 

Morbid  Anatomy.— It  is  noteworthy  that  the  amount 
of  dislocation  actually  found  after  death  is  usually  less 
than  the  physical  signs  during  life  have  led  one  to  ex- 
pect. The  most  obvious,  though  less  important,  change 
which  the  heart  undergoes  is  a  disturbance  of  its  normal 
relations  to  adjacent  structures.  Compression  of  the 
cardiac  walls,  which  may  occur  to  a  greater  or  less  de- 
gree in  the  pressure  class  of  cases,  may  be  the  more  im- 
portant condition.  The  pericardium  is  sometimes  dis- 
placed with  the  heart,  or  greatly  stretched,  and  the  great 
vessels  at  the  base  of  the  heart  and  at  the  root  of  the 
neck  may  be  stretched  and  twisted,  their  change  in  posi- 
tion varying  with  the  direction  and  extent  of  cardiac  dis- 


placement. In  some  in,stances  the  circulation  in  the  ves- 
sels is  seriously  impeded.  Occasionally  the  pericardium 
and  heart  become  adherent,  and  adhesions  between  the 
pericardium  and  pleura  fix  tlie  heart  in  its  abnormal  po- 
sition. 

The  functional  disturbances  resulting  from  these  altera- 
tions vary  with  the  cause  of  the  displacement.  In  those 
which  are  due  to  pressure,  the  heart,  if  healthy,  suffers 
little  or  no  real  compression,  even  when  the  disloca- 
tion is  effected  rapidly  ;  and  if  it  is  displaced  in  front  of, 
and  in  contact  with,  a  solid  tumor,  such  as  an  aneurism, 
a  solidified  lung,  or  the  spinal  column,  its  impulses  may 
be  so  vigorous  and  diffused  as  to  be  mistaken  for  cardiac 
li5'pertrophy.  But  if  the  heart  is  diseased,  and  espe- 
cially if  its  walls  are  degenerated,  or  its  cavities  much 
dilated,  sudden  compression,  although  moderate,  may 
cause  embarrassment  of  the  cardiac  action,  and  even  in- 
duce a  fatal  syncope.  In  those  displacements  which  are 
due  to  retraction  of  either  lung,  the  heart  is  displaced 
toward  the  retracted  side,  partly  by  traction,  and  partly 
by  extra-distention  of  the  opposite  lung,  and  the  effects 
upon  the  functional  activity  of  the  heart  are  compara- 
tively slight.  In  very  rare  cases  the  heart,  when  dis- 
placed, becomes  involved  in  the  inflammatory  process  of 
the  lung  or  pleura,  which  leads  to  the  displacement,  and 
fibroid  changes  in  its  walls,  occurring  secondary  to  adhe- 
sions, ultimately  interfere  greatly  with  the  heart  power. 

Etiology. — Tlie  causes  of  acquired  displacement  of 
the  heart  are  most  conveniently  arranged  in  two  classes: 
first,  conditions  that  exert  pressure,  and  second,  condi- 
tions that  exert  ti'action  upon  the  heart.  On  the  same 
principle  all  cardiac  displacements  have  been  placed  un- 
der the  two  heads  of  "excentric"  and  "concentric."  In 
the  former  of  the  above  classes,  the  heart  may  be  pressed 
or  pushed  out  of  position  by  fluid  effusions  into  either 
pleural  cavity.  This  is  by  far  tlie  most  frequent  cause 
of  lateral  displacement.  Pneumothorax  will  also  push 
the  heart  to  one  side,  and  when  accompanied  by  perfora- 
tion and  inflammatory  effusion,  will  carry  the  displace- 
ment to  its  utmost  possible  limit.  Hydrothorax  being 
usually  double,  and,  therefore,  pressing  equally  on  both 
sides  of  the  heart,  does  not  displace  the  organ  laterally, 
but  downward.  Intrathoi'acic  tumors,  aneurisms,  and  ab- 
scesses sometimes  press  the  heart  to  the  right  or  the  left. 
Hypertrophy  and  emphysema,  or  other  causes  of  enlarge- 
ment of  the  lungs,  occasionally  operate  in  the  same  way, 
as  also  does  extensive  peumonic  consolidation.  Pericar- 
dial effusion,  when  considerable,  but  not  extensive,  may 
push  the  apex  into  a  position  corresponding  to  the  left 
nipple,  or  even  above  it.  Cardiac  displacement  may  also 
depend  upon  various  abdominal  conditions,  as  gaseous 
distention  of  the  stomach  and  intestines,  enlargement  of 
the  liver  or  spleen,  the  pregnant  uterus,  abdominal  tu- 
mors or  ascites.  Diaphragmatic  hernia  or  abscesses  in 
extremely  rare  cases  cause  displacement  of  the  heart  up- 
ward. 

In  the  second  class  of  cases  the  displacement  is  con- 
centric, that  is,  toward  the  origin  of  the  displacing  force. 
This  movement  takes  place  during  absorption  of  pleuritic 
effusions,  with  imperfect  expansion  of  the  hmg ;  and  in 
consequence  of  a  fibroid  phthisical  process  or  cirrhosis  of 
the  lung  causing  a  gradual  decrease  in  its  volume.  The 
heart  also  suffers  traction  in  some  forms  of  deformity  of 
the  chest  dependent  upon  curvature  of  the  spine.  It 
must  be  observed,  however,  that  in  all  these  instances  the 
displacing  force  is  in  reality  one  of  pressure,  resulting  in 
displacement  from  removal  of  the  normal  counter-press- 
ure. In  certain  cases,  however,  actual  traction  undoubt- 
edly occurs,  as  when  the  pericardium  becomes  involved 
in  a  cirrhotic  process  in  the  lungs,  or  in  an  adhesive 
pleurisy,  and  it  and  the  heart  are  displaced  by  the  sub- 
sequent retraction. 

Since  displacement  of  the  heart  is  a  purely  mechanical 
process,  its  motion  will  be  subject  to  the  universal  law 
of  moving  bodies ;  that  is,  it  will  take  the  direction  of 
least  resistance,  or  of  the  resultant  of  all  the  acting 
forces.     The  more  common  elements  of  this  resultant 
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1.  The  restraining  force  of  tlie  cardiac  attacliraents, 
particularly  at  its  base. 

2.  The  density  and  resistance  of  the  surrounding  tis- 
sues. This  latter  may  be  positive,  as  in  case  of  a  solid 
tumor,  or  negative,  as  in  pneumothorax. 

3.  The  weight  of  the  heart  is,  as  a  rule,  of  shght  im- 
portance. In  cardiac  hypertrophy,  however,  it  may  be 
sufficient  to  produce  temporarily,  during  decubitus  on 
the  left  side,  a  decided  displacement. 

4.  The  direct  exciting  cause  either  of  pressure  or  of 
traction. 

These  elements  may  produce  one  or  both  of  two  forms 
of  motion— either  distinct  displacement  or  rotation  of  the 
heart  about  one  of  its  axes.  Rotation,  owing  to  the 
peculiar  attachments  of  the  heart,  is  almost  invariably 
about  the  long  axis,  or  a  fixed  point  at  the  base. 

Passing  now  to  a  special  consideration  of  the  causes 
operative  in  the  several  varieties  of  displacement,  we 
find  that  displacement  toward  the  left,  which  is  most 
common,  is  brought  about  by  contraction  of  the  left 
lung  by  accumulation  of  fluid  or  air  in  the  right  pleural 
cavity,  or  by  solid  enlargements  of  the  right  lung  or 
right  lobe  of  the  liver.  Displacement  toward  the  right 
is  most  frequently  due  to  the  presence  of  fluid  or  air  in 
the  left  pleural  sac,  but  may  also  result  from  contraction 
of  the  right  lung  consequent  upon  chronic  pleurisy  or 
fibroid  phthisis ;  and  from  the  development  of  tumors  in 
the  left  side  of  the  chest  or  mediastinum.  Displacement 
downward  may  be  caused  by  aneurisms  or  solid  tumors, 
emphysema  of  the  lungs,  etc.,  in  the  thorax,  or  by  col- 
lapse of  the  stomach  or  intestines.  Displacement  up- 
ward may  be  due  to  solid,  liquid,  or  gaseous  accumu- 
lations in  the  abdominal  cavity,  ovarian  tumors, 
enlargement  of  the  liver,  fibroid  tumors  of  the  uterus, 
etc.  Enlargement  of  the  left  lobe  of  the  liver  usually 
displaces  the  heart  upward  and  to  the  left,  while  great 
enlargement  of  the  spleen  may  push  it  upward  and  to 
the  right.  Enlargement  of  the  liver  from  abscesses  will 
also  raise  the  organ  somewhat,  a  fact  which  may  become 
very  valuable  as  a  means  of  distinguishing  between  he- 
patic abscess  and  abscess  in  the  abdominal  wall  over  the 
liver.  Another  cause  of  this  displacement  is  contraction 
of  the  upper  part  of  either  lung,  the  most  common  patho- 
logical condition  being  phthisis.  Forward  displacements 
are  usually  caused  by  an  aneurism,  or  a  solid  tumor  in  the 
posterior  mediastinum.  Backward  displacement  may  be 
produced  by  tumors  in  the  anterior  mediastinum,  collec- 
tions of  air,  pus,  or  blood  in  the  same  situations,  or  a 
posterior  exostosis  of  the  sternum. 

Symptoms  and  Physical  Signs. — Simple  displace- 
ment of  the  heart,  unattended  by  compression  of  its  walls 
or  torsion  of  the  great  vessels,  causes  no  distinctive  sub- 
jective symptoms.  This  is  especially  true  when  the  dis- 
placement has  been  gradual.  When  it  has  been  rapid, 
however,  or  is  due  to  pressure,  symptoms  of  embarrassed 
cardiac  action  may  be  developed  suddenly.  They  com- 
monly consist  of  praecordial  oppression,  more  or  less  se- 
vere pain,  amounting  even  to  true  angina;  palpitation 
with  its  accompanying  peculiar  sense  of  lack  of  breath, 
which  may  increase  until  it  becomes  absolute  dyspnoea ; 
a  weak,  irregular  pulse,  and  a  pale  or  cyanotic  counte- 
nance. Such  sudden  compression  results  most  frequently 
from  a  rapidly  developed  gaseous  distention  of  the  stom- 
ach or  intestines,  and  may  quickly  become  dangerous, 
and,  if  not  relieved,  produce  collapse  and  death. 

Lateral  displacements  are  usually  more  readily  de- 
tected when  occurring  toward  the  right  than  toward  the 
left  side.  In  the  former  case  the  apex  beat  not  infre- 
quently corresponds  to  the  right  nipple,  between  the 
fifth  and  seventh  ribs,  the  apex  itself  being  usually  raised 
by  the  width  of  an  intercostal  space  above  the  normal 
level.  In  displacement  toward  the  left  the  apex  beat 
may  be  observed  in  the  axillary  region,  with  little  or 
no  perceptible  movement  at  the  normal  situation  of  the 
^pex. 

Dr.  Douglas  Powell  has  shown  that  in  right  lateral 
displacement  the  apex  of  the  heart  is  depressed,  but 
never  so  as  to  occupy  a  po.sition  external  to  the  base  • 


whereas  in  displacements  to  the  left  the  apex  is  rela- 
tively elevated,  and  the  long  axis  of  the  heart  Is  nearly 
or  quite  horizontal.  According  to  Hayden,  the  distinc- 
tive features  of  lateral  displacement  from  liquid  effusion 
into  the  opposite  pleura  are  the  slow  and  mensurable 
mode  of  its  occurrence ;  percussion  dulness  on  the  side 
whence  the  heart  has  been  displaced,  and  clearness  on 
the  opposite  side,  beyond  the  limit  of  cardiac  dulness; 
and,  in  the  event  of  the  removal  of  the  displacing  me- 
dium, return  of  the  heart  to  its  natural  situation,  or  be- 
yond' it  when  the  lung  previously  compressed  has  be- 
come incapable  of  expansion.  Since  the  apex  of  the 
heart  is  so  much  more  movable  than  its  base,  it  is  evi- 
dent that,  in  cases  of  displacement,  the  maximum  points 
of  its  sounds  will  not  be  equally  removed  from  their 
normal  situation.  Thus,  in  left  pleuritic  effusion,  when 
the  maximum  point  of  the  first  sound  is  carried  out  of 
place  to  the  extent  of  seven  or  eight  inches,  the  maximum 
point  of  the  second  sound  is  scarcely  ever  changed  more 
than  an  inch  and  a  half.  In  displacement  to  the  right 
a  systolic  murmur  has  been  noticed,  which  is  ascribed  to 
a  twisting  of  the  great  vessels.  When  displacement  of 
the  heart  is  caused  by  cancer  of  the  lung  or  pleura— with 
or  without  effusion  of  serum— two  diagnostic  symptoms 
of  great  value  are  especially  to  be  noted,  viz.,  enlai-ge- 
ment  of  the  subcutaneous  veins  of  the  affected  side  of 
the  chest,  and  distinct  transmission,  on  the  same  side,  of 
the  sounds  of  the  heart.  These  signs,  when  accompanied 
by  dulness  on  percussion,  absence  of  respiratory  sounds, 
and  vocal  fremitus,  except  at  the  root  of  the  lung,  and 
byvexcentric  displacement  of  the  heart,  become  path- 
ognomonic of  cancer  of  the  lung  or  pleura. 

In  downward  displacement  the  heart  not  only  lies, 
lower  than  usual,  but  it  generally  sways  a  little  to  the" 
right.  Displacement  in  this  direction  is  limited  by  the 
diaphragm,  and  by  the  attachments  at  the  base  of  the 
heart.  It  is  most  frequently  caused  by  emphysema  of 
the  lungs,  which  constitutes,  in  fact,  one  of  the  most 
valuable  signs  in  this  form  of  displacement.  If  the  apex 
beat  is  perceptible  at  all,  it  is  situated  below  and  to  the 
left  of  its  normal  position.  There  is  pulmonary  reso- 
nance instead  of  dulness  in  the  praecordial  area,  and  the 
cardiac  sounds  are  transferred  to  the  epigastric  triangle 
and  the  lower  left  cartilages. 

Upward  displacement  appears  to  reach  its  maximum 
when  resulting  from  ovarian  dropsj'.  In  some  of  these 
cases  distinct  impulse  is  not  to  be  felt  below  the  second 
interspace.  The  sounds  of  the  heart  are  carried  upward 
and  weakened.  In  pericardial  effusion  the  cardiac  im- 
pulse may  correspond  in  position  to  the  left  nipple,  or 
even  be  shifted  farther  in  that  direction.  When  the  effu- 
sion is  very  copious  the  apex  beat  may  be  completely 
obscured. 

Backward  displacement  occurs  most  frequently  in  con- 
nection with  other  forms  of  dislocation.  It  is  unaccom- 
panied by  any  physical  signs  due  directly  to  the  condi- 
tion itself. 

Forward  displacement  is  ascertained  with  difficulty. 
The  physical  signs  are :  Increase  of  the  area  and  strength 
of  pulsation  and  of  precordial  dulness ;  bulging  of  the 
same  sometimes  is  noticed  in  young  subjects.  The  car- 
diac sounds  are  intensified. 

Diagnosis. — The  diagnosis  of  acquired  displacements 
of  the  heart  is  to  be  made  by  the  position  of  the  apex 
beat,  and  of  the  impulse  of  the  organ  generally,  by  the 
altered  locality  of  cardiac  percussion  dulness,  and  by  the 
comparative  intensity  of  the  heart's  sounds,  more  espe- 
cially of  the  first,  at  different  parts  of  the  chest.  The 
chief  conditions  which  simulate  cardiac  dislocation  are 
the  following:  Physiological  displacements,  to  which 
reference  was  made  at  the  outset;  praecordial  bulging  in 
cardiac  hypertrophy ;  intrathoracic  tumors  and  aneur- 
isms lying  behind  the  heart  and  pushing  it  forward — 
thus  producing  the  closest  possible  resemblance  to  car- 
diac hypertrophy ;  adliesions  of  the  pericardium ;  atrophy 
of  the  lungs. 

Prognosis. — Displacements  of  the  heart  being,  in  most 
instances,  attended  by  only  a  slight  amount  of  functional 
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disturbance,  and  oftentimes  by  none  at  all,  their  prog- 
nosis is  determined  by  the  disease  in  which  they  origi- 
nate. As  already  mentioned,  when  they  are  accompa- 
nied by  sudden  and  violent  compression  of  the  heartr,  these 
symptoms,  if  not  relieved  in  time,  may  result  fatally. 
Usually,  however,  the  direct  consequences  of  these  dis- 
placements are  annoying  rather  than  serious. 

Treatment. — There  is  no  direct  treatment  of  cardiac 
displacements,  they  are  to  be  remedied  only  bj'  the  re- 
moval of  their  cause ;  but  this,  in  the  traction  class  of 
cases,  is  very  rarely  possible.  In  those,  however,  which 
i-esult  from  pressure,  treatment  is  often  both  xirgently 
indicated  and  highly  successful.  The  troublesome  pul- 
sation which  is  sometimes  experienced  may  frequently 
be  relieved  by  the  simple  application  of  a  belladonna 
plaster,  with  assurances  as  to  the  unimportance  of  the 
symptom.  Alfred  L.  Loomis. 

HEART  DISEASES:  ENDOCARDITIS.— Endocarditis 
is  an  inflammation  of  the  endocardium,  i.e.,  of  the  mem- 
brane lining  the  cavities  and  valves  of  the  heart.  In  the 
great  majority  of  cases  the  valvular  endocardium  is  alone 
involved. 

Classification. — Endocarditis  is  divided  into  two 
large  classes,  acute  and  chronic.  We  shall  confine  our- 
selves chiefly  to  a  description  of  the  acute  form.  Chronic 
endocarditis  is  practically  synonymous  with  chronic  val- 
vular disease  of  the  heart. 

Acute  endocarditis  is.  divided  into  benign  and  malig- 
nant. These  are  difi'erentiated  both  clinically  and  path- 
ologically. The  synonyms  of  benign  are  simple,  rheu- 
matic, verrucose  and  papillary ;  those  of  malignant  are 
ulcerative  and  infective.  It  must  be  remembered  that 
the  distinction  between 
benign  and  malignant  is 
one  not  of  kind,  but  of 
degree,  as  all  stages  be- 
tween the  two  are  found, 
and  the  same  bacteria 
may  bo  present  in  both. 

History.  — Bouillaud 
first  recognized  endocar- 
ditis as  a  distinct  dis- 
ease, publishing  an  ac- 
count of  it  in  his  work 
on  the  heart  and  vessels 
in  1824.  The  discovery 
of  the  stethoscope  by 
LaSnnec  made  it  possi- 
ble to  recognize  endo- 
carditis during  life-. 
Previous  to  this  time  it 
was  impossible  to  diag- 
nose this  disease  witli 
any  degree  of  certainty 
on  account  of  its  in- 
definite and  unreliable 
symptomatology.  In 
1814  Kreysig  of  Dresden 
devoted  special  attention 
to  inflammation  of  the 
lining  membrane  of  the 
heart.  Bouillaud  by 
means  of  the  signs  fur- 
nished by  LaSnnec  was 
able  accurately  to  local- 
ize the  endocarditis  on 
certain  valves.  He  de- 
clared there  was  a  close 
relationship  existing  be- 
tween rheumatism  and 
endocarditis.      He    also 

called  attention  to  the  fact  that  other  diseases  than  rheu- 
matism, for  instance,  pneumonia,  might  produce  endo- 
carditis. He  recognized  likewise  the  fact  that  the  acute 
form  might  be  attended  by  symptoms  of  pytemia. 
Virchow  described  the  process  of  embolism,  thus  ex- 
plaining the   obscure  complications  on  the  part  of  the 


brain  and  kidneys,  so  intimately  associated  with  endo- 
carditis. Following  this  the  important  additions  to  our 
knowledge  of  the  disease  have  been  made  by  bacte- 
riologists. Klebs  in  1«78  was  the  pioneer  and  insisted 
upon  it  that  the  various  bacteria  of  an}^  one  of  the  infec- 
tious diseases  might  colonize  on  tlie  endocardium  and 
produce  endocarditis.  He  showed  that  both  the  benign 
and  the  malignant  forms  wei-e  caused  by  bacteria.  Litten 
found  the  same  micro-organism  in  both  forms  and  showed 
that  there  was  no  abrupt,  but  only  a  gradual  diiierence 
between  the  two.  Since  this  time  multitudinous  investi- 
gations have  been  made  by  bacteriologists  all  over  the 
world,  largely  increasing  our  knowledge  of  the  etiology 
of  the  disease. 

Bacteriology. — The  following  bacteria  have  been 
found  in  the  vegetations  of  endocarditis:  Streptococci, 
staphylococci,  pneumococci,  and  gonococci  most  fre- 
quently ;  less  often  the  bacteria  of  typhoid  fever, 
anthrax,  diphtheria,  tuberculosis,  influenza,  and  the 
Bacterium  coli  communis. 

Etiology. — Acute  endocarditis  is  in  most  cases  a  prod- 
uct of  bacterial  activity.  It  is  usually  secondary  to  the 
various  infectious  diseases.  When,  as  rarely  happens, 
a  causative  factor  cannot  be  found,  it  is  termed  crypto- 
genetic.  Bacteria  cannot  always  be  demonstrated,  but 
this  may  be  due  to  the  fact  that  they  are  likely  to  disap- 
pear as  the  vegetation  becomes  old.  Sometimes  it  is  pos- 
sible to  demonstrate  them  only  by  culture  methods. 

Since  the  time  of  Bouillaud  acute  articular  rheumatism 
has  been  recognized  as  the  most  important  associate  of 
endocarditis.  It  is  incorrect  to  speak  of  it  as  a  cause, 
since  it,  like  endocarditis,  is  the  result  of  bacterial  activ- 
ity, with  diiferent  localizations.     When  the  germ  or  its. 


Fig.  2590.-Malignant  Endocarditis  Involving  the  Mitral  Valves  and  the  Left  Auricle.    (Original.) 


toxin  attacks  the  joint  it  is  rheumatism;  when  the  en- 
docardium, endocarditis.  In  a  certain  percentage  of 
cases,  the  pericardium  is  attacked  either  alone  or  to- 
gether with  the  endocardium. 

Chorea  seems  to  have  a  special  association  with  endo- 
carditis.    The  vast  majority  of  fatal  cases  show  endo- 
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•carditis.  During  cUildliood  scarlet  fever  is  more  often 
associated  with  endocarditis  tlian  any  of  tlie  otlier  diseases 
■of  early  life.  Thayer  and  Lazear  have  analyzed  thirty 
cases  of  fatal  ulcerative  endocarditis  which  occurred  in 
gonorrhoea.  .    .  . 

Osier  has  demonstrated  the  frequent  association   ot 
pneumonia     with     malignant     endocarditis.      Infected 


Fig.  2591.— Malignant  Endocarditis;  Ulceration  of  tbe  Aortic  Valves ; 

Atheroma.    (Original.) 


wounds,  or  septic  processes,  external  or  internal,  such  as 
puerperal  fever,  boils,  gastric  ulcer  and  bone  necrosis 
may  also  be  followed  by  the  malignant  variety.  The 
infectious  agent  may  find  an  entrance  through  lesions  of 
the  skin,  mucous  membranes  ot  the  throat,  gastro-intes- 
tinal,  respiratory,  and  genito-urinary  tracts — and  produce 
endocarditis. 

It  is  frequently  found  in  debilitating  diseases,  such  as 
Bi-ight's  disease,  diabetes,  cancer,  etc.  These  diseases 
reduce  the  vitality  of  the  patient,  rendering  him  more 
susceptible  to  the  action  of  the  infectious  agent. 

Not  many  years  ago  in  discussing  the  etiology  of  this 
disease  a  prominent  authority  wrote  4;hat  it  arose  from 
exposure  to  cold  or  without  any  cause  being  discoverable. 
Our  present  certainty  regarding  its  etiology  is  in  pleasing 
contiast  to  former  guesswork.  Benign  endocarditis  is 
common  to  childhood.  This  is  supposed  to  be  due  to  the 
greater  vulnerability  to  bacterial  action  during  early  life. 
The  malignant  form  is  rare  in  childhood. 

McjRBiD  Anatomy. — Benign  Form. — As  a  rule  endo- 
carditis involves  the  valves,  but  it  is  possible  for  it  to  be 
located  upon  the  chordtie  tendineie,  or  the  walls  of  the 
cavities  (mural  endocarditis).  Grayish-yellow,  opaque 
bodies,  called  vegetations,  are  seen"  upon  the  diseased 
valves,  usually  near  their  edges.  They  may  be  minute 
and  in  great  numbers,  may  resemble  venereal  warts,  or 
may  be  so  large  as  to  resemble  an  extensive  cock's  comb. 
Microscopically,  they  consist  of  a  superficial  layer  of  coag- 
ulated fibrin,  in  the  upper  layer  of  Avliich  are  entangled 
numbers  of  leucocytes  deposited  from  the  blood  stream. 
Deeper  down  is  a  layer  of  simple  fibrin  free  from  coi-pus- 
•cular  elements  and  below  this  again  is  a  layer  of  ijranu- 


lation  tissue.  In  these  vegetations  bacteria  are  frequently 
found.  Sometimes  they  are  demonstrated  only  by  culture 
methods.  Again  they  are  absent  if  the  vegetation  has 
existed  for  some  time.  These  vegetations  are  a  constant 
source  of  danger,  as  they  are  frequently  whipped  off  by 
the  blood  current  and  carried  as  emboli  to  different  parts 
of  the  body,  producing  striking  symptoms.     The  mitral 

valves  are  most  fre- 
quently attacked  by  this 
process.  Next  come  the 
aortic  and  very  infre- 
quently the  tricuspid 
and  the  p  u  J  m  o  n  a  r  j- 
valves.  Fa=tal  endocar- 
ditis is  confined  chiefly 
to  the  right  side  of  the 
heart.  Tlie  sequel  of 
this  morbid  process  may 
be  resolution  with  no 
impairment  of  the  func- 
tion of  the  valve,  or, 
more  commonly,  thick- 
ening, retraction,  curl- 
ing, or  even  calcifica- 
tion, resulting  in  chronic 
valvular  lesions. 

MuligiKiiit  Form. — All 
stages  of  endocarditis 
are  found  from  the  be- 
nign through  the  transi- 
tional to  the  malignant 
form.  The  same  bac- 
teria are  present  in  all, 
but  are  more  numerous 
and  virulent  in  the  ma- 
lignant. There  is  a  de- 
posit upon  the  inflamed 
area,  resembling  in  many 
respects  that  of  the  be- 
nign form,  but  contain- 
ing many  bacteria  of 
great  virulence.  If  this 
becomes  detached  there 
is  loss  of  tissue  with  the 
formation  of  an  idcer. 
This  ma)'  penetrate  both 
layers  of  the  valve,  or  only  one  layer  of  the  endocardium, 
thus  producing  a  valvular  aneurism.  The  destruction 
of  tissue  may  be  very  rapid  and  extensive  (Fig.  2.592). 
As  in  the  benign  form,  the  left  side  of  the  heart  is 
usually  attacked.  The  tendinous  cords,  the  wall,  or  the 
paijillary  muscles  are  more  likely  to  be  involved  In  the 
process  than  in  the  benign  form.  The  changes  produced 
bj^  the  bacterial  emboli  constitute  an  important  part  of  the 
morbid  anatomy  of  ulcerative  endocarditis.  Small  masses 
of  bacteria  are  whipped  off  by  the  blood  current  and  are 
carried  to  the  most  diverse  parts  of  the  body :  brain, 
lungs,  kidneys,  spleen,  skin,  mucous  membranes,  eye. 
etc.  Inflammation  and  suppuration  soon  occur  and  wc 
have  the  production  of  the  so-called  metastatic  abscesses. 
Few  of  the  viscera  may  escape. 

Symptomatology. — Flint  truly  says,  authenticated 
cases  of  endocarditis  disconnected  from  other  diseases. 
which  serve  to  mask  its  symptoms  to  a  greater  or  less  ex- 
tent, are  wanting. 

Beiiif/ii  Form. — The  symptoms  are  usually  very  indefi- 
nite, the  patient  rarely  complaining  of  more  than  a  prse- 
cordial  distress.  Almost  never  does  this  amount  to  an 
actual  pain.  There  may  be  oppression  and  shortness  of 
breath.  The  heart  action  may  be  rapid  and  irregular, 
furnishing  symptoms  of  palpitation.  The  temperature 
is  usually  elevated  as  a  result  of  the  associated  disease. 
A  slight  extra  elevation,  a  degree  or  two,  usually  occurs 
with  the  advent  of  endocarditis.  Naturally  then,  because 
of  the  unobtrusiveness  of  the  symptoms,  the  disease  is 
frequently  latent  and  not  recognized.  The  physician 
wlio  keejis  in  mind  the  etiology  of  endocarditis  and 
makes  routine  heart  examinations  in  all  cases  of  rheu- 


Hole  through  One  of  the  Valves ;  Old 
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matism,  chorea,  pneumonia,  etc.,  most  frequently  recog- 
nizes the  disease.  It  is  extremely  important  to  remem- 
ber that  in  children  and  adolescents,  a  rheumatism 
followed  by  grave  licart  complications  may  be  very  in- 
sidious, and  show  itself  only  by  a  history  of  pain  in 
joints  or  limbs— no  appreciable  swelling  or  tenderness  of 
joints  and  very  little  fever. 

The  appearance  of  signs  due  to  emboli  fre(iuently 
directs  our  attention  to  the  heart. 

MaligiKOtt  Funii. — In  this  variety  we  find  grave  con- 
stitutional symptoms.  There  are  evidences  of  a  most 
severe  infection,  which  requires  considerable  skill  in 
differential  diagnosis.  It  may  be  impossible  to  separate 
the  symptoms  from  those  of  the  associated  disease,  such  as 
sepsis  oi-  pneumonia.  According  to  the  symptomatology 
we  distinguish  two  large  classes:  (l)'Thc  typhoid,  in 
which  the  case  resembles  typhoid  fever,  showing  con- 
tinued fever,  delirium,  dry  coated  tongue,  distended  ab- 
domen, roiseola,  splenic  enlargement,  and  possibl)'  diar- 
rhoea. (2)  The  septic,  resembling  septicaemia.  The 
temperature  shows  the  streptococcus  curve,  i.e.,  raind 
«levatioii  and  descent  several  times  daily,  accompanied 
by  chills  and  drenching  sweats.  There  is  profound  in- 
toxication and  depression  of  vitality.  The  intermittent 
temperature  and  chills  may  suggest  to  some  malaria. 
In  these  cases  infective  embolic  processes  are  common, 
showing  themselves  in  the  skin,  the  mucous  membrane, 
retina,  and  the  various  internal  organs. 

Certain  authors  mention  a  cardiac  group  in  whicli 
patients  with  chronic  valvular  endocarditis  show  marked 
fever  and  evidences  of  recent  endocarditis.  Many  of 
these  cases  resemble  either  the  typhoid  or  the  septic  form 
and  may  run  a  very  acute  course.  Others  run  a  chronic 
•course  lasting  for  a  year 
or  so. 

Another  grou  p  of 
cases  may  be  termed  tlie 
■cerelu'dl  in  which  the 
s  y  ni  p  t  o  m  s  resemble 
meningitis,  either  basilar 
•or  cerebro-spinal. 

Some  authors  also 
made  a  cntiiiieouit  group. 
Here  petechial  rashes  are 
fou'nd:  also  skin  ab- 
scesses from  infected 
•emboli.  Erythematous 
rashes  are  not  uncom- 
mon. Because  of  pete- 
chial rashes,  cases  of 
niidignant  endocarditis 
have  been  diagnosed 
cerebro-spinal  m  e  n  i  n- 
gitis  and  black  small- 
pox. 

DiPPERENTIAI,    DlAG- 

Kosis. — Attention  to 
etiology  will  assist  one. 
Benign  endocarditis  is 
more  likely  to  follow 
rheumatism ;  malignant, 
infective  processes  and 
pneumonia.  The  symp- 
toms of  the  malignant 
form  are  much  more  in- 
tense, suggesting  septi- 
csemia  or  typhoid  fever. 
The  positive  Widal  re- 
action,  the    absence    of 

leucocytosis,  the  presence  of  the  diazo  reaction,  would 
all  point  to  typhoid  fever.  Unfortunately  the  Widal  and 
diazo  reactions  may  both  be  absent,  and  witli  the  advent 
of  a  complication"  there  may  be  a  leucocytosis.  So_  in 
some  cases  it  is  impossible  "to  differentiate  endocarditis 
from  typhoid  fever.  Even  a  past  master  in  the  art  of 
diagnosis  like  Osier  diagnosed  a  case  typhoid  fever, 
which  post  mortem  was  proven  to  be  endocarditis. 
Osier  gives  the   following   points  for   guidance:  The 


more  abrupt  onset  in  endocarditis,  and  the  absence  of 
any  regularity  of  the  pyi'exia  in  the  early  stage  of  the 
disease,  the  cardiac  pain,  oppression,  and  shortness  of 
breath  may  be  early  symptoms  in  malignant  endocarditis. 
Rigors,  too,  are  not  uncommon.  There  is  marked  leuco- 
cytosis in  infective  endocarditis.  Bacteriological  exami- 
nation of  the  blood  as  used  by  Cole  of  Johns  Hopkins  in 
the  iliagiiosis  of  typlioid  fever  is  of  striking  value,  but 
unfortunately  its  field  of  application  is  limited.  The 
specific  \ariety  of  endocarditis  has  been  diagnosed  dur- 
ing life  by  the  finding  of  the  micro-organism  in  the 
blood. 

PuvsrcAL  Signs. — These  are  very  uncertain,  because 
our  main  dependence  is  placed  upon  the  presence  of  a 
soft  blowing  systolic  murmur  at  the  aortic  or  mitral 
areas.  Such  murmurs  are  extremely  common  and  fre- 
quently do  not  mean  endocarditis,  but  occur  with  the 
various  acute  febrile  processes.  Similar  murnmrs  occur 
in  an:emia,  and  in  many  conditions  which  caimot  be  ex- 
plained. The  size  of  the  heart  is  not  always  of  help  to 
us,  since  an  acute  endocarditis  may  not  enlarge  it.  If  in 
the  coui'se  of  an  acute  disease  a  nmrmur  develops  under 
our  oliservation,  which  cannot  be  accounted  for  by  ane- 
mia or  weakness  of  the  heart  wall,  and  especiallj'  if  ac- 
companied b}'  an  increase  in  the  fever,  we  are  justified 
in  diagno.sing  endocarditis.  Sudden  appearance  and  dis- 
appearance of  murmurs  may  occur  when  vegetations  are 
rapidly  forming  and  changing  their  shape. 

Prognosis. — In  the  vast  majority  of  cases  simple  endo- 
carditis entails  no  immediate  danger.  The  danger  in  such 
cases  is  more  or  less  remote  and  dependent  upon  the 
chronic  valvular  defects  which  follow. 

M.4LiGN.\NT  Endocarditis. — Death  ma\'  take  place  in 


Fin  2.W2  — Mallffnant  Endocaraitis :  Destruction  of  Aortic  Leaflet ;  Old  Thickening  of  Aortic  Valves ;  Dila- 
**  tation  of  tbe  Left  Ventricle.    (Original.) 


three  days.  The  disease  may  be  protracted  for  months. 
Death  results  from  progressive  failure  of  strength  or  in 
consequence  of  secondary  suppuration,  or  of  embolism 
of  an  important  cerebral  vessel.  The  prognosis  is  almost 
always  unfavorable. 

Treatment. — This  should  combine  treatment  of  the 
associated  disease  and  the  endocarditis.  It  will  in  most 
cases  be  necessary  to  treat  the  endocarditis  after  the  pa- 
tient has  recovered  from  the  associated  pneumonia,  rheu- 
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matism,  etc.  Whether  the  salicylates  have  any  effect 
upon  endocarditis  is  a  mpch  mooted  question.  I  am  ol 
the  opinion  that  they  have  a  decided  indirect  effect  upon 
the  valvular  disease.     Any  one  who  has  administered 


Fig.  2593.— MallHnant  Endocarditis  on  Top  of  Old  Sclerosing  Process, 
volvement  of  the  mitral  valves.    (Original.) 


salicylates  in  proper  dosage  in  acute  articular  rheumat- 
ism knows  of  their  remarkable,  almost  specific  control 
over  the  disease.  Endocarditis  may  develop  at  any  time 
during  the  progress  of  a  rheumatic  fever ;  consequently 
if  we  shorten  the  time  of  the  disease  we  lessen  the  possi- 
bility of  the  development  of  endocarditis.  If  the  valvu- 
lar inflammation  has  already  developed,  the  chances  of 
resolution  are  increased,  if  the  fever,  pain,  and  restless- 
ness are  controlled  by  the  giving  of  the  salicyl  com- 
pounds. Bruce  advises  the  combination  of  digitalis  with 
the  salicylates  if  the  heart  seems  weak.  In  the  direct 
treatment  of  endocarditis  rest  is  by  all  means  the  most 
essential  thing.  The  work  of  the  heart  and  the  move- 
ment of  the  diseased  valves  must  be  reduced  to  a  mini- 
mum. This  is  the  best  accomplished  by  putting  the 
patient  to  bed.  An  ice  bag  over  the  pra'cordium  is  often 
of  service  in  quieting  the  action  of  the  heart.  The  time 
required  in  bed  must  be  decided  by  the  progress  of  the 
case.  It  may  require  months  in  order  to  guard  against 
serious  and  permanent  injury  to  the  heart.  At  best  this 
frequently  cannot  be  avoided.  The  development  of 
symptoms  of  incompensation  will  demand  the  adminis- 
tration of  digitalis  and  strychnine.  Annemia  frequently 
develops  as  the  disease  progresses,  and  requires  iron, 
tonics,  good  food,  and  fresh  air.  Mercuric  chloride  and 
quinine  have  been  employed  in  ulcerative  endocarditis 
for  the  purpose  of  destroying  the  bacteria  upon  the  en- 
docardium, but  it  is  very  unlikely  that  they  are  of  any 
use. 

Acute  Rectobbnt  Endocarditis  is  a  very  interest- 
ing form  occurring  on  old  valve  lesions.  It  may  be  be- 
nign or  malignant  (Pig.  3598). 

Chronic  Endocarditis  is  either  a  sequel  of  the  acute 
form  or  is  an  evidence  of  senility,  being  a  part  of  the 
process  of  arteriosclerosis,  involving  the  general  arterial 
system.  This  contracting  endocarditis  leads  to  thicken- 
ing, curling,  contraction,  and  frequently  to  calcification 
of  the  valves.     The  same  causes  which  produce  prema- 


Marked  In- 


ture  arteriosclerosis  produce  it,  namely:  excessive  physL- 
cal  activity,  excessive  use  of  alcohol,  syphilis,  gout  and 
diabetes,  and  chronic  diseases  of  the  kidneys.  The 
chordee  tendinea-  may  gradually  become  shortened, 
greatly  thickened,  and  in  extreme  cases  the 
papillary  muscles  are  implanted  directly 
upon  the  sclerotic  and  deformed  valves. 

The  effects  and  treatment  of  chronic  en- 
docarditis ai-e  those  of  chronic  valvular 
lesions  and  will  be  considered  under  that 
heading.  James  Bae  Arneill. 

HEART  DISEASES:  FATTY  DEGEN- 
ERATION.— Fatty  degeneration  of  the  heart 
muscle  is  a  retrograde  change  characterized 
by  the  formation  of  minute  fat  droplets 
within  the  muscle  protoplasm.  It  is  distin- 
guished from  fatty  infiltration,  in  that  in 
the  latter  process  the  fat  is  deposited  in 
connective-tissue  cells,  either  beneath  the 
pericardium  or  between  the  muscle  fibres. 
The  term  fat  lienrt  is  often  used  as  a  desig- 
nation for  both  fatty  degeneration  and  in- 
filtration, but  it  should  be  applied  to  the 
latter  condition  only.  It  should  he  empha- 
sized that  the  essential  difference  between 
these  two  conditions  is,  that  in  fatty  degen- 
eration the  fat  is  in  the  muscle  cell,  foi-med 
there  by  the  disorganization  of  the  muscle 
protoplasm;  while  in  fatty  infiltration  the 
fat  is  in  connective-tissue  cells,  deposited 
there  from  the  blood. 

Gross  Appeak.vnces.— Severe  degrees  of 
fatty  degeneration  may  exist  without  rec- 
ognizable changes  in  the  appearance  of  the 
heart.  The  naked-eye  diagnosis  of  this  con- 
dition is  in  many  cases  difficult  and  uncer- 
tain. When  the  process  is  extreme  the 
heart  muscle  becomes  yellowish  in  color, 
and  of  softer  consistence ;  it  may  have  a 
fatty  shine  or  give  a  fatty  smear.  The  condition  may 
be  diffuse  or  localized  to  certain  areas.  The  latter  form 
is  the  more  readily  diagnosed,  inasmuch  as  the  heart 
muscle  so  affected  presents  a  peculiar  mottling  of  red 
and  yellow,  occasionally  disposed  in  the  form  of  stripes 
or  broken  bars,  the  so-called  "  tiger-heart."  This  appear- 
ance is  best  seen  on  the  endocardial  surface  of  the  left 
ventricle.  In  the  majority  of  cases  the  degeneration  is 
most  marked  in  the  wall  of  the  left  ventricle  near  the 
apex ;  the  septum,  right  ventricle  and  auricles  being 
affected  in  degree  according  to  the  oi'der  given.  In  the 
left  ventricle  the  papillary  muscles  and  trabeculse  usually 
show  the  most  severe  change,  and  in  some  cases  the  proc- 
ess may  be  sharply  localized  to  these,  the  3'eUowish  color 
of  the  papillary  muscles  standing  out  in  sharp  contrast 
to  the  normal  brownish-red  of  the  remainder  of  the  heart 
wall.  The  heart  is  usually  increased  in  size  without  a 
corresponding  increase  of  weight.  Dilatation  of  greater 
or  less  degree  occurs,  and  the  organ  us  a  whole  is  flabby, 
flattening  when  laid  upon  the  table.  On  section  into  the 
muscle  the  color  change  may  affect  the  \vall  uniformly 
throughout,  but  more  often  it  is  found  in  streaks  and 
patches  of  varying  form,  size,  and  distribution.  The 
discolored  muscle  is  more  opaque  than  normal,  cloudy, 
easily  toi'n,  and  gives  a  fatty  smear  to  a  warm  knife. 
In  very  extreme  cases  the  degeneratic^n  may  be  so  severe 
in  sharply  outlined  areas  as  to  present  an  appearance 
closely  resembling  that  of  an  abscess.  It  must  be  re- 
membered that  fatty  degeneration  of  the  heart  muscle 
rarely  exists  alone,  but  is  usually  associated  with  cloudy 
swelling,  atrophy,  aii;i;mia,  etc.,  all  of  which  processes 
conqilicate  the  diagnosis  from  the  gross  appearances. 

MiGROSCOPiOAi,  Appearances. — The  diagnosis  of  fatty 
degeneration  in  many  cases  can  be  made  only  on  micro- 
scopical examination.  This  should  always  be  done  with 
the  fresh  tissue  when  possible,  inasmuch  as  the  processes 
of  fixation  and  hardening  often  completely  destroy  the 
appeai-ances  of  the  degeneration  by  the  removal  of  the 
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fat  droplets  and  the  contraction  of  the  tissue.  Fixation 
of  the  muscle  in  osmic  acid  or  Flemming's  solution  will 
obviate  this  danger.  Slight  degrees  of  fatty  change  are, 
however,  alwaj-s  best  brought  out  by  the  treatment  of 
freshly  teased  muscle  with  osmic  acid.  The  affected 
muscle  fibres  are  found  to  contain  minute  fat-droplets 
arranged  in  rows  between  the  masses  of  interfibrillary  sar- 
coplasm,  beginning  about  the  nucleus  and  extending  lin- 
early toward  the  ends  of  the  fibres.  In  the  early  stages 
the  transverse  striations  are  usually  not  affected,  but  in 
severe  degrees  of  the  change  they  gradually  disappear, 
first  at  the  fibre-ends  and  then  toward  the  nuclei.  The 
staining  power  of  the  nucleus  is  alwaj's  affected;  in  ex- 
treme degrees  the  nuclei  may  be  entirely  lost.  The 
changes  are  usually  most  marked  in  the  fibres  Ij'ing  just 
beneath  the  endo- and  pericardium,  the  endocardium  it 
self  being  rarely  affected.  In  the  acute  forms  of  fatty 
degeneration  cloudy  swelling,  segmentation,  and  frag- 
mentation, etc.,  are  usually  found  in  association  with  the 
fatty  change ;  in  tlie  chronic  cases  atrophy  of  the  fibres, 
both  simple  and  pigment,  with  increase  of  the  interstitial 
connective  tissue,  is  present. 

Etiology. — The  causes  of  fatt}'  degeneration  of  the 
heart  are  both  local  and  general.  Of  the  former  dis- 
turbed nutrition  resulting  from  sclerosis  or  obstruction 
of  the  coronary  arteries  is  the  most  common  and  impor- 
tant cause.  Patty  degeneration  of  the  muscle  may  also 
be  caused  by  disturbances  of  nutrition  secondary  to  myo- 
carditis, cardiac  abscess,  pericarditis,  and  endocarditis. 
In  pericarditis  the  degeneration  may  be  confined  to  the 
layer  of  muscle  immediately  beneath  the  epicardium. 

The  two  great  general  causes  of  this  degeneration  are 
anaemia  and  intoxication.  It  is  of  common  occurrence 
in  pernicious  anremia,  chlorosis,  leukfemia,  and  all  forms 
of  secondary  antemia.  It  occurs  after  long-continued  or 
frequently  repeated  hemorrhage  (epistaxis,  haemoptysis, 
hsematemesis,  menorrhagia,  metrorrhagia,  hemorrhage 
from  the  intestines,  hsematuria,  etc.).  It  has  been  ob- 
served after  venesection.  Fatty  degeneration  is  also  corn- 
monly  associated  with  the  cachectic  anoemias  of  chronic 
suppuration,  chronic  diarrhoeas,  syphilis,  tuberculosis, 
malaria,  malignant  growths,  etc.  In  all  of  these  condi- 
tions the  systemic  Intoxication  is  to  be  regarded  also  as  a 
possible  factor  in  the  production  of  the  condition.  Defi- 
cient oxygenation  due  to  cardiac  insufficiency,  valvular 
lesions,  emphysema,  fibroid  pneumonia,  etc.,  also  causes 
fatty  change  of  the  heart  muscle.  The  relation  of  fatty 
degeneration  to  cardiac  insufficiency  is  not  entirely  clear ; 
the  condition  is  almost  always  present  in  the  failure  of 
•compensation  of  the  hypertrophied  heart  in  chronic  val- 
vular disease,  and  while  it  is  usually  regarded  as  being 
the  cause  it  is  also  possible  that  it  may  be  the  result  of 
the  cardiac  insufficiency. 

Extreme  fatty  degeneration  of  the  cardiac  muscle  oc- 
curs in  poisoning  with  phosphorus,  arsenic,  antimony, 
etc.  It  may  also  occur  to  an  extensive  degree  in  the 
acute  infectious  diseases,  especially  in  typhus  and  typhoid 
fevers,  recurrent  fever,  scarlet  fever,  diphtheria,  pneu- 
monia, puerperal  fever,  pyaemia,  etc.  In  acute  yellow 
•atrophy  of  the  liver  and  in  puerperal  eclampsia  the  fatty 
degeneration  of  the  heart  may  be  so  marked  as  to  resem- 
ble that  seen  in  phosphorus  poisoning.  In  the  infectious 
diseases  the  fatty  change  is  to  be  attributed  chiefly  to  the 
action  of  the  poisons  produced  in  these  conditions,  but 
the  effect  of  the  increased  temperature  of  the  body  must 
also  be  regarded  as  an  important  factor.  Long-continued 
mercurial  inunctions,  iodoform  and  chloroform  poisoning, 
morphinism,  the  camphor  habit,  the  long-continued  use 
■of  dilute  mineral  acids  in  beverages,  or  as  adulterants  of 
vinegar,  mushroom  poisoning,  etc.,  are  among  the  many 
other  supposed  factors  of  fatty  degeneration  of  the  myo- 
cardium. In  the  later  stages  of  chronic  nephritis  and 
gout  there  is  almost  always  present  extensive  fatty 
■change  in  the  heart,  resulting  partly  from  the  general 
cachexia  and  ansemia,  and  partly  from  sclerotic  changes 
in  the  coronary  vessels.  The  habitual  use  of  alcohol  is 
•one  of  the  most  important  causes  of  slowly  progressive 
fatty  degeneration  of  the  myocardium.     The  condition  is 


found  particularly  in  the  case  of  habitual  beer  drinkers. 
The  condition  is  of  very  frequent  occurrence  among  the 
lower  classes  in  Germany  and  Austria  with  whom  beer 
forms  a  very  important  part  of  the  daily  diet.  In  France 
the  use  of  dilute  mineral  acids  in  some  of  the  beverages 
ccinsumed  by  the  lower  classes  is  said  to  be  an  important 
factor  in  the  production  of  fatty  degeneration. 

High  living,  over-eating,  lack  of  exercise  as  well  as 
excessive  muscular  activitj'  are  regarded  as  either  pri- 
mary or  predisposing  factors  to  cardiac  degeneration. 
Idiopathic  hypertrophy  is  practically  always  followed 
by  fatty  degeneration.  Cardiac  over-strain  in  laborers, 
athletes,  etc.,  is  another  very  important  etiological  fac- 
tor. A  slight  amount  of  fatty  change  in  the  senile  heart 
is  to  be  regarded  as  physiological.  The  pathological 
fatty  degeneration  of  the  heart  due  to  anaemia  or  ca- 
chexia is  found  more  frequently  in  women  than  in  males ; 
that  due  to  coronary  sclerosis,  alcoliolism,  etc.,  much 
more  frequently  in  males.  The  majority  of  the  cases  are 
in  individuals  past  fifty  years  of  age.  Cardiac  fatty  de- 
generation occurring  in  young  individuals  is  almost  al- 
ways due  to  intoxication  or  infection. 

Symptoms. — The  symptoms  of  fatty  degeneration  do 
not  differ  from  those  of  other  forms  of  myocardial  affec- 
tions. It  is  usually  impossible  to  differentiate  between 
fatty  and  fibroid  heart.  The  most  extreme  degrees  of 
fatty  degeneration,  as  found  in  severe  cachexias,  perni- 
cious auieraia,  etc.,  may  give  rise  to  no  symptoms  if  car- 
diac dilatation  has  not  taken  place.  It  is  the  latter  con- 
dition which  produces  the  symptoms  which  are  usually 
associated  with  fatty  degeneration.  Dyspnoea,  cardiac 
irregularity,  palpitation,  prsecordial  distress,  vertigo,  the 
so-called  pseudo-apoplectic  attacks,  rapid  and  weak 
pulse,  etc.,  are  symptoms  of  dilatation  rather  than  of 
fatty  degeneration.  Very  rarely  anginal  attacks  may 
occur  without  coronary  changes.  In  the  late  stages 
Cheyne-Stokes  breathing  may  be  present.  The  physical 
signs  are  those  of  dilatation.  Death  may  occur  from 
sudden  over-strain  or  from  slowly  developing  cardiac 
insufficiency.  In  rare  cases  aneurismal  dilatation  of  the 
cardiac  wall  may  result  from  local  weakening  of  the 
myocardium  due  to  fatty  degeneration. 

Prognosis. — In  the  majority  of  cases  of  myocardial 
disease  the  prognosis  is  ver}'  unfavorable,  especially  in 
the  slowly  developing  or  chronic  form.  Acute  degener- 
ation of  mild  degree  caused  by  acute  infections  or  poison- 
ing may  recover  completely  ;  the  more  severe  forms  may 
be  very  quickly  fatal.  Within  certain  limits  chronic 
fatty  change  of  mild  degree  does  not  quickly  lead  to  a 
fatal  issue. 

Treatment. — The  occurrence  of  fatty  degeneration 
may  be  many  times  prevented  by  careful  regulation  of 
the  daily  life.  In  suspected  cases  strict  diet  should  be 
enforced,  the  amount  and  character  of  muscular  activity 
carefully  planned,  and  the  patient  protected  from  excite- 
ment of  all  kinds.  Sudden  death  during  sexual  inter- 
course, straining  at  stool,  lifting,  running,  etc.,  is  ex- 
tremely common  in  this  affection.  Alcohol  should  be 
entirely  withdrawn,  and  the  amount  of  fluid  limited. 
When  the  signs  of  dilatation  have  not  appeared  digitalis 
is  usually  not  advisable.  Strychnine  and'  nitroglycerin 
may  be  given.  When  symptoms  of  cardiac  insufficiency 
are  present  the  treatment  should  be  carried  out  along  the 
lines  indicated  for  the  treatment  of  failure  of  compensa- 
tion in  chronic  valvular  disease. 

Aldred  Scott  Warthiii. 

HEART     DISEASES:     FATTY      INFILTRATION.— 

Fatty  infiltration  of  the  heart  is  that  condition  in  which 
the  subepicardial  fat  alone  is  greatly  increased,  or  in  con- 
nection with  this  increase  there  is  also  an  extension  of 
adipose  tissue  into  the  myocardium.  Normally  there 
should  be  but  a  small  amount  of  subepicardial  fat  and 
this  should  be  confined  to  the  sulci  and  grooves  along  the 
superficial  coronary  vessels,  being,  greatest  in  amount  at 
the  base  of  the  heart.  Over  the  greater  part  of  the  ven- 
tricular surfaces  in  the  active,  muscular  male  of  early 
adult  life  there  should  be  no  fat,  but  after  the  age  of  forty 
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there  is  a  physiological  increase  in  the  amount  of  the 
cardiac  panniculus.  There  are,  however,  wide  individ- 
ual variations  in  the  amount  of  subepicardial  fat  within 
apparently  normal  limits,  depending  upon  intrinsic  pecul- 
iarities of  metabolism,  habits  of  life,  etc.  The  presence 
of  fat  cells  between  the  muscle  fibres  in  the  interstitial 
tissue  of  the  myocardium  is  under  all  circumstances  to 
be  regarded  as  pathological.  Such  an  encroachment 
upon  the  muscle  is  usually  due  to  a  direct  ext<'nsion  of 
adipose  tissue  from  the  subepicardial  fat,  chiefly  along 
the  lines  of  the  arterial  branches.  Secondary  to  the  intil- 
tration  of  adipose  tissue  there  is  an  atrophy  of  the  heart 
muscle.  In  extreme  cases  the  greater  part  of  the  myo- 
cardium may  be  replaced  by  adipose  tissue  which  may 
extend  even  to  the  endocardium.  In  some  cases  the  de- 
posit of  fat  in  the  cells  of  the  interstitial  tissue  may  be 
secondary  to  a  primary  atrophy  or  degeneration  of  the 
heart  muscle,  the  formation  of  fatty  tissue  being  of  the 
nature  of  a  compensatory  process.  Two  forms  of  fatty 
infiltration  may  therefore  be  distinguished  clinically: 
primary  and  secondary  fatty  heart.  Of  these  the  first 
variety  is  by  far  the  most  common  and  important. 

In  extensive  hyperplasia  of  the  subepicardial  pannicu- 
lus the  heart  is  usually  increased  in  size,  partly  from  in- 
creased thickness  of  its  wall,  and  partly  from  dilatation. 
The  weight  of  the  organ  may  or  may  not  be  above  that 
of  the  normal.  The  entire  heart  may  be  encased  in  a 
thick  layer  of  fat  (lipoma  capsulare  cordis,  obesitas  cor- 
dis, lipomatosis  cordis,  fatty  overgrowth,  Mastfettherz, 
etc.).  The  most  extensive  deposit  is  found  at  the  base 
of  the  ventricles  along  the  auriculo-ventricular  groove,  in 
some  cases  having  a  distinct  lobular  arrangement.  The 
heart  muscle  may  not  be  visible  through  the  epicardium 
at  any  point.  On  section  through  the  heart  the  layer  of 
adipose  tissue  may  be  found  to  form  almost  the  entire 
thickness  of  the  wall,  the  muscle  consisting  of  a  thin 
layer  beneath  the  endocardium.  In  the  most  extreme 
cases  the  fat  may  reach  to  the  endocardium  in  the  form 
of  trabeculse  extending  along  the  intermuscular  septa, 
gradually  diminishing  in  size  as  they  approach  the  endo- 
cardium. On  microscopical  examination  groups  of  fat 
cells  are  seen  between  the  muscle  fibres.  The  latter  may 
show  varying  stages  of  simple  or  pigment  atrophy. 
Patty  degeneration  of  the  atrophic  muscle  is  not  infre- 
quently present. 

Patty  infiltration  of  the  heart  ma}'  exist  as  a  part  of  a 
general  obesity,  either  congenital  or  acquired.  Lack  of 
exercise,  over-eating,  excessive  use  of  carbohydrates, 
alcohol,  etc.,  as  well  as  excessive  water  drinking  are  the 
most  important  factors  in  the  production  of  this  condi- 
tion. It  is  most  common  in  males  at  middle  age;  in 
women  it  may  exist  as  a  part  of  general  obesity  asso 
ciated  with  or  following  the  menopause.  Deficient  oxy- 
genation from  aniEmia  or  from  chronic  pulmonary  disease 
also  leads  frequently  to  fatty  infiltration  of  the  heart. 
The  condition  is  often  found  in  the  cachexias  of  chronic 
tuberculosis,  carcinoma,  etc.  It  occurs  in  the  early  stage 
of  diabetes,  and  in  certain  forms  of  chronic  poisoning, 
drug  habits,  etc.  (iodoform,  morphine,  camphor,  chloro- 
form, dilute  mineral  acids,  etc.1. 

A  moderate  degree  of  fatty  infiltration  may  exist  with- 
out signs  or  symptoms,  but  beyond  a  certain  limit  the 
over-accumulation  of  fat  beneath  the  epicardium  or  its 
infiltration  into  the  myocardium  causes  impairment  of 
the  cardiac  function.  In  such  cases  the  apex  beat  is  lost, 
the  cardiac  impulse  is  very  faint  or  not  present  at  all! 
the  area  of  dulness  is  increased,  and  the  heart  sounds  are 
muffled.  The  pulse  is  soft,  of  low  tension,  often  rapid  and 
irregular.  The  affected  individual  is  stout,  with  excessive 
abdominal  panniculus,  and  usually  shows  signs  of  gen- 
eral venous  congestion.  Palpitation,  precordial  distress 
and  dyspnoea  are  produced  by  slight  exertion,  and  there 
is  a  tendency  to  excessive  sweating.  The  urine  is  usually 
increased  in  amount,  pale  and  of  a  low  specific  gravity 
In  an  individual  with  general  obesity  these  signs  and 
symptoms  may  be  taken  as  certain  indications  of  fatty 
heart.  In  the  cases  of  primary  atrophy  of  the  heart  mus- 
cle with  secondary  fatty  Infiltration  the  differential  diag- 
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nosis  is  not  so  easily  made.  In  these  cases  the  subcuta- 
neous panniculus  "may  be  greatly  decreased,  and  tlie 
cardiac  symptoms  obscured  by  those  of  the  condition 
causing  the  myocardial  atrophy.  In  the  later  stages  of 
fatty  infiltration  the  symptoms  are  those  of  cardiac  dilata- 
tion, and  the  condition  cannot  be  diagnosed  from  other 
forms  of  myocardial  affections. 

The  prognosis  on  the  whole  Is  much  more  favorable 
than  in  the  case  of  fatty  degeneration.  In  cases  of  ac- 
quired obesity  due  to  manner  of  living  it  is  quite  good. 
In  congenital  obesity  it  Is  much  less  favorable,  and  when 
secondary  to  other  disease  processes  the  prognosis  rests 
wholly  upon  that  of  the  more  serious  condition.  It  must 
be  emphasi?;ed  that  the  individual  with  fatty  heart  can- 
not meet  without  danger  many  conditions  involving 
slight  degrees  of  heart-strain.  Intercurrent  affections 
such  as  influenza,  bronchitis,  pneumonia,  typhoid  fever, 
etc.,  are  very  likely  to  cause  death  through  cardiac  insuf- 
ficiency. Anaesthesia,  surgical  operations,  excessive  fa- 
tigue, muscular  strain,  Intense  emotion,  etc.,  are  to  be 
regarded  as  dangerous  factors  in  the  case  of  individuals 
aft'ected  with  fatty  infiltration.  While  sudden  death  is 
not  infrequent  in  this  condition  It  is  not  nearly  so  com- 
mon as  in  the  case  of  fatty  degeneration. 

In  the  cases  associated  with  obesity  the  treatment  is 
very  simple  and  If  carefully  followed  very  successful. 
The  administration  of  drugs  Is  of  secondary  importance 
and  is  usually  limited  to  general  tonics  and  to  the  im- 
provement of  elimination.  The  essential  factors  of  the 
treatment  are  entirely  hygienic.  The  diet  should  be 
chiefly  nitrogenous,  fats  and  carbohydrates  being  reduced 
to  the  smallest  possible  proportions.  The  use  of  alcohol 
should  be  entirely  stopped,  and  but  little  fluid  should  be 
taken  with  the  meals.  The  quantity  of  food  and  drink 
taken  should  be  most  carefully  regulated.  The  amount 
and  character  of  physical  exercise  taken  are  of  prime  Im- 
portance and  should  be  most  carefully  prescribed.  The 
use  of  certain  mineral  waters  Is  of  great  value  in  many 
cases  as  a  means  of  promoting  elimination.  Turkish 
baths  may  be  employed  toward  the  same  end.  In  the 
forms  of  fatty  infiltration  due  to  anaemia,  etc. ,  the  treat- 
ment is  carried  out  along  lines  depending  upon  the  pri- 
mary disease.  xUdred  Scott  WartJtin. 

HEART  DISEASES:  FIBROID  HEART.— The  terms 
cardicj-sclerosls  and  chronic  fibrous  myocarditis  are  syn- 
onyms. There  Is  either  a  hyperplasia  of  interstitial  con- 
nective tissue,  or  a  replacement  of  heart  muscle,  more  or 
less  extensive,  by  fibrous  tissue. 

Etiology. — It  is  intimately  associated  in  most  instances 
with  the  process  of  arteriosclerosis,  especially  in  Its  in- 
volvement of  the  coronary  arteries.  The  blocking  of  one 
of  these  arteries  l)y  a  thrombus  or  an  embolus  leads  to  a 
condition  termed  ana?mic  necrosis,  or  white  Infarct. 
Fibrous  myocarditis  may  result  from  the  gradual  trans- 
formation of  such  processes  into  fibrous  tissue.  It  fre- 
quently follows  the  narrowing  of  a  coronary  branch  in 
the  process  of  obliterative  endarteritis.  According  tO' 
Broadbeut,  syphilitic  disease  of  the  mxocardlum  and 
chronic  interstitial  myocarditis  in  association  with  sub- 
acute pericarditis  and  adherent  pericardium,  are  the  com- 
monest causes  of  diffuse  interstitial  fibrosis.  Chronle 
nephritis,  with  associated  high  tension  In  the  arterial  sys- 
tem, produces  thickening  in  the  walls  of  the  arterioles, 
and  Increase  of  connective  tissue  in  their  proximity. 
Chronic  _  alcoholism  may  be  associated  with  a  diffuse 
fibroid  infiltration.  j\Iyocarditic  cicatrices  may  some- 
times result  from  a  previous  pericarditis  or  endocarditis 
the  inflammation  extending  through  to  the  heart  muscle. 

MoKBiD  ANATOMY.— This  sclerosls  occurs  most  fre- 
quently at  the  apex  of  the  left  ventricle  and  in  the 
septum,  but  may  occur  In  any  portion.  In  the  septum 
there  are  often  streaks  of  fibroid  degeneration  which  do- 
not  reach  the  endocardium ;  It  may  be  necessary  to  divide 
the  muscle  in  order  to  see  them.  This  degeneration  is 
the  invariable  precursor  of  aneurism  of  the  heart. 

Symptoms.— It  occurs  in  men  past  middle  life  The 
symptoms  are  extremely  unreliable.     The  so-called  class- 
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ical  symptoms  are  just  as  likely  not  to  b(,'  iircsent.  In 
rare  cases  the  pulse  may  be  infrequent,  even  as  low  as 
36;  there  may  be  shortness  of  breath  and  n-clema.  In 
other  cases  Ave  may  find  a  rapid,  irregular,  and  imequal 
pulse,  with  signs  of  incompensatiou.  Those  cases  in 
which  coronary  arterlo-sclerosis  is  present  I'retpiently 
show  symptoms  of  angina  pectoris. 

Physical  signs  are  very  indefinite.  There  may  be  some 
hypertrophy.  Murmurs,  systolic  iu  time,  may  be  present 
during  incompeusation.  The  sounds  may  be  weak,  irreg- 
ular, and  valvular  in  character ;  accentuation  of  the  aortic 
second,  and  reduplication  of  some  of  the  scnmds,  a  diffuse 
slapping  cardiac  impulse,  and  even  a  gallop  rhythm  may 
be  present.  Post-mortem  examination  has  proven  the 
unreliability  of  symptoms  and  physical  signs  in  the  diag- 
nosis of  this  condition,  even  in  the  hands  of  experts. 
Cabot  states  that  a  prominent  Boston  pathologist  told 
him  he  had  never  seen  a  case  of  myocarditis  correctly 
diagnosed.  So  far  as  symptoms  and  signs  go  it  is  im- 
possible to  distinguish  the  fibroid  from  the  fatty  heart. 
My  observation  is  that  physicians  usually  diagnose 
fatty  heart  if  the  patient  is  obese,  fibroid  heart  if  lie  is 
lean. 

Course  op  Disease. — These  patients  may  die  suddenl}- 
without  having  previously  shown  any  symi^toms ;  there 
may  be  rupture  of  the  heart  or  a  blocking  of  a  coronarj^ 
artery.  Again,  tliey  may  present  symptoms  exactly 
similar  to  those  of  an  incompensated  valvular  lesion. 
Dilatation  of  the  cavities  with  the  development  of  mur- 
murs of  relative  insufficiency  make  it  impossible  to  dis- 
tinguish it  from  valvular  lesions. 

Prognosis. — It  is  distinctly  unfavorable  except  in 
syphilitic  cases,  which  may  respond  promptly  to  the  use 
of  iodides. 

Treatment. — Appreciating  the  uncertainty  of  a  diag- 
nosis, our  treatment  of  suspected  cases  must  be  based 
upon  the  broad  lines  of  common  sense  and  must  depend 
mostly  upon  indications  drawn  from  the  symptoms  and 
signs  of  weak  heart.  If  symptoms  of  incompeusation  are 
present,  the  patient  must  be  put  to  bed  and  placed  upon 
digitalis  and  strychnine,  with  a  light,  nutritious  diet.  As 
routine  measures  these  patients  should  observe  moder- 
ation in  food  and  drink,  and  avoid  variations  in  blood 
pressure  by  a  very  even  life ;  the  bowels  should  be  kept 
open  with  mild  mercurials  and  saline  purgatives.  Strych- 
nine, gr.  -^,  every  six  hours,  or  in  the  form  of  nux  vom- 
ica, gtt.  XX.  three  or  four  times  daily,  is  useful.  If  arterial 
tension  is  high,  nitroglycerin  is  indicated. 

James  Bae  Arneill. 

HEART  DISEASES:  HYPERTROPHY  AND  DILATA- 
TION.— A  discussion  of  these  pathological  conditions  un- 
der a  separate  heading  necessitates  more  or  less  repetition 
of  facts  stated  in  the  articles  on  valvular  and  myocardial 
diseases. 

These  conditions  usually  go  hand-in-hand ;  at  times  the 
hypertrophy  exceeds  the"  dilatation,  at  other  times  the 
idilatation  exceeds  the  hypertrophy.  It  is  very  unusual 
to  find  a  pure  hypertrophy  or  a  pure  dilatation. 

Hypertrophy  is  almost  invariably  a  conservative  proc- 
ess; dilatation  on  the  other  hand,  though  at  times  con- 
servative, as  in  aortic  insufficiency,  is  generally  destruc- 
tive. Both  conditions  may  affect  the  whole  heart,  but 
are  more  likely  to  be  limited  to  one  part.  We  may  even 
have  hypertrophy  limited  to  one  papillary  muscle  and 
dilatation  to  a  conus  arteriosus. 

Hypertrophy  means  an  increase  in  the  mass  of  muscular 
.tissue,  usually  associated  with  an  increase  in  volume. 
Dilatation  means  an  enlargement  of  the  cavities  of  the 
heart.  The  same  laws  which  affect  the  development  of 
muscular  tissue  in  other  parts  of  the  body  apply  to  the 
heart  Under  conditions  of  proper  nutrition,  increased 
work  causes  an  enlargement  of  the  cardiac  muscle. 
Ziegler  says  this  increase  in  size  takes  place  by  enlarge- 
'  ment  of  the  muscle  cells.  Whether  or  not  a  proliferation 
of  the  cells  also  is  present  is  not  yet  positively  known. 
Some  authorities  believe  there  is  a  definite  increase  in  the 
number  of  muscle  cells. 


Schroetter  divides  hypertrophy  into  tlircu  classes: 

I.  Simple  hypertrophy, — increase  of  the  heart  in  vol- 
mne  with  normal  cavities. 

II.  Concentric  hypertrophy, — thickening  of  the  walls 
with  diminution  in  the  size  of  cavities. 

III.  Exoentrie  hypertrophy,— increase  in  muscular  tis- 
sue, with  enlargement  of  cavities. 

Of  these  three  classes  only  the  third,  excentric  hypei'- 
trophy,  is  of  special  interest  to  us  The  first  two  divi- 
sions are  comparatively  rare. 

If  work  above  its  normal  capacity  is  thrown  uimn  any 
part  of  the  heart,  hypertrophy  results.  This  is  l)rought 
about  by  the  picscnee  of  unusual  obstruction  to  the  flow 
of  blood,  and  by  excessive  stimulation  of  the  nervou.s 
mechanism  of  the  heart. 

Let  us  now  consider  in  some  detail  the  different  causes, 
which  produce  hypertrophy  of  special  portions  of  the 
heart : 

Lcjt  ]'('iitri<'k'. — The  following  are  the  conditions  under 
which  hypertrophy  of  this  part  takes  place: 

(ii)  Valvular  lesions:  Aortic  insufficiency,  aortic  steno- 
sis, mitral  insufficiency  :  (b)  the  various  conditions  which 
cause  increased  resistance  in  the  greater  circulation, 
namely:  aneurism,  congenital  narrowing  of  the  aorta 
(rare),  small  arterial  sj'stem  (rare),  arterio-sclerosis  (very 
common)  in  which  there  may  be  both  diminution  in  the 
calibre  of  the  artery  and  loss  of  elasticity.  The  elasticitv 
of  the  arterial  wall  is  a  powerful  aid  in  propelling  the 
blood  current  forward.  Various  intoxications  cause  a 
contraction  of  the  peripheral  circulation  and  thus  raise 
blood  pressure.  Chief  among  these  are  the  various  forms 
of  Bright's disease;  also  gout  and  lead  poisoning.  With 
these  diseases,  especially  chronic  interstitial  nephritis, 
we  frequently  find  a  high  grade  of  ,arterio-sclerosis.  The 
entire  heart  may  become  involVed  in  this  hj'pertrophy. 
At  present  I  have  under  observation  a  middle-aged 
patient  who  shows  considerable  cardiac  hypertrophy,  the 
apex  being  in  the  anterior  axillary  line.  Valvular  lesions 
have  never  been  demonstrated  in  this  case ;  there  is,  how- 
ever, considerable  arterio-sclerosis. 

The  excessive  use  of  tea,  coffee,  alcohol,  and  tobacco, 
through  their  exciting  action  on  the  nervous  mechanism 
of  the  heart,  may  produce  slight  hypertrophy.  Exoph- 
thalmic goitre  and  various  nei'vous  conditions,  such  as 
neurasthenia,  if  of  sufficient  duration,  may  cause  hj^per- 
trophy.  But  valvular  lesions  are  a  frequent  complica- 
tion of  Graves'  disease. 

(c)  Pathological  conditions  in  the  heart  wall,  such  as 
chronic  myocarditis  and  adherent  pericardium,  give  rise 
to  hypertrophy,  because  of  the  obstriiction  offered  to  the- 
orderly  and  regular  contractions  of  the  heart. 

Might  Ventricle. — It  is  hypertrophied  under  the  follow- 
ing conditions : 

(a)  Valvular  lesions;  most  frequently,  mitral  insuffi- 
ciency, and  stenosis;  the  very  rare  lesions  of  the  right 
heart,  pulmonary  stenosis  and  insufflciencj',  tricuspid 
stenosis  and  insufficiency.  Relative  tricuspid  insuffi- 
ciency secondary  to  left  heart  lesions  is  rather  frequent. 

(b)  Increased  resistance  in  the  joulmonary  circulation, 
due  to  narrowing  of  the  calibre  of  the  pulmonary  artery 
by  pressure  froirt  without,  as  by  aneurism,  tumors,  and  so 
forth ;  congenital  narrowing  and  arterio-sclerosis  of  the 
pulmonary  artery  (rare) ;  also  the  cutting  off  of  capillary 
regions  in  the  lungs  by  pleurisy,  pneumothorax  if  of 
sufficient  duration,  chronic  fibroid  conditions,  tumors, 
chronic  infiltrations  with  or  without  cavities,  emphysema , 
spinal  curvature  with  dislocation  of  the  heart. 

Auricles. — Hypertrophy  of  these  chambers  is  much 
rarer  than  dilatation,  and  is  usually  associated  with  a. 
much  greater  degree  of  dilatation.  The  left  auricle  hj'- 
pertrophies  more  than  the  right. 

Hypertrophy  of  the  whole  heart  takes  place  when  there 
is  a  combination  of  several  causes,  for  instance,  aortic  and 
mitral  insufficiencies,  combined  with  a  relative  tricuspid 
insufficiency;  of  valvular  disease  complicated  by  lung  or 
arterial  disease. 

Athletic  Heart. — AUbutt  and  Stengel  have  made  special 
studies  of  the  athletic  heart  among  the  students  of  Cam- 
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bridge  and  tlie  Universit.y  of  Penusylvania.  Tlity  have 
demonstrated  by  means  of  percussion  and  location  of  the 
apex,  that  several  years  of  the  severer  forms  of  athletics, 
such  as  distance  running,  rowing  and  football,  will  in- 


FiG.  3594.— Hypertropby  ol  the  Left  Ventricle  and  Dilatation  of  the  Right.    (Original.) 


•crease  the  size  of  the  heart  considerably.  In  these  cases 
the  valves  are  healthy.  It  is  true  that  in  some  in- 
stances a  so-called  athlete's  lieart  is  one  enlarged  b}' 
aortic  or  mitral  insufficienc}'.  Seitz  in  Germany,  and 
Da  Costa  in  this  countrj-,  have  called  our  attention  to 
a  very  similar  condition  in  soldiers  who  have  undergone 
severe  strain  from  long 
marches. 

Morbid  Anatomy. — 
The  size  of  the  average 
normal  heart  is  about 
equal  to  the  patient's 
closed  right  fist.  The 
heart  of  the  adult  male 
weighs  about  nine 
ounces;  of  the  female 
eight  ounces.  The  ma- 
jority of  hypertrophied 
hearts  weigh  from  six- 
teen to  twenty  ounces. 
Hearts  of  enormous  size 
have  been  reported ; 
Beverley  Robinson  lias 
reported  a  heart  weigh- 
ing fifty-three  ounces, 
Alonzo  Clark  one  weigh- 
ing fifty-seven  ounces, 
and  Stokes  one  weigh- 
ing sixty-four  ounces. 
Another  good  method  of 
determining  the  extent 
of  hypertrophy  is  by 
measuring  the  thickness 
of  the  wall  after  the 
heart  has  been  thor- 
oughly relaxed  by  soak- 


ing in  water.  Tlie  left  ventricle  normally  has  a  thickness 
of  9  to  12  mm. ;  so  a  thickness  of  30  to  35  mm.  indicates 
hypertrophy  The  right  ventricle  is  tiiinner  than  the  left, 
measuring  on  an  average  4  to  7  mm.  When  hypertro- 
phied it  measures  from 
13  to  30  mm.  The  left 
auricle  has  a  normal 
thickness  of  about  3 
mm.  ;  the  right  scarcely 
3  mm.  The  auricles  may 
be  doubled  in  thickness 
when  ly-pertrophied. 

The  conical  shape  of 
the  heart  is  lost  in  liy- 
pertroph}'  and  dilata- 
tion, by  reason  of  the 
apex  b  ei  n  g  greatlj' 
broadened  and  rounded. 
When  the  right  ventri- 
cle is  chiefly  affected  it 
occupies  most  of  the 
apex.  The  hypertro- 
phied muscle  is  deep  red 
in  color  and  firmer  than 
the  normal  heart. 

Dilatation.  —  Schroet- 
ter  divides  it  into  three 
classes : 

I.  Simple  dilatation, — 
enlargement  of  cavities 
with  normal  thickness 
of  the  walls. 

II.  Active  dilatation, 
— enlargement  of  the 
cavities  of  the  heart 
with  increased  thickness 
of  the  walls,  i.e.,  excen- 
tric  hypertrophy. 

III.  Passive  dilata- 
tion, —  enlargement  of 
the  cavities  with  thin- 
ning of  their  walls. 

Active  and  passive  dilatation  are  of  special  interest. 
The  former  has  been  discussed  under  its  synonym,  ex- 
centric  hypertrophy. 

Dilatation,  is  always  a  secondary  process  and  is  due 
either  to  («)  increase  of  pressure  within  a  cavity  whose 
walls  are    not    hypertrophied,    or  (b)  normal   pressure 


Fig.  2595.— Dilatation  Involving  Both  Sides  of  the  Heart.    (Original.) 
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within  cavities  whose  walls  have  been  weakened  by 
myocardial  disease.  Aortic  insufficiency  otl'ers  tlie  best 
illustration  of  the  first  class.  In  it  the  dilatation  of  the 
left  ventricle  is  due  to  the  chamber  being  filled  from  two 
sides  at  once,  the  blood  from  the  left  auricle  and  that 
which  regurgitates  from  the  aorta.  As  a  result  of  the 
increased  pressure  the  ventricle  yields.  Soon  hyper- 
trophy develops,  producing  a  typical  example  of  excen- 
tric  hypertroph)'.  Whether  dilatation  or  lij'pertrophy 
will  prevail  depends  on  the  nature  and  quality  of  the 
heart  tissue. 

When  the  capillary  circulation  of  the  lungs  is  o.verdis- 
tended,  as  it  may  be  in  mitral  insufficiency  and  stenosis, 
the  right  heart  meets  an  unusual  resistance  in  discharg- 
ing its  blood  into  the  pulmonary  arterj'.  This  back 
pressure,  together  with  the  pressure  of  the  blood  which 
normally  enters  the  ventricle  from  the  right  auricle, 
causes  dilatation,  and  just  so  much  sooner  on  this  side 
than  on  the  othei',  as  the  right  ventricle  is  weaker  than 
the  left. 

Pulmonary  insufficiency  and  tricuspid  insufficiency 
also  cause  dilatation  of  the  right  ventricle.  Diseases  of 
the  lungs  and  pleura,  especially  if  associated  with  myo- 
cardiac  disease,  as  in  lobar  pneumonia,  may  cause  a  fatal 
dilatation  of  the  right  heart.  Emphysema  is  usuall3'  as- 
sociated with  dilatation  of  the  right  ventricle. 

The  auricles  are  prone  to  extensive  dilatation,  not  hav- 
ing muscular  tissue  enough  for  the  development  of  much 
hypertrophy.  The  left  auricle  dilates  in  mitral  insuffi- 
ciency and  stenosis,  the  right  in  tricuspid  insufficiency 
and  stenosis.  The  development  of  relative  insufficiency 
of  the  auriculo-ventricular  valves  from  dilatation  of  the 
ventricles,  is  a  frequent  cause  of  dilatation  of  the  auricles. 
When  incompensation  develops  in  the  course  of  the  vari- 
ous heart  lesions,  marked  dilatation  of  all  the  cavities  is 
likely  to  follow. 

Morbid  Anatomy. — The  cavities  may  be  vastly  increased 
in  size,  even  trebled  in  capacity.  The  auricles  may  con- 
tain from  eighteen  to  twenty  ounces  of  blood.  The  auri- 
culo-ventricular rings  may  be  greatly  dilated.  The  mi- 
tral orifice,  which  normally  has  a  circumference  of  about 
three  and  one-half  inches,  may  be  increased  to  five  and 
■one-half  inches  and  more ;  the  tricuspid  orifice  normally 
has  a  circumference  of  about  four  'and  one-half  inches 
and  may  be  increased  to  six  inches.  The  bundles  of 
muscle  fibres  may  be  greatly  thinned  and  separated.  In 
Figs.  3594  and  2595  there  was  marked  separation  of  the 
bundles  of  muscle  with  only  a  thin  semitransparent 
membrane  between ;  the  endocardium  and  epicardium 
were  in  places  in  apposition. 

Symptoms  and  Physical  Signs.— Veiy  little  space 
need  be  devoted  to  them  as  they  have  been  considered  in 
detail  under  valvular  lesions  of  the  heart. 

The  so-called  idiopathic  hypertrophy  produces  a  strong 
first  sound  at  the  apex  and  an  accentuated  aortic  second, 
nnaccompanied  by  murmurs.  Hypertrophy  of  the  right 
ventricle,  due  to  disease  in  the  lungs  and  pleura,  pro- 
duces a  strong  first  sound  in  the  tricuspid  area  with 
an  accentuated  pulmonary  second.  The  apex  beat  is 
heaving  and  dislocated  to  the  left,  and  usually  down- 
ward The  pulse  is  likely  to  be  much  stronger  than  m 
the  hypertrophy  due  to  valvular  lesions.  The  forcible 
heart  action  may  or  may  not  be  perceptible  to  the  indi- 
vidual. ,        .        1         , 

In  dilatation  the  apex  beat  loses  its  heaving  character, 
is  difEuse,  undulatory  and  irregular,  and  taps  against  the 
chest  rather  than  thrusts ;  dulness  increases,  especially 
to  right  and  left.  The  heart  sounds  become  weak,  the 
first  approaching  the  second  in  its  valvular  character;  if 
murmurs  are  present  they  become  weak,  or  even  may 
disappear ;  fatal  gallop  rhythm  may  develop.  The  pulse 
becomes  small,  irregular,  and  unequal.  All  of  the  classi- 
cal symptoms  of  incompensation  ma}-  develop,  such  as 
cyanosis,  dyspnoea,  oedema,  bronchitis,  gastro-mtestinal 
disturbances,  and  marked  nervousness. 

The  treatment  of  these  conditions  has  been  discussed 
in  detail  in  the  article  devoted  to  valvular  lesions  of  the 
jjg^j-t.  James  Eae  Arnnll. 
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HEART  DISEASES:  MYOCARDITIS.— Under  this 
heading  I  shall  discuss  (1)  Acute  Interstitial  Myocardi- 
tis, (3)  Parenchymatous  Degeneration  of  the  Myocar- 
dium, (3)  Segmentation  and  Fragmentation,  (4)  Abscess 
of  the  Heart. 

I.  Acute  Interstitial  Myocarditis. — This  is  a  disease  in 
which  the  intermuscular  connective  tissue  is  swollen  and 
infiltrated  with  small  round  cells  and  leucocytes;  the 
blood-vessels  are  dilated  and  the  muscle  fibres  the  seat  of 
granular,  fatty,  and  hyaline  degeneration.  Acute  endo- 
carditis and  pericarditis,  diphtheria  and  typhoid  fever  are 
most  commonly  associated  with  it.  Councilman  has  de- 
scribed a  very  similar  condition  as  a  sequel  of  gonorrhoea 
and  was  able  to  demonstrate  gonococci  in  the  diseased 
areas. 

II.  Pareticliymatous  Degeneration. — This  is  extremely 
common  because  of  its  intimate  association  with  the  nu- 
merous acute  infectious  diseases  and  toxremias.  It  varies 
much  in  degree,  in  most  cases  being  mild.  In  practically 
all  of  the  continued  fevers  the  myocardium  is  affected, 
but  not  so  much  from  the  fever  as  from  the  associated 
loxamia.  It  may  develop  in  the  course  of  a  pericarditis 
or  an  endocarditis. 

The  heart  is  pale,  turbid,  and  extremely  soft.  Micro- 
scopically there  is  granular  degeneration  of  the  muscle 
fibres.  Thej'  may  even  lose  their  striaj.  The  sudden 
deaths  which  occasionally  occur  during  the  convalescence 
of  diphtheria,  pneumonia,  typhoid  fever  and  influenza, 
are  undoubtedly  dependent  on  the  presence  of  a  severe 
grade  of  parenchymatous  degeneration.  Acute  dilatation 
of  the  heart  develops  very  readily  under  these  circum- 
stances and  explains  the  fatal  termination. 

The  physical  signs  are  those  of  cardiac  weakness.  The 
pulse  is  feeble  and  may  be  both  irregular  and  unequal; 
the  first  sound  at  the  apex  becomes  weaker  and  more 
valvular  in  charactei;.  Soft  blowing  systolic  murmurs 
maj'  develop  especiallv  in  the  pulmonary  regions.  The 
patient  is  weak  and  becomes  short  of  breath  on  slight 
exertion. 

III.  Fraf/tiieiitatioii  and  Segrnehtation. — These  condi- 
tions of  the  heart  muscle  interest  Ihe  pathologist  rather 
than  the  clinician.  Renaut  and  Landouzy  first  called 
direct  attention  to  the  dissociation  of  the  muscle  cells  in 
1877.  Renaut  has  gone  so  far  as  to  consider  this  condi- 
tion a  distinct  disease  from  the  clinician's  standpoint. 
However,  it  seems  to  us  impossible  to  attempt  to  distin- 
guish with  any  degree  of  certainty  this  from  numerous 
other  diseases  of  the  myocardium,  by  means  of  signs  and 
symptoms.  In  segmentation  there  is  a  separation  of 
fibres  at  the  cement  line.  In  fragmentation  the  fracture 
is  across  the  fibre  and  perhaps  at  the  level  of  the  nucleus ; 
longitudinal  division  is  verj-  rare.  Such  hearts  are  soft 
and  easily  torn,  and  are  often  pale  and  cloudy.  Renaut 
attributes  the  dissociation  of  cells  to  solution  of  the 
cement  substance,  on  account  of  senile  involutionar}' 
changes,  alcoholism,  infection,  and  the  associated  high 
temperature.  Hektocn  says  "of  the  morbid  changes  of 
the  myocardium  proper,  none  occurs  more  frequently  or 
under'  a  greater  variety  of  circumstances,  than  the  le- 
sions known  as  segmentation  and  fragmentation  of  the 
muscle  fibres.  They  are  due  to  a  disproportion  between 
the  vigor  and  order  of  muscular  contraction  and  muscu- 
lar cohesion." 

IV.  Ab.tcess  of  tJie  Heart.— This  develops  in  the  course 
of  a  pysemia  or  infective  endocarditis.  It  is  a  metastatic 
pyremic  process  locahzed  in  the  heart.  Infected  emboli 
are  carried  into  the  coronary  circulation  with  a  resulting 
inflammation  and  suppuration.  These  abscesses  vary 
much  in  size,  from  very  small  to  fairly  large. 

.Tiiiiiesi  Rae  Arrieill. 

HEART  DISEASES:  NEOPLASMS.— Primary  tumors 

(jf  the  heart  are  very  rare.  The}'  may  arise  in  the  myo- 
cardium, or  in  the  "peri-  and  endocardium,  from  which 
[joints  they  may  invade  the  heart  muscle.  They  may 
also  take  their  origin  from  the  valves.  They  may  be  sin- 
gle or  multiple.  They  may  form  nodular  circumscribed 
masses  in  the  heart  Avall,  or  project  as  polypoid  growths 
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into  the  heai-t  cavity.  Only  i-arely  do  tliey  form  diffusely- 
infiltrating  growths.  Many  are  of  congenital  origin. 
The  majority  of  cases  occur  in  young  or  middle-aged  in- 
dividuals; a  few  have  been  found  in  old  age. 

The  my.Tiiiiiii  is  the  most  frequent  variety  of  primary 
neoplasm  of  the  heart,  eighteen  cases  having  been  ob- 
served. Of  these  the  majority  were  pure  myxoniata,  the 
others  flb]-omyxomata.  In  one  case  the  giowth  was  de- 
scribed as  an  angiectatic  myxoma.  As  a  rule  they  form 
polypoid  growths  projecting  into  the  heart  cavities.  It 
is  very  doubtful,  however,  if  some  of  the  polypoid  forma- 
tions found  on  the  endocardium  were  really  of  the  nature 
of  neoplasms ;  rather  is  it  probable  that  tliey  were  masses 
of  newly  formed  connective  tissue  of  myxomatous  type 
resulting  fnmi  the  organization  of  thrombi.  In  a  case  of 
iibromyxoma  of  the  left  auricle  occui-ring  in  a  gii'l  of  four 
years,  Jacobsthal  found  large  numbers  of  newly  devel- 
oped fibres  of  yellow  elastic  tissue.  In  the  majority  of 
cases  the  myxomatous  tumor  has  been  foimd  in  the  left 
auricle,  very  often  being  attached  to  the  endocardium  by 
a  slender  pedicle.  Papillary  myxomata  iiave  also  been 
found  upon  the  tricuspid  flaps. 

JSText  in  order  of  frequency  of  the  primary  cardiac  neo- 
plasms is  the  rhabdomyoma.  Its  peculiar  histological 
structure  gives  to  it  a  great  interest.  Cases  have  been 
described  by  von  Recklinghausen,  Virchow,  Hlava,  Ko- 
lisko,  Cesaris-Demel,  and  SeifEert.  The  tumor  is  of  con- 
genital origin,  and  is  usually  multiple.  The  nodules  are 
not  encapsulated,  but  are  well  outlined  from  the  cardiac 
muscle,  and  quite  sharply  demarcated  from  the  pericar- 
dium and  endocardium.  The  growths  may  be  as  large 
as  walnuts,  and  are  scattered  through  the  ventricular 
walls  and  the  interventricular  septum.  On  section  the 
nodules  are  reddish-gray  in  color.  The  microscopical 
appearances  are  very  striking.  Trabeoulse  of  varying 
thickness  showing  transverse  striations  are  arranged  so 
as  to  form  small  spaces.  These  spaces  do  not  communi- 
cate with  each  other ;  tliey  contain  large  polygonal  cells 
of  irregular  outline  having  one  or  more  oval  nuclei  which 
are  centrally  situated.  Their  photoplasm  shows  a  faint 
striation.  In  some  cases  the  cell  appears  to  form  part  of 
the  wall  of  the  space  and  sends  prolongations  across  the 
latter.  Both  the  protoplasm  and  prolongations  of  these 
cells  stain  like  muscle.  The  spaces  and  tlieir  contents 
have  received  very  different  interpretations  from  the  dif- 
ferent observers  who  have  studied  this  tumor.  Hlava 
regarded  them  as  intracellular,  Kolisko  as  intercellular. 
According  to  Seiflert  each  space  and  its  wall  represents 
a  greatl}'  enlarged  embryonal  heart-muscle  cell.  The 
smallest  tumor  nodules  may  consist  of  bundles  of  deli- 
cately striated  fibres  only,  without  the  peculiar  spaces. 
Of  the  significance  and  mode  of  formation  of  the  cardiac 
rhabdomyoma  we  as  yet  have  no  satisfactory  explana- 
tion. 

Primary  .sYor«Hi«  of  the  heart  is  much  more  rare;  and  it 
is  very  probable  that  some  of  the  cases  diagnosed  as  such 
were  secondary  to  some  undiscovered  focus  elsewhere  in 
the  body,  The  reported  cases  have  been  in  both  young 
and  old  individuals.  The  varieties  ol)sei'ved  were  round 
and  spindle-cell  forms,  myxosarcoma,  fibrosarcoma,  and 
angiosarcoma. 

Cases  of  primary /J/wHut  of  the  heart  have  also  been 
reported,  but  the  true  nature  of  these  cases  is  uncei'tain. 
It  is  quite  probable  that  they  represent  organized  thrombi. 
Observations  have  also  been  made  of  the  primai'y  occur- 
rence of  lympluuUnoina,  raveriioiis  a/if/ioniii.  and  llpovia  in 
the  heart.  The  polypoid  cysts  which  liave  been  descriljed 
by  a  number  of  writers  as  primary  eiirdiac  neoplasms  are 
without  doubt  to  be  regarded  as  degenerating  or  partly 
organized  polypoid  thrombi.  Thev  are  found  most  fre- 
quently in  the  left  auricle,  are  reddish-gray  in  color  and 
have  a  smooth  shining  surface.  On  section  they  show 
a  cystic  space  filled  with  tlie  products  of  tlie  simple  soft- 
enmg  of  the  central  portion  of  the  thrombus  When  or- 
ganization of  the  periphery  of  the  thrombus  has  begun 
the  resemblanc'e  to  a  true  cyst  is  very  close. 

Primary  neoplasms  of  the  valves'are  more  rare  than 
those  of  the  heart  wall.     A  papilhiry  n,ii.mii,<i.  of  the 
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terior tricuspid  flap,  multiple  myxoinata  of  the  size  of 
peas  of  the  same  valve,  and  spindle-cell  sarcoma  of  the 
pulmonary  valves  have  been  reported. 

Secondary  neoplasms  of  the  heart  are  also  rare  but 
much  more  frequent  than  the  primary.  Secondary  cwr- 
cinoma  is  the  most  common  tumor  of  this  organ.  Pri- 
mary cardiac  cancer  is  of  course  an  impossibility,  though 
in  the  older  literature  descriptions  of  growths  regarded 
as  such  ai-e  found.  These  cases  were  either  cancer-sec- 
ondaries, or,  as  was  not  infrequently  the  case,  sarcomata 
were  diagnosed  as  carcinomata.  Secondary  carcinoma 
of  the  heart  may  arise  through  metastasis,  or  by  exten- 
sion through  continuity  or  contiguity  through  the  peri- 
cardium from  carcinomatous  growths  in  the  lungs,  oesoph- 
agus, or  secondary  deposits  in  the  mediastinal  lymph 
glands.  Metastatic  carcinoma  of  the  heart  may  arise 
from  emboli  of  cancer  cells  in  the  coronary  vessels,  on 
the  mural  endocardium,  between  the  papillary  muscles, 
and  on  the  valves.  From  a  secondary  focus  thus  formed 
further  extension  may  take  place  through  the  cardiac 
lympli  channels.  In  this  manner  diffuse  carcinomatous 
infiltration  of  the  entire  cardiac  wall  may  take  place.  In 
other  cases  multiple  metastases  in  the  heart  may  be 
found.  These  may  be  found  in  the  walls  of  both  auri- 
cles and  ventricles.  There  does  not  appear  to  be  any 
favorite  seat  of  deposit.  In  the  majority  of  cases  the 
carcinoma  is  of  the  medullary  type.  In  the  e^ent  of 
carcinomata  breaking  into  the  vena  ca\'a  large  emboli  of 
carcinomatous  tissue  may  be  carried  to  the  right  heart 
where  they  may  become  attached  to  the  endocardium  or 
develop  as  free  carcinomatous  masses. 

Secondary  sarcoma  of  the  heart,  while  less  C(3mmon 
than  secondary  carcinoma,  has  been  observed  by  a  num- 
ber of  writers.  The  growths  are  usually  metastatic,  but 
the  heart  may  be  involved  also  by  extension  through  the 
pericardium  from  primary  mediastinal  sarcomata.  The 
tumors  may  be  single  or  multiple.  They  may  be  nodu- 
lar, diffusel}'  infiltrating,  or  in  the  form  of  flattened 
plate-like  growths  more  or  less  sharpl3r  outlined.  Free 
sarcomatous  masses  maj'  be  found  in  the  right  lieart  in 
cases  in  which  the  primary  tumor  has  invaded  a  large 
vein.  In  a  case  described  by  Osier  of  sudden  death  in  a 
child  the  tricuspid  orifice  was  found  blocked  by  a  sar- 
comatous mass  coming  from  the  renal  vein.  In  a  case  of 
primary  sarcoma  of  the  nose  reported  by  the  writer  the 
entire  heart  wall  was  found  to  be  infiltrated  with  sarcoma, 
while  in  the  right  ventricle  there  was  a  free  sarcomatous 
mass  of  the  size  of  a  walnut. 

Small  tumors  of  the  heart  may  produce  no  symptoms; 
larger  growths  may  lead  to  cardiac  hypertrophy,  dilata- 
tion, valvular  stenosis  or  insufficiency,  rupture  of  the 
heart  wall,  secondary  embolism,  etc.  An  absolute  diag- 
nosis in  the  majority  of  cases  is  impossible.  In  sus- 
pected ca.ses  the  Roentgen  ray  might  reveal  changes  of 
size  or  form  in  the  heart.  If  the  pericardium  is  involved 
and  a  pericardial  exudate  present,  some  of  the  latter 
should  be  withdrawn  for  examination.  The  presence  of 
a  hemorrhagic  exudate  ^^■ould  be  regarded  as  fa\oring 
the  presence  of  a  malignant  tumor.  Of  greater  diagnos- 
tic significance  would  be  the  character  of  the  cells  found 
in  the  exudate.  The  presence  of  numerous  mitoses  in 
these,  particularly  atypical  mitotic  figures,  could  be 
taken  as  almost  positive  evidence  of  the  presence  of  ma- 
lignancy.    The  treatment  is  wholly  syniptomatic. 

Aldred  Sn,tf  WarfJiin. 

HEART  DISEASES:  NEUROSES.— The  Nehvous 
jMechanisji  of  the  Heart.— It  has  become  known  to 
physiologists  that  the  power  of  pulsation  of  the  heart  is 
not  engendered  in,  or  derived  from,  the  nervous  system, 
but  rests  in  the  musculature  of  the  organ  itself.  In  the 
frog  and  other  cold-blooded  animals  the  heart  continues 
for  a  short  time  to  pulsate  with  a  true  rhythm  after  re- 
moval from  tlie  body  and  complete  separation  from  ner- 
vous or  other  connection.  The  same  is  true  in  a  minor 
degree  in  the  higher  animals,  and  while  not  actually  ver- 
ified by  observation,  will  undoubtedly  hold  good  in  the 
case  of  man  himself.    Although  striated  the  cardiac  mus- 
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culai'  structuru  is  iucdinpletely  differentiated,  and  thus 
retains  tlie  power  of  spontaneous  movement  common 
to  all  primordial  protoplasm.  The  nervous  system, 
however,  exercises  a  supreme  influence  over  the  cardiac 
movements.  Two  important  sets  of  nerves  derived  from 
the  cerebro-spinal  and  the  sympathetic  systems  are  con- 
cerned in  the  regulation  and  control  of  the  circulatory 
centre.  The  scope  of  this  article  does  not  contemplate 
a  complete  and  detailed  descrijjtion  of  the  nervous  sup- 
ply of  the  heart  and  the  phenomena  of  its  mechanism. 
It  is  sutiicient  for  our  purpose  to  call  attention  in  this 
place  to  the  major  facts  relating  to  the  functions  of  the 
two  kinds  of  cardiac  nerves  which  have  been  well  estab- 
lished 1)\'  physiological  research. 

1.  Those  derived  from  the  vagus  which  are  chiefly 
inhibitory  or  slowing  to  the  action  of  the  heart  when 
subjected  to  a  stimulation  of  either  a  direct  or  a  reflex 
character.  The  vagus  is  thus  known  as  the  anabolic 
nerve  of  the  heart.  The  pneumogastric  trunk  also  con- 
veys the  depressor  cardiac  neive  whicli  enables  it  to 
govern  and  regulate  the  arterioles  in  accordance  with  the 
demands  of  the  heart. 

3.  The  accelerator,  or  moi'e  properly  the  augmentor, 
nerves  of  the  heart,  derived  chiefly  from  the  first,  secontl, 
and  third  cervical  ganglia  of  the  sympathetic  system. 
The  function  of  this  cord,  known  also  as  the  kntuhulk 
nerve  of  the  heart,  is  to  accelerate  the  frequency  of  the 
cardiac  contractions  and  at  the  sanu'  time  to  augment  their 
f<jrce.  But  when  the  question  is  asked,  by  virtue  of  what 
events  produced  in  the  heart  itself  do  the  impulses  of  one 
kind  bring  about  inhibition  and  thost-  of  another  aug- 
mentation of  the  impulses,  we  are  met  with  difficulty. 
We  may  speak  if  we  choose  of  an  inhibitory  mechani.sm 
placed  witliin  the  cardiac  structure,  but  -vnc  have  no  exact 
knowledge  of  tlie  nature  of  such  a  mechanism,  still  less 
of  an  augiuentor  mechanism  (Foster).  It  has  been  sug- 
gested that  some  of  the  intracardiac  ganglia  may  serve 
as  a  medium  for  the  distribution  of  thesc^  inhibitory  or 
augmentor  influences,  but  the  evidence  gi"'s  to  show  that 
the  inhibitory  impidses  produce  their  effect  by  acting 
directly  on  the  muscular  fibres  themselves.  Nor  are  we 
in  a  position  at  the  present  time  to  assign  the  proper 
function  of  these  ganglia,  although  it  is  believed  that  their 
influence  is  chiefly  of  a  trophic  or  nutritional  charactei'. 
But,  while  the  nervous  system  neither  initiates  nor  con- 
trols the  rhythmic  movements  of  the  heart,  this  function 
at  once  goes  astray  if  removed  from  nervous  governance. 
It  is  by  the  nervous  system  that  the  heart-beats  and  the 
calibre  of  the  small  arteries  are  brought  into  relation  with 
each  other  and  with  almost  every  part  of  the  body.  It  is 
by  the  nervous  system  acting  eit'her  on  the  heart  or  on  the 
small  arteries  that  a  change  of  circumstances  affecting 
eitlier  the  whole  or  a  part  of  the  body  is  met  by  compen- 
satory or  regulating  changes  in  the  flow  of  blood ;  that 
an  organ  has  a  more  full  supply  of  blood  when  at  work 
than  when  at  rest;  that  the  tide  of  lilood  through  the 
skin  rises  and  ebbs  with  the  rise  and  fall  of  the  tempera- 
ture of  the  air;  that  the  work  of  the  heart  is  tempered  to 
meet  the  strain  of  overfed  arteries,  and  that  the  arterial 
gates  open  and  shut  as  the  force  of  the  central  pump 
waxes  and  wanes.  We  have  thus  learned  the  seat  of  the 
automatic  and  rhythmic  action  of  the  heart,  and  are  able 
to  descry  the  part  played  by  the  nervous  system  in  con- 
trolling the  force,  frequency,  and  rhythm  of  the  muscu- 
lar movements,  and  the  tonicity  or  laxity  of  the  vasctilar 
walls  But  this  knowledge  does  not  aid  us  greatly  in  a 
definite  appreciation  of  the  pathogeny  of  the  various  dis- 
ordered states  of  the  organ  which  we  designate  as  neu- 
roses, nor  does  it  quicken  to  any  great  extent  our  percep- 
tion of  the  clinical  phenomena,  or  our  knowledge  as  to 
the  therapeutic  management  of  these  conditions.  I  he 
physiological  relations  existing  between  the  vagus  and 
sympathetic  supplying  cords  on  the  one  hand  and  the 
intracardiac  .ganglia  and  muscular  structure  on  the  other 
have  not  been  suflSciently  defined  to  enable  us  to  agree 
upon  any  fixed  or  definite  anatomical,  pathological,  or 
even  clinical  Isasis  in  our  attempts  to  explain  the  cardiac 
neuroses. 


N0MHNCL.\TIJI1E    OF    THE    CARDIAC    NkIKOSKS. — Until 

a  very  recent  period  the  term  palpitation  was  made  to 
cover  practically  all  of  the  nervous  disturbances  of  the 
heart.  With  increased  ex|)erienci:  and  additions  to  our 
clinical  knowledge  this  restrictive  appellation  no  longer 
serves  its  former  purpose.  It  would  appear  indeed  that 
we  are  in  danger  of  going  too  far  in  the  other  direction. 
During  the  last  decadii  or  two  there  has  developed  a  ten- 
dency to  an  embarrassing  multiplication  of  terms  in  la- 
belling the  functional  derangements  of  the  heart.  Fur- 
thermore, no  two  writers  appear  to  agree  exactly  in 
classifying  these  disorders.  It  thus  transpires  that  Die 
nomenclature,  of  the  subject  is  at  the  present  time  in  a 
most  bewildering,  it  might  almost  be  said  chaf)tie,  state. 
This  is  perhaps  to  some  extent  inevitable.  Some  of  the 
conditions  which  we  find  it  convenient  to  describe  under 
distinctive  titles  so  sliade  into  each  other  that  it  is  diffl- 
ciilt  to  decide  where  one  begins  and  another  ends.  For 
example,  the  condition  described  as  palpitation  may  pre- 
sent at  times  the  symptoms  of  neurasthenia  cordis,  or 
of  arhythmia;  while  in  tachycardia,  the  features  of  palpi- 
tation, or  even  of  pseudo-angina,  may  obtrude  them- 
selves. Some  of  the  terms  employed  do  not  constitute 
true  symptom  groujis — they  are  mere  .sj'mptoms  them- 
selves and  not  distinct  diseases. 

Aftei'  much  anxious  thought  and  study  of  this  subject, 
it  has  .seemed  to  the  author  proper  to  present  an  account 
of  these  nervous  manifestations,  each  under  the  head  of 
llie  most  prominent  clinical  features  exhibited,  noting 
the  points  of  contact  with  other  neurotic  manifestations 
and  such  additional  facts  as  our  present  state  of  knowl- 
edge would  appear  to  warrant.  It  must  be  said  that  no 
perfectly  satisfactory  clinical  clas.sification  of  these  dis- 
orders is  possible  until  further  light  has  been  shed  upon 
the  physiological  inter-relations  existing  between  the 
supplying  nerves,  the  cardiac  ganglia,  and  the  muscular 
structure  of  the  organ  itself.  It  has  seemed  to  the  writer, 
however,  that  all  we  know  at  the  present  time  concern- 
ing the  clinical  and  pathological  features  of  the  cardiac 
neuroses  may  be  properly  included  under  the  following 
heads;  (1)  Palpitation;  (2)  tachycardia;  (3)  bradycardia; 
(4)  the  dyspeptic  heart;  (5)  neurasthenia  cordis;  (6)  the 
irritable  heart;  (7)  arhythmia,  including  delirium  cordis 
and  ti-emor  cordis;  (8)  the  heart  in  Graves'  disease;  (9) 
angina  pectoris  and  pseudo-angina.  Of  these  terms  it 
may  be  said  that  palpitation,  tachycardia,  neurasthenia, 
arhythmia,  and  angina  are  necessary  and  essential;  the 
remainder  might  pioperly  be  omitted,  but  they  are  found 
in  contemporaneous  literature  and  may  for  the  present 
be  used  provisionally  as  marking  points  of  which  we 
have  no  exattt  scienlilic  conception. 

Palpit.\tiox. — According  to  Balfour  all  who  suffer, 
or  think  they  suffer,  from  disease  of  the  heart  are  prone 
to  palpitation.  Under  Laennec's  definition,  any  person 
whose  heart's  action  obtruded  itself  upon  the  conscious- 
ness might  be  said  to  have  cardiac  palpitation.  In  ac- 
cordance with  the  modern  terminology,  however,  the 
name  is  used  to  cover  a  much  more  limited  class  of  cases. 
One  l.)y  one  symptoms  formerly  refeired  to  as  falling 
under  this  term  have  been  relegated  to  other  forms  of 
disorder,  until  at  the  present  time  palpitation  has  become 
quite  unfashionable.  Several  writers  mention  it  only  as 
a  symptom  of  other  neuroses.  In  the  author's  opinion, 
however,  it  may  still  be  regarded  as  a  substantive  affec- 
tion covering  a  distinct  symptom  group. 

:^iliiiptoiiix. — Probably  some  palpitation  of  the  heart 
falls  within  thi'  experience  of  every  one.  Being  very 
near  to  our  consciousness,  eccentricities  of  the  heart  are 
usually  attended  by  great  perturbation  of  the  nervous 
system.  The  attacks  usually  come  on  suddenly,  inde- 
pendently of  any  mental  or  physical  effort,  and  vary  in 
severity  from  a  mere  sense  of  discomfort  or  uneasiness 
to  a  high  degree  of  pain  and  distress.  Some  persons  ex- 
perience darting  pains  through  the  heart  during  the  at- 
tacks, especially  on  attempting  to  take  a  deep  inspira- 
tion. It  is  often  brought  on  by  a  full  meal  and  the 
belching  of  gas  gives  relief.  The  heart  appears,  as  vari- 
ously described  by  the  patient,  to  jump,  to  roll,  to  throb, 
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or  to  stand  still.  On  physical  e.xamiuation  tne  apex  beat 
will  probably  be  found  to  be  increased  in  frequency  and 
possibly  in  force  during  the  attacks.  It  strikes  the  pal- 
pating hand  with  a  quick  throb  which  extends  to  the 
greater  arteries.  No  murmur  is  present  except  in  anse- 
mic  cases.  Nor  are  there  other  signs  of  disturbance  or 
lesion  except  possibly  a  slight  intermittence  ov  irregular- 
ity at  times.  The  attacks  may  last  for  from  a  few  mo- 
ments to  several  hours,  or  at  intervals  for  days  together. 
One  paroxysm  generally  implies  a  susceptibility  to 
others. 

Etiology.— The  causes  of  this  disorder  are  legion.  Any 
sudden  emotion— surprise,  grief,  fear,  py.  or  disappoint- 
ment—may cause  a  transient  palpitation  in  nervous  per- 
sons. More  severe  and  persistent  forms  are  usually  the 
result  of  some  error  or  indiscretion  on  the  part  of  the 
patient.  Inordinate  use  of  tobacco,  tea,  or  coffee,  dietary 
indiscretions,  excessive  venery,  self-abuse,  and  late  hours 
are  fruitful  causes.  The  condition  is  far  more  common 
among  females  than  in  males,  and  is  especially  frequent 
in  the  anaemic  conditions  of  young  girls.  More  or  less 
palpitation  is  a  common  accompaniment  of  organic  dis- 
ease of  the  heart,  brain,  and  spinal  cord. 

Like  other  pure  neuroses,  simple  cardiac  palpitation 
gives  rise  to  no  morbid  structural  changes  which  are  tan- 
gible to  our  senses. 

Prognosis. — The  disorder  is  as  a  rule  readily  amenable 
to  treatment,  a  withdrawal  of  the  cause  being  usually 
sufficient  to  cause  a  speedy  disappearance  of  the  symp- 
toms. At  times,  however,  it  is  exceedingly  obstinate 
and  taxes  the  resources  of  the  ijractitioncr  to  the  utmost. 
It  may  extend  over  years  of  time,  but  never  per  .le  endan- 
gers life. 

I'reatment. — This  consists  first  in  the  removal  of  the 
cause,  if  it  can  be  ascertained.  It  is  quite  useless  to  ad- 
minister drugs  with  a  view  to  relief  of  this  disorder  to  a 
person  consuming  habitually  excessive  quantities  of  tea 
or  tobacco.  A  careful  mode  of  life  is  an  important  de- 
sideratum. Prudent  and  regular  habits  of  eating  and 
sleeping  and  moderate  outdoor  exercise  arc  points  to 
emphasize.  A  morning  shower  bath  of  moderately  cold 
water  followed  by  a  vigorous  friction  of  the  skin  with  a 
coarse  towel  is  a  useful  measure  in  lessening  the  liability 
to  the  attacks.  In  habitual  cases  the  daily  administra- 
tion of  three  five-drop  doses  of  the  tincture  of  digitalis, 
combined  with  ten-grain  doses  of  bromide  of  potassium, 
or  sodium,  has  a  valuable  effect  in  warding  off  the  par- 
oxysms. It  is  important  to  give  the  patient  full  assur- 
ance that  he  is  in  no  danger  whatever  as  to  his  life. 
During  the  paroxysm  the  administration  of  some  of  the 
diffusible  stimulants  or  antispasmodics  to  excite  vagus 
inhibition  is  indicated.  The  old-fashioned  combination 
of  valerian,  Hoffman's  anodyne,  and  lavender  is  very 
serviceable.  A  good  formula  is  as  follows:  IJ  Spiritus 
ictheris  compos.,  Tinct.  valerian.,  fia  3  vi.  ;  Spiritus 
lavandula?  compos.,  3  iv.  J[.  et  Sip:. :  3  ss.  every  half- 
hour  until  relief  is  obtained.  The  writer  has  found  the 
application  of  some  form  of  cutaneous  irritant,  in  the 
shape  of  a  small  section  of  mustard  leaf  or  thapsia  plas- 
tei-,  to  some  section  of  the  body  remote  from  the  heart 
so  as  to  attract  the  patient's  attention  elsewhere,  to  serve 
a  useful  purpose.  The  administration  of  small  quanti- 
ties of  brandy  or  ammonia  may  l)e  usetvd  in  some  cases, 
but  it  is  seldom  that  morphine  is  required  in  .simple  pal- 
pitation. The  application  of  a  sinapism  or  a  belladonna 
plaster  to  the  heart  is  sometimes  useful.  It  is  said  that 
cei-tain  mechanical  means,  such  as  holding  the  l)reath 
after  a  deep  inspiration,  pressure  on  the  abdomen,  etc, 
will  sometimes  abort  an  attack,  but  the  author  has  dis- 
carded these  measures  after  repeated  futile  trials.  Com- 
pi-ession  of  the  vagus  and  sympatlietic  nei-ves  in  the  neck 
and  the  use  of  faradism  are  worthy  of  a  trial  in  obstinate 
cases. 

TACnYCABDiA.-Etymologieally  (r,^-";,  quick,  KapMa, 
heart)  tins  word  means  a  (luick  heart,  but  the  name 
does  not  afford  altogether  an  accui-ate  conception  of  the 
disease.  Tachycardia  is  characterized  by  ;m  increased 
frequency  of  the  cardiac  pulsations,  but  not  every  person 
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with  a  quick  heart  can  be  said  to  be  a  victim  of  the  dis 
eased  condition  which  we  now  recognize  under  this  ap- 
pelation.  Although  the  term  has  been  subjected  to  great 
abuse,  tachycardia  properly  embraces  a  fairly  constant 
symptom  group,  and  as  such  is  entitled  to  be  regarded 
as  a  separate  and  distinct  morbid  entity,  and  not  a  mere 
symptom.  Many  persons  have  normally  a  heart's  action 
of  100  or  more,  but  this  does  not  constitute  tachycardia, 
nor  does  the  rapidly  acting  heart  of  emotional  disturb- 
ance, or  that  associated  with  tuberculosis,  fevers,  organic 
disease,  or  Graves'  disease.  Many  theories  have  been 
proposed  in  explanation  of  this  strange  affection,  but 
none  of  them  is  fully  satisfactory.  In  the  present  state 
of  our  knowledge  we  can  do  little  more  than  guess 
whether  the  immediate  causes  lie  in  the  augmentors  of 
the  heart,  the  vagus,  the  ganglia,  or  the  mu.sculature,  or 
whether  it  be  of  centric  origin.  Possibly  it  is  due  at 
times  to  some  eccentric  irritation,  such,  for  example,  as 
a  diseased  ovary,  a  floating  kidney,  or  a  neuritis  of  dis- 
tant cords.  It  seems  ratioual  to  attribute  the  trouble  in 
most  cases  to  overstimulation  of  the  accelerators  or  pa- 
ralysis of  the  inhibitory  nerves;  probably  in  extreme 
cases  both  factois  are  operative. 

Morbid  Anahnny. — This  condition  is  essentially  a  neu- 
rosis. It  follows  tlierefore  that  in  the  few  autopsies 
which  have  been  made  in  the  case  of  persons  who  suf- 
fered from  tachycardia  during  life  no  constant  primary 
changes  have  been  found,  although  there  have  been  as 
a  rule  some  marks  of  cardiac  decadence  in  the  shape  of 
secondary  degeneration  of  the  muscular  structure.  Ex- 
aminations of  the  vagus,  the  sympathetic,  and  the  intra- 
cardiac ganglia  have  been  negative. 

Gaiisatidii. — The  etiology  of  tach3'cardia  is  in  many 
cases  past  finding  out.  It  is  most  likelv  to  occur  in 
persons  of  a  neurotic  or  hysterical  temperament,  and  in 
some  cases  it  appears  to  be  hereditar}^  Possibly' such 
factors  as  worry,  overexertion,  frequent  excitement  of 
the  emotions,  and  the  abuse  of  alcohol  and  tobacco  are 
concerned  in  the  causation.  Dyspepsia  and  diseases  of 
the  uterus  and  ovaries  form  a  basis  for  man)-  cases. 
Probably  onanism  and  sexual  excess  or  repression  have 
some  bearing  on  the  causation.  In  a  recent  case,  under 
the  writer's  observation,  of  convalescence  from  tj'phoid 
fever  the  pulse  would  quickly  rise  from  80  to  150  with- 
out apparent  cause.  The  disease  occurs  with  about  equal 
frequency  in  the  two  sexes.  It  is  rare  under  twenty,  but 
no  age  is  exempt.  Peihaps  a  majority  of  cases  are  seen 
in  persons  in  middle  life. 

Symploindtohigy. — The  following  clinical  features  are 
fairly  uniform.  The  patient  may  have  felt  in  an  aver- 
age state  of  health  for  a  variable  period,  when  a  peculiar 
sensation  of  lassitude  or  restlessness  steals  over  him.  His 
apprehensions  may  be  aroused  and  slight  vertigo  experi 
enced.  Perhaps  the  extremities  become  cold  and  numb, 
and  a  shivering  feeling  creeps  up  and  down  the  spine. 
The  face  may  becniue  ashy  or  mottled.  A  sensation  of 
oppression  or  tightness,  but  not  of  palpitation,  is  felt 
about  the  heart.  This  may  occasionally  amount  to  actual 
pain.  During  a  marked  attack  the  patient  is  quite  help- 
less. He  can  neither  stand,  nor  sit,  nor  lie  with  comfort. 
He  is  irritable  and  generally  miserable.  An  examination 
of  the  heart  will  now  show  a  pulse  rate  of  120  to  140  or 
160.  S(iiiu'tin\es  it  is  so  frequent  as  to  be  coimted  onl_y 
with  the  use  of  the  sphygmograph.  A  case  was  reported 
by  Dr.  Bristowe  of  808'per  minute !  The  u.sc  of  the  steth- 
oscope shows  no  murmur  or  other  evidence  of  organic 
disease  of  the  heai't.  The  pulsations  have  a  tick-tack 
sound  and  not  all  of  them  are  propagated  as  far  as  the 
radial  artery.  In  most  cases  the  urine  is  scant}-,  but  ner- 
vous polym'ia  may  exist.  The  attacks  niaj'  last  for  a 
period  ranging  from  a  few  minutes  to  several  hours  or 
even  days.  In  a  case  reported  by  Bouveret  the  patient 
suffered  for  thirteen  days  (Allbutt).  Permanent  tachy 
cardia  is  an  expression  of  organic  disease,  usually  in  the 
coiuse  of  the  \'agus  or  medulla,  or  an  evidence  "of  pon- 
tine softening  with  paralysis.  The  paroxysm  generally 
ends  suddenly  with  a  few  parting  twinges  of  pain  or 
twitching      During    some    attacks,  especially   in   long- 
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Standing  casus,  signs  of  cardiac  dilatation  witli  (rdcina 
of  the  lungs,  swelling  of  tlie  ankles,  and  albuminuria 
may  supervene.  Death  may  possibly  occur  from  asystole 
or  syncope,  probably  nearly  always  from  the  latter. 
During  the  intervals  patients  recover  their  ordina)y 
hi'alth  but  the  substratum  remains. 

Proy ni/sia. ^This  has  to  some  extent  been  foi'esliadowcd 
in  the  preceding  paragraph.  The  ultimate  tei-mination 
in  individual  cases  is  always  doubtful,  but  the  immediate 
prospect,  especially  during  the  early  years,  is  hopeful. 
Patients  sometimes  tolerate  the  affection  for  many  years, 
dying  eventually  of  old  age. 

Trentmciit. — We  cannot  with  certainty  arrest  a  parox 
ysm  of  tachycardia  -when  it  is  under  way,  but  we  can 
lessen  the  tendencj'  to  recurrence  by  prudent  and  regular 
habits  of  life,  by  the  avoidance  of  excess  in  every  direc- 
tion, and  by  the  cautious  administration  of  such  tonics  as 
strychnine  and  arsenic  combined  with  a  little  digitalis  or 
caffeine.  During  the  attacks  the  exhibition  of  two  or 
three  half-ounce  doses  of  brandy  combined  with  five  or 
ten  drops  of  tincture  of  digitalis  may  be  found  useful  in 
mitigating  their  severity.  Strong  coffee  intei'nally  and 
the  application  of  the  ice-bag  to  the  pra'cordium"  may 
have  the  effect  of  inhibiting  the  vagus,  as  may  also  elec- 
trization of  the  vagus,  placing  the  positive  pole  over  the 
inner  border  of  the  sterno-mastoid  muscle  and  the  nega- 
tive up  and  down  the  lower  part  of  the  sternum.  Ae- 
cordin,g  to  "Whittaker,  morphine  is  of  little  value  in  pure 
vagus  tachycardia.  Nitrite  of  amyl  and  nitroglycerin 
are  likewise  useless.  Compression  of  the  chest  has  been 
recommended  by  several  well-known  obseiwers.  The 
patient  lying  on  his  back  thrusts  his  feet  as  hard  as  pos- 
sible against  the  foot  of  the  bed,  then  pressing  his  arm 
closely  to  his  sides  he  takes  a  long  inspii'ati(jn.  Now 
closing  the  glottis  he  makes  a  strong  expiratory  effort, 
thrusting  hard  at  the  same  time  against  the  walls  of  the 
chest  with  the  upper  arms  and  clasping  them  with  the 
forearms.  By  this  means  it  is  stated  that  the  rate  of 
the  heart  may  be  controlled  and  the  organ  even  caused 
to  intermit  in  its  action.  A  morning  shower  bath  and 
the  graduated  douche  or  cold  pack  has  been  employed 
with  advantage.  When  tachycardia  is  due  to  recent 
strains  of  the  myocardium,  the  best  treatment  seems  to 
be  absolute  rest,  the  full  action  of  belladonna  or  atropine 
as  indicated  by  slight  dilatation  of  the  pupil,  being  main- 
tained at  the  .same  time. 

Bradycardi.\ — (from  I3pa6vc,  slow,  and  KapSla,  heart), 
otherwise  known  as  araiocardia,  oligocardia,  pulsus  rarus, 
pulsus  tardus,  etc.  This  condition  cannot  in  our  pres- 
ent state  of  knfiwledge  be  identified  as  a  distinct  affec- 
tion. The  name  connotes  nothing  and  signifies  nothing 
more  than  a  phenomenon  common  to  many  definite 
groups.  There  is  not,  as  in  tachycardia,  a  particular 
symptom  group  of  which  bradycardia  itself  is  the  centre. 
Several  cases  of  what  was  supposed  to  be  essential  parox- 
ysmal bradycardia  have  been  reported,  but  a  closer  and 
more  continued  observation  has  shown  that  these  cases 
were  always  secondary.  A  description  of  the  condition 
therefore  can  consist  only  in  detailing  the  various  dis- 
eases or  disorders  of  which  it  is  one  of  the  clinical  feat- 
ures. The  phenomenon  is  no  doubt  partly  due  to  di- 
rect or  reflex  irritation  of  the  vagus  centre,  or  the  vagus 
trunk,  and  partly  to  increase  of  arterial  pressure  by  vaso- 
motor or  purely  muscular  contraction  of  the  peripheral 
arteries.  It  may  also  be  brought  about  by  diminution  of 
pressure  due  to  loss  of  blood,  to  direct  influence  on  the 
heart  muscle  of  substances  circulating  in  the  blood,  and 
finally  to  anatomical  changes  occurring  in  the  muscula- 
ture of  the  heart  or  of  the  endocardium.  Some  persons 
have  naturally  a  Slowly  acting  heart,  without  apparent 
detriment  to  their  vital  functions.  The  well-known  case 
of  the  first  Napoleon  is  a  familiar  example.  According 
to  his  physician,  Corvisart,  the  apex  beat  of  this  by  no 
means  slow  individual  averaged  only  40  per  minute. 
While  bradycardia  is  undoubtedly  produced  through 
some  form  of  defective  innervation,  it  cannot  be  accu- 
rately defined  as  a  neurosis.  It  is  an  incident  of  organic 
disease  of  the  brain  and  its  meninges  and  of  the  spinal 


cord.  During  the  jirogress  of  a  case  of  i)arhymeiiingitis 
in  a  little  boy,  aged  five  years,  lately  under  the  writer's 
(■are,  the  heart  beats  fell  as  low  as  4S  per  minute  for  sev- 
eral days  before  death.  It  n)ay  occu)'  as  a  result  of  fract- 
ure of  the  vertel)i-.-e  with  compres.sion  of  tlie  cord,  usu- 
ally in  (he  region  of  the  fifth  or  sixth  cervical  vertebra. 
It  occurs  in  epilepsy  and  is  an  incident  of  many  infec- 
tions, including  typhoid  fever,  pneumonia,  erysipelas, 
and  rheumatism.  Slow  heart  is  often  obscj'ved  in  puer- 
peral women,  and  it  may  result  from  the  presence  of  bile 
in  the  blood,  of  anaemia,  of  diabetes,  or  it  may  bo  due  to 
many  of  the  disorders  of  the  intestinal  trad.  It  is  prob- 
ably not  often  caused  by  alcohol  or  tobacco,  nor  is  it  an 
incident  of  organic  disease  of  the  heart,  except  when  the 
myocardium  is  involved.  It  is  occa.sionally  seen  in  aortic 
stenosis  and  may  result  from  occlusion  of  the  coronary 
arteries. 

The  condition  calls  for  no  special  form  of  treatment, 
its  managemeru  being  involved  in  the  general  treatinent 
of  the  associated  disease  or  disordei-.  It  is  usually  advis- 
able, however,  to  administer  digitalis  in  moderate  doses 
so  as  to  maintain  the  metabolism  of  the  myocardium  and 
enable  it  to  uithstand  the  great  strain  produced  by  the 
conditions  under  which  the  circulation  is  carried  on. 

Tub  Dyspeptic  Heart. — Here  we  have  another  name 
applied  to  certain  neurotic  states  of  the  heart.  The  term 
has  not  acquired  extensive  vogue  as  yet,  but  its  use  ap- 
pears to  be  increasing.  Is  there  a  symptom  group  refer- 
able to  the  heart  as  its  centre  occurring  with  sufficient 
frequency  or  unifoi'mity  to  warrant  the  addition  of  the 
term  dyspeptic  heart  to  our  nomenclature  as  a  sepai'ate 
and  distinct  affection?  After  much  careful  thought  and 
observation  the  writer  is  led  to  answer  this  question  in 
the  negative.  Aberi-ations  of  the  digestive  functions 
lead  to  all  kinds  of  disturbances  of  the  heart's  action, 
whether  it  take  the  foi'm  of  palpitation  or  of  tachycardia, 
of  neurasthenia  cordis  or  of  jiseudo-angina ;  but  they 
present  nothing  peculiar  or  distinctive.  The  neurotic 
cardiac  manifestations  due  to  digestive  trouble  are  quite 
similar  to  those  resulting  from  other  causes,  plus  the 
presence  of  clinical  features  referable  to  the  stomach  or 
intestines.  The  association  of  gastric  and  cardiac;  trouble 
is  one  of  extreme  frequency,  so  much  so  that  it  is  imjjor- 
tant  to  investigate  every  case  of  functional  cardiac  dis- 
order for  a  possible  digestive  origin.  These  disturbances 
are  of  two  kinds :  first,  reflex,  giving  rise  usually  to  sim- 
ple nervous  palpitation,  but  not  infrequently  to  tacliy- 
cardia,  to  bradycardia,  and  even  to  pseudo-angina.  It 
is  probable  that  almost  every  case  of  so-called  tremor 
cordis  is  of  gastric  origin.  Second,  the  most  severe  and 
even  dangerous  symptoms  of  mechanical  disturbance  of 
the  heart  arise  from  the  presence  of  an  overloaded  or 
tympanitic  stomach.  Some  of  these  cases  closely  resem- 
ble in  their  manifestations  organic  disease  of  the  heart 
itself,  and  it  is  not  to  be  doubted  that  not  a  few  sudden 
deaths  attributed  to  heart  disease  might  more  justl}'  have 
been  credited  to  an  abused  and  rebellious  stomach.  These 
cases  of  mechanical  interference  with  the  action  of  the 
heart  are  not,  however,  strictly  speaking,  neuroses,  and 
do  not  properly  fall  within  the  domain  of  our  present 
subject.  It  need  only  be  added  that  in  all  cases  of  car- 
diac trouble  of  gastric  origin  therapeutic  measures  are  to 
be  addressed  to  the  stomach  and  not  to  the  heart. 

Neurasthenia  Cordis;  The  Weak  Heart. — This 
condition  is  very  similar  in  its  manifestations  to  the  irri- 
table heart  of  some  authors.  It  is  practically  identical 
with  the  not  infrequent  class  of  cases  somewhat  loosely 
denominated  weak  heart.  The  condition  denotes  aberra- 
tion or  insufliciency  of  the  heart,  the  result  of  defects  of 
innervation.  It  is  clearly  a  neurosis,  and  in  our  present 
state  of  knowledge  excludes  all  organic  disease,  al- 
though the  time  is  probably  close  by  when  keen  oljser- 
vers  will  be  able  to  distinguish  pathological  departures  in 
the  intimate  structure  of  the  cardiac  ganglia  or  nerve 
trunks,  or  perhaps  in  the  muscular  substance  of  the  myo- 
cardium. Patients  suffering  from  this  affection  usually 
belong  to  the  neuropathic  type,  which  may  or  may  not 
be  the  result  of  defective  endowment,  hereditary  or  oth- 
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■erwise.  It  is  brought  on  by  overstudy,  by  sexual  excess, 
or  possibly  by  coitus  reserVatus,  by  long  continued  de- 
pressing emotions,  failure  in  business,  frequent  excite- 
ments, long  marches,  and  exhausting  efforts  of  all  kinds. 
Onanism  and  unrequited  love  have  been  cited  as  fruitful 
causes.  It  is  frequently  seen  after  recovery  from  long 
attacks  of  prostrating  diseases,  more  especially  the  essen- 
tial fevers.  Being  to  some  extent  an  occupation  neuro- 
sis, it  is  far  more  frequent  in  males  than  in  females.  It 
seems  to  occur  with  unusual  frequency  among  ironwork- 
ers engaged  in  high-building  operations. 

Si/mptoms. — By  what  means  are  we  al)le  to  identify  the 
condition  of  neurasthenia  cordis?  The  cardiut;  features 
predominate,  although  general  nervous  manifestations 
are  usually  prominent.  The  patient  as  a  rule  is  fretful, 
irritable,  and  fidgety.  He  is  easil)'  startled  on  sudden 
excitement  and  is  apt  to  be  more  or  less  liypochondriacal 
in  his  tendencies.  The  cardiac  attack  itself  is  liable  to 
begin  with  some  quickening,  possibly  more  or  less  ir- 
regularity or  intermittence  of  the  heart.  The  first  car- 
diac sound  is  short  and  lacking  in  volume:  the  second 
sound  is  not  accentuated.  Palpitation  is  not  common, 
but  there  may  be  a  feeling  of  more  or  less  uneasiness 
about  the  heart.  The  patient  is  apt  to  show  vaso- 
motor disturbances  in  the  shape  of  frequent  changes  of 
color  in  the  face  and  sudden  coldness,  followed  by  burn- 
ing lieat  of  the  hands  and  feet.  There  are  no  oedema  of 
the  feet  or  ankles  and  no  dyspnoea,  but  in  severe  cases 
there  may  be  sufficient  local  distress  to  resemble  pseudo- 
angina.  The  sleep  is  lial)le  to  be  restless  and  the  patient 
wakes  with  a  sudden  jump  of  the  heart.  After  the  stage 
of  irritability  the  patient  falls  into  a  state  of  more  or  less 
depression,  marked  by  defective  nutrition.  Insomnia  is 
a  constant  symptom.  In  some  cases  the  patients  are  un- 
able to  be  up  and  must  remain  in  bed.  The  pulse  con- 
tinues to  be  weak  and  excitable  and  the  sphygmograph 
shows  marked  dicrotisni. 

Diagnosis. — The  diagnosis  of  neurasthenia  cordis  is  to 
be  reached  by  discriminating  consideration  of  the  symp- 
toms, as  above  outlined,  and  by  exclusion.  The  term 
weak  heart  is  too  often  used  as  a  cloak.  This  condition 
is  not  one  of  palpitation  on  the  one  hand,  nor  of  tachy- 
cardia on  the  other.  The  patient's  general  long-oontiii- 
ued  neurasthenic  state,  coupled  with  the  cardiac  symp- 
toms and  with  the  absence  of  any  signs  or  symptoms  of 
organic  trouble,  of  Addison's  disease,  diabetes,  carcinoma, 
or  tuberculosis,  renders  the  existence  of  neurasthenia  cor- 
dis a  practical  certainty, 

i'rag'nosis,— Neurasthenia  cordis  seldom  destroys  life 
directly,  but  it  forms  a  bad  accompaniment  for  acute 
prostrating  diseases.  Patients  succumb  much  more  read- 
ily to  typhoid  or  other  intercurrent  affections.  The  con- 
dition is  essentially  chronic  and  a  long  duration  may 
usually  be  predicted. 

Treaiment.—'V\\\&  should  consist  chiefly   of    cheerful 
surroundmgs,  agreeable  society,  and  pleasant  occupation 
The  food  should  be  simple,  abundant,  and  easily  di- 
gested.    Daily  systematic  outdoor  exercise,  particularly 
walking  at  a  slow  or  moderate  pace,  should  be  advised 
A  morning  shower  bath  as  cold  as  the  patient  can  endure 
and  react  from  with  comfort  is  a  useful  habit  to  incul- 
cate.    Da  Costa  allows  alcohol  in  liberal  quantities  to 
patients  of  this  type,  but  it  seems  to  the  writer  that  this 
remedy  should  be  used  as  discriminatingly  in  these  cases 
as  elsewhere.     One  of  the  lighter  wines  niay  be  allowed 
with  meals,  but  in  most  cases  the  extract  of  malt  will 
answer  all  purposes  to  be  gained  from  alcohol  and  with 
less  likelihood   of  unpleasant    results.     A   very   useful 
stomachic  tonic   and    reconstructive   is  as   follows-   B 
Acid,   hydrochlor,   dil.,  Tr.   nucis  vomicae  aa  fl   5    iv 
Elixir  laotopeptin  q,s.  ad  fl.  1   iij,     M.  et  Sig. .'  A  tea- 
spoonful  m  half  a  wineglassful   of  water  before  each 
meal.    Cascara,  rhubarb,  and  Kulnow's  improved  snrudel 
salt  used  alternately  are  to  be  preferred  for  the  consti 
pation  of  these  sufferers.     The  bromides,  valerian  and 
even  opium  may  be  required  at  times.    Digitalis  an 
nitrogloyerin  are  useless.  'fciLaiis  ana 
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cardiac  neurosis  is  described  in  various  ways  by  diffei- 
ent  writers.  The  term  was  originally  used  by  Da  CVistu 
in  describing  a  peculiar  cardiac  excitability  -iN-hich  he 
found  to  exist  among  soldiers  in  the  field.  The  condi- 
tion is  much  moi-e  frequent  among  men  than  among 
the  gentler  sex,  and  is  usually  seen  prior  to  the  thirtieth 
year  of  life.  The  patient  complains  that  he  is  never  free 
from  a  tired  feeling  about  liis  heart,  sometimes  a  sluirj) 
pain  is  felt.  The  organ  is  liable  to  throb  and  jump  and 
is  never  cutirel.y  outside  of  consciou.sness.  Even  when 
the  patient  is  lying  quietly  in  bed  it  makes  itself  a  nui- 
sance, banging  away  at  the  time  wlien  he  should  be  asiee]!, 
while  exercise  or  exertion  brings  on  a  violent  beating  ( All- 
butt),  In  most  cases  tlicre  is  a  history  of  overexertion. 
The  trouble  frequently  remains  among  college  men  as  a 
reminder  of  the  rush  and  crush  and  indiscretions  and  un- 
tamed passions  of  youth.  Spasmodic  bouts  of  sti'.dy, 
overdoses  of  alcohol  and  tobacco,  late  suppers,  overwork 
in  the  gymnasium,  and  other  incidents  of  an  irrational  and 
irregular  life  in  a  nervous  or  dysjaeptic  3'oung  person  usu- 
ally go  to  form  the  groundwork  of  the  irritable  heart.  A 
physical  examination  may  show  a  slight  degree  of  hj'per- 
trophy,  but  dilatation  is  mo.st  frequently  present.  The 
peripheral  arteries  are  lax  and  the  pulse  is  dici'otic;  its 
slackness  is  in  marked  contrast  with  the  excitable  state 
of  the  heart  itself.  The  rhythm  of  the  cardiac  contrac- 
tions is  often  a  little  uneven  and  the  second  sound  at  the 
apex  too  loud.  The  action  of  flie  heart  ma}'  seem  la- 
bored and  lieayj'  under  the  palpating  hand.  A  murmur 
may  possibly  be  heard,  but  more  often  simply  an  impur- 
itjr  of  the  first  sound,  as  though  it  were  dimmed  by  a 
distant  murmur. 

Treatment. — Prevention  of  this  trouble  during  the  early 
years  of  young  adult  life  is  of  the  utmost  impoi'tance. 
Young  men  especially  should  be  warned  of  the  dangers  of 
an  unsteady  method  of  life.  Violent  and  irregular  exer- 
cise, drinking  and  smoking  to  excess,  late  hours  and  sex- 
ual indiscretions  should  be  guarded  against.  Adolescent 
youths  are  prone  to  err  in  all  of  these  directions,  and  it 
is  the  function  of  older  and  wiser  persons  to  inculcate 
correct  and  uniform  habits.  If  the  condition  which  we 
know  as  the  irritable  heart  has  actually  become  estab- 
lished, the  medical  adviser  of  the  patient  must  set  him- 
self to  the  task  of  repairing  the  mischief  without  delay. 
The  patient's  daily  habits  must  be  carefully  investigated, 
and  his  life  made  as  tranquil  and  as  free  from  sources 
of  irritation  or  excitement  as  possible.  His  good  health 
cannot  possibly  be  recovered  b}'  any  other  means.  It 
is  useless  to  give  digitalis  or  other"  cardiac  tonics  or 
stimulants,  though  at  times  a  systematic  exhibition  of 
bromides  in  small  doses  may  serve  a  useful  purpose.  In 
many  cases  a  complete  change  of  scenery  and  surround- 
ings is  required.  A  temporary  removal  "to  a  quiet  rural 
locality  absolutely  free  from  t"emptations  to  indiscretions 
or  excess  is  usually  followed  by  good  results. 

Aehythmia  (a,  "privative,  and  pi'^J/ztSf,  rhythm),  known 
also  as  the  pulsus  ina^qualis  or  pulsus  irregularis,  is  a 
disturbance  of  the  rliythmic  contractions  orretjularity  of 
the  heart.  The  rhythm  of  the  heart  may  be  normallj"  in- 
termittent or  irregular  in  some  persons,  and  slight  devia- 
tions of  this  kind  are  not  incompatible  with  the  complete 
and  proper  performance  of  the  cardiac  functions.  It  is 
not  uncommon  to  notice  certain  disturbances  of  the 
rhythm  in  childhood,  espeiially  during  sleep,  which  dis- 
appear after  the  child  wakes  and  ruiis  about.  This  has 
no  pathological  significance,  but  the  irregularities  which 
are  increased  by  exercise  or  excitement,  especially  if  ac- 
companied by  pain  or  palpitation,  are  always  a  "sign  of 
gravity.  Irregularities  of  the  heart  may  be  due  to  di- 
rect, reflex,  or  toxic  causes,  or  a  combination  of  any  or 
all  of  these.  According  to  Roy  and  Adami,  they  are 
brought  about  by  the  failure  of  the  auricles  to  respond 
to  some  of  the  contractile  influences  which  reach  them 
from  the  sinus  (venosus),  or  by  the  interference  of  the 
sinus  and  ventricular  rhj'thm  with  each  other.  Ulti- 
mately the  cause  of  all  irregularity  may  be  traced  back 
to  inliibition  of  the  heart  through,  but  not  by  the  vagus. 
Simple  intermittence  is  always  an  indication  of  cardiac 
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failure  due  to  aureraia,  overwork,  or  worry.  It  may  be 
associated  with  valvular  lesions,  but  lias  only  an  inci- 
dental connection  witli  them.  Intermit  teuee  may  be  true 
■or  false.  In  true  intermittence  the  lieart  itself  actually 
omits  a  contraction,  wliile  in  false  intermittence  the  oi'gan 
contracts  but  the  pulse  wave  is  not  transmitted  to  the 
wrist.  These  insufficient  waves  are  known  as  "frus- 
trate "  contractions  and  sometimes  observe  a  form  of  reg- 
ularity tliemsel\'es,  e.g.,  the  second,  third,  or  even  up  to 
the  tenth  or  tifteentli  contraction  may  be  a  Erusti-ate,  or 
two  frustrates  may  appear  togetlier  successively,  or  they 
may  ))e  irregular  for  some  time  and  tlien  show  tliemselves 
in  rapid  succession.  In  some  instances  these  frustrate 
contractions  are  simply  due  to  a  sliglit  nervous  disturb- 
ance and  have  no  real  significance  Among  the  writer's 
patients  is  a  man  of  si.xtj',  usuallj'  in  the  liest  of  healtli, 
whose  lieart  has  shown  tliesc  intermissions  for  tlie  last 
fifteen  years.  Sometimes  strong  and  weali  beats  alter- 
nate witli  eacli  other  regularly,  giving  rise  to  what  is 
termed  the  pulsus  ulternnns.  Two  strokes  in  quick  suc- 
cession followed  by  a  longer  pause  constitute  the  puhux 
bigemiims,  three  strokes  the  pulsus  trige)iiiniis.  A  com- 
bination may  occur  constituting  the  pnhu.i  higeminus 
alt  emu  no. 

Allorrhyth.mia  (aTJMi;,  another)  is  a  condition  in 
which  a  distinct  method  is  observed,  tlie  irregularit_y 
being  always  the  same.  "When,  in  addition  to  this  state, 
the  heart  is  tumultuous,  it  is  known  as  delii-ium  eonUs. 
The  writer  has  at  the  present  time  a  case  under  observa- 
tion in  which  acceleration,  intermittence,  and  irregular- 
ity are  combined,  the  pulse  rate  never  being  less  than  160 
per  minute,  and  complete  allorrhytlimia  being  present. 
The  piilsvs  pctreidoxus  is  more  a  disturbance  of  the  pulse 
than  of  the  heart,  the  pulse  being  wealicr  instead  of 
stronger  during  inspiration.  The  rhythm  of  the  heart 
may  be  in  no  wise  disturbed,  but  its  contractions  are  not 
strong  enough  to  propel  the  blood  through  the  vessels  of 
the  thorax  against  the  inspiratory  suction  force  which 
arrests  or  holds  back  the  blood  wave. 

Cau.ies. — Arhythmia  is  found  occasionally  in  all  of  the 
other  cardiac  neuroses  and  the  causes  which  originate 
those  conditions  likewise  bring  about  irregularity  of  the 
cardiac  rhythm.  Disease  of  the  brain  and  spinal  cord 
and  pressure  upon  the  nerve  trunks  hy  tumors  or  inflam- 
matory products  are  among  the  direct  causes.  In  leuco- 
cytliiemia  and  progressive  pernicious  anamia,  conditions 
interfering  with  the  nutrition  of  the  heart,  arhythmia  is 
a  frequent  accompaniment.  It  is  sometimes  due  to  the 
pressure  on  the  heart  of  a  large  pleuritic  or  pericardial 
effusion,  or  a  flatulent  or  distended  stomach.  Among 
the  reflex  causes  may  be  included  diseases  or  disorders 
of  distant  organs  or  parts,  viz.,  an  inflamed  ovary  or 
uterus,  the  passage  of  a  gall-stone,  a  blow  on  the  stom- 
ach, a  sharp  attack  of  intestinal  colic,  or  an  operation  on 
the  pelvic  or  abdominal  viscera.  The  toxic  causes  em- 
brace certain  drugs,  notably  muscarin,  alcohol,  digitalis, 
strophanthus,  tobacco,  chloral  hydrate,  and  aconite,  all 
of  which  may  cause  interference  with  the  cardiac  rhythm. 
Certain  infections,  like  those  of  typhoid  fever,  scarlatina, 
diphtheria,  etc.,  produce  this  result.  In  a  severe  case  of 
scarlatina  under  the  writer's  care  in  a  little  girl  aged  six 
years,  the  heart  remained  intermittent  during  sleep  for 
some  weeks  after  the  passage  of  the  fever. 

Symptoms.— The  symptoms  of  arhythmia  are  referable 
chiefly  to  the  heart  "and  pulse  and  are  of  an  objective 
character.  Many  persons  have  an  irregular  or  an  inter- 
mittent heart  for  years  without  becoming  aware  of  it. 
In  many  cases  there  are  no  subjective  symptoms  what- 
ever, while  in  others  there  may  be  a  feeling  of  anxiety 
about  the  prfecordium  or  even  severe  palpitation  or  an- 
ginal symptoms.  In  grave  cases  there  may  be  signs^  of 
pulmonary  oedema,  cyanosis,  or  dropsy.  The  condition 
is  to  be  recognized  only  by  a  careful  observation  or  ac- 
tual count  of  the  heart's  pulsations. 

Prognosis.— This,  depends  entirely  upon  the  cause.  It 
may  possess  no  evil  significance  whatever,  or  it  may 
be  a  harbinger  of  approaching  dissolution.  As  a  rule 
arhythmia  may  be  looked  upon  as  a  graver  symptom  than 


palpitation.  If  it  disappears  under  excitement  or  exer- 
cise, it  may  be  disregarded  as  of  little  consequence,  but 
if  increased  under  these  circumstances  it  is  a  sign  of 
gra\'ity.  The  intermittence  or  iriegularily  resulting 
I'rom  the  abuse  of  alcohol,  tobacco,  and  bad  habits  at 
the  table  generally  disappears  on  removal  of  the  offend- 
ing cause. 

Treiitnient. — The  systematic  treatment  of  arhythmia  is 
closely  involveil  in  that  of  the  associated  conditions,  al- 
though the  symptoms  of  irregularity  and  inlermittenee 
will  at  times  require  direct  attention.  If  there  be  pres- 
ent a  flatulent  or  an  irritable  stomach,  measures  directed 
to  its  relief  should  not  be  delayed.  If  the  uterus  is  dis- 
placed, it  should  be  restored  to  its  proper  po.sition;  if 
an  ovary  is  diseased  or  a  kidney  loose  from  its  anchorage 
attention  must  be  given  to  these  matters.  The  arhyth- 
mia following  acute  febrile  states  generallj'  disappears 
with  the  lapse  of  a  few  weeks  more  or  less.  In  most 
(■uses  of  persistent  arliythmia  the  daily  administration 
of  strychnine,  in  doses  of  not  less  than  one-thirtieth 
of  a  grain  before  eacli  meal,  is  indicated;  with  this  may 
be  combined  one-half  to  one  grain  of  digitalis  or  caffeine, 
or  two  or  three  minims  of  the  tincture  of  strophanthus. 
In  cases  of  high  arterial  tension,  as  shown  by  a  hard,  in- 
compressible pulse,  the  use  of  nitroglycerin  is  rerfuired. 
If  the  action  of  the  heart  be  heaving  and  tumultuous  a 
warm  bath  (96°  to  100"  F.)  may  be  of  service,  provided 
there  is  no  atheroma  or  other  organic  trouble  with  the 
heart  or  arteries.  jNlild  cases  are  often  benefited  by  the 
systematic  use  of  cold  baths.  Icebags  to  the  prsecordial 
region  have  been  recommended  by  some  excellent  authori- 
ties. The  use  of  massage  is  frequently  productive  of 
good  results.  Moderate  exercise,  regular  habits,  and 
proper  food  slioiild  be  insisted  upon. 

Tremou  Cordis. — This  term  savors  somewhat  of  ped- 
antry. It  should  never  be  understood  as  being  applica- 
ble to  a  morbid  entity,  but  to  a  symptom  sometimes  met 
with  in  neurotic  persons,  especially  those  of  a  dyspeptic 
tendency.  It  is  a  peculiar  form  of  irregularity  of  the 
heart  which  seizes  the  sufferer  without  a  moment's  warn- 
ing. The  symptom  is  exceedingly  alarming  to  the  pa- 
tient but  is" devoid  of  danger.  "Like  a  bolt  from  the 
blue,  and  with  as  little  warning,  a  quiet,  steady  heart  is 
suddenly  seized  with  a  rapid  fluttering  and  the  ordinary 
full  pulse  of  health  suddenly  drops  to  a  mere  tremulous 
thread "  (Balfour).  The  attacks  may  vary  in  duration 
from  three  or  four  to  a  series  of  short,  rapid,  incomplete 
systoles  extending  over  several  seconds.  On  laying  the 
liand  over  the  heart  a  delicate,  tremulous  sensation  is  felt 
and  the  radial  pulse  is  scarcely  perceptible.  The  par- 
oxj'sm  ends  suddenlj-  with  an  unusually  forcible  beat  and 
is  never  attended  by  faintness  or  vertigo.  There  is  no 
doubt  some  weakness  of  the  myocardium  and  cardiac 
tonics  are  retpiired,  but  all  direct  medication  must  be 
subordinated  to  careful  dieting  and  promoting  the  gen- 
eral health. 

Delirh-M  Cordis  denotes  an  extreme  degree  of  irreg- 
ularity accompanied  by  intermittence  and  a  rolling  or 
staggering  sensation  conveyed  to  the  palpating  hand.  It 
is  usually  classified  as  a  neurosis,  although,  as  it  seems 
to  the  writer,  improperly  so,  as  true  examples  of  the  con- 
dition are  found  only  in  cases  of  dilatation  and,  very 
rarely,  in  mitral  stenosis.  Delirium  cordis  is  not  very 
amenable  to  treatment,  but  large  and  frequently  repeated 
doses  of  digitalis  sometimes  give  temporary  relief. 

The  Heart  in  Graves'  Disease. — Graves'  or  Base- 
dow's disease,  more  recently  known  as  the  thyroid  ca- 
chexia, is  classified  by  numerous  authors  among  the 
cardiac  neuroses.  This,  it  seems  to  the  writer,  is  not  fully 
warranted.  The  clinical  triad  which  constitutes  the 
basis  of  a  typical  case  of  Graves'  disease  are,  first,  a  rap- 
idly acting"  lieart ;  second,  enlargement  of  the  thyroid 
gland;  and,  third,  protuberance  of  the  eyeballs.  AH  of 
these  symptoms  are  not  invariably  present.  It  often 
happens  that  the  bulging  eyes,  or  hypertrophied  thy- 
roid, are  not  in  evidence.  The  rapid  heart  is  the  most 
constant  symptom,  but  the  writer  has  seen  more  than  one 
ease  presenting  all  the  active  signs  and  symptoms  of 
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Graves'  disease,  with  a  lieart's  action  little  or  not  at  all 
accelerated.  In  a  well-marked  case  of  thyroid  cachexia, 
however,  the  action  of  the  heart  is  very  rapid,  amount- 
ing to  120  or  more  beats  to  the  minute.  This  is  often 
accompanied  by  a  violent  throbbing,  which  extends  even 
to  the  small  arteries.  The  sounds  of  the  heart  are  also 
greatly  augmented  in  volume,  being  audible  in  some 
instances  at  a  distance  of  several  inches  from  the  chest. 
This  peculiar  action  of  the  heart  differs  from  simple  pal- 
pitation by  its  continuity  and  by  its  embracing  the  small 
arteries  as  well  as  the  heart  itself  in  the  throbbing.  At 
first  there  is  no  structural  change  in  the  heart,  but  the 
rapid  and  perturbed  action  is  associated  with  a  falling- 
off  in  the  ventricular  output,  and  this  ultimately  leads 
to  residual  dilatation  with  its  attendant  train  of  evils. 
The  treatment  of  the  thyroid  cachexia  is  to  be  directed  to 
the  general  condition  and  not  to  the  heart,  although  n 
little  digitalis  combined  with  Hoffman's  anodyne  <ir 
valerian  may  be  exhibited  to  mitigate  severe  throbbing. 
General  tonics,  outdoor  air,  and  good  food,  supplemented 
by  the  use  of  the  thyroid  or  tliymus  extract,  are  recog- 
nized at  the  present  time  as  offering  the  best  hope  for  a 
modification  of  the  course  of  tliis  prolonged  and  obstinate 
affection. 

Angina  Pectokis. — This  name  was  introduced  by 
Heberden  in  1768.  It  was  intended  to  denote  a  strangu- 
lation (angere,  to  bind,  to  strangle).  The  affection  has 
been  known  as  stenocardia,  sternalgia,  and  breast-pang. 
There  are  two  varieties,  the  true,  or  angina  pectoris 
proper,  and  the  false,  or  pseudo-angina.  True  angina  is 
always  attended  by  structural  changes  and  is  no  more  a 
neurosis  than  is  atheroma  or  endocarditis.  It  is  usually 
treated  as  a  neurosis,  however,  and  this  is  at  least  par- 
tially justified  by  the  fact  that  the  most  formidable  and 
striking  manifestation  of  the  trouble  undoubtedly  has  its 
origin  in  some  of  the  nerve  structures  communicating 
with,  or  located  within,  the  heart.  Many  authorities 
have  regarded  it  as  a  neuralgia.  Pseudo-angina  is  not 
attended  by  organic  change  and  is  unequivocally  a  neu- 
rosis. The  features  of  false  angina  are  not  usually  so; 
severe  as  those  of  angina  vera,  but  it  is  not  always  possi-' 
ble  to  separate  the  two.  A  fatal  issue  has  undoubtedly 
resulted  from  pseudo-angina  pectoris  in  some  instances. 

Causation. — The  structural  changes  which  constitute 
the  basis  of  true  angina  pectoris  do  not  occur  in  early 
life.  Thus  the  affection  seldom  makes  its  appearance 
before  the  fortieth  year  of  age.  All  Influences  which 
give  rise  to  sclerosis  or  atheroma  of  the  arterial  coats  tend 
to  lay  the  foundation  of  this  dreadful  disease.  These  are 
notaljlj'  alcoholic  excess,  high  living,  syphilis,  gout,  lead- 
poisoning,  and  overwork,  especially  of  a  mental  or  sed- 
entary character.  Probably  ninety  per  cent,  of  cases 
occur  in  males.  It  is  especially  prone  to  appear  in  per- 
sons in  the  upper  walks  of  life,  those  of  an  Intellectual 
occupation  being  most  liable  to  it.  Physicians,  clergy- 
men, lawyers,  and  writers  supplj^  the  greater  number  of 
victims.  Heredity  plays  a  role  in  some  Instances.  Th(^ 
paroxysms  may  be  precipitated  by  exhaustive  work  or 
sudden  excitement,  anger,  fright,  etc.  A  patient  under 
the  writer's  observation  suffering  from  a  double  aortic 
lesion  developed  attacks  of  unmistakable  angina  on  two 
successive  occasions  when  taken  before  a  class  of  stu-- 
dents. 

Morbid  Changes  in  True  Angina  Pefton's.— Atheroma 
of  the  coronary  arteries  is  the  most  constant  lesion  pres- 
ent. Welch  found  this  change  in  every  one  of  six  fatal 
cases.  Embolism  of  these  vessels  may  also  be  present,  as 
pointed  out  by  Cohnheim  and  Virchow  many  years  ago. 
The  process  is  apt  to  begin  in  the  ascending 'aorta  at  tlie 
point  of  origin  of  the  left  coronary  artery.  The  calibre 
of  this  vessel  may  become  entirely  occhided,  or  so  con- 
tracted that  a  bristle  cannot  be  passed  into  it.  'Various 
other  organic  lesions  have  been  observed,  notably  fatty 
degeneration  of  the  heart,  calcification  of  the'  aortic 
valves,  aneunsm  of  the  aortic  arch,  pericarditis  and  en 
docarditis.  Not  every  case  of  coronary  sclerosis  is  accom- 
panied by  angina  pectoris.  The  1  umina  of  the  vessels  are 
sometimes  left  sufficiently  patent  to  admit  of  enough 
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blood,  and  in  other  cases  the  cardiac  circulation  is  carried 
on  by'  supplemental  coronaries  which  remain  unaffected. 
It  will  thus  be  seen  that  an  imperfect  metabolism  of  the 
myocardium  furnishes  the  groundwork  for  angina  pec- 
toris. No  one  has  ever  seen  the  heart  during  a  paroxysm 
of  angina,  but  reasoning  from  analogy  it  seems  probable 
that  the  seizures  are  precipitated  by  a  sudden  i8cha;mia 
of  the  cardiac  muscles,  the  blood  supply  of  the  coronaries 
being  for  the  moment  totally,  or  almost  totally,  arrested. 
Pseudo-angina  may  be  produced  by  any  of  the  causes 
which  have  been  enumerated  as  producing  other  cardiac 
neuroses.  It  is  in  greater  or  less  degree  an  occasional 
concomitant  of  those  affections.  Probably  "  angina  dys- 
peptica,"  a  mere  gaseous  dilatation  of  the  stomach,  con- 
stitutes'a  majority  of  the  cases  of  pseudo-angina  pectoris 
in  nervous  subjects. 

Si/inptoMS.—The  paroxysm  may  set  in  suddenly  with- 
out' previous  warning,  although  the  marks  of  arterio-scle- 
rosis  and  general  failure  of  the  health  and  strength  may 
have  shown  themselves  for  some  years.  Cardiac  palpi- 
tation, arhytlimia,  etc.,  may  also  have  been  experienced. 
The  attack  may  come  on  when  the  patient  is  sitting 
quietly  in  bed,  but  is  most  likely  to  appear  during  some 
exertion,  such  as  climbing  a  hill,  breasting  the  wind,  or 
straining  at  stool,  or  when  laboring  under  some  form  of 
excitement.  In  tr-ue  angina  the  seizure  is  of  overwhelm- 
ing suddenness  and  of  unspeakable  intensity.  The  pain 
begins  in  the  prtecordial  region,  usually  about  the  mid- 
sternum,  and  radiates  as  a  rule  upward  into  the  left 
shoulder  and  down  tlie  left  arm,  perhaps  as  far  as  the 
finger  ends.  Sometimes  it  is  propagated  in  the  direction 
of  the  right  shoulder,  or  possibly  downward  toward  the 
leg  or  the  lumbar  region.  The  nervous  systemis  acutely 
alert.  One  of  the  most  characteristic  features  is  the  feel- 
ing of  imminent  death.  Some  patients  state  that  the 
heart  feels  as  though  it  were  being  tightly  squeezed  in 
the  grasp  of  a  gigantic  hand.  Probably  no  condition  in 
the  entire  range  of  our  knowledge  entails  more  dreadful 
agony  than  that  of  a  typical  attack  of  true  angina.  In 
some  cases  a  sense  of  coldness,  numbness,  deadness, 
creeping,  or  other  vaso-motor  disturbance  is  felt.  In 
others  the  pain  may  not  be  so  acute,  but  takes  the  form 
of  a  dull  ache  (angina  sine  dolore)  and  is  overshadowed 
by  the  intense  anxiety.  During  the  attacks  of  angina 
the  features  are  haggai-d  and  the  face  is  blanched ;  the 
forehead  is  bedewed  with  a  cold  sweat.  The  respiration, 
as  a  rule,  is  in  nowise  affected  but  may  be  hurried  and  su- 
perficial. The  patient  is  well  able  to  take  a  deep  breath, 
but  is  afraid  to  attempt  it.  He  usually  prefers  to  keep 
perfectly  quiet  in  a  sitting  or  upright  posture  for  fear  of 
increasing  the  severity  of  the  paroxysm.  A  physical 
examination  may  or  may  not  show  the  signs  of  organic 
heart  disease ;  the  most  frequent  lesion  is  aortic  stenosis. 
During  the  attack  the  heart's  action  may  be  increased  or 
diminished  in  frequency.  In  one  of  the  writer's  patients 
it  sank  below  40  per  minute.  The  blood  pressure  is  al- 
ways raised  at  the  beginning  of  the  attack.  The  seizures 
may  last  for  from  a  few  moments  to  an  hour  or  more, 
probably  five  or  ten  minutes  being  about  the  average. 
After  the  attack,  which  may  cease  as  suddenly  as  it  set 
in,  the  patient  feels  weak  and  exhausted  for  a  short  time. 
A  sensation  of  numbness  and  formication  in  the  arms 
may  be  experienced.  There  may  be  a  considerable  belch- 
ing of  gas  and  voiding  of  a  large  quantity  of  urine. 

BUigiiusis. — This  is  usually  not  difficult.  No  other 
condition  presents  the  same  complex  of  symptoms — sud- 
den irradiating  pain,  squeezing,  tightening,  constriction, 
overwhelming  sense  of  impending  death,  etc.  As  dis- 
tinguishing between  true  and  false  angina,  Huchard's 
aphorisms,  while  not  infallible,  are  very  important :  (1) 
Every  angina  produced  by  effort  is  a  true  angina.  (3) 
Every  angina  which  occurs  spontaneously,  without  ef- 
fort, is  a  false  angina.  (3)  But  an  angina  occurring  at 
night,  though  independent  of  effort,  is  a  true  angina. 
Disturbance  of  the  special  senses,  hysterical  manifesta- 
tions, etc.,  are  far  more  characteristic  of  false  than  of 
true  angina.  The  absence  or  presence  of  signs  of  organic 
heart  disease  is  important  in  the  diagnosis.     The  hysteri- 
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cal  pseudo-angina  of  yount,' women  is  exclucled  1)y  tlie 
sex  and  age  of  the  patient,  the  ability  to  screani  and 
tlirow  herself  about,  and  the  probable  presence  of  anii.niia 
or  menstrual  disorders.  The  pseudo-angina  of  alcoliol 
and  tobacco  occurs  as  a  rule  in  young  persons  and  can 
generally  be  recognized  by  the  history  of  the  case  The 
pain  here  is  of  stdjordinate  severity.  In  cardiac  asthma 
dyspna?a  is  a  marked  sj'mptom,  but  is  entirely  absent  in 
angina  pectoris.  Then  in  cardiac  asthma  aie  superadded 
the  symptoms  of  blood  stasis  in  the  extremities,  cold 
hands  and  feet,  hyperysmia  of  the  li\'er,  and  occasionally 
the  expectoration  of  blood-stained  sputum. 

Proynom. — In  true  angina  the  prognosis  for  compk'te 
recovery  is  hopeless,  the  anatomical  lesions  not  admitting 
of  restoration.  The  patient  is  in  constant  danger.  He 
may  die  in  the  first  attack,  or  after  several  attacdis.  Un 
expected  prolongation  of  life  occurs  in  some  cases.  The 
patient  may  not  have  a  repetition  of  the  early  attacks 
and  may  possibly  die  of  other  troubles.  A  case  reported 
by  Murrell  lasted  forty  years,  and  the  elder  Austin  Flint 
believed  that  he  had  seen  a  case  of  actual  recovery. 

Treatment. — This  resolves  itself  into  the  management, 
first,  of  the  paroxysm,  second,  of  the  interval.  When 
called  to  see  a  case  during  an  attack  the  practitionei- 
should  always  feel  the  pulse;  this  will  generally  but  not 
invariably  be  found  hard  and  tense,  denoting  high  arte- 
rial pressui'e,  which  condition  is  usually  present  at  the 
beginning  of  an  attack.  The  first  object  of  treatment  is 
to  lower  the  blood  tension  and  relieve  the  strain  on  the 
heart.  For  this  purpose  the  nitrite  of  amyl  is  still  our 
most  prompt  and  efficient  -weapon.  This  drug  may  be 
administered  by  inhalation,  a  few  drops  being  placed  on 
a  handkerchief  and  held  to  the  nose,  increasing  the  dose 
carefully  if  necessary.  Small  pearls  or  capsules  may  be 
supplied  to  the  patient  with  instruction  to  break  and 
inhale  in  the  event  of  an  attack.  Nitroglycerin  acts  in 
a  similar  manner  to  nitrite  of  amyl  but  is  much  slower. 
Its  eifects,  however,  are  more  lasting,  usually  extending 
over  a  period  of  from  four  to  six  hours.  It  is  very  use- 
ful in  mild  cases  of  vaso-motor  angina  and  in  pseudo- 
angina.  The  nitrite  of  sodium  has  an  effect  quite  simi- 
lar to  that  of  nitroglycerin.  If  the  arterial  tension  be 
found  low  and  the  pain  still  severe  it  is  better  to  try 
the  administration  of  a  little  chloroform  or  ether  by  in- 
halation, the  former  being,  in  the  writer's  opinion,  most 
trustworthy.  These  agents  must  always  be  used  by 
the  physician  or  a  trained  attendant.  A  hypodermic 
injection  of  morphine  is  sometimes  demanded.  Yeo  rec- 
ommends the  continuous  current  at  the  inception  of  a 
paroxysm.  Mild  cases  may  be  relieved  by  antispas- 
modics and  diffusible  stimulants  such  as  Hoffman's  ano- 
dyne, musk,  valerian,  and  assafoetida.  Sinapisms  or  hot- 
water  bags  to  the  surface  are  sometimes  helpful,  and  the 
same  may  be  said  of  the  quick  application  of  the  ice  bag 
or  cold  cloths.  During  the  intervals  the  underlying 
pathological  state— arterio-sclerosis— should  be  combated 
by  every  available  means.  The  iodide  of  potassium, 
strychnine,  and  arsenic  form  our  main  reliance.  Accord- 
ing to  Balfour,  arsenic  is  indicated  in  all  heart  diseases 
attended  with  pain.  A  most  careful  and  discriminating 
mode  of  life  is  to  be  observed.  All  undue  exposure  and 
excitement  should  be  avoided  and  the  strictest  self-con- 
trol practised.  James  K.  Crook. 
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HEART  DISEASES:  SYPHILIS.— Syphilisof  the  myo 
cardium  manifests  itself  in  tlie  form  of  a  local  or  diffuse 
fibroid  myocarditis  or  as  a  gvnumatous  myocarditis.  The 
interstitial  induration  is  by  far  the  more  common  proc 
ess;  it  may  be  the  result  of  the  direct  action  of  the  syph- 
ilitic poison  or  secondary  to  a  sj'philitic  endarteritis.  It 
occurs  in  both  acquired  and  congenital  syphilis,  in  the 
former  case  as  a  tertiarj'  lesion.  In  its  earliest  stages  the 
interstitial  change  is  found  as  a  cellular  infilti'ation  along 
the  small  vessels  of  the  intermusculai'  connective  tissue. 
Fibroblastic  proliferation  occurs  in  the  latter,  leading 
gradually  to  the  formation  of  small  scattered  nfidules  of 
granulation  tissue,  which  soon  become  converted  into 
scar  tissue.  In  the  fibroid  areas  thus  formed  remains  of 
degenerated  muscle,  pigment,  fat  droplets,  etc. ,  are  found. 
The  newly  formed  fibrous  tissue  may  undergo  caseation  or 
become  calcified.  The  neighboring  muscle  shows  exten- 
sive atrophy  and  fatty  degeneration.  In  other  cases  the 
cellular  infiltration  is  in  the  form  of  bands  or  sheets  run- 
ning parallel  with  the  axis  of  the  muscle  bundles.  These 
may  or  may  not  be  sharply  defined;  usuallj-  the  new  tis- 
sue sends  out  fine  prolongations  into  the  neighboring 
muscle.  As  the  cellular  infiltration  develops  it  becomes- 
graduall}'  changed  into  a  coarse  hyaline  variety  of  fibrotis 
tissue  containing  few  nuclei.  Through  atrophy  of  the 
intervening  muscle  tlie  bands  of  connective  tissue  gradu- 
ally coalesce  and  may  come  to  make  up  the  entire  thick- 
ness of  the  heart  wall  from  pericardium  to  endocardium. 
The  left  ventricle,  the  anterior  wall,  the  apex,  and  the 
septum  ventriculorum  are  most  commonly  afl'ected,  the 
papillary  muscles  and  the  walls  of  the  auricles  only 
rarely.  In  the  congenital  form  the  wall  of  the  right  ven- 
tricle is  much  more  frequently  affected  than  that  of  the 
left. 

In  the  majority  of  cases  the  fibroid  change  is  directly 
dependent  upon  the  presence  of  an  obliterating  endar- 
teritis in  the  coronary  arteries.  Complete  occlusion 
of  a  terminal  branch  produces  anfemic  infarction,  the 
necrosed  muscle  being  replaced  by  .scar  tissue;  slowly 
progressive  obliteration  of  the  vessels  leads  to  degenera- 
tive changes  in  the  muscle  with  secondary  inflammation 
and  proliferation  of  the  interstitial  tissue.  To  the  naked 
eye  the  fibroid  areas  appear  as  white,  glistening,  tendon- 
like bands  or  masses.  'The  weakening  of  the  heart  wall, 
due  to  the  inability  of  the  new  connective  tissue  to  con- 
tract against  the  intracardiac  pressure,  often  leads  to  an 
aneurismal  dilatation  at  the  point  of  greatest  change. 

The  gummatous  form  of  myocarditis  is  of  much  less 
common  occurrence.  It  is  usually  associated  with  a 
more  or  less  diffuse  interstitial  change.  It  is  pi'obable 
that  in  many  cases  the  fibroid  myocarditis  found  at  au 
topsy  is  the  result  of  antecedent  gummatous  processes. 
Gummata  may  be  found  in  any  part  of  the  heart  wall,  in 
the  myocardium,  or  beneath  the  peri  or  endocardium. 
To  the  naked  eye  they  appear  as  yellowish  or  grayish 
cheesy  nodules,  varying  in  size  from  a  mustard  seed  to  a 
walnut,  and  are  usually  surrounded  by  a  dense  fibrous 
capsule.  Fresh  gummata  are  red  or  pink  in  color  and  of 
a  soft  homogeneous  structure.  They  do  not  possess  a 
fibrous  capsule  and  are  not  sharply  outlined  from  the 
surrounding  tissue.  Usually  the  heart  gnmmata  are 
solitary,  but  in  many  cases  multiple  caseous  nodules  are 
found  scattered  throughout  the  cardiac  wall.  When  the 
gumma  is  located  just  beneath  the  peri-  or  endocardium 
chronic  adhesive  pericarditis  and  sclerosis  of  the  endocar- 
dium are  usually  present.     Hypertrophy  and  dilatation 
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of  the  heart  are  frequent  secondary  changes  dependent 
upon  the  myocardial  condition.  On  microscopical  exam- 
ination the  gummata  of  the  heart  are  distinguished  from 
those  in  other  regions  of  the  body  by  the  cellular  nature 
of  the  process,  the  rarity  of  giant  cells,  and  the  relatively 
slight  degree  of  caseation,  Obliterating  endarteritis  of 
the  coronary  arteries  may  or  may  not  be  associated  with 
gummatous  myocarditis. 

Slight  degrees  of  interstitial  myocarditis  and  gummata 
of  small  size  may  give  rise  either  to  circulatory  disturb- 
ances or  to  general  symptoms.  In  the  majority  of  cases 
the  onset  is  slow  and  insidious,  the  symptoms  of  serious 
myocarditis  developing  only  when  extensive  involve- 
ment of  the  heart  muscle  has  occurred.  Consequently 
sudden  death  from  acute  cardiac  insufficiency  is  very  com- 
mon, occurring  in  two-thirds  of  the  cases.  In  those  cases 
which  are  observed  for  some  time  before  death  dyspnoea, 
venous  stasis,  ascites,  and  general  cedeina  gradually  devel- 
oped without  the  presence  of  the  physical  signs  of  val- 
vular disease.  Extensive  fibroid  change  or  gummata  of 
large  size  may  lead  to  aneurismal  dilatation  of  the  heart 
wall,  general  h3'pertrophy,  or  dilatation  accompanied  by 
the  gradually  developing  symptoms  of  cardiac  insuffi- 
ciency. Rupture  of  a  softened  gumma  into  the  blood 
stream  very  frequentlj^  leads  to  thrombosis  and  embo- 
lism. In  the  reported  cases  the  emboli  were  found  in 
the  vessels  of  the  retina  and  choroid,  and  in  the  coronary 
and  pulmonary  arteries.  A  form  of  syphilitic  angina 
pectoris  has  been  described  by  some  writers  who  have 
attributed  it  to  a  specific  action  of  the  s.yphilitic  poison 
upon  the  neuro-muscular  apparatus  of  the  heart  wall  or 
upon  the  sympathetic  nerves.  The  progress  of  cardiac 
sypliilis  is  usually  very  slow,  periods  of  apparently  good 
health  may  alternate  with  extended  attacks  of  cardiac 
insufficiency.  In  either  period  slight  accidents  may  cause 
'  sudden  death.  This  may  be  due  to  rupture  of  the  heart 
or  to  occlusion  of  the  coronary  arteries,  either  tiirough 
fibroid  changes,  or  througli  thrombosis  or  embolism. 

The  diagnosis  of  syphilitic  disease  of  the  heart  rests 
upon  the  exclusion  of  other  causal  factors  and  the  estab- 
lishment of  the  existence  of  a  syphilitic  infection,  either 
past  or  present.  In  doubtful  cases  the  therapeutic  test 
should  be  employed.  The  progno.sis  in  undoubted  cases 
of  syphilitic  myocarditis  is  very  unfavorable  if  the  con- 
dition is  well  advanced.  Only  in  the  earliest  stages, 
before  much  structural  change  of  the  heart  wall  has  oc- 
curred, is  there  hope  of  a  cure.  The  treatment  is  that 
pursued  in  cases  of  syphilis  in  general,  with  special  treat- 
ment directed  to  the  myocardial  condition.  It  is  very 
probable  that  systematic  treatment  of  all  cases  of  syph- 
ilis, if  continued  faithfully  for  four  oi-  five  years,  would 
greatly  diminish  the  number  of  cases  of  myocardial 
syphilis.  Aldred  SaM  Warthin. 

HEART  DISEASES:  TUBERCULOSIS.— Tuberculosis 

of  the  myocardium  is  very  rare.  The  first  recorded  case 
is  that  of  Townsend  in  1832.  In  1894  Valentin  collected 
ttaty-six  cases  from  the  literature,  and  estimated  that 
the  condition  occurred  but  once  in  one  thousand  tuber- 
culous bodies.  Hand,  in  1898,  collected  forty-two  cases 
and  m  1899  Thiry  was  able  to  gather  sixty-three  cases 
trom  the  literature  up  to  that  year.  With  the  exception 
ot  a  tew  cases  the  condition  was  secondary  to  tubercu- 
lous disease  elsewhere  in  the  body.  Demme  and  Knopf 
have  reported  cases  thought  to  be  primary.  The  maior- 
ity  of  the  cases  occurred  before  the  fifteenth  year  several 
wnif  f1*.f-  •  t'f  ventricles  are  more  often  affected,  the 
wall  of  the  right  auricle  next  in  frequency.  In  the  ma- 
jority ot  cases  the  lesions  are  charactei-ized  by  the  scarcitv 
ot  tubercle  bacilli  found  in  them  ^        scarcit} 

voP"  'f^'''=.^'°V^  "le  myocardium  occurs  either  by  di- 
rect extension  from  the  pericardium  or  endocardium  or 
by  hsematogenous  or  lymphogenous  metastasis  Accord - 
ng  to  some  writers  a  retrograde  lymphogenous  metas- 
tasis from  the  bronchial  lymph  glands  forms  thrmost 
common  means  of  nfection.  This  is  denied  by  otCs 
inasmuch  as  the  lack  of  collateral  anastomosis  of^the  car 
diac  lymph  vessels  does  not  favor  retrograde  metastasis. 

602 


In  the  miliar}-  cases  the  avenue  of  infection  is  usually 
through  the  veins. 

The  disease  may  manifest  itself  in  several  forms:  (1) 
Scattered  miliary  nodules  through  the  muscle ;  (2)  large 
caseous  nodules  varying  in  size  from  a  pea  to  a  hen's 
egg,  usually  multiple,  but  occasionally  single ;  (3)  diffuse 
tuberculous  myocarditis  in  the  form  of  a  fibroid  change 
with  scattered"  caseous  nodules  of  small  size ;  (4)  fibroid 
myocarditis  with  small  non-caseating  tubercles.  Tlie 
third  and  fourth  forms  are  very  rare;  and  are  with  difB- 
culty  distinguished  from  syphilitic  proce.sses,  as  the  ba- 
cilli are  found  in  such  scanty  numbers  as  to  be  very  diffi- 
cult of  demonstration.  The  miliary  tubercles  are  usually 
most  numerous  just  beneath  the  epicardium.  occasionally 
beneath  the  endocardium.  They  rarely  extend  far  into 
the  muscle.  The  large  caseous  tuberchts  represent  a  more 
chronic  infection ;  they  may  be  encapsulated  or  show  ex- 
tensive signs  of  healing.  In  these  cases  the  pericardium 
is  almost  always  involved,  the  endocardium  only  rarely 
when  tlie  lesion  is  in  the  ventricles.  In  the  ca.se  of  a 
tubercle  of  large  size  developing  in  the  auricular  wall 
both  peri-  and  endocardium  are  soon  involved.  Perfora- 
tion into  the  auricular  cavity  may  take  place  and  give 
rise  to  a  general  miliary  tuberculosis.  In  a  case  reported 
by  Piischmann  there  was  an  acute  miliary  tuberculosis 
which  seemed  to  have  taken  its  origin  from  a  thrombus 
containing  numerous  tubercle  bacilli  which  was  attached 
to  a  caseating  tubercle  in  the  auricular  wall. 

With  slowly  developing  tubercles  there  is  always  as.so- 
ciated  an  interstitial  myocarditis.  In  the  case  of  tlic 
large  caseous  tubercle  this  process  is  confined  to  its  im- 
mediate vicinity.  This  form  of  interstitial  mj-ocarditis 
is  much  less  important  than  the  diffuse  form  associated 
with  scattered  tul)crcles  of  slow  growth  and  showing 
little  tendency  to  caseate.  In  spite  of  the  weakening  of 
the  cardiac  wall  through  replacement  of  the  muscle  by 
connective  tissue  and  through  caseation  of  the  tubercle, 
a  rupture  or  aneurism  of  the  wall  is  not  likely  to  occur 
in  these  cases  because  of  the  diminished  blood  pressure. 
In  none  of  the  recorded  cases  of  myocardial  tuberculosis 
has  this  event  been  observed.  Further,  there  is  usually 
extensive  fatty  degeneration  of  the  heart  muscle  in  the 
neighborhood  of  the  tuberculous  process,  and  this  dimin- 
ishes to  a  still  greater  degree  the  efflciencj^  of  the  heart's 
action.  Calcification  or  encapsulation  of" the  caseous  tu- 
bercles ra&y  occur  here  as  elsewhere.  Complete  healinir 
may  result,  the  tubercle  being  wholly  replaced  by  con- 
nective tissue. 

Within  vei-y  recent  years  the  presence  of  tubercle  ba- 
cilli in  parietal  thrombi  and  endocardial  vegetations  has 
been  many  times  demonstrated,  and  it  is  very  probable 
that  tuberculous  endocarditis  is  of  much  more  frequent 
occurrence  than  is  usually  supposed.  The  great  fre- 
quency of  cardiac  thrombi  in  pulmonary  tuberculosis 
suggests  the  possibility  of  their  formation  bv  the  lodg- 
ment of  bacilli  upon  "tlie  endocardium.  Secondary  in- 
volvement of  the  myocardium  may  follow  the  develop- 
ment of  such  endocardial  tubercles. 

'Tuberculosis  of  the  myocardium  presents  no  character- 
istic symptom  complex,  and  in  the  great  majority  of  cases 
cannot  be  diagnosed.  The  symptoms  depending  directly 
upon  the  condition  would  be  those  of  a  myocarditis.  In- 
volvement of  the  pericardium  may  give  rise  to  such  defi- 
nite signs  and  symptoms  as  to  permit  of  the  diagnosis 
being  made.  In  case  of  pericardial  effusion  a  bacterio- 
logical examination  of  fluid  obtained  bv  puncture  could 
be  made.  The  termination  of  the  cases" is  by  death,  due 
usually  to  the  general  tuberculosis  rather  "than  to  the 
condition  of  the  heart.  Rarely  solitarv  tubercles  of  small 
size  and  slow  growth  may  heal.  For"lhe  great  majority 
of  the  cases  there  is  no  treatment  beyond  that  of  a  purely 
symptomatic  nature.  Aldred  Scott  Warthin. 

HEART    DISEASES:   VALVULAR    LESIONS.— Gen 

EH.u.  Etiology.— The  great  majority  of  cases  of  chronic 
valvular  lesions  oi'iginate  In  acute  or  chronic  endocardi- 
tis. A  single  attack  of  acute  rheumatism  may  leave  the 
valves  in  a  seriously  damaged  condition,  but  more  fre- 
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■quently  contract iou  and  tliickeniug  of  tlie  valvular  ap- 
paratus continue  after  the  acute  stage  has  ijassed  off,  anil 
the  leaflets  gradually  become  deformed  and  defective  in 
function.  Recurring  attacks  of  endocarditis  are  liable  to 
occur  in  valves  once  damaged  bj'  this  cause,  and  slight 
defects  may  thus  terminate  in  serious  and  irreparablein- 
jury. 

Valvular  deformity  may  also  originate  in  a  clironic 
sclerotic  process,  comparable  to  the  changes  whieh  take 
place  in  sclerosis  of  the  \-essels.  Although  this  chronic 
process  may  originate  from  rheumatic  influences,  yet 
there  are  a  number  of  causes  which,  when  taken  colfec 
tively,  exert  a  more  frequent  influence. 

That  high  arterial  pressure  is  capable  of  producing 
valvular  lesions  is  shown  very  clearly  liy  the  experi- 
ments of  Roy  and  Adami.  These  observers  narrowed 
the  aorta  of  the  dog  by  clamping  and  thus  induced  a 
fringe  of  swollen  tissue  at  the  free  edge  of  the  valve,  due 
to  inflltration  of  cells  and  cedema. 

Clinically  it  is  well  recognized  that  long-continued  high 
arterial  pressure  may  result  in  sclerosis  and  thickening 
of  the  valves.  More  particularly  is  this  noticed  in  the 
aortic  segments  which  have  to  bear  the  brunt  of  in- 
creased strain  in  the  arterial  system;  the  mitral  cusps 
often  suffer  as  Avell,  and  thickening  of  their  free  borders 
is  very  frequent  in  cardiac  hypertrophy,  a  condition  in 
which  they  are  subjected  to  increased  strain. 

The  proportion  of  cases  originating  in  acute  and  in 
chronic  endocarditis,  has  been  variously'  estimated.  It  is 
more  common  to  trace  an  origin  in  acute  endocarditis, 
resulting  from  i-heumatism  or  other  infectious  processes, 
in  the  mitral  than  in  the  aortic  segments.  In  aortic  lesions 
the  process  is  frequently  chronic  from  the  outset. 

Guttmann  regards  three-fourths  of  all  valvular  cases  as 
beginning  in  a  chronic  fashion,  and  Worobjew's  {Dent. 
Arch.  f.  Idin.  Med. .  69,  4t36)  analysis  of  180  cases  also  con- 
firms this  view.  ]\Iost  writers  have,  however,  regarded 
the  rheumatic  cases  as  the  most  frequent;  Schott  attrib- 
utes 54  per  cent.,  and  Gibson  63  per  cent,  of  cases  to  a 
rheumatic  origin. 

AoKTic  Incompetexce. — Etiology. — Although  occur- 
ring at  all  ages  and  in  botli  sexes,  it  is  far  more  commonly 
met  in  males  about  the  middle  period  of  life.  Under  the 
age  of  twenty-five  most  cases  are  due  to  a  rheumatic  ori- 
gin, and  in  these  it  is  usual  to  find  the  mitral  valve  also 
affected.  Anatomically,  a  large  majority  of  eases  origi- 
nate in  a  chronic  til)ro.sis  of  the  segments  of  the  valve 
with  resulting  retraction  and  deformity.  All  conditions 
leading  to  continued  or  CA-eii  intermittent  high  pressure 
tend  to  the  development  of  fibroid  thickening.  Incom- 
petence is  consequently  often  seen  in  arterio-sclerosis, 
chronic  Bright's  disease,  gout,  plumbism,  and  in  chronic 
alcoholism.  Those  engaged  in  laborious  physical  work 
constitute  the  greater  number  of  cases.  It  is  conse- 
quently frequent  in  laborers,  and  is  occasionally  seen  in 
athletes.  Old  soldiers  often  suffer  from  the  disease,  ow- 
ing partly  to  laborious  physical  exertion,  partly  to  chronic 
alcoholism  and  to  specific  infection,  which  has  a  well- 
marked  but  obscure  relation  to  the  disease.  Tabetics  are 
not  infrequently  attacked  by  aortic  insufficiency,  a  fact 
attributed  by  Gowers  to  a  common  origin  in  syphilis. 
Owing  to  the  frequent  involvement  of  the  coronary  ves 
sels  in  the  sclerotic  processes  at  the  root  of  the  aorta,  the 
arterial  cases  are  usually  more  serious  than  those  due  to 
stationary  rheumatic  endocarditis. 

MorHd  Anatomy.— In  the  gicat  majority  of  cases  aortic 
incompetence  is  due  to  a  chronic  sclerotic  process  m  the 
valves.  Their  free  edges  become  thickened  and  retracted, 
and  the  cusps  fail  to  support  a  column  of  water  wlien 
poured  into  the  aorta.  Their  edges  frequently  adhere  to 
each  other,  causing  more  or  less  obstruction.  Patches  of 
atheroma  are  often  present  on  the  valves,  and  m  old- 
standing  cases  there  may  be  an  abundant  deposit  of  lime 
salts,  giving  a  hard  bony  feel  to  the  margins  of  the  ori- 
fice. "When  extreme  adhesions  and  stenosis  are  present, 
a  transverse  bar  is  sometimes  seen  running  from  the 
united  cusps  to  the  wall  of  the  aorta,  and  represents  the 
margins  of  the  original  segments.     The  mitral  valve  is 


frequently  invoh-ed  in  the  sclerotic  process,  particularly 
in  the  rheumatic  cases.  The  root  of  the  aorta  often  pre- 
sents atheromatous  and  calcareous  plates  and  in  many  in- 
stances it  is  dilated.  Freshly  raised  atheromatous  plaques 
in  the  aorta,  involving  one  oi-  more  of  the  aortic  segments, 
are  occasionally  met  wilh.  Fresh  endocarditis  is  fre- 
quently added  on  to  older  lesicjns,  and  it  is  not  uncom- 
mon to  find  a  row  of  warty  granulations  along  the  edge 
of  the  valve.  Vegetations  are  found  in  the  course  of 
acute  rheumatism  and  in  malignant  endocarditis.  They 
may  interfere  mechani<'ally  with  the  closure  of  the 
\'al\-es,  or  in  the  latter  instance  cause  incompetence  from 
rui)ture  of  one  of  the  segments. 

Dilatation  of  the  root  of  the  aorta,  the  result  of  athe- 
romatous changes,  is  a  rare  cause  of  aortic  insufficiency. 
A  series  of  cases  has  been  recorded  by  Pitt  (Trans.  Path. 
.Soe.,  1898)  in  which  incotniietence  was  induced  in  this 
way,  without  marked  changes  in  the  valve.  In  aneur- 
ism it  is  very  common  to  find  aortic  regurgitation,  but  in 
such  cases  it  is  usually  due  to  a  coexisting  sclerotic 
change  in  the  valve.  "With  advancing  age  the  aortic  ori- 
fice becomes  wider,  but  the  comparative  rarity  of  aortic 
incompetence  in  old  people  would  .seem  to  indicate  that 
the  dilatation  is  insufficient  to  allow  of  regurgitation. 

Osier  (Trans.  Am.  Phys.jhas  pointed  out  the  frequency 
with  which  sclerosis  and  insufficiency  occur  in  tho.se  cases 
of  malformation  in  which  two,  instead  of  three  cusps, 
exist. 

Rupture  of  the  aortic  cusps  occurring  spontaneously, 
or  more  c<jmmonly  from  violent  efforts,  or  as  the  result 
of  severe  direct  injury  to  the  chest  has  been  recorded  in 
a  number  of  instances,  and  is  a  rare  cause  of  aortic  incom- 
petence. Barie  has  shown  that  rupture  may  be  produced 
experimentally,  and  that  the  aortic  cusps  suffer  more 
readily  than  other  valves.  Although  perfectly  healthy 
valves  may  suffer  in  this  way,  yet  in  most  instances  there 
is  evidence  of  previous  sclerotic  change.  The  average 
age  at  which  rupture  occurs  is  thirty-nine,  a  period  of 
life  at  which  degenerative  changes  are  common,  and  is 
suggestive  of  previous  disease. 

Important  secondary  changes  take  place  in  the  cardiac 
chambers  as  the  result  of  aortic  incompetence.  The  left 
ventricle  is  obliged  to  accommodate  not  only  the  usual 
amount  of  blood  from  the  auricle,  but  also  that  which 
regurgitates  during  diastole  of  the  ventricle.  The  conse- 
quence is  that  this  chamber  becomes  dilated  to  an  extent 
corresponding  with  the  volume  of  blood  jiassing  from  the 
aorta,  and  the  degree  to  whicli  dilatation  takes  place  is 
thus  an  index  to  the  extent  of  regurgitation.  In  the 
severer  t}-pes  of  the  disease  dilatation  is  extreme,  and  the 
heart  reaches  a  size  seldom  attained  under  other  circum- 
stances, the  cor/joiHiinin.  Although  dilatation  is  primary 
and  the  cavitj'  remains  greatly  enlarged,  some  hypertro- 
phy of  the  ventricular  wall  also  results,  and  thus  balances 
or  compensates  for  the  diseased  valve.  Owing  to  the  dif- 
ficulty it  experiences  in  propelling  blood  into  a  ventricle 
already  distended,  the  auricle  in  turn  dilates  and  hyper- 
trophies, and  eventually  the  right  heart  becomes  involved 
as  in  mitral  disease. 

Symptoms. — This  lesion  is  most  frequently  discovered 
during  the  routine  examination  of  patients  in  apparent 
health,  or  in  the  subjects  of  other  maladies.  Compensa- 
tion is  often  well  maintained  for  j'ears,  and  during  this 
period  there  are  few  or  no  subjective  symptoms,  and  in- 
deed there  is  usually  much  less  discomfort  than  in  mitral 
lesions.  Dizziness,  palpitation,  and  precordial  pain  are 
sometimes  noticed,  and  dyspnoea  on  exertion  is  often  an 
early  symptom  of  failing  compensation.  The  facies  pre- 
sents in  many  instances  a  pale  and  anxious  aspect,  con- 
trasting with  the  cyanosis  of  mitral  affections. 

An  exception  to  the  insidious  onset  is  seen  in  cases  of 
ruptured  valve.  Here  the  abrupt  onset  with  severe  pre- 
cordial pain  and  dyspnoea,  the  development  of  a  diastolic 
murmur,  sometimes  so  loud  as  to  be  perceptible  to  the 
patient  himself,  the  occurrence  immediatelj'  or  shortly 
after  some  unusual  strain  or  external  violence  to  the 
chest,  form  a  clinical  picture  which  is  very  striking.  The 
severer  cases  may  terminate  fatally  in  a  few  weeks,  but 
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for  the  most  part  they  survive  for  aloii^i-r  period.  Two 
of  Barie's  cases  lived  for  eleven  and  tliirteeu  years  re- 
spectively. 

Failing  compensation  is  marked  by  dyspnrea,  palpita- 
tion, and  swelling  of  the  feet.  Dyspnrea,  as^  in  otlicr 
forms  of  cardiac  disease,  comes  on  from  exeition,  espe- 
cially in  mounting  a  hill  or  climbing  a  stair.  As  the 
malady  advances  there  are  often  attacl«  of  paroxysmal 
dyspnoea,  coming  on  especially  at  night,  and  known  as 
cardiac  asthma.  Loss  of  sleeja  and  a  moderate  loss  of 
flesh  give  the  patient  a  worn  and  anxious  aspect.  CEde- 
ma,  if  present,  is  usually  moderate  in  extent,  except  in 
advanced  cases  in  which  there  is  secondary  mitral  incom- 
petence, when  it  may  attain  a  high  grade. 

Pain  is  moi-e  commonly  present  in  aortic  than  in  othci' 
valvular  lesions.  It  varies  much  in  intensity,  from  a 
sense  of  weight  and  uneasiness  to  acute  pain,  often  radi- 
ating to  the  left  arm  and  shoulder,  seldom  to  the  right. 
In  arterio-sclerotic  cases,  in  which  the  coronary  arteries 
are  involved,  all  the  characters  of  true  angina  may  be 
present. 

In  advanced  stages  of  the  disease  orthopno^a  and 
Cheyne-Stokes  breathing,  eitlier  with  or  without  general 
anasarca  and  the  visceral  congestion  of  mitral  lesions, 
may  be  present. 

Mental  disturbance  develops  more  commonly  in  aortic 
than  in  other  valvular  affections,  and  shows  itself  in  rest- 
lessness and  change  of  temper.  In  some  instances  delu- 
sions are  prominent  and  the  patient  may  require  restraint. 

The  symptoms  in  many  instances  are  dominated  by 
those  of  arterio-sclerosis  or  chronic  renal  disease,  in  which 
the  incompetent  valve  is  merely  an  incident.  Sudden 
death  is  an  accident  which  may  ensue  even  in  apparent 
health.  Such  an  occurrence  is  more  liable  to  happen  when 
there  is  disease  of  the  coronary  vessels.  Death  occasion  - 
ally  comes  rather  unexpectedly  after  the  symptoms  of 
ruptured  compensation  have  lasted  for  some  time,  but  the 
more  common  termination  is  by  gradual  failure,  dropsy, 
and  asystole. 

Physical  Signs. — Visible  pulsation  in  the  arteries  often 
suggests  the  existence  of  aortic  incompetence.  Throb- 
bing of  the  carotids,  visible  pulsation  in  the  radial  and 
temporal  arteries,  and,  in  severe  cases,  even  in  the  digital 
branches  of  the  hands  and  feet  are  distinctly  seen.  Pul- 
sation of  the  palate  and  uvula  has  been  observed,  and 
the  pulse  may  be  counted  in  the  retinal  arteries  with  the 
ophthalmoscope.  Capillary  pulsation  is  seen  in  the  fin- 
ger nails,  and  is  also  readily  observed  in  the  lips  when  a 
glass  slide  is  pressed  on  them.  The  pulse  has  certain 
characters  which  at  once  reveal  the  nature  of  the  affec- 
tion to  the  practised  finger.  The  wave  is  large,  it' strikes 
the  finger  suddenly  and  as  rapidly  recedes,  these  charac- 
ters being  more  marked  when  the  arm  is  raised.  Since 
the  appearance  of  Corrigan's  paper,  this  pulse  has  gone 
by  bis  name,  and  is  also  known  as  the  water-hammer  or 
collapsing  pulse.  It  is  regular  in  volume  and  rhythm 
except  in  the  later  stages,  when  slight  irregularity  may 
develop.  The  arteries  are  frequently  thickened  and  this 
feature  is  seen  even  in  young  people  suffering  from  the 
rheumatic  form  of  the  disease. 

Examination  of  the  heart  shows  the  presence  of  very 
distinctive  signs,  the  more  important  being  the  increased 
size  of  tlie  organ  and  the  diastolic  murmur  at  the  base. 
These  signs,  taken  in  conj  unction  with  the  arterial  phe- 
nomena, render  the  affection  one  of  the  easiest  of  cardiac 
lesions  to  recognize. 

Inspection  often  shows  a  slight  degree  of  fulness  in  the 
cardiac  region,  particularly  in  children  and  youiigadults 
in  whom  the  chest  wall  is  more  elastic.  Visible  pulsa- 
tion IS  seen  below  and  outside  tlie  normal  apc\  site  and 
retraction  may  be  seen  in  the  third  and  fourtli  siiaces  due 
to  atmospheric  pressure  during  systole. 

On  palpation  the  cardiac  impulse  is  forcible  and  lieav 
mg,  and  the  apex  is  felt  in  the  nipple  line  or  as  far  (mt 
as  the  mod-axilla,  m  the  fifth,  sixth,  or  even  the  seventh 
space.  The  increased  area  of  the  heart  is  also  shown  bv 
percussion,  the  dulness  extending  down  and  to  the  left 
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The  most  characteristic  sign  is  found  on  auscultation  in 
a  diastolic  murmur,  due  to  the  reflux  of  blood  to  the 
ventricle.  It  is  usually  a  soft  prolonged  souflBe,  begin- 
ning with  the  second  sound,  and  occupying  the  greater 
part  of  the  diastolic  interval;  it  is  sometimes  shorter  or 
its  character  may  be  harsh.  Although  sometimes  having 
its  site  of  maximum  intensity  at  the  aortic  cartilage,  it  is 
usually  best  heard  about  the  pulmonary  region.  It  Is 
transmitted  down  the  sternum,  especially  to  its  left  side, 
and  is  occasionally  heard  only  at  the  lower  sternal  region. 
It  is  frequently  transmitted  to  the  apex,  and  when  loud 
is  heard  all  over  the  front  and  back  of  the  chest.  The 
diastolic  murmur  in  question  is  one  of  the  most  per- 
sistent of  cardiac  murmurs.  It  occasionally  disaiDpears 
during  periods  of  asystole,  to  reappear  with  increasing 
cardiac  power.  Instances  have  been  reported  in  which 
I  he  murmur  disappeared  from  closure  of  the  orifice  by  a 
vegetation,  and  Musser  has  recorded  a  remarkable  case 
in  which  the  leak  ceased  owing  to  wearing  down  of  the 
thickened  corpora  Arantii.  A  systolic  murmur  com- 
monly precedes  the  diastolic  sound,  and  with  it  gives  the 
well-known  to-and-fro  murmur. 

The  second  sound  is  often  dull  and  indistinct  and  may 
be  entirely  lost.  When  absent  it  indicates  serious  de- 
formity of  the  valve  segments  and  is  usually  a  sign  of 
extensive  regurgitation.  The  sound  should  be  listened 
for  in  the  arteries  of  the  neck,  as  it  may  be  present,  but 
obscured  by  murmurs  at  the  base  of  the  heart. 

The  gradual  development  of  aortic  incompetence  may 
sometimes  be  traced  from  an  accentuated  second  sound 
in  arterial  sclerosis  to  the  diastolic  murmur  of  the  incom- 
petent valves, 

A  presA'stoHc  murmur  at  the  apex  was  first  described 
by  Flint  in  cases  of  aortic  incompetence,  and  commonly 
goes  by  his  name.  It  exactly  resembles  the  rumbling 
murmur  heard  in  many  eases  of  mitral  stenosis.  Thayer 
in  a  recent  study  of  this  murmur  states  that  it  was  pres- 
ent in  sixty  per  cent,  of  his  cases,  and  that  thrill,  snap- 
ping first  sound,  and  the  tapping  impulse  of  mitral  steno- 
sis were  also  occasionally  noticed.  The  pulse  characters 
form  the  best  guide  in  distinguishing  the  two  conditions, 
but  when  they  are  combined  it  is  often  difficult  or  impos- 
sible to  state  whether  the  murmur  is  associated  with  mitral 
stenosis  or  is  due  to  aortic  incompetence. 

The  temperature  in  cardiac  disease  is  usually  subnor- 
mal. Elevation  of  temperature  is  sometimes  the  first 
evidence  of  a  fresh  endocarditis.  It  may,  however,  sig- 
nify some  rheumatic  or  other  inflammatory  complication. 
In  the  advanced  stage  of  cardiac  disease  it  is  most  often 
due  to  a  broncho-pneumonia,  and  is  frequently  seen  a 
few  days  preceding  death. 

Diagnosis. — The  physical  signs  of  a  well-marked  case 
of  aortic  incompetence  are  unmistakable.  The  diastolic 
murmur  is  a  very  constant  feature,  only  seldom  disap- 
pearing in  advanced  cases  with  asystole.  Temporary 
diastolic  murmurs  are  occasionally  heard  in  arterio-scle- 
rosis, the  valve  probably  yielding' to  the  increased  blood 
pressure.  Allbutt  regards  such  cases  as  the  early  stage 
of  tlie  affection.  A  diastolic  murmur  is  sometimes  heard 
in  mitral  stenosis  at  the  pulmonary  area,  and  represents 
a  temporary  incompetence  of  the  pulmonary  leaflets 
from  increased  pressure  in  this  vessel.  Such  a  murmur 
is  distinguished  by  the  small  pulse  of  mitral  disease, 
instead  of  the  large  collapsing  pulse  of  aortic  incompe- 
tence. 

The  degree  of  regurgitation  is  estimated  liv  the  size  of 
the  ventricle  and  tlie  character  of  the  pulse.  '  Disappear- 
ance of  the  second  sound  at  the  base  and  in  tlie  arteries 
of  the  neck  also  indicates  free  regurgitation. 

AoiiTic  Stenosis.— £'^io%y.— Although  occurring  at 
all  ages,  and  sometimes  as  the  result  of  changes  in  early 
life,  aortic  stenosis  is  most  common  in  old  men  with  cal- 
careous arteries. 

In  high  degrees  of  the  affection  the  valves  are  thick- 
ened and  calcareous  and  the  orifice  may  become  so  nar- 
rowed as  hardly  to  admit  a  probe.  In  rare  cases  the 
obstruction  is  subvalvular  and  the  result  of  an  attack  of 
foetal  endocarditis.     Stenosis,    apart  from   the  slighter 
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grades  of  the  affection,  and  uuassociuted  with  aortic  in- 
competence, is  a  ratlier  rare  condition. 

Tlio  symptoms  are  similar  to  those  found  in  aortic  re- 
gurgitation, and  depend  rather  on  associated  conditions, 
such  as  generalized  arterio-sclerosis,  sclerosis  of  tlie  root 
of  the  aorta,  disease  of  the  coronary  vessels,  and  myocar- 
ditis, than  on  the  aortic  lesion  itself. 

The  onset  of  the  allection  is  insidious,  and  there  is  a 
long  period  of  latency.  Uneasiness  or  pain  in  the  car- 
diac region,  sometimes  assuming  the  characters  of  true 
angina,  cardiac  oppression,  palpitation  and  dizziness, 
dyspnoea  and  syncopal  or  e\'en  i^pileptic  attacks,  may 
he  amongst  the  earlier  symptoms.  In  the  later  stages 
<lilatatiou  of  the  left  ventricle  takes  place  and  relative 
mitral  insuffieienc}'  ensues.  Drops}'  and  the  usual  evi- 
dence of  venous  stasis  set  in,  and  the  clinical  picture  as- 
sumes the  type  seen  in  the  more  advanced  stages  of 
mitral  disease. 

The  diagnosis  rests  on  the  physical  signs.  The  periph- 
eral arteries  are  usually  thickened  and  calcareous, 
whilst  the  characters  of  the  pulse  afford  valuable  evi- 
tlence  of  the  nature  of  the  lesion.  It  is  small,  often  of 
high  tension,  the  upstroke  is  slow  and  gradual,  the  wave 
is  well  sustained  and  it  falls  away  slowlj'.  Those  feat- 
ures are  well  shown  in  a  spliygmographic  tracing;  the 
upstroke  is  oblique  and  is  sometimes  interrupted  by  an 
anacrotic  notch,  like  the  dicrotic  notch  in  the  down 
stroke.  This  notch  has  been  regarded  as  a  double 
effort  on  the  part  of  the  ventricle  during  systole,  but  it 
occurs  in  other  conditions  and  has  no  special  diagnostic 
significance ;  the  apex  of  the  curve  is  rounded  and  the 
downstroke  gradual.  The  pulse  rate  is  often  infre- 
quent, falling  to  60  or  below.  (  Virh'  Clin.  Soc.  Trans., 
1897.) 

Evidence  of  hypertrophy  of  the  ventricle  is  present, 
but  the  enlargement  does  "not  reach  the  degree  seen  in 
aortic  incompetence.  Inspection  and  palpation  reveal 
an  ape-x  beat  below  and  outside  the  normal  site,  with  a 
strong  heaving  character.  Emphysema  of  the  lungs, 
however,  is  frequently  present  and  prevents  the  apex  site 
from  being  determined,  rendering  it  weak  and  indistinct. 
Under  these  circumstances  cardiac  dulness  is  often  less- 
ened. A  svstolic  thrill  about  the  aortic  cartilage  is  com- 
monly pres'ent;  it  is  often  well  marked  and  of  great  in- 
tensity, and  is  sometimes  transmitted  to  the  vessels  of 
the  neck,  or  felt  in  the  episternal  notch.  With  failing 
cardiac  power  the  thrill  may  lessen  or  disappear.  On 
auscultation  a  rough  harsh  murmur  is  heard  in  the  aortic 
region,  occasionally  having  a  musical  character.  It  is 
prolonged  through  the  whole  of  systole,  often  completely 
obscuring  both  sotmds  of  the  heart,  the  second  being  lost 
from  the  rigid  character  of  the  valves.  It  is  best  heard 
about  the  aortic  cartilage  and  transmitted  to  the  vessels 
at  the  root  of  the  neck.  It  is  heard  over  the  cardiac  area 
with  diminishing  intensity  toward  the  apex,  and  in  many 
cases  it  is  so  loud  that  it  is  heard  all  over  the  chest  and 
even  at  a  short  distance  from  the  patient.  In  the  termi- 
nal stages  of  the  malady,  with  failing  cardiac  action,  the 
murmur  may  lose  somi'thing  of  its  intensity  and  rough- 
ness. 

Diag)iosiK.—X  common  error  is  to  regard  all  aortic  sys- 
tolic murmurs  as  due  to  stenosis.  Murmurs  in  this  region 
are  most  frequently  due  to  atheroma  of  the  root  of  the 
aorta  to  slight  sclerotic  changes  in  the  valves,  or  they  are 
of  a  functional  character.  They  are  then  often  less  loud 
and  rough  than  in  cases  of  stenosis.  Coarse  atheroma- 
tous changes  in  the  aorta  may,  however,  cause  both  a 
rough  murmur  and  a  thrill,  and  it  may  prove  difficult  or 
impossible  to  distinguish  such  a  condition  from  true  ste- 
nosis An  accentuated  second  sound  is  common  in  athero- 
matous states,  and  is  not  likely  to  be  present  m  stenosis, 
owing  to  the  rigid  state  of  the  valves. 

The  peculiar  characters  of  the  pulse,  the  marked  char- 
acters of  the  murmur,  and  the  presence  of  thrill  form  a 
combination  of  signs  which  are  highly  characteristic,  and. 
when  distinct,  are  unmistakable. 

Mitral  Incompetence.— This  may  result  from  acute 
or  chronic  endocarditis,  from  rupture  of  the  chorda?  ten- 


dinea',  or  from  dilatation  of  the  ventricle  preventing  the 
apposition  of  the  valve  segments. 

In  young  people  a  large  proportion  of  cases  originate 
in  acute  endocarditis;  hence  the  frequency  with  which  a 
history  of  acute  rheumatism  occurs  in  the  clinical  history. 
It  is  by  no  means  infrequent  to  obtain  no  history  of  rheu- 
matic conditions,  even  in  children  and  young  people, 
whilst  in  older  individuals  a  chronic  sclerotic  process  is 
often  the  primary  change. 

The  mitral  valve  is  much  more  liable  to  rheumatic  in- 
flammation than  the  aortic,  and  in  fact  the  latter  valve 
seldom  suffers  from  this  cause  without  involvement  of 
the  former. 

In  malignant  endocarditis,  rapid  ulceration  or  necrosis 
of  the  valves,  or  ruptui'e  of  the  chordse,  is  occasionally 
responsible  for  serious  destruction  of  the  valve.  Rupt- 
ure of  the  chordffi  also  occurs,  apart  from  acute  endocar- 
ditis, as  a  result  of  strain  or  external  violence,  although 
such  cases  are  very  unusual.  Cardiac  dilatation,  result- 
ing from  strain  or  from  myocardial  changes,  often  pro- 
duces relative  mitral  incompetence,  even  with  perfectly 
healthy  valves.  This  condition  is  frequent  as  a  tempo- 
rary manifestation  in  the  acute  dilatation  of  infectious  dis- 
ease and  in  anaemia.  In  aortic  lesions  and  in  chronic 
dilatation  or  mj'ocarditis,  incompetence  occurs  owing  to 
this  mechanism. 

Morbid  Anatomy. — The  changes  in  old-standing  cases 
consist  In  thickening  and  rigidity  of  the  valvular  seg- 
ments. In  cases  due  to  endocarditis,  there  is  almost  in- 
variably some  degree  of  narrowing.  The  orifice  is  natur- 
ally wider  than  normal  when  relative  incompetence  is 
present. 

Secondary  changes  of  a  compensatory  character  take 
place  in  the  various  cardiac  cavities.  The  left  auricle 
dilates  to  accommodate  the  extra  current  of  blood  pass- 
ing through  the  leaking  valve,  and  also  hypertrophies  to 
cope  with  the  increased  work  thrown  upon  it.  The  ven- 
tricle undergoes  similar  changes,  being  stimulated  by  the 
increased  flow  from  the  left  auricle.  The  circulation  in 
the  pulmonary  circuit  is  impeded  by  the  overfilled  auri- 
cle, and  in  consequence  the  right  ventricle,  and  ulti- 
mately the  right  auricle,  dilate  and  hypertrophy. 

The  tricuspid  orifice,  owing  to  dilatation,  may  become 
incompetent,  a  feature  which  accounts  for  certain  clini- 
cal phenomi^nft  in  the  advanced  stage  of  the  affection. 
Sclerotic  changes  occasionally  occur  both  in  the  trunk  and 
in  the  smaller  branches  of  the  pulmonary  artery,  owing 
to  the  increased  blood  pressure. 

A  deposit  of  fibrin  amongst  the  musculi  pectinati  or 
chordfie  teiidineic  is  seen  in  the  dilated  cardiac  chambers, 
and  forms  the  usual  source  of  emboli. 

Venous  stasis  in  the  various  organs  is  frequent  in  mi- 
tral lesions.  The  lungs  are  affected  earliest,  and  under- 
go the  change  known  as  brown  induration.  The  capil- 
laries are  overfilled  and  consequently  thrown  into  loops, 
whilst  blood  pigment  passes  to  the  alveolar  walls,  and 
a  slight  increase  of  interstitial  tissue,  the  result  of  chronic 
congestion,  takes  place.  The  epithelial  lining  in  the  al- 
veoli is  somewhat  swollen,  and  contains  specks  of  pig- 
ment. 

Hemorrhagic  infarcts  are  common  in  the  advanced 
stages.  They  are  often  attended  by  haemoptysis  and  a 
localized  pleuritis.  CEdenia  of  the  lungs  and  hydro- 
thorax  are  frequent  as  manifestations  of  part  of  a  general 
dropsy,  and  a  terminal  broncho-pneumonia  is  a  common 
cause  of  death. 

The  liver  shows  dilatation  of  the  radicles  of  the  hepa- 
tic veins  in  the  centres  of  the  lobules,  with  an  exudation 
of  pigment  in  the  surrounding  cells,  whilst  the  periphery 
of  the  lobule  undergoes  fatty  changes  owing  to  deficient 
oxygenation.  To  the  naked  eye  the  cut  surface  presents 
a  mottled  appearance,  the  dark-colored  centres  contrast- 
ing with  the  pale  peripheral  portions  of  the  lobules,  and 
giving  the  organ  the  name  of  the  nutmeg  liver.  When 
congested  it  is  enlarged  and  extends  below  the  costal 
border,  and  in  the  later  stages  fibroid  changes  may  super- 
vene, the  organ  becoming  indurated  and  uneven  on  the 
surface,  a  condition  known  as  cardiac  cirrhosis. 
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Somewhat  similar  changes  take  place  in  the  kidneys; 
these  organs  are  enlarged  and  congested  in  the  earlier 
stages,  and  eventually  may  terminate  in  cirrhosis  and 
contraction. 

ffidema  and  congestion  of  the  gastro-intestiual  tract, 
and  subcutaneous  cedema  with  eflusion  into  the  serous 
sacs,  are  also  present  in  the  advanced  stages  of  the  affec- 
tion. 

Syiiipioiiis. — These  vary  greatly  according  to  tlie  char- 
acter and  stage  of  the  disease. 

In  acute  endocarditis  tlie  development  of  a  mitral  in- 
competence is  revealed  only  by  the  physical  signs; 
dropsy  and  dyspncta  are  only  exceptionally  present  even 
in  the  graver  forms  of  endocarditis,  and  the  clinical  pict- 
ure is  that  of  the  primary  infections  process.  In  chronic 
cases  compensation  may  be  maintained  for  a  long  period, 
even  wlien  the  serious  nature  of  the  lesion  is  shown  by  a 
great]}'  enlarged  heai't  and  an  apex  murmur.  Although 
some  individuals  pass  through  a  long  life  Avith  little  or 
no  discomfort,  it  is  more  usual  to  tiud  some  dysj^nrea  on 
exertion.  The  facial  appearance  is  often  suggestive. 
The  lips  and  cheeks  may  be  of  a  deeper  tinge  than  usual, 
the  veins  of  the  neck  are  distended,  and  there  is  stellate 
enlargement  of  the  veinules  of  the  cheeks,  and  occasion- 
ally clubbing  of  the  linger  nails.  Attacks  of  palpitation 
are  often  induced  by  exertion,  but  the}'  may  also  result 
from  flatulence.  A  dry  hacking  cough  or  recurring  at- 
tacks of  bronchitis  are  frequently  found. 

Amongst  the  graver  sj'mptoms  ai-e  a  weak,  irregular 
pulse,  dropsy,  and  increasing  dyspno-a.  Breathlessness 
is  brought  on  by  even  slight  exertion,  ultimately  becom- 
ing constant  even  at  rest.  The  respirations  ai-e  deep  and 
labored,  accompanied  by  contractions  of  the  extraoi-- 
dinary  muscles  of  respiration,  and  the  patient  rests 
propped  up  by  pillows,  or  leaning  forwaixl'  in  an  arm- 
chair. Attacks  of  Clieyne-Stokes  breathing  are  often 
seen,  or  again  paroxysms  of  dyspncea,  often  occurring  at 
night  and  interfering  with  rest. 

Accompanying  the  dyspnoea  is  o?dema,  whicli  begins 
about  the  feet  and  ankles,  noticed  first  aftei-  being  up, 
and  disappearing  with  a  night's  rest.  Unless  checked  by 
suitable  treatment  it  gradually  increases,  and  extends  to 
the  thighs,  scrotum,  and  seious  sacs.  The  face  remains 
free,  but  the  upper  extremities  sometimes  share  in  tlie 
progressing  redema.  The  oedema  is  firm  and  hard,  and 
is  accompanied  by  coldness  and  cyanosis  of  the  extremi- 
ties, and  lividity  of  the  face.  AVhen  the  abdomen  be- 
comes distended  with  fluid  it  still  further  embarrasses  the 
breatliing. 

Hydrothorax  is  usually  bilateral,  but  in  some  instances 
occurs  chiefly  on  one  side.  In  some  cases  tlie  dropsical 
effusion  affects  principally  the  serous  sacs,  particularly 
the  peritoneiun,  and  requires  periodic  removal.  It  some- 
times collects  with  extraordinary  rapidity,  after  a  period 
of  absence. 
^  Sleeplessness,  starting  from  sleep,  and  bad  dreams  occa- 
sionally occur,  even  apart  from  the  severer  symptoms  of 
failure  of  compensation. 

Of  the  various  organs  the  liver  is  enlarged  and  some- 
what tender,  frequently  reaching  as  low  as  the  umbilicus. 
A  slight  tinge  of  jaundice  is  very  common,  and  bile  may 
be  detected  in  the  urine.  The  secretion  of  urine  is  gi-eatly 
diminished,  sometimes  falling  to  three  or  four  ounces  or 
even  being  suppressed.  It  is  of  high  specific  gravity,  it 
deposits  a  sediment  of  urates,  and  shows  albumin  in 
small  or  moderate  quantities,  and  often  granular  and 
hyaline  cas:s.  With  the  disappearance  of  dropsy  diure- 
sis sets  in,  and  the  urine  may  run  up  to  two  or  three 
times  its  normal  quantity,  with  disappeai'ance  of  albu- 
min, and  later  of  casts.  Gastric  symptoms  such  as  flatu- 
lence, and  sometimes  nausea  and  vomiting,  are  not  un 
common. 

With  appropriate  treatment  dyspnoea  and  (cdcma  may 
disappear,  and  the  patient  be  restored  to  comparative- 
health.  Soimer  or  later,  howevei-,  the  sanies  symptoms 
recur,  particularly  in  individuals  who  are  unable  to  ob 
tain  the  necessary  rest.  It  is  frequent  to  find  several 
such  attacks  before  the  fatal  issue. 
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Eventually  a  period  is  reached  when  the  heart,  either 
in  consequence  of  extreme  dilatation  or  of  myocardial 
degeneration,  fails  to  respond  to  treatment.  The  termi- 
nal illness  is  frequently  very  prolonged,  and  for  several 
montlis  the  unfortunate  individual  struggles  with  dysp- 
mea  and  dropsy,  and  eventually  succumbs  to  exhaus- 
tion. 

P/ii/ximl  Sii/iis. — The  most  characteristic  sign  is  a  sys- 
tolic mui'inur,  lieard  best  at  the  apex.  It  is  variable  in 
character,  being  .sometimes  loud  and  bellows-like,  some- 
times having  a  musical  character,  or  again  being  cx- 
fremel}'  soft  and  distant.  Faint  systolic  murmurs  at  the 
apex  also  occur  with  slight  defects  in  the  valve,  and  in 
conditions  of  temporaiy  dilatation,  whilst  a  loud  bellows 
or  a  musical  murmur  usually  indicate  more  definite 
changes  in  the  valve.  The  murmur  of  incompetence 
may,  if  faint,  be  localized  at  the  apex,  but  it  is  usually 
transmitted  to  the  axilla,  or  heard  in  the  back  at  or 
abcive  the  angle  of  the  scapula;  it  is  often  heard  np  to 
the  pulmonaiT  cartilage  and  near  to  the  ensiform,  and  it 
may  even  have  its  site  of  maximum  intensity  at  the  pul- 
monary area.  The  first  sound  is  often  ob.scured  or  re- 
placed by  the  murmur,  whilst  the  second  .sound  is  accent- 
uated at  "the  pulmonary  area.  With  failing  power  of  the 
right  ventricle  accentuation  disappears,  and  is  thus  of 
unfavorable  omen. 

A  thrill  is  of  the  rarest  occurrence  in  mitral  incompe- 
tence. When  there  is  any  considerable  degree  of  regur- 
gitation there  is  enlargement  of  the  left  ventricle.  The 
impulse  is  strong  and  heaving,  and  lies  in  a  line  with,  or 
outside  the  nipple;  a  well-marked  epigastric  pulsation  is 
often  present  owing  to  hypertrophy  of  the  right  ventri- 
cle. As  dilatation  or  weakness  supervenes,  the  impulse 
becomes  weak  and  diffuse.  Fulness  and  distention  are 
sometimes  seen,  particularlj'  in  the  yielding  chest  walls 
of  children.  Pereassion  shows  an  increase  in  dulness  to 
the  left  and  often  to  the  right,  reaching  the  right  sternal 
border  or  even  the  parasternal  line.  Upward,  duluess 
often  begins  a  space  higher  than  normal. 

JJiKf/iiosin. — It  is  not  uncommon  to  find  a  S3-stolic  mur- 
mur at  the  apex  in  the  absence  of  any  other  sign  of  car- 
diac disease.  Its  chief  importance  is  "the  mental  disquie- 
tude it  may  cause  in  nervous  patients,  and  the  unfavorable 
light  in  which  it  is  usually  regarded  by  life  insurance 
companies.  Such  murmurs  are  sometiines  evidence  of 
slight  valvular  damage,  but  in  the  absence  of  svmptoms 
and  of  other  signs  of  disease,  such  as  enlargement"  and  pul- 
monary accentuation,  they  may  be  disregarded.  A  mur- 
mur heard  toward  the  end  of  inspiration,  and  attributed 
to  the  entry  of  air  into  the  pulmonary  vesicles  during  sys- 
tole, is  not  uncommon,  and  is  kuow'n  as  the  cardio-respi- 
ratory  murmur.  It  has  usually  no  cardiac  significance. 
It  is  not  always  possible  to  distinguish  regurgitation  due 
to  a  valvular  lesion  from  that  of  muscular  dilatation.  In 
elderly  individuals,  in  Bright 's  disease  or  arterial  sclero- 
sis or  in  anasmia,  the  latter  condition  may  be  suspected. 
A  history  of  rheumatism,  on  the  other  'hand  suo-o-ests 
endocarditis.  In  some  instances,  as  in  ansemia  an°d  in 
acute  dilatation  from  strain  or  infectious  fevers  any 
doubt  IS  often  cleared  up  by  the  gradual  disappearance 
ot  the  morbid  signs. 

.Vitna  .sy('»».sv>.— Narrowing  of  the  mitral  valve  is  for 
the  most  part  a  disease  of  the  first  half  of  adult  life  often 
starting  from  an  acute  endocarditis  in  childhood  '  It  is 
much  more  common  in  females,  owing  doubtless  to  the 
greater  tie<iueiicy  of  riieumatism  in  young  girls  than  in 
males  of  the  same  age.  Although  the  lesion  is  often  re- 
gards as  of  purely  rheumatic  origin,  it  is  remarkable 
how  often  a  history  of  acute  rheumatism  is  absent  In 
children    however,  riieumatism,  as  pointed  out  by  Cliea- 

.".'^t'f //';''"''"',•■•'"'  ",V""i'-l«fl  condition,  the  articular 
miitestations  being  slight,  or  replaced  by  such  svmp- 

n  these  ,,':?''!?'  ^y?T""  P^'"«-  o'-  erythema,  and  yet 

iutis  :^y  T'^lop^'  ^"^'"  ^"^^^  ^"■^^<'  ^-"^  "'  -'1°-- 

•itt^irT'r,"/.?!,';™'  ^"osis  an.  occasionally  found  in  a  first 
.itt.uk  ot  acute  riieumatism,  a  fact  strongly  suesestive 
..f  an  old-standing  latent  riieumatic  influence   Tnal 
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sence  of  a  histon-  of  acute  I'beumatism  is  theretore  no 
evUk'nce  of  a  non-rlieumatic  origin. 

Mitral  stenosis  is  occasionally  found  in  urierio-sclei'otic 
cases  and  in  interstitial  nephritis,  a  fact  which  has  suj;'- 
gestcd  an  arterial  origin  for  some  of  the  cases.  In  542 
autopsies,  in  cases  of  interstitial  nephritis,  Pitt  found 
mitral  stenosis  33  times,  and  other  writers  have  recorded 
the  association  of  the  two  conditions. 

In  most  if  not  all  instances  of  rheumatic  endocarditis, 
there  is  some  narrowing  of  the  mitral  oritice,  but  it  is 
only  when  this  is  considerable  that  the  signs  l)ecoine  dis- 
tinct. 

Anatomically  the  valve  curtains  are  rigid,  thickened, 
and  adherent,  and  form  a  diaphragm  perforated  by  the 
mitral  orifice,  which  is  reduced  to  a  narrow  slit-like  open- 
ing, often  termed  the  "  button-hole  "  oritice.  IjCSS  com- 
monly the  valves  project  in  a  funnel-shaped  fashion  tow- 
ard the  ventricle.  The  chordae  tendineai  are  thickened 
and  adherent,  Avhilst  a  deposit  of  calcareous  .salts  is 
frequent  in  the  valve  and  even  in  the  chordie  themselves. 

The  secondary  changes  are  seen  first  in  the  left  auricle 
which  becomes  hypertrophied  and  often  dilated.  Ac- 
cording to  Samwaj"'s  observations  hypertrophy  is  the 
primary  change,  dilatation  occurring  later.  He  found 
that  cases  of  stenosis  dying  from  cardiac  failure  pre- 
sented, in  addition  to  hypertrophy,  a  marked  degree  of 
dilatation,  whereas  those  dying  from  surgical  diseases  or 
affections  apart  from  the  lieart  usually  showed  hyi>er- 
trophy  only. 

The  state  of  the  left  ventricle  varies  greatly.  Theo- 
retically it  is  argued  that  the  '"'"^linished  quantity  of 
blood  passing  through  the  narrowe._i  orifice  cannot  induce 
hypertrophy  or  dilatation,  and  that  the  ventricle  remains 
of  normal  size  or  even  undergoes  a  certain  degree  of 
atrophy.  This  view  is  certainly  cori-ect  for  some  cases; 
at  the  same  time  hypertrophy  is  seen  in  a  considerable 
proportion  of  cases,  and  according  to  Baumbach,  who 
enters  into  this  question  very  fully,  a  moderate  degree  of 
hypertrophjr  is  present  in  almost  all  cases.  Mitral  re- 
gurgitation may  be  regarded  as  responsible  for  this  hy- 
pertrophy in  some  instances,  whilst  in  others  there  ai'c 
pericardial  adlicsii  ms  or  arterio-sclerosis.  The  cavities  of 
the  right  side  undergo  a  marked  degree  of  dilatation  and 
hypertrophy,  and  the  contrast  bet  ween  the  enlarged  right 
ventricle  and  the  small  left  is  sometimes  very  striking. 

Sijinptuiiis. — Some  degree  of  dyspna-a  is  almost  always 
present  on  exertion,  and  this  with  palpitation  may  con- 
tinue for  years.  When  the  disease  dates  from  childhood 
there  is  frequently  a  stunted  growth,  the  chest  is  ill-de- 
veloped, and  there  is  diminished  physical  and  mental 
vigor.  The  lips  are  often  of  a  deep  blue  tinge,  and  in 
Old-standing  cases  there  is  sometimes  clubbing  of  the 
nails  of  the  fingers  and  even  of  the  toes. 

As  compensation  fails  dyspnea  becomes  more  and 
more  troublesome,  and  signs  of  venous  stasis  similar  to 
those  seen  in  mitral  incompetence  are  found  in  the  vari- 
ous organs.  Pulmonary  symptoms  are  common  and 
these  patients  are  very  subject  to  recurring  attacks  of 
bronchitis. 

Attacks  of  ha-moptysis  occasionally  occur,  and,  unless 
due  to  infarction,  often  have  a  beneficial  effect,  relieving 
pulmonary  congestion  and  the  embarrassed  right  heart. 
Other  signs  of  venous  congestion  are  observed  in  recur- 
ring attacks  of  epistaxis  from  which  some  patients  suf- 
fer  whilst  hemorrhoids  or  menorrhagia  occur  in  others. 

Dropsy  of  the  extremities  is  seldom  a  prominent 
feature,  and  any  ceilema  present  is  usually  slight.  '  Signs 
of  a  venous  obstruction  often  fall  chiefly  or  exclusively 
on  the  portal  system,  and  hepatic  enlargement  or  even 
cirrhosis  may  be  present  with  ascites,  in  cases  which 
shov/  little  or  no  oedema  of  the  lower  extremities. 

Welch  (Trans.  Am.  Phys.,  1900)  has  recently  called  at- 
tention to  venous  thrombosis  in  cardiac  disease,  occurring 
in  serious  failure  of  compensation,  and  more  particularly 
in  mitral  stenosis.  The  veins  affected  are  most  frequently 
those  conveying  blood  from  the  neck  antl  upper  extrem- 
ity and  more  commonly  on  the  left  than  the  right  side. 
The  peculiar  localization  of  the  thrombosis  is  to  be  attrib- 


uted to  the  greater  length  and  obliquity  of  the  left 
innominate  vein,  and  to  pressure,  direct  or  indirect,  on 
the  left  subclavian  vein  from  the  dilated  left  auricle  and 
pulmonai'y  veins. 

Symptoms  of  ruptured  conipen.sation  often  first  appear 
during  pregnancy  or  labor,  or  follow  parturition;  alarm 
ing  or  even  fatal  attacks  of  pulmonary  o'dcnui  sometimes 
api)ear,  or  pei'sistently  rapiti  action  of  tlie  heuit  leading 
to  asystole.  Pregnancy  is  a  complication  in  which  there 
is  always  serious  risk,  although  in  favoiable  cases  theie 
is  little  or  no  distui'bance.  Subsequent  pregnancies  are 
sometimes  passed  without  special  difficidty,  when  earlier 
ones  had  caused  great  disturbance. 

Hysterical  manifestations  are  not  uncommon  in  the 
course  of  mitral  stenosis,  both  conditions  being  common 
in  young  women.  Cardiac  symptoms  often  predominate, 
and  seveie  attacks  of  i)seudo-angina,  of  palpitation,  or  of 
dyspna'a  ma}'  occur  in  well-compensated  cases.  Without 
a  correct  apiireciation  of  the  neurotic  element  in  such  in- 
dividuals these  symptoms  may  lead  to  undue  alarm 

Embolism  is  more  common  in  this  than  in  other  forms 
of  valvular  lesions.  If  it  occurs  in  the  brain  this  accident 
shows  itself  in  the  form  of  hemiplegia,  and  if  the  embo- 
lus lodge  on  the  left  side,  there  will  be  aphasia. 

The  physical  signs  when  well  marked  are  extremely 
characteristic,  but  in  the  advanced  stage  of  the  disease 
they  are  often  indefinite  or  equivocal.  The  more  impor- 
tant are :  the  presystolic  thrill  and  murmur,  the  snapping 
first  sound,  the  accentuated  pulmonary  second,  and  evi- 
dence of  enlargement  of  the  right  heart. 

The  pulse  is  small,  somewhat  increased  in  rate,  and 
often  of  good  tension ;  it  is  usually  regular  until  a  late 
stage  of  the  malady,  when  extreme  rapidit}'  and  arrhyth- 
mia may  set  in.  The  thrill,  which  is  one  of  the  most 
characteristic  signs  of  the  disease,  is  felt  at  the  ai)e.\,  and 
when  the  heart  is  not  unduly  rapid  it  is  readily  made  out 
distinctly  to  precede  the  systolic  impulse.  It  is  some- 
times prolonged,  running  through  the  whole  diastolic  in- 
terval, or  it  may  immediately  precede  the  impulse,  and 
is  then  strictlj'  pre-sj'stolic.  When  present  it  is  pathog- 
nomonic of  stenosis.  The  cardiac  impulse  often  gives  the 
impression  of  a  jet  of  liquid  being  projected  against  the 
hand.  The  murmur  in  typical  cases  is  loud  and  rough, 
and  is  commonly  compared  to  the  sound  "  rrrb. "  It  runs 
up  to  and  terminates  in  a  loud,  abrupt,  and  snapping 
first  sound.  The  murmur  maybe  prolonged  through  the 
diastolic  interval,  but  in  the  great  majority  of  instances 
it  occurs  at  the  end  of  this  period.  In  either  case  it  is 
usually  spoken  of  as  the  pre-systolic  murmur.  The  mur- 
mur is  in  most  instances  localized  at  or  about  the  apex, 
although,  as  pointed  out  by  GritHths,  it  is  sometimes 
transmitted  to  the  axilla  or  even  heard  in  the  back.  The 
murmur  is  sometimes  lepresented  by  a  mere  rumble,  and 
in  the  absence  of  the  snapping  first  sound  is  easily  missed 
by  the  untrained  ear.  With  advancing  cardiac  weakness 
both  thrill  and  murmur  often  disappear.  A  systolic  mur- 
mur is  frequentl}'  ]iresent,  due  to  associated  incompe- 
tence. It  may  joersist  when  the  thrill  and  murmur  have 
disappeared. 

Hardly  less  characteristic  than  the  murmur  is  the 
abrupt  snapping  first  sound  in  which  it  terminates.  It 
is  often  mistaken  for  the  second  sound,  but  the  distinc- 
tion can  be  made  by  noting  that  it  is  synchronous  with 
the  apex  impulse.  The  second  sound  is  often  lost  at  the- 
apex,  and  is  sometimes  redujjlicated  at  this  region;  iu 
the  pulmonary  area  it  is  accentuated  and  even  ringing, 
losing  these  characters  with  failing  power  in  the  right 
ventricle.  With  high  tension  in  the  pulmonary  artery, 
a  faint,  whiffing,  diastolic  murmur  is  occasionally  heard. 
This  is  regarded  by  Gibson  and  others  as  due  to  a  tem- 
porary incompetence  at  the  pulmonary  orifice. 

Evidence  of  enlargement  of  the  right  heart  is  often 
present,  as  .shown  by  the  increased  impulse  over  the  lower 
sternal  region,  and  by  an  extension  of  dulness  to  the  right 
border  of  the  sternum  or  beyond,  reaching  in  extreme 
cases  as  far  as  the  right  nipple  line.  With  failing  com- 
pensation and  particularly  in  advanced  stages  of  the  dis- 
ease the  thrill  and   murmur  often  disappear,  and   the 
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lesion  is  readily  overloolied.  A  sharp  first  sound,  evi- 
dence of  enlargement  of  tiie  riglit  lieart,  sometimes  a 
gallop  rhythm,  together  witli  a  small  pulse  should  sug- 
gest stenosis,  and  with  recovery  the  tljrill  and  murmur 
often  reappear. 

Diagnosis. — A  presystolic  murmur  is  occasionally  heard 
in  conditions  other  than  mitral  stenosis. 

The  Flint  murmur  has  already  been  referred  to  under 
aortic  incompetence.  In  an  adherent  pericardium  and 
in  vegetative  endocarditis  of  the  mitral  valve,  a  murmur 
of  this  character  is  sometimes  found,  usually  of  the  low 
rumbling  variety  rather  than  of  tlie  loud  and  rough  char- 
acter. Ewart  and  Rutherford  have  recorded  a  case  in 
which  all  the  typical  signs  of  stenosis  were  present  and 
in  which  the  autopsy  showed  a  fibrinous  polyp  hanging 
from  the  auricle  through  the  mitral  orilice. 

Tricuspid  RfiGURRiTATiON. — Regurgitation  at  this 
orifice  is  ver}'  generally  admitted  to  occur  in  health,  re- 
sulting from  conditions,  such  as  violent  exercise,  which 
temporarily  raise  the  blood  pressure  in  the  pulmonary 
circuit.  This  is  often  spoken  of  as  the  safety-valve  ac- 
tion, preventing  the  lungs  from  becoming  unduly  con- 
gested. 

In  the  great  majority  of  instances,  tricuspid  incompe- 
tence is  tiie  result  of  dilatation  of  the  right  ventricle,  in- 
ducing relative  incompetence  at  this  orifice ;  in  only  a 
comparatively  few  cases  docs  the  lesion  depend  on  or- 
ganic changes  in  the  valves. 

Dilatation  of  the  right  ventricle  is  always  a  secondarj' 
process.  It  constantly  occurs  in  old-standing  mitral  le- 
sions, and  as  the  result  of  obstruction  in  the  pulmonar}'  cir- 
cuit, from  emphysema  or  fibrosis  of  the  lungs.  In  dilata- 
tion of  the  left  ventricle,  from  whatever  cause,  the  right 
ventricle  is  commonly  included  in  the  morbid  process. 

The  valve  may  be  affected  hy  endocai'ditis,  acute  or 
chronic,  or  by  degenerative  changes.  Under  these  cir- 
cumstances the  valves  of  the  left  heart  are  almost  inva- 
riably involved  by  similar  lesions.  In  malignant  endo- 
carditis, the  valve  is  occasionall}'  affected  alone.  In 
thirty-nine  instances,  Pitt  found  ten  in  wliich  this  valve 
was  alone  attacked. 

Siimptoms. — These  are  similar  to  those  found  in  mitral 
disease,  and  consist  in  bi'eatlilessness,  with  evidence  of 
obstruction  in  both  the  systemic  and  the  portal  venous 
systems. 

Physicnl  Signs. — A  systolic  bruit  is  sometimes  heard  in 
the  lower  sternal  region,  having  its  maximum  intensity 
just  to  the  right  of  the  sternum  about  the  fourth  and  fifth 
ribs,  and  occasionally  transmitted  to  the  right  as  far  as 
the  parasternal  line.  It  is  not  heard  at  the  apex,  al- 
though it  may  be  difficult  to  diffei'entiate  it  from  a  co- 
existing mitral  murmur.  In  some  instances  a  difference 
in  timbre  may  be  noticed.  ( )wing  to  a  debilitated  condi- 
tion of  the  right  ventricle  the  murmur  may  be  absent 
even  in  well-marked  eases,  anil  again,  it  may  disappear 
under  the  influence  of  rest  and  digitahs.  The  enlarge- 
ment of  the  right  ventricle  causes  increased  pulsation  in 
the  epigastric  and  lower  sternal  regions.  Dulness  ex- 
tends to  the  right  border  of  the  sternum  or  for  two  or 
three  finger-breadths  beyond,  although  it  is  frequently 
masked  by  emphysema. 

Pulsation  in  the  veins,  accompanying  each  systole  of 
the  heart,  forms  important  evidence  of  "the  condition  un- 
der discussion.  It  depends  on  a  reflux  of  blood  in  the 
dilated  veins  after  their  valves  have  become  incompetent. 
It  is  seen  in  the  external  and  internal  jugulars,  and  some- 
times even  in  more  distant  veins  such  as  the  brachial. 
•Care  must  be  taken  not  to  confuse  true  venous,  or,  as  it  is 
sometimes  termed,  positive  pulsation,  with  certain  uudu- 
latory  movements  of  these  vessels.  If  the  vein  is  emptied 
from  below,  positive  pulsation  continues. 

Venous  pulsation  is  also  observed  in  the  liver.  The 
enlarged  organ,  grasped  between  the  hands,  presents  a 
true  expansile  pulsation,  and  not  mei-ely  a  transmitted 
epigastric  impulse  from  an  enlarged  right  ventricle. 

Tricuspid  Stenosis.— This  condition,  although  rare, 
is  more  frequent  than  are  lesions  at  the  pulmonary  orifice' 
Pitt  found  it  87  times  in  13,000  autopsies. 
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Congenital  stenosis  is  not  uncommon  in  still-born  chil- 
dren, or  in  those  who  have  lived  a  few  days.  It  is 
frequently  associated  with  other  cardiac  abnonnalitics 
or  defects. 

It  has  been  asserted  that  almost  all  cases  are  of  con- 
genital origin,  but  this  view  is  not  borne  out  by  statistics. 
In  Pitt's  series  of  87  cases,  only  one  patient  died  under 
ten,  and  in  Hen-ick's  tabulation  of  40  cases  the  youngest 
patient  was  twelve  years  old,  with  a  history  of  acute 
rheumatism  two  years  previously,  facts  which  strongly 
suggest  an  acquired  origin.  In  the  greaj'.  majority  of 
cases,  tricuspid  stenosis  is  associated  with  a  similar  proc- 
ess in  the  mitral,  and  often  with  disease  of  the  aortic 
segments  as  well.  In  Leudet's  series  of  114  cases  the  tri- 
cuspid valve  was  affected  alone  in  only  one  instance,  and 
in  Herrick's  once  in  40  cases.  Females  are  affected  about 
four  times  as  often  as  males.  A  history  of  acute  rheuma- 
tism was  present  in  10  or  35  per  cent,  of  Herrick's  series, 
chorea  in  2,  doubtful  rheumatism  in  4,  no  rheumatism 
in  9,  and  in  15  there  was  no  record.  In  Pitt's  cases, 
however,  rheumatism  played  a  predominant  role  in  the 
etiology. 

A  fatal  issue  usually  results  in  patients  who  are  under 
thirtj',  and  in  only  13  cases  out  of  151  (Leudet's  and 
Herrick's  series)  did  the  patient  reach  the  age  of  fifty. 
The  symptoms  are  those  of  mitral  stenosis  of  the  most 
pronounced  form.  Dj'spna'a  and  cyanosis  are  often  ex- 
treme, and  Broadbent  regards  pronounced  dropsy  as  evi- 
dence of  the  disease.  The  diagnosis  has  been  made  in  a 
few  instances  during  life,  but  in  tlie  great  majority  of 
cases  it  has  been  overlooked. 

A  presystolic  murmur  and  snapping  first  sound  heard 
at  the  ensiform  cartilage  or  a  little  to  the  right,  and  fad- 
ing off  and  again  becoming  marked  at  the  mitral,  has  been 
correctly  interpreted  as  indicating  stenosis  of  both  ori- 
fices, and  in  a  few  cases  a  thrill  has  been  detected  in  the 
tricuspid  region.  The  murmurs  in  the  tricuspid  and  mi- 
tral regions  have  also  been  noted  as  having  a  different 
character,  but  the  characters  of  the  cardiac  sounds  are 
often  rendered  dilflcult  of  interpretation  owing  to  rapid 
or  irregular  cardiac  action.  The  lieart  is  enlarged  to  the 
right  as  in  mitral  stenosis,  whilst  both  the  venous  and 
the  hepatic  forms  of  pulsation  are  often  present  owing  to 
associated  tricuspid  regurgitation. 

Pulmonary  Orifice. — Disease  of  the  pulmonary 
valves  is  usually  congenital,  and  is  then  commonlj'  asso- 
ciated with  other  cardiac  anomalies.  Only  a  few  of  these 
cases  reach  adidt  life. 

The  majority  of  acquired  cases  are  due  to  malignant 
endocarditis.  Congenital  absence  of  one  of  the  cusii.s 
may  lead  to  sclerotic  processes  in  later  years,  as  in  aortic 
disease. 

Acute  rheumatism  is  uot  a  frequent  cause,  being  pres- 
ent in  only  seven  of  twenty-nine  cases  collected  by  Ger- 
hard t. 

Obstructive  disease  is  difticult  to  recognize  owing  to 
the  frequent  occurrence  of  systolic  murmurs  in  the  pul- 
monary area  from  other  causes.  A  distinct  thrill,  a  harsh 
murmur,  and  evidence  of  enlargement  of  the  right  ven- 
tricle are  the  signs  which  may  be  found,  but  similar 
signs  may  be  caused  by  the  pressure  of  an  aneurism  or 
tumor  on  the  trunk  of  the  \essel. 

Incompetence  gives  rise  to  a  diastolic  murmur  in  the 
pulmonary  region,  often  louder  during  expiration,  and 
transmitted  down  the  left  sternal  border.  It  is  not  heard 
toward  the  apex  or  In  the  vessels  of  the  neck. 

Enlargement  of  the  right  ventricle  is  usually  consider- 
able and  tlie  apex  is  pushed  to  the  left.  There  is  an  ab- 
sence of  the  arterial  phenomena  of  aortic  disease,  but 
Gerhardt  has  shown  that  graphic  representations  of  the 
pulmonary  pulsations  sIioan'  analogous  changes  By  in- 
troducing a  manometer  into  one  nostril,  closing  the  op- 
posUe  one  by  pressure,  and  directing  the  patient  to  cease 
breathing  he  obtained  a  tracing  showin-  larger  excur- 
sions ol  tljc  lever,  and  a  more  sudden  rise  and  fall  than 
IS  obtained  either  in  health  or  in  aortic  incompetence 

eyanosis  venous  enlargement,  and  pulmonary  embol- 
ism have  also  been  noticed  in  disease  of  this  orifice. 
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Tuberculosis  is  not  an  uncommon  mode  of  death,  and 
is  attributed  to  the  anaemic  condition  of  tlie  lungs. 

Combined  Valvular  Lesions. — In  a  large  proportion 
of  cases  more  than  one  valve  is  affected,  or  there  may  be 
both  incompetence  and  obstruction  at  one  orifice.  The 
general  features  and  signs  usually  point  to  predominant 
disease  of  one  valve.  Aortic  and  mitral  incompetence 
are  often  associated,  vchilst  mitral  stenosis  is  frequently 
accompanied  by  slight  sclerosis  of  the  aortic  segments, 
having  no  clinical  significance. 

PROGNOsrs  OP  Valvular  Disease. — The  prognosis  is 
based  partly  on  an  estimate  of  the  extent  and  character 
of  the  valvular  lesion,  partly  on  the  general  health  and 
habits  of  the  patient. 

Aortic  incompetence  is  usually  regarded  as  tlie  most 
serious  of  valvular  affections.  The  arterio-sclerotic 
cases,  owing  to  the  frequenc}'  with  which  the  coronary 
vessels  are  involved,  are  more  serious  than  stationary 
rheumatic  conditions.  Of  the  valvular  affections,  aortic 
incompetence  is  the  one  in  which  sudden  death  is  most 
apt  to  occur.  Favorable  features  are  a  moderate  degree 
of  cardiac  enlargement,  a  pulse  not  showing  the  collaps- 
ing character  to  a  high  degree,  a  distinct  second  sound  in 
the  arteries  of  the  neck,  and  an  absence  of  cardiac  symp- 
toms. According  to  N.  S.  Davis  the  average  duration  of 
life  after  compensation  begins  to  break  down  is  3.8  years, 
a  period  which  closely  corresponds  to  Balfour's  estimate 
of  four  years. 

Aortic  stenosis  is  usually  regarded  as  the  least  serious 
of  valvular  lesions.  In  moderate  grades  of  the  disease 
but  little  disturbance  of  function  takes  place.  More 
serious,  however,  are  the  cases  with  evidence  of  a  high 
degree  of  stenosis,  as  shown  particularly  by  the  pulse. 
Arterio-sclerosis  always  suggests  the  possibility  of  dis- 
ease of  the  coronary  arteries,  and  anginal  attacks  con- 
vert such  a  suggestion  to  a  certainty. 

Sudden  death  is  rare,  although  it  may  occur  from  dis- 
ease of  the  coronary  vessels,  and  has  also  resulted  from 
occlusion  of  an  extremely  narrowed  orifice. 

Mitral  lesions  are  on  the  whole  less  serious  than  aortic 
regurgitation.  Stenosis  is  usually  regarded  as  a  more 
serious  affection  than  incompetence.  Osier  regards  the 
latter  as  almost  as  serious  as  the  former,  whilst  N.  S. 
Davis  reverses  the  opinion  usually  held. 

In  many  cases  in  which  a  mitral  systolic  murmur  is 
heard  at  the  apex,  this  lesion  shows  no  tendency  to 
shorten  life,  and  in  the  absence  of  cardiac  symptoms,  and 
of  other  signs  of  cardiac  disease,  its  presence  may  be  re- 
o-arded  with  but  slight  apprehension.  More  serious  are 
the  cases  in  which  a  considerable  degree  of  regurgitation 
is  revealed  by  marked  enlargement  of  the  ventricle, 
but  even  here  the  patient  may  enjoy  a  long  period  of 
good  health,  provided  that  symptoms  of  cardiac  disturb- 
ance are  absent. 

A  cardio-pulmonary  murmur  Is  not  uncommon  at  tne 
apex  and  is  heard  best  or  exclusively  at  the  end  of  in- 
spiration It  is  frequent  in  pulmonary  tuberculosis,  and 
in  the  absence  of  other  evidence  of  cardiac  disease  may 

be  disregarded.  .    .    ■,    m,       ■  a  ^  t^ 

The  mere  loudness  of  a  murmur  is  in  itselt  no  index  to 
the  severity  of  the  lesion.  Very  soft  murmurs  are  often 
heard  in  failing  hearts,  whilst  loud  rasping  murmurs, 
although  indicative  of  valvular  damage,  may  be  present 
with  perfect  compensation. 

Mitral  stenosis  is  not  incompatible  with  longevity,  but 
in  most  cases  there  is  a  marked  shortening  of  lite.  Broad- 
bent  found  the  average  age  at  death  to  be  thirty-three 
years  in  males  and  thirty-eight  in  females,  and  other  es- 
timates agree  closely  with  this.  Of  other  influences  af- 
fecting the  duration  of  cardiac  disease  experience  shows 
that  children  bear  these  lesions  badly,  and  such  cases  fre- 
quently terminate  fatally  at  or  shortly  after  puberty 
Females  bear  valvular  disease  better  than  males,  a  tact 
which  is  probably  to  be  attributed  to  their  less  active 
habits  and  to  their  less  frequent  indulgence  m  alcoholic 
excess  An  exception  to  this  rule  is  sometimes  seep  as  the 
result  of  pregnancy,  in  which  the  increased  strain  occa- 
sionally results  in  serious  and  even  fatal  cardiac  failure. 
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Laborious  occupations   arc   unfavorable,  as  are  also 
sexual  and  alcoholic  excess,  and  the  free  use  of  tobacco. 
Finally  poor  general  health,  anaemia,  recurring  attacks 
of  bronchitis,  hepatic  and  renal  engorgement,  and  pul- 
monary embolism  are  all  unfavorable  signs. 

Recurring  attacks  of  rheumatism  often  exert  a  most 
unfavorable  influence  owing  to  fresh  attacks  of  endocar- 
ditis, and  in  children  rheumatic  inflammations  occasion- 
ally progress  to  a  fatal  issue  within  a  few  weeks  or 
months. 

Acute  disease,  particularly  pneumonia,  is  often  ill 
borne,  and  if  survived  is  sometimes  followed  by  loss  of 
compensation.  I  have  known  several  cases  of  mitral 
stenosis  date  their  symptoms  from  an  attack  of  pneu- 
monia. 

Finally,  poor  general  health,  ansBmia,  hepatic  or  renal 
engorgement,  and  pulmonary  embolism  are  all  unfavor- 
able symptoms. 

Treatment. — During  the  period  of  compensation  no 
very  active  treatment  should  be  directed  toward  the 
heart. 

It  is  important  in  this  stage  to  keep  the  general  health 
up  to  the  best  possible  point.  For  this  purpose  the  diet 
should  be  plain  and  nourishing,  and  the  coarser  vege- 
tables should  be  avoided  as  tending  toward  flatulence. 
Alcohol  is  unnecessary  in  young  people,  and  if  used  at 
all  should  be  taken  in  strict  moderation  with  food.  To- 
bacco is  injurious,  whilst  tea  and  coffee  must  be  avoided 
should  they  cause  any  cardiac  palpitation  or  uneasi- 
ness. 

In  rheumatic  cases  special  care  should  be  taken  to  see 
that  the  patient  is  suitably  clad,  and  even  with  slight 
rheumatic  manifestations  he  should  be  confined  to  bed  or 
the  liouse. 

Exercise  and  athletics  are  beneficial  provided  they 
cause  no  undue  fatigue  or  are  not  pushed  to  the  point  of 
inducing  dyspnoea.  The  more  violent  forms  of  exercise 
such  as  football  or  even  tennis  should  be  forbidden,  but 
golf,  mild  bicycling,  or  rowing  and  walking  are  safei-,  in- 
asmuch as  they  throw  much  less  strain  on  the  heart.  In 
cases  in  which  for  any  reason  it  is  judged  unwise  to  allow 
even  easy  exercise,  rest  in  the  open  air  is  beneficial. 

Medicinally,  an  occasional  aperient ;  tonic  doses  of  iron 
or  arsenic,  particularly  when  anaemia  is  present,  or  strych- 
nine are  valuable.  Small  doses  of  digitalis  (ni  v.  to  x.) 
may  be  administered  should  any  tendency  to  dyspnaa  or 
palpitation  exist,  and  the  use  of  this  drug  is  sometimes 
continued  for  lengthened  periods  with  decided  benefit. 

When  compensation  begins  to  fail,  and  dyspnoea, 
dropsy,  and  palpitation  become  marked,  a  more  active 
plan  of  treatment  is  required. 

In  most  instances  of  uncomplicated  valve  lesions  fail- 
ure of  compensation  is  due  to  dilatation,  brought  about 
for  the  most  part  by  excessive  muscular  work,  although 
in  some  cases  it  is  induced  by  severe  mental  strain.  The 
first  object  is  therefore  to  secure  physical  and  sometimes 
mental  rest.  When  the  symptoms  are  at  all  severe,  abso- 
lute rest  in  bed  must  be  enjoined;  and  treatment  by  this 
method  alone  is  sometimes  sufficient  to  relieve  dyspnoea 
and  remove  dropsy.'  It  is,  however,  advisable  in  most  in- 
stances to  use  medicinal  or  other  agents,  which  hasten 
recovery  and  alleviate  distress. 

Of  the  cardiac  stimulants  by  far  the  most  valuable  is 
digitalis.  This  remedy  slows  and  strengthens  the  mus- 
cular contraction  of  the  heart,  whilst  the  pulse  rate  is  re- 
lieved and  becomes  more  regular,  the  peripheral  arteries 
are  contracted,  the  renal  arteiies  rela.x,  and  a  large  vol- 
ume of  blood  passes  through  the  kidneys  as  shown  by  the 
free  diuresis.  .  .■ 

In  aortic  incompetence  the  objection  to  digitahs  is 
sometimes  raised  that  it  prolongs  diastole  and  hence 
allows  of  freer  regurgitation.  This  objection  is  largely 
theoretical,  and  many  cases  receive  a  marked  degree  of 
benefit  from  the  increased  muscular  action,  dyspnoea  is 
relieved,  and  in  favorable  cases  compensation  is  com- 
pletely restored.  It  is  in  mitral  disease,  particularly 
when  "dropsy  and  dyspnoea  are  present,  that  digitalis  in- 
duces the  most  brilliant  results.     Dyspnoea  is  relieved, 
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free  diuresis  is  set  up,  and  dropsy  lessens  and  disap- 
pears. 

In  mitral  incompetence,  not  only  is  the  muscle  stimu- 
lated, but  the  regurgitation  is  lessened  owing  to  the  more 
perfect  closure  of  the  auriculo- ventricular  ring.  In 
stenosis  the  lengthened  diastolic  period  allows  more 
time  for  blood  to  pass  from  the  engorged  auricle  through 
the  narrowed  valve.  .    . 

The  action  of  digitalis  is  somewhat  slow  and  it  is  not 
until  the  third  day  that  the  full  effects  of  the  drug  are 
seen.  When  marked  slowing  of  the  pulse  to  60  or  un- 
der, or  a  fall  in  the  quantity  of  urine  occurs,  the  dose 
should  be  lessened  or  stopped,  owing  to  the  danger  of 
toxic  manifestations,  which  reveal  themselves  in  the  form 
of  nausea  and  vomiting,  weakness  and  irregularity  of  the 
pulse,  or  a  double  beat  of  the  heart  to  one  of  the  pulse. 

The  drug  should  be  given  freely  for  from  forty-eight  to 
seventy -two  hours  when  the  symptoms  are  at  all  urgent — 
say  in  doses  of  th,  xv.  of  the  tincture  or  3  iv.  of  the  in- 
fusion every  three  or  four  hours.  Smaller  doses  are  usu- 
ally sufiScient  (m  x.-xv.  t.i.d.)  in  the  absence  of  severe 
symptoms.  Nausea  and  vomiting  are  sometimes  pro- 
duced by  even  moderate  doses,  and  in  such  cases  rectal 
administration  of  one  or  more  large  doses  of  the  fluid  ex- 
tract are  often  extremely  beneficial.  Five  or  ten  minims 
(HI  i.-gr.  i.  digitalis)  administered  with  starch  in  this  way 
often  act  rapidly,  and  I  have  seen  the  pulse  slowed  and 
dyspnoea  relieved  in  the  course  of  a  few  hours.  An  old 
and  reliable  preparation  is  Guy's  pill,  consisting  of  gr.  i. 
each  of  digitalis,  squills,  and  pil.  hydrarg. 

Strophanthus  is  a  valuable  substitute  for  digitalis.  It 
acts  on  the  heart  like  digitalis,  but  has  not  the  same  tonic 
effects  on  the  arteries.  It  is  consequently  sometimes  pre- 
ferred in  arterio-sclerotic  cases  with  increased  arterial  ten- 
sion. It  is  inferior  to  digitalis  in  removing  dropsy,  but 
is  sometimes  of  value  in  alleviating  cardiac  symptoms 
when  this  drug  fails.  Sparteine  acts  in  a  similar  manner 
to  strophanthus,  but  as  a  rule  is  inferior  to  it. 

Caffeine  is  occasionally  useful  as  a  substitute  for  digi- 
talis.    It  sometimes  induces  restlessness  and  insomnia. 

Suprarenal  extract  has  recently  come  into  use  as  a  car- 
diac tonic ;  it  acts  on  the  muscular  substance  of  the  heart. 
Some  of  the  clinical  reports  are  very  encouraging  and  it 
seems  worthy  of  further  trial. 

Strychnine  is  a  valuable  adjunct  to  digitalis  and  may 
be  administered  in  doses  of  gr.  -^  three  to  six  times  daily. 
Diffusible  stimulants  such  as  alcohol,  ether,  and  ammo- 
nia are  of  value  in  emergencies,  and  until  the  more  slowly 
acting  stimulants  affect  the  heart. 

A  dose  of  calomel,  gr.  v.  with  gr.  x.  of  bicarbonate  of 
soda,  is  often  administered  with  benefit  preceding  the 
course  of  digitalis.  It  relieves  portal  congestion  and  en- 
gorgement of  the  right  heart,  and  increases  the  efiicacy 
of  digitalis. 

In  arterio-sclerotic  cases  the  long -continued  adminis- 
tration of  iodides  often  proves  of  much  value  in  control- 
ling palpitation  and  other  symptoms,  possibly  by  low- 
ering peripheral  resistance.  Nitroglycerin  is  also  a 
valuable  agent  in  lessening  peripheral  resistance  and  is 
often  advantageously  given  with  digitalis  in  doses  of 
ni  i.  of  the  one-percent,  solution. 

Obstinate  or  persistent  symptoms  often  require  special 
measures  for  their  mitigation  or  relief. 

Dyspncea  continuing  after  the  use  of  digitalis,  and  es- 
pecially when  nocturnal  in  character,  is  usually  relieved 
in  a  remarkable  manner  by  a  hypodermic  injection  of 
morphine,  and  in  advanced  cases  this  drug  is  invaluable. 
Sleeplessness  sometimes  yields  to  paraldehyde,  trional, 
or  sulphonal,  but,  as  it  is  often  dependent  on  dyspnoea, 
these  remedies  are  much  inferior  to  morphine. 

Pain  over  the  cardiac  region  is  often  alleviated  by  the 
iodides,  especially  in  arterial  cases,  or  by  nitroglycerin. 

Dropsy. — Dropsy  may  be  diminished  by  free  purga- 
tion. For  this  purpose  calomel,  salines,  and  hydra- 
gogues,  especially  compound  jalap  powder,  are  most 
serviceable. 

Needle  puncture  of  the  distended  limb  with  strict  asep- 
tic precautions  allows  considerable  quantities  of  the  fluid 


to  drain  away.  Southey's  tubesare  also  very  eflBcacious, 
but  there  is  considerable  danger  of  inflammatory  changes 
taking  place  in  the  subcutaneous  tissues. 

Theobromine  in  doses  of  gr.  Ix.  to  gr.  xc.  daily  may 
be  used  with  occasional  benefit  as  a  diuretic  when  the 
urinary  secretion  is  persistently  small.  „     ,  .     ,, 

When  considerable  quantities  of  fluid  collect  m  the 
abdominal  or  the  pleural  cavity  paracentesis  is  necessary 
and  may  be  repeated  as  often  as  required. 

Palpitation  is  much  relieved  by  an  ice-bag  over  the 
precordial  region.  A  diffusible  stimulant,  or  strychnine 
in  full  doses  often  proves  of  signal  service.  If  the  attack 
is  severe,  a  hypodermic  injection  of  morphine  may  be 
given.  Strict  attention  to  diet  together  with  quiet  and 
rest  is  also  essential. 

Vomiting.— Food  must  sometimes  be  withheld  for  some 
hours,  or  replaced  by  sips  of  hot  water,  brandy,  or  cham- 
pagne. After  the  vomiting  has  yielded  or  lessened, 
liquid  food  may  be  cautiously  tried.  Milk  may  be  given 
freely  diluted  with  lime  water,  Vichy  or  effervescing 
waters,  or  peptonized  beef  essences  are  often  tolerated 
when  other  foods  are  rejected.  In  obstinate  cases  rectal 
alimentation  may  become  requisite.  The  frequent  action 
of  digitalis  in  inducing  vomiting  must  be  remembered  in 
this  connection.  It  must  often  be  withheld  for  a  period, 
but  should  not  be  given  up  without  good  reason. 

Venesection  is  occasionally  required  when  marked  cya- 
nosis or  dyspnoea  is  present,  and  ten,  twenty,  or  even 
thirty  ounces  of  blood  may  be  abstracted  from  the  arm. 
A  valuable  measure  which  has  largely  fallen  into  disuse 
is  the  application  of  a  few  leeches  to  the  precordial  re- 
gion followed  by  hot  fomentations  to  encourage  bleeding. 

During  the  past  few  years  much  has  been  written  on 
the  Nauheim  methods,  consisting  in  bathing  in  aerated 
water,  and  movements  with  resistance.  The  baths  lessen 
the  peripheral  resistance,  and  the  movements  tend  to 
empty  the  veins.  Percussion  and  skiagraphs  show  a  less- 
ening of  cardiac  dilatation  after  application  of  these 
methods.  They  seem  to  be  more  successful  at  the  natu- 
ral springs  than  when  applied  in  hospitals  or  other  lo- 
calities. Prederick  G.  FinUy. 

HEART,  RUPTURES  OF.— These  are  divided  into  two 
classes :  First,  Those  due  to  degeneration  of  the  myocar- 
dium, the  so-called  spontaneous  ruptures;  and  second, 
those  due  to  traumatism. 

Instances  of  the  first  class,  while  not  frequent,  are  more 
often  observed  than  are  those  of  traumatic  origin. 

MoEBiD  Anatomy. — Spontaneous  rupture  of  the  heart 
generally  occurs  in  the  substance  of  the  left  ventricle 
owing  to  the  greater  frequency  of  degenerative  changes 
in  this  locality,  and  to  the  greater  strain  which  this  part 
of  the  heart  has  to  bear  in  lifting  the  blood  through  the 
systemic  circulation. 

The  anterior  face  of  the  ventricular  wall  somewhat 
above  the  apex  is  usually  the  site  of  the  tear.  Although 
it  is  said  that  the  tear  usually  begins  from  within  and  pro- 
ceeds to  the  outer  face,  the  reverse  may  happen,  and  it  is 
impossible  to  tell  from  inspection  upon  which  surface  the 
lesion  originated.  The  sites  of  the  rupture  in  55  cases 
collected  by  Elleaume  were  as  follows:  43  in  the  left 
ventricle,  7  in  the  right,  3  in  the  right  auricle,  and  3  in 
the  left  auricle. 

The  tear  may  be  complete  or  incomplete,  and  may  vary 
in  extent  from  a  centimetre  to  the  length  of  the  ventricle. 
It  is  usually  single,  but  as  many  as  five  have  been  noted, 
sometimes  intercommunicating.  The  rent  is  generally 
ragged,  irregular,  and  sometimes  ecchymosed  at  the  edges. 
Its  course  through  the  ventricular  wall  may  be  tortuous 
so  that  the  endocardial  and  epicardial  openings  do  not 
correspond.  Usually  the  fissure  runs  parallel  to  the 
course  of  the  muscular  fibres.  Those  ruptures  which 
are  due  to  an  abscess  of  the  heart  wall  or  to  hemorrhagic 
softening  more  frequently  are  in  the  form  of  an  ulcera- 
tion or  perforation.  The  immediate  result  of  this  acci- 
dent IS  the  distention  of  the  pericardial  sac  with  blood 
which  generally  forms  clots,  leaving  the  serum  in  the 
pericardium. 
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Cases  have  been  noted  in  which  a  plug  of  fibrin  has 
more  or  less  completely  occluded  the  tear  in  the  heart  wall. 

Etiology. — This  form  of  rupture  is  always  the  result 
of  disease  of  the  myocardium,  softening,  fatty  degener- 
ation, fatty  infiltration,  etc.,  dependent  generally  upon 
occlusion  or  fibrosis  of  the  coronary  arteries.  This  de- 
generation may  be  local  or  general,  and  may  result  pri- 
marily in  an  aneurism  of  the  heart  or  aorta,  which  may 
burst.  Very  rarely  we  have  abscess  of  the  heart  wall, 
which  bursts  and  leads  to  rupture.  The  exciting  cause 
of  the  lesion  may  be  a  sudden  and  perhaps  an  unusual 
motion  like  stumbling  or  falling,  lifting  or  straining.  A 
comparatively  frequent  cause  is  running  for  a  train. 
Anger,  excitement,  and  mental  or  physical  shock  may  de- 
termine the  accident.  Not  infrequently  it  occurs  while 
the  patient  is  in  perfect  rest.  He  may  be  asleep  in  bed. 
The  male  sex  is  considerably  more  liable  to  this  accident 
than  the  female.  It  seldom  occurs  before  the  fiftieth 
year,  more  often  after  the  sixtieth. 

Symptoms. — -Seldom  are  the  premonitory  signs  of  this 
disaster  distinctive.  There  would  naturally  be  signs  of 
a  diseased  and  feeble  heart.  Comparatively  few  diseased 
hearts,  however,  go  on  to  rupture.  On  the  occurrence  of 
the  lesion,  death  is  usually  instantaneous;  the  patient 
not  infrequently  being  found  dead  in  bed  with  the  clothes 
not  even  disturbed.  In  case  the  rupture  is  oblique  in 
direction  and  small  in  extent,  the  patient  may  survive 
several  hours,  or  even  days. 

Dr.  Langman  has  recently  reported  a  case  of  a  man 
who  had  two  ruptures  of  the  heart  wall,  one  having  hap- 
pened two  weeks  before  the  other.  He  died  four  hours 
after  the  occurrence  of  the  second,  which  was  in  the  left 
ventricle,  the  first  was  in  the  right.  The  heart  walls  were 
thin,  but  not  fatty. 

The  special  symptoms  denoting  approaching  dissolu- 
tion are  intense  precordial  pain,  restlessness,  dyspnoea, 
rapid,  feeble,  and  fluttering  pulse;  vomiting,  cyanosis, 
loss  of  consciousness,  and  convulsions. 

Hampeln  has  observed  that  there  is  greater  pain  in 
rupture  of  the  pericardial  portion  of  the  aorta  than  in 
that  of  the  heart  substance  proper. 

The  physical  signs,  even  when  the  patient's  life  is  suifi- 
ciently  prolonged,  are  more  or  less  indefinite.  The  pulse 
is  weak  and  intermittent.  The  heart  sounds  are  muffled, 
distant,  and  imperfectly  developed,  with  probably  some 
increase  of  pericardial  dulness. 

Diagnosis. — This  is  so  uncertain  that  it  cannot  as  a 
rule  be  relied  upon,  although  in  some  cases  the  condition 
has  been  made  out  ante  mortem.  A  diagnosis  ought  cer- 
tainly to  be  made  in  those  cases  in  which,  in  addition  to 
the  rational  symptoms  already  detailed,  percussion  affords 
evidence  that  the  pericardial  area  has  recently  undergone 
enlargement. 

Pkognosis. — This  is  uniformly  unfavorable;  no  case 
of  spontaneous  heart  rupture  having  ever  been  known  to 
recover,  although  life  may  be  prolonged  for  several  days 
and  even  weeks,  by  judicious  treatment  and  nursing. 

Treatment. — This  is  mainly  palliative  and  can  have 
no  effect  on  the  diseased  condition  of  the  heart.  Cold 
applications,  morphine  hypodermatically,  a  strict  main- 
tenance of  the  recumbent  posture,  perfect  quiet,  and 
warmth  to  the  extremities  may  prolong  life  for  a  limited 
period.     Stimulants  are  contraindicated. 

Traumatic  Buptures  of  the  Heart  are  quite  rare.  This 
organ  from  its  shape  and  position,  its  mobility  and  the 
protection  afforded  it  by  the  elasticity  of  its  walls,  and  by 
its  overlying  and  surrounding  structures,  is  seldom  rup- 
tured— except  in  cases  in  which  the  entire  chest  wall  is 
crushed  in.  A  certain  number  of  cases  of  rupture  of  the 
heart  walls  have  occurred  with  comparatively  little  inj  ury 
to  the  chest  wall,  even  without  penetration  of  the  pericar- 
dial sac.  The  writer  was  able,  in  1899,  to  collect  forty- 
five  cases  of  heart  rupture,  not  due  to  stab  or  gunshot 
wounds,  and  generally  speaking  caused  by  an  injury 
from  the  effects  of  which  the  heart  walls  would  be  ex- 
pected to  escape  scot  free.  In  the  majority  of  the  cases 
there  was  evidence  of  disease  or  abnormality  of  the  or- 
gan.    But  in  a  few  cases  the  heart  muscle  was  healthy. 


The  writer  reported  the  case  of  a  vigorous  man  of 
twenty-eight  who  was  riding  his  bicycle  rapidly,  'when 
the  forward  wheel  struck  a  hose  pipe  which  was  filled 
with  water  and  which  lay  across  the  road.  As  a  result  of 
this  sudden  strain  the  bicycle  broke  at  the  "head,"  and 
the  rider  was  thrown  to  the  ground  with  great  violence, 
the  detached  handle-bar  post  interposing  itself  between 
his  body  and  the  hard  road.  This  impact  fractured  the 
sixth  costal  cartilage  somewhat  to  the  left  of  the  sternum 
and  drove  the  distal  end  attached  to  the  rib  into  the  peri- 
cardial sac.  The  sac  did  not  tear ;  but  the  force  of  the 
blow  was  so  great  that  the  right  auricle  was  torn  entirely 
through.  A  triangular  flap  (see  accompanying  photo- 
graph. Pig.  3596)  of  the  heart  wall  had  been  lifted  up, 


Fig.  2596.— Showing  Traumatic  Kupture  of  Heart  at  Apex  of  Right 
Ventricle. 

and  when  it  was  turned  back  the  ventricular  cavity  was 
exposed.  The  heart  weighed  eleven  and  one-quarter 
ounces,  and  its  valves  and  muscular  substance  were 
healthy  and  competent.  The  man  lived  for  an  hour  and 
a  half  after  the  accident  and  partly  recovered  from  shock. 
The  cause  of  death  was  apparently  the  distention  of  the 
pericardium  with  blood,  of  which  from  eight  to  ten 
ounces,  mostly  coagulated,  was  found  in  the  sac. 

Of  traumatic  ruptures  a  majority  occur  in  the  right 
ventricle  near  its  apex.  Of  Gamgee's  28  cases,  in  9  there 
was  no  fracture  of  ribs  or  sternum  and  either  no  bruise 
of  the  parietes  or  a  very  slight  one.  The  pericardium 
was  intact  in  at  least  one-half  of  the  cases,  and  in  22  in 
which  the  principal  seat  of  the  injury  was  noted,  the 
right  ventricle  was  torn  in  8;  the  left  in  3.  The  left 
auricle  was  injured  in  7  and  the  right  in  4.  The  apex  of 
the  right  ventricle  is  a  favorite  spot  for  traumatic  rup- 
ture, first,  on  account  of  its  exposed  position  as  it  comes 
in  contact  with  the  chest  wall  in  systole,  and  second,  be- 
cause the  myocardium  is  thinnest  at  this  point.  Rup- 
tures of  the  muscular  fibres  most  frequently  occur  in 
systole  when  they  are  tense  and  firm  and  ofEer  the  great- 
est resistance  to  the  impact  of  the  opposing  force.  If 
struck  in  diastole  when  the  ventricles  are  filled  with 
blood,  their  walls  being  flaccid,  the  seat  of  rupture  will 
be  in  the  resisting  valves,  or  on  the  interventricular 
septum. 

So  far  as  ascertained  the  longest  time  that  a  person  has 
survived  after  traumatic  heart  rupture  is  seventeen  hours. 
The  symptoms  of  intense  pericardial  pain,  weak,  flutter- 
ing or  intermittent  pulse,  dyspnosa,  lividity,  cold  ex- 
tremities, sweating,  and  convulsions,  are  much  the  same 
as  in  cases  of  spontaneous  rupture.  With  the  history  of 
a  blow  upon  the  chest,  especially  if  the  ribs  or  their  car- 
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tilages  are  found  fractured,  the  diagnosis  of  heart  rup- 
ture might  be  made  out  and  bold  surgery  might  save  a 
life.  The  technique  of  the  operation  would  be  the  same 
as  that  laid  down  for  wounds  of  the  heart  substance.  ^  No 
other  treatment  could  be  anything  more  than  palliative. 

RicMrd  Cole  NeiDton. 

HEART  STRAIN.— This  may  be  defined  as  the  un- 
toward effects  of  overexertion  on  the  previously  normal 
heart. 

While  the  metabolic  changes  during  violent  exercise 
doubtless  produce  toxins— " fatigue  products" — affect- 
ing the  nutrition  of  the  heart,  and  causing  relaxation  of 
its  tonus,  the  effects  are  largely  mechanical.  The  heart 
is  called  upon  to  do  more  work  than  when  at  rest,  to  re- 
ceive and  send  out  more  blood,  and  to  do  this  under  dif- 
ferent conditions  of  blood  pressure  and  nutrition. 

The  work  done  by  the  heart  in  a  given  interval  of  time 
depends  on  two  factors — the  amount  of  blood  sent  out 
and  the  resistance  against  which  it  is  pumped.  The 
heart's  arterial  output  in  turn  is  dependent  upon  its 
venous  input, — that  is,  the  heart  normally  sends  out  the 
same  amount  of  blood  per  second  as  it  receives.  The  re- 
sistance or  aortic  blood  pressure  depends  on  the  balance 
between  the  output  of  the  heart  and  that  of  the  arteries 
— the  heart  endeavors  to  overcome  the  peripheral  resist- 
ance. The  output  of  the  heart  remaining  the  same,  in 
other  words,  the  resistance  would  depend  upon  the  state 
of  contraction  or  dilatation  of  the  arterioles. 

The  peripheral  blood  pressure  shows,  during  active 
exercise,  a  temporary  increase,  which  is  followed,  even  if 
the  exercise  continues,  by  a  very  marked  decrease.  In  a 
recent  examination  of  the  contestants  in  a  twenty-five- 
mile  running  race  with  whicli  the  writer  was  associated, 
this  fall  was  invariably  present  in  men  examined  at  the 
finish  and  was  shown  by  direct  study  of  the  blood  press- 
ure and  by  the  sphygmograph.  The  temporary  rise  is 
due  to  increased  output  of  the  heart.  The  pressure  of 
the  muscles  of  the  extremities  on  the  large  veins,  the 
■similar  action  of  the  muscles  of  the  abdomen  and  dia- 
phragm on  the  portal  system,  and  the  increased  activity 
of  the  respiratory  apparatus,  all  favor  the  flow  of  blood 
to  the  right  auricle,  and  through  the  lungs  to  the  left 
heart.  For  a  while  the  increased  output  causes  an  in- 
crease in  arterial  tension  and  increased  work  for  the  left 
ventricle,  but  there  is  soon  a  dilatation  of  the  peripheral 
vessels,  especially  in  the  muscles,  and  a  consequent  fall 
of  pressure  with  relief  to  the  left  heart.  According  to 
AUbutt,  when  this  adjustment  is  accomplished  the  phe- 
nomenon of  "  second  wind  "  occurs. 

Tmining. — When  the  heart  is  frequently  called  upon 
to  do  a  large  amount  of  work  changes  take  place  through 
which  it  is  able  to  meet  larger  demands  upon  it.  In 
trained  athletes,  especially  in  those  engaged  in  sports  re- 
quiring long-continued  violent  exertion,  as  in  long-dis- 
tance runners  or  oarsmen,  the  heart  area  shows  marked 
and  progressive  enlargement.  Inspection  frequently 
shows  visible  bulging  of  the  left  chest  and  percussion 
shows  more  or  less  enlargement.  The  left  border  may 
be  outside  the  nipple,  and  the  right  correspondingly 
changed.     The  impulse  is  often  diffuse  and  powerful. 

The  explanation  of  these  findings  is  doubtless  that  the 
heart  muscle  undergoes  hypertrophy  exactly  like  any 
other  muscle.  Perhaps  there  is  some  dilatation  as  well, 
the  capacity  of  the  organ  as  well  as  its  strength  being 
increased.  The  respiratory  apparatus  also  becomes 
more  etflcient,  but  the  changes  here  are  less  easily  de- 
termined than  in  the  heart.  It  cannot  be  too  strongly 
insisted  upon  that  these  changesare  physiological.  More 
than  tliat,  it  is  probable  that  without  more  or  less  cardiac 
hypertrophy  a  man  cannot  with  impunity  engage  in 
\'iolent  athletic  contests,  while  with  the  heait  properly 
ti-ained  he  will  rui-uly  do  himself  any  immediate  damage. 

What  are  the  remote  results  of  normal  training?  Are 
these  hearts  more  subject  in  after  years  to  functional  dis- 
orders or  degenerative  conditions  than  others?  Impor- 
tant as  this  question  is  in  connection  with  modern  college 
athletics  there  is  much  doubt  about  its  answer.     It  is 
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probable  that  a  heart  in  which  simple  hypertrophy  has 
occurred  as  a  result  of  training,  which  has  never  suffered 
from  any  of  the  acute  or  chronic  disorders  presently  to 
be  described,  which  has,  in  short,  enabled  its  owner  to  per- 
form tasks  beyond  the  power  of  other  men  without  at 
any  time  causing  any  untoward  symptoms— such  a  heart 
will,  after  the  cessation  of  training,  return  quietly  to  its 
original  size.  The  decrease  is,  however,  slow.  Darling 
found  that  after  a  year  the  Harvard  rowers  still  had  large 
hearts.  But,  as  Darling  remarks,  hypertrophy  of  the 
heart  from  training  is  no  more  undesirable  and  gives  the 
patient  no  more  trouble  than  the  corresponding  hyper- 
trophy of  the  biceps.  Perhaps  the  most  thorough  in- 
vestigation of  this  matter  was  that  of  Morgan  (1873)  who 
studied  the  after  health  of  the  294  men  who  rowed  in  the 
Oxford-Cambridge  races  between  1839  and  1869.  But 
seventeen  claimed  to  have  been  injured,  and  in  only  two 
or  three  would  the  evidence  convince  us  to-day  that  pre- 
viously healthy  men  suffered  permanent  damage  to  the 
heart.  The  mortality  was  less  than  comparison  with  in- 
surance statistics  would  lead  one  to  expect,  and  Morgan 
concluded  that  in  the  majority  of  cases  training  does 
great  and  lasting  good.  On  the  other  hand  Stengel  men- 
tions cases  in  whicli  trained  men  several  years  after  the 
cessation  of  active  athletics,  with  no  intervening  symp- 
toms, began  to  complain  of  sensations  of  oppression  and 
distention  in  the  chest  with  "consciousness  of  the  heart." 
Certainly,  if  in  the  course  of  training  the  heart  has  suf- 
fered any  of  the  forms  of  strain,  permanent  damage  may 
remain.  Too  little  attention  has  been  given  the  subject 
of  training  by  medical  men  and  the  matter  cannot  be  said 
to  rest  at  present  on  very  firm  scientific  foundations. 

Acute  Heart  Strain;  Acute  Dilatation. — When 
the  heart  is  examined  immediately  after  an  athletic  con- 
test it  is  common  to  find  enlargement  of  the  area  of  dul- 
ness  over  and  above  what  was  already  present  as  r,  result 
of  training.  So  commonly  is  this  the  case,  and  so  rapidly 
does  the  temporary  enlargement  subside  that  some  dila- 
tation or  relaxation  would  seem  to  be  physiological  after 
sufficient  severe  exercise. 

Under  constant  conditions  of  intraventricular  blood 
pressure  the  total  stress  on  the  walls  of  the  ventricle 
varies  with  the  size  of  the  cavity,  and  the  increase  in 
total  stress  is  as  the  cube  of  the  radius  of  curvature,  as- 
suming that  the  ventricle  is  approximately  spherical.  It 
is  evident  that  as  dilatation  advances  the  heart  muscle 
has  to  bear  a  constantly  increasing  strain,  and  that  should 
it  continue  a  point  would  be  reached  where  it  could  no 
longer  contract  at  all  (paralysis  from  overdistention.) 

There  are,  however,  certiain  things  which  limit  this 
process :  in  the  first  place,  up  to  a  certain  point  the  mus- 
cle fibres  act  to  better  advantage  when  stretched  than 
when  partly  contracted ;  secondly,  the  chordae  tendineae 
and  trabeculiB  tend  to  prevent  excessive  stretching; 
thirdly,  the  fall  of  blood  pressure  as  exercise  continues 
relieves  the  strain ;  finally,  the  auriculo-ventricular  ori- 
fices share  the  dilatation,  or  the  mitral  and  tricuspid 
sphincters  relax  and  regurgitation  occurs.  In  regard  to 
this  last  point,  the  normal  mitral  and  tricuspid  valves  are 
able  to  close  an  orifice  considerably  dilated,  and  the  action 
of  the  so-called  sphincters  is  not  fully  admitted  by  physi- 
ologists. According  to  Albutt  sudden  stress  aflfects  chief- 
ly the  aortic  area,  prolonge<l  exertion  the  right  heart. 

Acute  dilatation  may  result  from  severe  exertion  in  any 
form,  though  it  is  said  to  be  most  frequent  when  the  legs 
are  used,  as  in  running,  rowing,  forced  marching  bicy- 
cling, and  mountain  climbing.  It  has  resulted  from 
fright  and  other  emotional  shocks,  and  from  sudden  per- 
ipheral vaso-motor  contraction  the  result  of  cold  bathing 
It  IS  much  more  apt  to  occur  in  untrained  individuals 
tu  ^^^A  ^^  "^'^  Harvaid  University  crews  each  race  is 
tollowed  by  temporary  increase  in  the  area  of  dulness. 
It  IS  more  easily  produced  in  older  persons,  in  those  with 
beginning  degenerative  conditions,  and  after  convales- 
cence from  acute  diseases. 

The  symptoms  due  to  severe  physical  exertion  are  fa- 
miliar to  every  one-rapid  pulse,  pallor,  and  dyspnoea, 
in  extreme  cases  these  symptoms  are  severe  and   the 
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skin  is  cyanosed  or  grayish.  Tliere  may  be  a  sense  of 
severe  oppression  in  the  chest,  dizziness,  nausea,  or  nose- 
bleed. The  man  may  fall  to  the  ground  unconscious  or 
even  dead.  But  recovery  is  generally  prompt,  so  that 
the  athlete  who  falls  exhausted  at  the  finish  of  a  hard- 
fought  race  may  be  vteW  in  an  hour  and  ready  to  win  an- 
other event. 

But  symptoms  may  persist  for  some  days  or  weeks, 
during  which  there  are  dyspnoea  on  slight  exertion,  palpi- 
tations, praecordial  oppression,  pain  or  "side-ache,"  with 
vertigo,  and  albuminuria.  The  heart  is  rapid  and  irregu- 
lar. Exacerbations  of  these  symptoms  may  occur  after 
a  meal,  without  exciting  cause  or  may  even  waken  the 
patient  at  night.  The  patient  may  die  in  a  few  days, 
compensation  not  being  established.  Sometimes  there  is 
permanent  damage  and  he  remains  "  broken-winded  "  to 
the  end  of  his  days — unable  to  perform  any  unusual 
exertion  without  dyspnoea  and  cardiac  irregularity. 

The  most  important  physical  sign  of  pathological  dila- 
tation is  sudden  and  persistent  increase  in  the  area  of 
cardiac  dulness.  It  must  be  remembered  that  the  heart 
of  the  athlete  is  generally  already  enlarged  from  hyper- 
trophy and  that  some  further  temporary  dilatation  is  so 
common  that  it  cannot  alone  constitute  a  disease.  The 
impulse  is  often  feeble  and  the  rhythm  irregular.  There 
may  be  a  murmur,  usually  systolic,  at  the  base  to  the  left 
of  the  sternum.  The  murmur  is  fugitive,  generally  dis- 
appearing within  a  few  minutes.  Its  nature  and  position 
of  maximum  intensity  are  somewhat  variable. 

The  explanation  of  this  murmur  which  is  frequently 
present  in  the  normal  cases  of  slight  temporary  dilatation 
is  a  question  that  has  excited  considerable  discussion. 
Stengel  believes  that  it  is  due  to  dilatation  of  the  pul- 
monary conus  arteriosus.  In  a  study  of  the  runners  in 
the  Boston  Athletic  Association's  Marathon  race  (twenty- 
five  miles)  of  1899,  Williams  and  Arnold  found  fugitive 
systolic  murmurs  at  the  base  to  the  left  of  the  sternum  in 
eleven  out  of  thirteen  cases  examined.  In  some  it  was 
transmitted  along  the  left  border  of  the  heart  to  the  apex 
and  in  some  to  the  back.  They  consider  that  the  heart 
shared  in  the  general  muscular  exhaustion,  and  that  the 
mitral  sphincter  and  papillary  muscles  relaxed,  giving  a 
true  regurgitation  into  the  auricle.  Darling  found  simi- 
lar murmurs  in  the  Harvard  crew  after  racing  and  accepts 
Williams'  and  Arnold's  explanation,  which  appears  to  be 
widely  adopted. 

The  writer  has  assisted  in  examining  the  hearts  of  the 
Boston  Marathon  runners  for  the  past  two  years,  during 
which  murmurs  were  not  found  with  the  same  regularity 
as  by  Williams  and  Arnold.  Some  might  be  described 
as  mere  "  murmurishness "  of  the  first  sound.  In  two 
cases  murmurs  were  found  at  the  right  of  the  sternum. 
In  some  they  were  present  both  before  and  after  the  race, 
and  in  one  or  two  they  were  present  at  the  start  and  not 
at  the  finish.  If  any  considerable  mitral  regurgitation 
had  occurred,  evidences  of  pulmonic  engorgement  would 
be  expected.  These  were  not  present,  nor  were  they  re- 
ported by  either  of  the  other  writers  mentioned.  Pos- 
sibly some  murmurs  were  cardio-respiratory,  and  certainly 
some— those  that  were  present  at  the  start  only— were  due 
to  nervousness.  Such  murmurs  from  nervous  excitement 
are  matters  of  common  observation.  Further  study  of 
the  matter  is  needed. 

The  diagnosis  of  acute  dilatation  is  generally  obvious. 
The  enlargement  and  murmur  which  are  the  normal  re- 
sult of  severe  exertion  will  soon  disappear,  while  in  the 
serious  dilatation  they,  together  with  the  symptoms, 
will  be  more  persistent.  Persistence  of  the  murmur  with 
the  other  signs  of  mitral  insufficiency  after  the  disappear- 
ance of  the  symptoms  will  usually  mean  a  pre-existing 
valvular  lesion.  If  the  heart  is  known  to  have  been  pre- 
viously normal  a  permanent  murmur  with  pain,  cedema, 
and  gradual  recovery  with  hypertrophy  may  indicate  a 
ruptured  valve. 

Treatment  should  be  directed  to  relieving  the  heart 
from  work  as  much  as  possible.  Rest  in  bed  is  impera- 
tive in  the  severe  cases.  When  cyanosis  is  extreme  and 
the  right  heart  distended,  venesection  may  be  called  for. 


more  often  in  older  full-blooded  men  than  in  young  ath' 
lotes.  For  drugs,  strychnine  and  alcohol  may  be  used, 
with  digitalis  if  the  pulse  is  weak  and  rapid.  The  latter 
should  be  used  cautiously  especially  in  the  early  days ; 
later  it  may  be  of  the  greatest  value.  During  and  after 
convalescence  the  patient  must  be  very  careful  not  to 
overexert  himself.  An  athlete  should  return  to  active 
exercise,  if  at  all,  very  gradually  and  imder  close  medi- 
cal supervision. 

In  prophylaxis  the  most  important  point  is  training, 
the  object  being  to  produce  a  hypertrophy  of  the  heart 
comparable  to  the  accompanying  development  of  the 
peripheral  muscles.  This  is  illustrated  by  the  cases  of 
AVilliains  and  Arnold.  The  only  two  of  their  thirteen 
who  failed  to  show  enlargement  dropped  out  of  the  race 
before  reaching  the  finish.  The  avoidance  of  alcohol,  to- 
bacco, and  other  excesses  is  important. 

The  question  as  to  what  findings  should  exclude  a  man 
from  participation  in  a  race  or  game  is  diflScult  to  answer. 
We  are  not  justified  in  excluding  a  man  because  his 
heart  does  not  show  the  requisite  hypertrophy.  If  he 
lias  been  under  constant  supervision  there  is  no  difficulty 
— persistent  murmurs  with  dyspnoea  and  irregularity 
after  preliminary  trials  should  exclude  him.  But  a  mur- 
mur just  before  the  start  is  of  no  significance. 

Rupture  of  a  Valve  is  a  rare  result  of  overexertion  in 
the  normal  organ.  The  aortic  and  mitral  valves  are  most 
frequently  involved.  There  is  generally  severe  pain  at 
the  time  of  the  accident,  often  with  a  sense  of  something 
giving  way  in  the  chest.  The  usual  signs  of  regurgita- 
tion are  present.  Immediate  death  may  occur  or  recov- 
ery, according  to  the  severity  of  the  lesion. 

Rupture  of  the  Heart  is  even  more  rare  and  probably 
never  occurs  in  the  normal  organ.  A  number  of  cases 
have  occurred  in  degenerative  conditions  as  a  result  of 
sudden  strain.     Death  is  usually  instantaneous. 

Chronic  Heart  Strain. — By  this  is  meant  those 
forms  of  cardiac  disturbance  which  result  from  frequent- 
ly repeated  exertion — the  functional  condition  known  as 
"  irritable  heart "  and  the  hypertrophied  or  dilated  organ 
with  symptoms  of  overaction.  The  pathology  of  these 
conditions  and  their  relation  to  one  another  are  obscure. 
J.  M.  Da  Costa,  who  studied  soldiers  in  the  War  of  the 
Rebellion,  considered  that  irritable  heart  was  an  early 
stage  whose  continuance  resulted  in  hypertrophy  and 
overaction.  Treadwell  studied  the  same  class  of  men 
seven  years  after  the  war  and  concluded  that  the  symp- 
toms were  due  to  dilatation  when  compensatory  hyper- 
trophj'  had  failed. 

While  repeated  overexertion  is  the  chief  element  in 
the  production  of  many  of  these  cases  it  is  certain  that, 
especially  in  the  functional  cases,  syphilis,  and  excesses 
of  alcohol,  tobacco,  tea  and  coffee,  play  an  important 
part.  They  often  commence  after  convalescence  from 
acute  diseases — diarrhoea,  digestive  troubles,  typhoid,  or 
malaria.  Improper  food,  insuificient  sleep,  and  exposure 
or  sexual  excesses  are  occasional  factors.  In  athletes 
worry  over  an  approaching  contest  and  in  soldiers  the 
excitement  of  an  active  campaign  may  have  a  direct  or 
indirect  influence.  Constriction  of  the  chest  by  heavy 
and  improperly  adjusted  accoutrements  has  been  given  a 
prominent  place. 

Most  of  the  "soldier's  hearts"  occur  in  men  under 
twenty -five,  of  tall,  lanky  build.  In  civil  life  it  is  com- 
moner in  pedestrians,  mountain  climbers,  and  bicychsts. 
It  may  result  from  excessive  dancing.  J.  Burney  Yeo 
describes  similar  conditions  in  girls  at  pubertj'  as  a  result 
of  rapid  growth  and  educational  strains.  In  college  ath- 
letes who  are  kept  in  the  best  physical  condition  and 
whose  training  is  carefully  managed  it  is  apparently  un- 
common. Still,  the  cause  of  "staleness"  or  overtraining 
is  very  obscure  and  probably  the  heart  (Darling)  is  a  fac- 
tor. 

The  symptoms  and  course  of  "  soldier's  heart "  are  thus 
summarized  by  Da  Costa:  "A  man  who  had  been  for 
some  months  or  longer  in  active  service  would  be  seized 
with  diarrhoea,  annoying,  yet  not  enough  to  keep  him 
out  of  the  field ;  or,  attacked  with  diarrhoea  or  fever,  he 
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rejoined  liis  command  and  again  underwent  the  exertions 
of  a  soldier's  life.  He  soon  noticed  that  he  could  not  bear 
them  as  formerly;  he  got  out  of  breath,  could  not  keep 
up  with  his  comrades,  was  annoyed  with  dizziness  and 
palpitations;  his  accoutrements  oppressed  him,  and  all 
this  though  he  appeared  well  and  healthy.  Seeking  ad- 
vice from  the  surgeon  of  the  regiment,  it  was  decided 
that  he  was  unfit  for  duty  and  he  was  sent  to  the  hospi- 
tal, where  his  persistently  quick-acting  heart  confirmed 
Ms  story,  though  he  looked  like  a  man  in  sound  condi- 
tion. Any  digestive  disturbances  which  might  have  ex- 
isted gradually  passed  away,  but  the  irritability  of  the 
heart  remained,  and  only  very  slowly  did  the  excited  or- 
gan return  to  its  natural  condition.  Or  it  failed  to  do  so, 
notwithstanding  the  use  of  remedies  which  control^  the 
circulation :  thus  the  case  might  go  on  for  a  long  time, 
and  the  patient,  after  having  been  the  round  of  the  hos- 
pitals, would  be  discharged,  or,  as  unfit  for  active  ser- 
vice, be  placed  in  the  Invalid  Corps." 

The  Important  symptoms  are  precordial  pain,  usually 
paroxysmal;  palpitations,  tachycardia,  the  heart  being 
characteristically  more  rapid  in  the  upright  position  or 
after  slight  exertion;  dyspnoea;  and  nervous  disturb- 
ances—headache, dizziness,  and  sleeplessness.  The 
symptoms  may  be  absent  except  during  exercise  or  they 
may  come  on  paroxysmally  during  rest  or  sleep. 

Examination  in  the  functional  cases  shows  little  or  no 
enlargement,  the  chief  physical  signs  being  irregularity 
or  rapidity  of  action  on  slight  exertion  or  on  suddenly 
assuming  the  erect  posture.  Systolic  murmurs  may  be 
present,  but  they  are  Inconstant  and  variable.  The  first 
sound  is  described  as  short  and  valvular.  In  the  cases 
with  permanent  dilatation  the  area  is  large,  the  impulse 
labored  and  diffuse,  the  first  sound  dull  and  prolonged. 
Constant  murmurs  may  be  present ;  due  to  regurgitation 
from  relatively  insufficient  valves. 

In  the  differential  diagnosis  it  must  be  remembered 
that  a  true  valvular  lesion  from  endocarditis  may  exist 
without  causing  a  murmur,  especially  in  the  case  of 
mitral  stenosis,  and  that  the  patient  with  such  a  lesion 
may  correctly  date  the  onset  of  symptoms  to  a  period  of 
over-exercise.  Renal,  pulmonary,  and  vascular  degener- 
ations must  be  borne  in  mind.  Some  of  the  cases  are  clini- 
cally identical  with  myocarditis. 

The  prognosis  is  uncertain.  Complete  recovery  may 
occur,  but  as  a  rule  more  or  less  irritability  remains. 
The  quotation  from  Da  Costa  given  above  indicates  what 
seems  to  be  the  common  result  in  military  cases.  It  is 
probable  that  many  cases  become  virtually  ones  of  val- 
vular disease — relative  insufficiency — or  of  myocarditis. 
Some  go  from  bad  to  worse  and  die  within  a  few 
years. 

For  prophylactic  treatment  training  is  again  of  great 
importance,  or  at  least  occupations  requiring  severe  ex- 
ertion should  be  entered  into  gradually  so  that  hypertro- 
phy of  the  heart  muscle  may  occur  before  the  full  strain 
is  put  on  the  organ.  Active  exercise  should  be  resumed 
with  great  care  after  recovery  from  acute  disease.  Ex- 
cesses, especially  of  tobacco  and  alcohol,  should  be 
avoided  permanently  by  those  whose  occupations  call 
for  a  large  amount  of  work  on  the  part  of  the  heart. 

When  the  condition  of  irritable  or  dilated  heart  is  once 
established  prolonged  rest  is  imperative  with  gradual 
return  to  active  life  after  recovery.  Among  drugs 
digitalis  will  be  of  greatest  use.  The  bromides  will 
also  be  of  service.  Iron  and  other  tonics  mav  be  called 
for. 

In  conclusion  the  statement  must  be  reiterated  that  the 
danger  from  over-exercise  in  healthy  hearts  is  not  great, 
especially  if  the  subject  be  well-trained.  Indeed,  Darling 
mentions  one  oarsman  in  whom,  at  the  beginning  of  the 
season,  the  heart  showed  obvious  signs  of  mitral  regur- 
gitation from  previous  organic  disease  of  the  valve.  As 
the  season  advanced  the  symptoms  and  signs  entirely 
disappeared,  and  the  man  did  valuable  work  in  the  final 
hard-fought  intercollegiate  boat  race.  Such  instances 
may  be  rare,  but  the  heart  certainly  has  a  vast  reserve 
power.  JRalph  G.  Larrabee. 
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HEART,  THROMBOSIS  OF.— The  blood  clots  found 
within  the  heart  cavities  may  be  divided  into  three 
classes :  post-inortem  clots,  ante-mm-tem  or  agonal  clots,  and 
true  thromii.  The  post-mortem  clot  is  formed  after  the 
heart  has  ceased  to  beat;  it  is  a  soft,  dark-red,  jelly  clot 
filling  up  the  cavity  of  the  auricle  or  ventricle  and  not 
adherent  to  the  heart  wall.  It  is  commonly  known  as 
cruor  or  the  currant-jelly  clot.  Such  coagula  are  found 
usually  in  the  right  auricle  and  ventricle,  but  may  be 
present  in  all  four  of  the  cavities.  When  coagulation 
occurs  rapidly  after  death  the  clot  is  uniformly  red 
throughout;  but  if  coagulation  is  delayed  the  uppermost 
portion  of  the  clot  may  be  light-colored  or  yellowish  from 
the  sinking  of  the  red  cells.  In  themselves  the  post-mor- 
tem clots  are  of  significance  only  in  so  far  as  the  character 
of  the  blood  and  its  coagulability  are  concerned.  If  coagu- 
lation takes  place  while  the  ventricles  are  contracted  in 
rigor  mortis  the  clots  will  be  found  in  the  auricles  only, 
but,  if  coagulation  be  delayed  until  the  contraction  of  the 
ventricles  has  passed,  the  ventricular  cavities  may  again 
become  filled  with  blood  which  later  coagulates. 

The  ante-mortem  or  agonal  clot  is  a  white  or  mix^d 
clot  found  in  the  periphery  of  the  large  veins,  right  and 
left  auricles,  and  right  ventricle,  but  rarely  in  the  left 
ventricle.  Such  clots  consist  of  fibrin  with  few  or  many 
leucocytes,  while  that  part  of  the  clot  toward  the  axial 
stream  may  contain  rod  blood  cells.  They  develop  dur- 
ing the  slowing  of  the  blood  stream  in  cases  of  slow 
death,  and  are  formed  only  in  the  peripheral  stream 
where  there  are  no  red  cells.  As  the  current  becomes 
slower  red  cells  are  caught  in  that  portion  of  the  clot 
toward  the  central  stream.  As  soon  as  death  occurs  and 
the  current  comes  to  a  standstill,  the  blood  in  the  central 
stream  coagulates  forming  a  post-mortem  currant-jelly 
clot.  Combinations  of  agonal  and  post-mortem  clots  are 
thus  formed  and  are  distinguished  by  the  presence  of  a 
central  red  clot  surrounded  by  a  peripheral  layer  of  white 
clot.  The  agonal  clot  is  soft,  but  much  firmer  than  the 
currant-jelly  clot.  It  is  not  attached  to  the  endocardium 
and  is  easily  removed  from  between  the  trabeculae  of  the 
ventricular  wall.  It  is  further  distinguished  from  true 
cardiac  thrombi  in  its  moistness,  translucency,  and  greater 
elasticity.  On  microscopical  examination  the  agonal 
clot  is  found  to  consist  almost  entirely  of  a  coarse  reticu- 
lum of  fibrin;  on  the  other  hand  the  fibrin  in  the  post- 
mortem jelly  clot  is  in  the  form  of  fine  flbrilla!.  The 
significance  of  the  agonal  clot  is  only  that  of  a  slowly 
progressive  heart  failure ;  in  cases  of  sudden  death  with- 
out_  previous  impairment  of  cardiac  efficiency  the  white 
peripheral  clots  are  either  very  small  or  absent,  while  in 
cases  of  slow  death  in  chronic  valvular  disease,  cachex- 
ias, etc.,  they  may  be  very  large.  Care  should  be  taken 
to  differentiate  between  these  and  the  true  heart  thrombi 
for  which  they  are  frequently  mistaken. 

The  true  heart  thrombi  are  yellowish,  reddish,  or  red- 
dish-gray or  brown,  opaque,  dry,  inelastic,  brittle,  and 
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in  the  great  majority  of  cases  more  or  less  adhertnt  to 
the  endocardium.  The  conditions  under  which  they  are 
formed  are  practically  the  same  as  those  of  thrombosis 
of  the  blood-vessels,  the  chief  factors  being  lesions  of 
the  endocardium,  disturbances  of  the  circulation,  and 
changes  in  the  chemical  composition  of  the  blood.  Of 
these  the  endocardial  changes  are  by  far  the  most  impor- 
tant. At  the  point  of  lesion  blood  plates  are  first  depos- 
ited, followed  by  the  processes  of  conglutination  and 
coagulation  as  in  the  formation  of  thrombi  in  the  vessels. 
The  resulting  thrombus  is  usually  a  mixed  clot,  very 
frequently  laminated.  When  formed  in  the  peripheral 
stream  with  rapid  circulation  it  may  he  entirely  white ; 
if  the  current  is  very  much  slowed  it  may  be  red 
throughout.  In  old  red  thrombi  the  diffusion  of  the 
haemoglobin  from  the  red  cells  may  give  a  washed-out 
reddish  or  brown  color.  The  latter  color  is  also  the  re- 
sult of  the  formation  of  blood  pigment  from  the  disinte- 
gration of  the  red  cells.  The  surface  of  the  thrombus  is 
not  infrequently  ribbed;  this  appearance  has  been  ex- 
plained as  being  due  to  wave-like  movements  in  the 
blood,  the  process  being  analogous  to  the  formation  of 
wave  marks  on  sandy  bottoms.  The  general  external 
appearances  of  cardiac  thrombi  are  dependent  upon  the 
manner  of  formation,  rapidity  of  development,  and  the 
local  conditions  of  the  circulation.  The  size  and  shape 
of  cardiac  thrombi  show  great  variation.  They  may  be 
so  small  as  to  be  hidden  between  the  muscle  columns,  or 
so  large  as  completely  to  fill  one  of  the  heart  cavities. 
They  may  appear  as  small  globular  masses  projecting 
from  between  the  muscle  trabeculsB  (globular  vegeta- 
tions); or  as  flat,  circumscribed  masses  firmly  attached 
to  the  heart  wall.  On  the  valves  they  may  form  bead- 
like excrescences  or  vegetations.  Not  infrequently  the 
thrombus  is  attached  to  the  endocardium  by  a  pedicle 
(heart  polyp) ;  as  the  result  of  the  tearing  of  such  at- 
tachment free  globular  thrombi  may  be  formed  (ball 
thrombi).  In  rare  cases  the  thrombus  may  be  spread 
over  the  endocardium  like  a  false  membrane. 

The  thrombus  when  cut  into  may  be  found  to  be  made 
up  of  dry  and  brittle  laminations,  in  some  instances  the 
central  portion  of  the  thrombus  is  under  slight  pressure 
easily  crumbled  to  dust.  In  other  cases  the  central  por- 
tion may  be  cystic,  the  cavity  filled  with  a  thick  reddish- 
brown  or  pus-like  substance.  Such  secondary  degener- 
ations are  of  frequent  occurrence.  The  most  common  is 
a  simple  softening  or  liquefaction;  when  many  leuco- 
cytes are  present  a  grayish  pus-like  fluid  may  be  formed ; 
if  the  degenerating  portion  is  made  up  of  red  cells  alone 
a  grumous  reddish-brown  fluid  results.  Calcification  of 
the  thrombus  may  also  take  place,  resulting  in  the  forma- 
tion of  a  cardiolith.  As  a  more  favorable  sequela  of  car- 
diac thrombosis  organization  of  the  thrombus  may  occur, 
the  latter  becoming  ultimately  converted  into  a  nodular 
or  diffuse  fibrous  thickening  of  the  endocardium.  In 
some  cases  both  the  degenerating  and  the  organized 
thrombi  have  been  mistaken  for  cardiac  neoplasms,  cysts, 
and  fibroma  respectively.  It  is  also  not  improbable  that 
some  of  the  growths  on  the  endocardial  surface  described 
as  myxoma  were  recently  organized  thrombi. 

The  microscopical  examination  shows  the  cardiac 
thrombi  to  be  composed  of  fibrin,  disintegrated  blood 
cells,  blood  pigment,  masses  of  calcification,  etc.  In 
case  of  simple  softening  of  the  central  portion  the  cavity 
thus  formed  contains  granular  debris,  blood  pigment 
etc  In  recent  thrombi  the  leucocytes  present  may  still 
show  traces  of  their  nuclei.  If  organization  has  begun 
fibroblasts  and  new  capillaries  may  be  seen  extendmg 
from  the  endocardium  into  the  thrombus. 

Thrombi  are  more  frequently  found  in  the  right  side  of 
the  heart  than  in  the  left.  In  the  auricles  the  appendix, 
and  in  the  ventricles  the  neighborhood  of  the  apex  are 
the  favorite  seats  of  location.  The  pedunculated  throm- 
bi (cardiac  polyps)  are  of  frequent  occurrence  m  the 
Tio-ht  ventricle,  while  the  free  ball  thrombi,  in  the  major- 
ity of  recorded  cases,  were  found  in  the  dilated  left  auri- 
cle in  cases  of  mitral  stenosis.  Cardiac  thrombi  may  be 
single  or  multiple,  and  may  be  found  at  any  age.     Ac- 


cording to  their  location  in  the  heart  they  are  also  desig- 
nated as  parietal  and  valvular 

Etiology.— The  changes  in  tlie  endocardium  leading 
to  thrombosis  are  either  inflammatory,  or  degenerative, 
or  necrotic  in  nature.  These  lesions  may  be  the  result  of 
the  local  action  of  pathogenic  bacteria  or  due  to  general 
intoxications,  disturbances  of  nutrition,  changes  in  the 
blood,  etc.  The  pus-forming  organisms,  gonococcus,  and 
tubercle  bacillus  have  been  found  in  cardiac  thrombi 
under  such  conditions  as  to  make  it  very  probable  that 
they  were  the  exciting  factors  of  the  thrombosis.  The 
valvular  vegetations  are  in  the  majority  of  cases  due  to 
bacteria.  In  the  acute  infections  fatty  degeneration  of 
the  endocardial  endothelium  not  infrequently  leads  to 
thrombosis.  Local  changes  in  the  myocardium,  such  as 
aniBmic  infarction,  myocarditis,  etc.,  are  usually  associ- 
ated with  the  formation  of  thrombi  on  the  overlying  en- 
docardium. Aneurismal  dilatations  of  the  cardiac  wall 
are  very  likely  to  be  partly  or  wholly  filled  by  a  throm- 
bus. In  many  chronic  diseases  in  which  there  are  gen- 
eral disturbances  of  nutrition,  systemic  intoxication,  etc., 
as  in  chronic  nephritis,  pulmonary  tuberculosis,  chronic 
valvular  disease,  etc.,  heart  thrombi  are  frequently 
found.  In  pulmonary  tuberculosis  they  are  of  such 
frequent  occurrence  as  to  give  rise  to  the  suspicion  that 
in  many  cases  they  may  be  due  to  the  local  action  of 
tubercle  bacilli  which  have  lodged  upon  the  endocar- 
dium. Cardiac  thrombosis  often  occurs  in  cases  of  gen- 
eral cachexia  (marasmio  thrombi).  In  severe  superficial 
burns  of  the  sldn  the  changes  produced  in  the  blood  may 
lead  to  the  formation  of  thrombi,  both  in  the  right  side 
of  the  heart  and  in  the  pulmonary  arteries.  Smallem- 
boli  coming  from  venous  thrombi  and  lodging  upon  the 
valves  or  between  the  muscle  trabeculse  of  the  right  ven- 
tricle may  give  rise  to  secondary  or  induced  thrombi. 
Sclerotic  changes  in  the  valves  or  mural  endocardium 
followed  by  atheromatous  degeneration  or  calcification 
may  also  become  the  seat  of  thrombosis.  Dilatation  of 
the  heart  and  slowing  of  the  blood  stream  are  favoring 
factors  in  all  of  the  conditions  named  above,  but  are 
probably  not  in  themselves  suflHcient  to  cause  thrombo- 
sis ;  the  changes  in  the  endocardium  must  be  regarded  as 
of  prime  importance. 

Symptoms. — Thrombi  of  large  size  may  exist  indefi- 
nitely without  serious  impairment  of  cardiac  efiiciency. 
In  the  majority  of  cases  the  symptoms  produced  cannot 
be  differentiated  from  cardiac  insufliciency  due  to  other 
causes.  The  physical  signs  are  those  of  dilatation ;  in 
case  of  the  blocking  of  a  valvular  orifice  by  the  throm- 
bus the  heart's  action  is  usually  too  weak  to  produce 
audible  murmurs.  The  valvular  vegetations  may  give 
rise  to  symptoms  of  stenosis  or  insufliciency.  In  the  case 
of  the  ball  thrombi  so  frequently  formed  in  the  left  auri- 
cle in  mitral  stenosis  sudden  death  or  the  most  serious  dis- 
turbances of  circulation  may  be  caused  by  the  complete 
or  partial  blocking  of  the  mitral  orifice.  The  occurrence 
of  embolism,  either  of  the  pulmonary  or  of  the  systemic 
arteries,  is  the  symptom  of  greatest  value  in  the  diagnosis 
of  cardiac  thrombosis.  Embolic  abscesses  may  be  pro- 
duced throughout  the  body  in  the  case  of  emboli  arising 
from  thrombi  caused  by  pyogenic  bacteria.  In  the  case  of 
a  patent  foramen  ovale  paradoxical  embolism  from  throm- 
bi in  the  right  side  of  the  heart  may  occur.  In  general 
it  may  be  said  that  the  diagnosis  of  cardiac  thrombosis  is 
usually  impossible,  having  been  made  in  but  few  cases. 
Aside  from  the  occurrence  of  embolism  the  irregularity 
of  the  symptoms  and  physical  signs  may  excite  suspicion 
of  a  movable  body  within  the  heart. 

The  Prognosis  is  bad,  not  only  because  of  the  interfer- 
ence of  the  heart's  action  and  the  danger  of  embolism, 
but  also  because  of  the  conditions  which  have  led  to  the 
thrombosis.  The  treatment  is  directed  chiefly  to  the 
latter  and  to  the  support  of  the  heart. 

Aldred  Scott  WartJtin. 

HEART,  WOUNDS  OF.— Wounds  of  the  heart  may 
be  either  non-penetrating  or  penetrating — injuring  the 
cardiac  wall  or  opening  a  cavity.     The  chief  dangers 

615 


Heart. 
Heat-stroke, 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


from  the  former  are  shock  and  injury  to  a  coronary  ar- 
tery. Ninety  per  cent,  are  penetrating,  and  of  these  only 
nineteen  per  cent,  are  immediately  fatal.  The  right  ven- 
tricle is  most  frequently  injured,  and  the  left  auricle  is 
least  so.  Auricular  wounds  are  more  fatal  than  ventric- 
ular, and  injuries  to  the  apex  are  less  dangerous  than 
either.  A  needle  puncture  will  rarely  cause  hemorrhage 
from  a  ventricle,  but  excessive  bleeding,  which  is  mostly 
systolic,  is  liable  to  follow  a  like  injury  to  an  auricle.  A 
wound  inflicted  during  diastole  is  less  dangerous  than  a 
similar  injury  during  systole,  perpendicular  wounds  are 
more  fatal  than  diagonal,  and  those  of  the  right  heart 
bleed  more  profusely  than  those  of  the  left.  The  pres- 
ence of  the  foreign  body  in  the  heart,  the  size  of  the 
wound,  the  location  of  the  wound,  the  number  of  wounds, 
the  connecting  cavities,  the  attending  syncope,  the  in- 
volvement of  Kronecker's  co-ordination  centre,  are  impor- 
tant factors  in  determining  the  outcome.  Pericarditis, 
myocarditis,  endocarditis,  cerebral  embolism,  and  empy- 
ema are  frequent  secondary  complications.  When  the 
wound  heals  there  is  a  possibility  of  cicatricial  stretch- 
ing, and  subsequent  rupture  as  in  a  case  reported  by 
Izzo  of  a  man  stabbed  in  the  left  ventricle,  who  was  con- 
veyed to  the  hospital  from  which  he  was  discharged 
cured  on  the  twenty-eighth  day ;  a  few  hours  afterward, 
while  lifting  a  heavy  body,  he  fell  and  quickly  died.  At 
the  autopsy  the  cicatrix  of  the  left  ventricle  was  found 
ruptured.  In  addition  to  injuries  of  the  heart  caused  by 
bullets,  daggers,  knives,  needles,  and  various  implements 
of  war,  it  may  be  wounded  by  a  fractured  rib,  by  a  foreign 
body  that  has  perforated^the  oesophagus,  or  by  blows  upon 
the  chest.  Traumatic  ruptures  are  more  frequent  after 
a  full  meal,  as  the  distended  stomach  pushes  the  heart 
upward  and  forward,  and  causes  a  large  area  of  the  or- 
gan to  be  in  contact  with  the  thoracic  wall  and  receive 
the  impact. 

Newton  and  Gamgee  have  collected  forty -five  cases  in 
which  traumatisms  caused  rupture  of  the  heart  without 
opening  the  pericardium.  All  were  fatal.  Only  one  of 
Gamgee 's  cases  survived  the  injury  fourteen  hours.  The 
fatality  is  easily  understood,  for,  there  being  no  exit,  as 
soon  as  the  accumulation  of  blood  exceeds  the  limit  of 
pericardial  distensibility,  the  cardiac  movements  are 
mechanically  stopped.  The  surgeon  not  only  would  be 
justified,  but  it  is  his  bounden  duty  to  operate  upon 
every  one  of  these  cases,  for  it  is  more  important,  if  pos- 
sible, to  rescue  a  drowning  heart  than  to  relieve  a  stran- 
gulated hernia.  It  is  possible  for  a  foreign  body,  as  a 
gun  missile,  to  remain  quiescent  for  years  in  the  myocar- 
dium, as  in  the  case  of  a  British  officer,  reported  by  Ste- 
venson, who  carried  a  bullet  encapsuled  for  eleven  years, 
or  the  still  more  remarkable  case  of  Beers  (Cincinnati 
Lancet  Clinic,  1898),  of  an  American  soldier  who  sur- 
vived the  lodgment  of  a  bullet  in  the  wall  of  the  left 
ventricle  for  thirty -seven  years. 

Symptoms. — There  is  no  certain  cardinal  sign  by  which 
an  injury  of  the  heart  can  be  denoted,  but  when  we  con- 
sider the  location  of  the  external  wound  and  the  usually 
profuse  hemorrhage  from  it,  if  it  is  large,  in  connection 
with  other  signs  and  symptoms,  it  can  generally  be  rec- 
ognized. The  pulse  is  weak,  irregular,  and  intermittent, 
and  often  imperceptible  in  the  extremities.  There  are 
pain,  pallor,  restlessness,  and  generally  dyspncea.  Fre- 
quent attacks  of  syncope  are  common.  The  mind  is  clear 
but  the  countenance  depicts  an  anxiety  and  distress  that 
seemingly  would  welcome  death,  with  the  wintry  steril- 
ity of  the  grave,  as  a  sympathizing  friend.  If  there  is 
much  blood  in  the  pericardium  the  heart  sounds  are 
mdistinct  and  percussion  eUcits  increased  dulness  With 
the  pulsation  of  the  heart  a  foreign  body,  as  a  needle 
may  be  seen  to  move  under  the  skin,  a  sign  centuries  ago 
enshnned  m  the  magnificence  of  indestructible  verse: 

"?,?J^l''  '"e  spear  point  quIverInK  In  his  heart 
Which,  with  convulsive  throbbing,  shook  the  shaft." 

Treatment.— I  presume  no  one  will  question  the  pro- 
priety of  immediate  operative  interference,  as  experience 
teaches  that  about  thirty -nine  percent,  of  cases  recovered 
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in  which  the  heart  had  been  sutured  as  against  ten  per 
cent,  of  recoveries  in  which  no  operation  had  been  per- 
formed.    The  patient  must  be  kept  absolutely  quiet.    A 
probe  should  never  be  employed,  as  it  is  liable  to  inflict 
an  additional  injury  upon  the  myocardium.      For  tem 
porary  haamostasis  some  operators  have  recommended 
Pean's  forceps  and  various  modifications  of  it,  but  they 
all  more  or  less  lacerate  the  myocardium  and  can  never 
replace  digital  pressure.     Interrupted  sutures  are  prefer- 
able in  closing  a  wound  of  the  myocardium.    They  should 
not  involve  the  endocardium,  and  as  few  as  possible 
should  be  passed,  commensurate  with  safety  against  leak- 
age, as  they  cause  a  degeneration  of  the  muscular  fibre 
with  its  tendency  to  dilatation  and  rupture.     Giordano, 
from  his  experiments  upon  rabbits,  concludes  that  auric- 
ular wounds  might  be  closed  advantageously  with  Lem- 
bert's  sutures.     Silk  is  preferable  to  any  other  material. 
The  needle  should  be  the  same  as  that  used  in  suturing 
the  intestines.     The  sutures  should  be  passed  and  tied 
during  diastole.    If  the  wound  in  the  heart  is  sufficiently 
large  a  finger  should  be  introduced  into  it,  as  Parrozani 
did,  for  the  double  purpose  of  checking  the  hemorrhage 
and  to  facilitate  the  passage  of  the  first  suture  which 
should  be  used  to  stead3'  the  heart  for  the  passage  of  the 
others.    If  the  pericardial  sac  is  closed  either  interrupted 
or  continuous  sutures  may  be  used.    It  hardly  seems  nec- 
essary to  accentuate  the  fact  of  the  necessity  of  perfect 
cleanliness  in  these  operations  whenever  the  urgency  of 
the  case  does  not  require  instant  intervention,  as  in  the 
patients  of  Longo  and  Ninni.     The  question  of  adminis- 
tering an  anaesthetic  is  a  mooted  one.    Oilier  says  gener- 
al  ana;stliesia   should    not    be  thought  of.     Parrozani 
operated  upon  his  two  cases  without  an  anaesthetic,  and 
observed  only  slight  movement  when  he  cut  the  skin  and 
in  passing  the  sutures  in  the  myocardium.     Giordano 
made  the  same  observation  in  his  case,  but  thinks  OUier's 
statement  is  too  sweeping ;  and  if  the  pulse  is  strong  and 
the  general  condition  good,  chloroform  may  be  adminis- 
tered.    Struggling  from  an  anaesthetic  is  liable  to  pro- 
duce detachment  of  a  clot,  and  renew  the  hemorrhage,  as- 
occurred  in  Parlavecchio's  case.     No  two  operators  have 
made  similar  external  incisions  for  exposing  the  heart. 
Professor  Rotter  performed  a  number  of  experiments  upon 
the  cadaver,  and  concluded  that  the  easiest  way  to  ex- 
pose the  heart  was  by  making  an  incision  four  inches  in 
length  along  the  lower  border  of  the  third  rib,  commenc- 
ing three-fifths  of  an  inch  to  the  left  of  the  sternum.     A 
similar  incision  was  made  along  the  lower  border  of  the 
fifth  rib.     The  external  ends  of   these  incisions  were 
joined  by  a  third.    The  fourth  and  fifth  ribs  were  divided 
and  the  musculo-osseous  flap  was  turned  inward.     If 
more  space  should  be  required  the  third  rib  could  be  in- 
cluded.    No  arteries  excepting  the  intercostal  require 
ligation  in  this  operation.     In  Parrozani 's  successful  op- 
eration an  incision  through  the  soft  parts  one  and  one- 
fourth  inches  from  the  margin  of  the  sternum,  in  the 
fourth  intercostal  space,  was  carried  for  a  distance  of  five 
and  one-half  inches,  then  it  descended  vertically  in  the 
mid-axillary  line  as  far  as  the  supeiior  margin  of  the 
ninth  rib.     The  fifth,  sixth,  seventh,  and  eighth  ribs  were 
cut  through,  in  the  mid-axillary  line,  the  incision  extend- 
ing through  the  pleura.     The  flap,  or  door,  was  raised 
with  the  cartilages  of  the  ribs  acting  as  hinges.    Parrozani 
closed  the  pericardial  sac  and  sutured  the  flap  in  posi- 
tion.    As  the  uncleanliness  of  the  weapon  and  often  the 
urgency  of  the  operation  preclude  the  proper  preparation 
of  the  patient,  it  is  considered  safer  to  drain  the  peri- 
cardial sac  with  iodoform  gauze  as  was  done  in  the  suc- 
cessful cases  of  Rehn,  Ramoui,  and  Rosa.     There  are  on 
record  eighteen  cases  of  heart  suture  and  one  of  ligation 
of  the  left  coronary  artery.     Five  of  these  eighteen  cases 
were  injuries  to  the  right  ventricle  and  were  stab  wounds. 
In  two  of  the  cases  the  surgeons  stated  that  the  wounds 
were  one-fourth  of  an  inch  and  three-fifths  of  an  inch  in 
length.     In  two  cases  three  interrupted  stitches,  in  two 
four  interrupted  stitches  were  taken,  and  in  the  fifth  case 
the  wound  was  closed  with  a  continuous  suture  of  five 
stitches.     Two  of  the  patients  recovered.     Of  the  three 
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unsuccessful  cases,  broncho-pneumonia  caused  the  death 
of  one  on  the  sixth  day,  and  in  the  other  two  cases  the 
operators  were  not  explicit  as  to  the  cause  of  death. 

In  one  patient  the  left  auricle  was  opened  to  the  extent 
of  four-fifths  of  an  inch.  It  was  closed  with  four  silk 
stitches.  Death  occurred  on  the  nineteenth  day  from 
abscesses  in  the  lun'js. 

In  three  cases  the  dagger  entered  the  apex,  and  in  two 
of  these  it  extended  into  the  left  ventricle.  In  these  two 
cases  the  wounds  were  respectively  three-fourths  of  an 
inch  and  one  and  a  half  inches  in  length;  both  were 
closed  with  four  interrupted  sutures.  The  wound  which 
did  not  enter  a  cavity  was  closed  with  one  stitch.  All 
ended  in  recovery. 

There  are  seven  cases  of  stab  wounds  of  the  left  ven- 
tricle. The  length  of  these  wounds  varied  from  three- 
fifths  of  an  inch  to  one  inch  and  two-fifths,  and  required 
from  two  to  four  stitches.  Two  patients  recovered,  one 
died  on  the  operating  table  of  hemorrhage,  one  in  fifteen 
minutes  after  reaching  the  bed,  one  of  pericarditis  several 
days  after  the  operation,  and  the  other  two  within 
twenty -four  hours,  never  having  reacted. 

In  two  of  the  cases  no  mention  is  made  as  to  the  loca- 
tion of  the  wound.  One  was  a  shot  and  the  other  a  stab 
wound  of  the  heart.  The  patient  that  was  stabbed  died 
of  empyema  on  the  twenty -second  day  after  suturing. 

The  left  coronary  artery  was  cut  and  ligated  two  hours 
after  the  injury.  The  patient  had  pericarditis  and  died 
thirty  minutes  after  the  second  operation,  which  was  per- 
formed on  the  fifth  day  for  the  purpose  of  drainage. 
After  most  of  these  operations  stimulating  hypodermic 
injections  were  used  and  hypodermoclysis  and  autotrans- 
fusion  practised. 

Dr.  John  B.  Roberts,  of  Philadelphia,  in  1881,  suggested 
heart  suture,  and  Dr.  Del  Vecchio,  of  Naples,  in  1894, 
demonstrated  its  feasibility  before  the  Eleventh  Interna- 
tional Medical  Congress  in  Rome,  by  his  experiments  on 
dogs.  Two  years  later  the  human  heart  was  sutured  by 
Farrina  and  Cappelen.  It  is  surprising  to  find  the  stat- 
istics collected  by  Fischer,  of  Breslau,  in  1868,  quoted  as 
late  as  1901  as  authoritative  in  computing  the  prognosis 
in  this  class  of  injuries. 

The  successful  suturing  of  the  heart  by  Rehns,  Parro- 
zani,  Parlavechio,  Pagenstecher,  and  others  has  revolu- 
tionized the  treatment  and  changed  the  probable  out- 
come. Fischer's  statistics,  though  a  monument  to  his 
untiring  zeal  and  energy,  are  now  lilte  an  antiquated 
signboard  on  a  discarded  highway ;  but 

"  Faith,  fanatic  faith,  once  wedded  fast 
To  some  dear  falsehood,  hugs  It  to  the  last." 

Lutlier  L.  Hill. 
HEAT,  ANIMAL.— See  Oalorimeti-y. 

HEAT-STROKE.— (Synonyms:  Sunstroke,  insolation, 
thermic  fever,  siriaais,  coup  de  soleil,  coup  de  chaleur, 
Eitzschlag,  Sonnenstich,  ictus  solis,  insolatio.) 

Depinition. — Insolation  is  a  disease  whose  main  feat- 
ures are,  in  its  milder  forms,  intense  exhaustion,  with  or 
without  rise  of  temperature,  and  in  its  severer  forms, 
with  an  enormous  rise  of  temperature  and  coma  prob- 
ably caused  by  acute  auto-intoxication  due  to  the  pres- 
ence in  the  blood  of  toxic  decomposition  products  or 
toxic  substances  produced  at  the  unusually  high  tem- 
perature, the  exact  nature  of  these  substances  being  at 
present  unknown. 

From  the  time  when  it  is  recorded  that  Elisha  restored 
the  Shunammite  woman's  son  to  life  after  a  sunstroke  the 
frequency  of  this  affection  has  often  been  noted.  Armies 
at  times  have  been  almost  decimated  by  it,  especially 
when  operating  in  sub-tropical  or  tropical  countries. 
Sunstroke  occurs  most  frequently  in  the  tropics,  particu- 
larly where  the  climate  is  damp.  In  the  United  States 
it  occurs  during  summer  in  the  Mississippi  Valley,  around 
the  southern  shores  of  the  Great  Lakes,  and  especially 
along  the  Atlantic  coast.  In  the  Western  and  Southwest- 
ern States  it  is  rare,  owing  to  the  dryness  of  the  clunate. 

Any  cause  that  diminishes  the  resistance  of  the  body 


predisposes  to  sunstroke.  Alcoholism  is  undoubtedly 
the  most  frequent  predisposing  cause,  not  only  chronic 
alcoholism  but  even  a  single  excess.  All  causes  produc- 
ing extreme  fatigue,  such  as  severe  muscular  exertion 
and  sexual  excesses,  predispose  to  au  attack.  Elderly 
people  suffering  from  chronic  ailments  and  invalids  of 
any  age,  even  if  taking  no  bodily  exercise  and  remain- 
ing indoors,  are  sometimes  overcome  by  the  heat  and 
suffer  true  attacks  of  beat-stroke.  It  is  not  so  common 
amongst  children  as  amongst  adults.  Men  are  more  fre- 
quentlj'  attacked  than  women  because  their  occupations 
more  often  subject  them  to  different  forms  of  exposure 
to  heat  and  require  of  them  greater  physical  exercise, 
and  because  men  are  more  often  given  to  alcoholic  excess 
than  women. 

Exposure  to  the  direct  rays  of  the  sun  is  usually  the 
exciting  cause,  but  this  is  not  necessary;  some  of  the 
worst  epidemics  in  the  tropics  have  occurred  during  the 
night.  While  soldiers  on  the  march  and  laborers  work- 
ing in  the  sun  have  given  the  greatest  number  of  victims 
to  this  disease,  men  working  in  superheated  environment 
such  as  firemen,  stokers,  and  laundrymen  have  often  been 
attacked.  The  main  factors  in  the  weather  which  are 
specially  prone  to  assist  in  the  causation  of  insolation 
are  high  humidity  with  continuously  high  temperature 
and  lack  of  motion  of  the  air.  Humidity  and  especially 
the  absence  of  cooling  breezes  are  as  important  factors 
as  is  high  temperature,  although  the  cause  of  sunstroke 
is  usually  attributed  to  the  high  temperature  alone.  It 
has  long  been  noticed  that  a  hot,  sultry,  lifeless  atmos- 
phere is  the  one  in  which  most  cases  of  sunstroke  occur. 
Impurity  of  the  atmosphere  is  not  unimportant,  as  is 
shown  by  the  fact  that  men  sleeping  in  crowded  barracks 
or  small  tents  are  more  often  victims  than  those  in  well- 
ventilated  quarters. 

Sunstroke  occurs  with  greater  frequency  in  the  tropics 
amongst  unacclimated  individuals  than  amongst  those  of 
long  residence,  who  have  acquired  a  certain  amount  of 
immunity  to  the  effects  of  heat.  This  immunity,  how- 
ever, is  by  no  means  absolute,  as  even  the  natives  of  In- 
dia, Egypt,  Arabia,  and  Africa  are  at  times  overcome. 
The  light-skinned  races  are  more  susceptible  than  the 
dark-skinned. 

Pathological  Anatomy  and  Pathology. — The  post- 
mortem appearances  depend  on  the  time  that  has  elapsed 
since  death  occurred.  When  the  post-mortem  examina- 
tion is  made  shortly  after  death  the  following  conditions 
are  usually  present:  When  the  ante-mortem  temperature 
has  been  high  the  viscera  feel  noticeably  hot ;  the  lungs 
are  congested,  often  extremely  so ;  the  liver  is  large,  and 
the  abdominal  veins  are  filled  with  blood  and  there  is  in- 
tense congestion  of  the  brain  and  meninges.  The  left 
ventricle  of  the  heart  is  contracted  and  empty ;  the  right 
ventricle  is  filled  with  semi-fluid  blood,  sometimes  giving 
an  acid  reaction.  Rigor  mortis  has  set  in  early.  When 
several  hours  have  elapsed  since  death  decomposition 
has  rapidly  set  in.  The  heart,  instead  of  being  con- 
tracted, is  then  flabby  and  filled  with  grumous,  semi- 
fluid blood.  The  spleen  is  slightly  enlarged  and  soft. 
The  meninges  of  the  brain  are  congested,  and  there  is 
more  or  less  abundant  subpial  fluid.  The  brain  itself  is 
usually  firm  and  not  congested,  with  sometimes  a  little 
bloody  fluid  in  the  ventricles.  The  membranes  of  the 
spinal  cord  are  congested,  the  cord  being  firm  and  about 
normal  in  appearance.  Small  hemorrhagic  extravasa- 
tions are  sometimes  found  in  the  viscera,  pleurse,  and 
pericardium.  The  most  constant  changes  seem  to  be 
marked  congestion  of  the  meninges  and  viscera,  the  fluid- 
ity of  the  blood,  and  the  unusual  rapidity  with  which 
rigor  mortis  and  decomposition  supervene. 

In  the  minute  cellular  structure  of  the  brain  we  find 
changes  which  are  much  more  constant  and  which  are 
fairly  characteristic.  Dr.  Ira  Van  Gieson,  of  New  York, 
has  described  these  lesions  in  the  neurons  of  the  brain 
and  cord,  as  au  acute  parenchymatous  degeneration  of 
the  ganglion  cells  best  shown  by  the  Nissl  stain  and 
counterstain  with  eosiu.  In  the  normal  cell  stained  in 
this  manner  the  chromophilic  plaques,  or  Nissl  bodies, 
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appear  to  have  a  somewhat  barrel-stave  shape  and  to  be 
somewhat  thickly  packed  In  the  body  of  the  cell.  In 
insolation  the  appearances  are  strikingly  different.  In 
the  early  stages  of  degeneration  the  chromophilic  plaques 
are  divided  into  large  and  small  segments,  and  in  other 
places  appear  fused  together  in  a  confluent  condition, 
and  they  show  changes  in  form,  having  rounded  ends  or 
are  oval  or  spherical,  and  are  abnormally  few  in  number. 
In  other  cells  the  chromophilic  plaques  show  further  dis- 
integration, and  have  been  converted  into  fine,  dust-like 
particles  strewn  about  over  the  cytoplasm,  giving  it  a 
finely  granular,  almost  homogeneous  appearance.  The 
outlines  of  these  cells  are  much  less  distinct  than  normal. 
These  appearances  seem  to  be  more  often  found  in  the 
anterior  horns  of  the  spinal  cord,  where  the  changes  do 
not  seem  to  have  advanced  so  far  as  in  the  cerebral  cor- 
tex and  cerebellum.  When  the  changes  are  further  ad- 
vanced the  chromophilic  plaques  are  not  only  converted 
into  dust-like  particles,  but  in  some  cells  the  particles 
have  disappeared,  giving  to  the  cell  body  a  pallid,  shad- 
owy outline.  The  changes  in  the  nuclei  may  also  be 
marked  and  radical.  The  nuclear  membrane  is  uneven 
in  outline,  notched  in  places,  and  slightly  crenated ;  the 
nuclear  fluid  is  changed  in  consistence,  so  that  it  appro- 
priates methylene-blue  stain  very  freely.  This  is  in  dis- 
tinct contrast  to  the  normal.  In  some  cells  the  nuclear 
contents  appear  homogeneous,  while  in  others  there  is  a 
fine  granular  content.  In  some  cells  the  nucleus  seems 
to  have  entirely  disappeared.  In  none  of  the  ganglion 
cells  of  the  cerebral  cortex,  cerebellum,  and  spinal  cord 
which  have  been  examined,  has  there  been  any  distinct 
evidence  of  destruction  of  the  cells.  There  have  been  no 
vacuoles  nor  loss  of  substance  in  the  cytoplasm.  The 
cells  preserved  their  form,  with  the  exception  of  the  vari- 
ous phases  of  dissolution  of  the  chromophilic  plaques. 
In  the  cerebral  cortex  these  changes  occurred  in  both 
motor  and  psychic  cells. 

The  changes  thus  described  are  simply  those  produced 
by  the  operation  of  a  great  variety  of  poisons,  as  lead, 
alcohol,  the  microbic  poisons,  and  auto-intoxications.  It 
is  therefore  evident  that  a  chemical  reaction  has  occurred 
between  the  poison  and  the  constituents  of  the  cells.  By 
the  method  of  elimination  and  excluding  other  groups  of 
poisons,  these  changes  having  been  found  in  the  nervous 
systems  of  patients  in  whom  alcoholism  can  be  positively 
excluded,  it  is  justifiable  to  conclude  that  the  lesions 
found  in  cases  of  insolation  are  from  some  kind  of  auto- 
intoxication. This  toxic  resolution  of  the  ganglion  cells 
may  not  necessarily  go  on  to  destruction  of  the  cells. 

Recently  L.  W.  Sambon  has  brought  forward  the  idea 
that  sunstroke  is  due  to  microbic  infection,  basing  his 
opinion  on  the  fact  that  the  cellular  lesions  cannot  be 
distinguished  from  those  of  microbic  infections,  and  upon 
the  symptoms,  relapses,  its  peculiar  geographical  dis- 
tribution, epidemic  outbreaks,  condition  of  climate  and 
soil  under  which  it  prevails,  and  the  relative  immunity 
by  acclimatization.  He  has  given  the  name  of  "  siriasia  " 
to  this  disease. 

The  explanations  of  these  reasons,  advanced  by  this 
author,  do  not  seem  to  be  suificient  to  justify  this  opin- 
ion, and  the  history  and  circumstances  under  which  the 
various  epidemics  have  occurred  point  strongly  against 
the  microbic  origin. 

The  changes  in  the  cells  of  the  other  viscera  also  seem 
to  be  those  of  acute  parenchymatous  degeneration. 
These  are  especially  noticeable  in  the  liver  and  kidneys. 
The  blood  in  sunstroke  also  undergoes  certain  marked 
changes.  The  number  of  red  cells  seems  increased,  but 
this  is  probably  only  apparently  due  to  the  condensation 
of  the  blood  from  loss  of  fluids  through  excessive  sweat- 
ing. The  haemoglobin  in  twelve  cases  gave  from  eighty- 
five  to  one  hundred  and  twenty -five  per  cent. ,  averaging 
one  hundred  per  cent.  The  increase  above  the  average 
normal  was  probably  also  due  to  blood  condensation. 
There  seems  also  to  be  destruction  of  the  red  cells,  as  the 
leucocytes  are  found  to  contain  pigment.  The  pro- 
nounced anaemia  following  sunstroke  also  bears  out  the 
destruction  of  the  red  cells.     These  blood  changes  occur 
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not  only  in  patients  who  have  suffered  from  hyper- 
pyrexia, but  also  in  those  whose  temperatures  do  not 
rise  above  105°  F.  As  the  red  cells  do  not  disintegrate 
from  heat  until  the  temperature  rises  to  125-139°  F.,  the 
destruction  observed  in  insolation  points  definitely  to 
some  toxic  elements  in  the  blood.  The  blood  serum  of 
sun-stroke  patients  has  also  been  shown  to  be  exceed- 
ingly toxic  to  animals.  Levene  and  Van  Gieson  found 
that  9  c.c.  injected  into  the  ear  veins  of  rabbits  killed  the 
animals  in  less  than  an  hour,  normal  human  serum  hav- 
ing no  such  effect. 

The  gases  in  the  blood,  however,  seem  to  remain  nor- 
mal. Wood  and  other  observers  have  reported  that  the 
alkalinity  of  the  blood  in  individuals  dying  of  sunstroke 
is  greatly  diminished,  and  in  some  instances  the  reaction 
is  distinctly  acid.  Levene  and  Van  Gieson  have  also 
found  that  the  urotoxic  coefficient  was  diminished  in  the 
urine  of  sunstroke  patients,  while  it  was  increased  in  the 
urine  of  the  same  patients  during  the  first  twenty-four 
to  forty-eight  hours  of  recovery.  This  seems  to  point  to 
failure  of  elimination  of  toxic  substances  during  sun- 
stroke. Arloing  has  found  that  the  sweat  during_ severe 
muscular  exercise  is  two  or  three  times  more  toxic  than 
that  of  the  same  individuals  at  rest.  When  sweating 
ceases  in  sunstroke  there  would  seem  to  be  an  accumu- 
lation of  these  toxic  substances. 

Based  on  the  above  lesions  and  experimental  observa- 
tions, the  clinical  symptoms  of  the  various  forms  of  sun- 
stroke are  more  readily  explained  and  understood  than 
by  the  theory  that  heat  alone  within  the  body  was  the 
sole  cause.  The  changes  in  the  cytoplasm  in  the  gan- 
glion cells  show  the  injury  to  the  functional  activity  of 
the  cell,  while  the  changes  in  the  nucleus  show  processes 
detrimental  to  cell  life. 

The  prodromal  symptoms  of  the  severe  forms  of  sun- 
stroke are  those  of  severe  functional  disturbance,  while 
the  later  symptoms  of  the  severe  forms  show  a  tendency 
to  destruction  of  the  neurons.  Heat  undoubtedly  is  the 
main  contributing  cause  of  sunstroke,  as  exposure  to  cold 
is  of  pneumonia.  From  whatever  source  the  heat  comes 
the  action  on  the  body  is  practicallly  the  same. 

The  even  temperature  of  the  normal  body  is  main- 
tained by  the  maintenance  of  the  equilibrium  between 
heat  production  and  heat  loss.  Yoimg  persons  with 
healthy  eliminative  organs  will  stand  a  high  degree  of 
temperature  and  long  exposure  to  the  effects  of  heat. 
Equihbrium  is  secured  by  the  contraction  and  dilatation 
of  the  skin  capillaries  and  increase  and  decrease  of  per- 
spiration, with  the  consequent  increase  and  diminution 
in  radiation  and  conduction  of  heat  over  the  body. 
There  are  also  said  to  be  nervous  centres  controlUng  the 
production  of  heat,  but  their  exact  location  and  action 
are  not  fully  determined. 

Heat  is  produced  in  the  body  by  chemic  metabolism 
constantly  acting,  especially  during  muscular  exercise. 
Normally  2.6  per  cent,  of  heat  is  lost  from  warming  food 
and  drink  ingested;  3.6  per  cent,  by  warming  the  in- 
spired air;  14.7  percent,  by  evaporation ;  and  80.1  per 
cent,  by  radiation  and  conduction  through  the  skin. 

Sunstroke  occurs  with  greatest  frequency  among  per- 
sons performing  some  form  of  bodily  exercise  in  an  in- 
tensely hot  environment.  The  heat  production  of  the 
body  is  thus  at  the  maximum,  while  the  heat  loss  from 
warming  the  inspired  air  is  zero.  The  loss  from  radi- 
ation and  conduction  is  also  zero,  the  air  being  as  warm 
as  or  warmer  than  the  body.  If  sweating  is  excessive 
heat  loss  may  be  suflScient  to  maintain  the  equilibrium; 
but  if  sweating  ceases,  as  it  usually  does  in  insolation, 
heat  loss  ceases  and  heat  production  continuing,  the  heat 
rapidly  accumulates  in  the  body,  and  thus  an  enormously 
high  temperature  is  brought  about. 

Goldscheider  and  Flatau  have  shown  that  the  neurons 
of  the  central  nervous  systems  of  animals  whose  temper- 
atures have  been  artificially  raised  to  109.4°  F.  seem  to 
show  the  same  changes  when  stained  by  the  Nissl  method 
as  those  described  above.  The  neurons  of  living  animals 
whose  temperatures  have  remained  for  three  hours  at 
107-107.6°  F.  also  began  to  show  the  same  changes. 
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But  when  the  animal  had  been  previously  killed  and  the 
temperature  of  the  body  raised  to  113.3°  P.,  the  cells  did 
not  change.  Heat  alone,  therefore,  will  not  produce 
these  changes,  and  the  action  must  be  one  of  chemical 
metabolism  in  the  living  cell  protoplasm.  In  sunstroke 
patients  at  times  die,  the  temperature  never  having  gone 
above  106°  This  temperature  in  other  diseases  of  micro- 
bic  origin  is  borne  without  causing  death,  hence  the 
amount  of  heat  per  se  in  the  body  does  not  cause  death  in 
these  cases  of  sunstroke. 

Most  authorities  state  that  a  temperature  of  113°  F.  is 
necessarily  fatal,  but  a  patient  suffering  from  sunstroke 
was  admitted  to  the  Presbyterian  Hospital,  in  New 
York,  with  a  temperature  of  115°  F.,  and  recovered. 
The  limit  of  temperature  which  can  be  borne  by  the 
body  with  recovery  can,  therefore,  not  be  definitely 
stated.  In  infectious  diseases  it  is  the  lesion  produced 
by  the  causal  agent  and  not  the  temperature  which  kills; 
in  sxmstroke  it  is  the  metabolic  changes  in  the  central 
neurons  and  not  the  heat. 

As  to  the  definite  cause  of  death  in  sunstroke,  many 
theories  have  been  advanced.  Sudden  coagulation  of 
the  cardiac  muscle  due  to  heat  does  not  seem  a  tenable 
theory.  While  it  is  true  that  on  the  battlefield  men 
have  been  known  to  drop  from  sunstroke  and  become 
rigid,  dying  almost  instantly,  heat  coagulation  of  the 
heart  muscle  does  not  occur  below  a  temperature  of  123° 
F.  or  higher,  while  many  patients  die  long  before  such  a 
temperature  is  even  approached,  and  the  highest  tem- 
perature ever  recorded  in  sunstroke  is  117,8°  F.  Death  is 
also  not  due  to  lack  of  conduction  in  the  nerve  fibres,  as 
these  do  not  lose  their  power  of  conduction  to  impulses 
until  a  temperature  of  125.6°  F.  is  reached.  It  would 
therefore  seem  to  be  due  to  some  toxic  action  on  the  car- 
diac and  respiratory  centres  at  whatever  temperature  this 
action  may  occur.  In  the  most  accurately  recorded  ex- 
periments on  animals  respiration  ceased  before  the  heart. 
Clinically  there  seems  to  be  simultaneous  failure  of  heart 
and  respiration,  but  at  times  first  one  ceases,  then  the 
other.  As  will  be  seen  later,  the  prodromal  symptoms 
of  insolation  are  those  of  disturbance  of  the  digestive 
tract  and  liver.  Food  is  badly  assimilated,  there  is  indi- 
gestion in  the  stomach  and  in  the  intestines,  and  some- 
times slight  jaundice.  Abnormal  substances  are  thus 
produced  in  the  digestive  tract  and  liver.  This  causes 
headache  and  malaise.  When  severe  muscular  exercise 
adds  its  decomposition  products  to  the  circulation  and 
at  the  unusual  high  temperature  of  the  blood,  abnormal 
chemic  changes  may  take  place. 

The  milder  forma  of  sunstroke  known  as  heat  prostra- 
tion, or  exhaustion,  are  therefore  due  to  a  mild  form  of 
auto-intoxication,  and  are  but  the  prodromal  period  of 
the  severe  forms,  the  neurons  being  but  functionally  dis- 
turbed. If  the  intoxication  is  more  severe,  syncope  and 
unconsciousness  occur.  Heat  loss  due  to  great  dilatation 
of  the  skin  capillaries  is  sufficient  to  prevent  accumula- 
tion of  heat.  Heat  loss  may  be  so  pronounced  and  pre- 
dominate over  heat  production  that  lessening  of  temper- 
ature may  occur.  When  the  intoxication  is  very  severe 
unconsciousness  may  develop  suddenly  with  or  without 
prodromal  svmptoms,  and  the  vaso-motor,  cardiac,  and 
respiratory  centres  are  affected.  Heat  loss  being  abol- 
ished and  heat  production  and  accumulation  being  at  a 
maximum,  an  enormously  high  temperature  is  developed. 
The  neurons  are  so  severely  poisoned  that  their  functions 
are  abolished  and  convulsions,  delirium,  coma,  and  death 

supervene.  „  .     ,      •     u     * 

Symptoms.— The  mildest  form  of  sunstroke  is  heat 
prostration  or  exhaustion.  An  unusual  weakness  fol- 
lowing exertion  in  hot  weather  most  often  seen  in  feeble 
persons  is  probably  the  mildest  form  that  occurs.  In 
more  vigorous  individuals  the  symptoms  of  this  form  are 
more  pronounced.  Exhaustion  may  come  on  suddenly 
without  prodromal  symptoms,  or  there  may  be  prodro- 
mal symptoms  followed  by  complete  exhaustion.  There 
are  usually  headache,  dizziness,  pain  in  the  back  and  legs 
and  epigastrium,  with  sometimes  tingling  of  the  hands 
and  feet.    These  symptoms  may  continue  for  a  tew 


hours  or  for  three  or  four  days,  and  are  sometimes  ac- 
companied by  anorexia,  nausea,  and  vomiting,  or  there 
may  be  diarrhroa  or  constipation.  Some  patients  show 
slight  jaundice  of  the  whites  of  the  eyes.  Uncommonly 
in  this  form  of  sunstroke  perspiration  may  cease.  While 
the  patients  are  suffering  from  the  prodromal  symptoms 
they  may  be  able  to  sleep  and  awake  refreshed,  but  as 
soon  as  they  attempt  to  go  about  their  usual  occupations 
after  a  varying  length  of  time  the  prostration  becomes  so 
extreme  that  they  are  forced  to  give  in  to  it.  The  head- 
ache is  intense,  either  frontal  or  occipital,  and  the  patient 
seems  dazed ;  consciousness  is  retained.  The  I'espirations 
are  slightly  different  from  normal,  24  to  38  per  minute. 
The  pulse  may  remain  normal  in  frequency,  or,  depend- 
ing upon  the  intensity  of  the  exhaustion,  it  not  infre- 
quently runs  as  high  as  130  to  140  per  minute.  It  is,  how- 
ever, of  good  force  and  tension.  The  temperature  may 
be  normal  or  even  slightly  subnormal,  though  as  a  rule 
there  is  a  rise  and  the  temperature  may  reach  104.8°  F. 
Under  proper  treatment  the  temperature  may  become 
normal  in  a  few  hours,  the  other  symptoms  abate,  and 
the  patient  rapidly  recovers,  or  the  symptoms  may  con- 
tinue and  there  may  be  a  slight  thermic  fever  for  two  or 
three  days,  even  a  week,  the  temperature  ranging  from 
99°  to  103°  F. ,  gradually  falling  to  normal.  Cases  have 
been  observed  in  which  a  slightly  elevated  temperature 
has  been  maintained  for  fifteen  days. 

In  moderately  severe  cases  there  is  always  loss  of  con- 
sciousness, but  the  temperature  does  not  reach  the  hyper- 
pyrexial  level  of  105°  F.  The  same  prodromal  symptoms 
may  be  present  as  in  the  mild  form,  and  at  other  times 
there  is  an  intense  feeling  of  burning  and  heat  and  "  pins 
and  needles  "  in  the  head.  Sometimes  there  are  alternat- 
ing hot  and  cold  flashes  over  the  body  with  sweating. 
Vomiting  and  anorexia  are  often  severe.  Perspiration 
may  cease  a  short  time  before  unconsciousness  occurs. 
Just  before  loss  of  consciousness  there  are  noticed  in 
some  patients  sudden  dizziness  and  dyspnoea,  sometimes 
with  chromatopsia.  In  other  patients  there  is  no  pre- 
monition of  the  attack. 

These  symptoms  may  occur  while  the  patients  are  at 
work  or  they  may  be  suddenly  overcome  while  quietly 
walking  in  the  street  at  night.  Suicidal  tendency  is 
sometimes  developed  just  prior  to  loss  of  consciousness; 
sailors  have  been  known  to  try  to  throw  themselves  over- 
board, soldiers  to  attempt  suicide  with  their  rifles.  This 
temporary  mental  aberration  may  continue  for  a  week 
or  two,  and  then  be  followed  by  complete  recovery.  In 
some  cases  of  this  class  there  are,  with  the  loss  of  con- 
sciousness, symptoms  of  complete  collapse.  Wood  re- 
ports a  case  with  a  temperature  of  95°  in  the  mouth. 
Temperatures  of  96-97°  are  not  uncommon.  The 
majority  of  these  patients,  however,  show  a  rise  of  tem- 
perature between  101-104°.  Except  in  cases  of  collapse 
the  pulse  is  full  and  of  good  force  and  tension,  though 
it  may  be  as  high  as  130  per  minute.  Respirations  may 
be  normal  or  as  frequent  as  40  a  minute,  being  usually 
shallow,  the  stertorous  breathing  of  the  severer  forms 
is  not  present. 

Physical  examination  will  show  eoated  tongue,  skin 
hot  and  dry  or  covered  with  profuse  sweat,  and  the 
patient  may  be  conscious  or  totally  or  partially  uncon- 
scious. The  pupils  react  to  light  slowly  and  are  some- 
times dilated.  Slight  convulsive  movements  may  be 
present,  or  there  may  be  a  restless  delirium  with  moan- 
ing and  groaning.  Not  infrequently  there  is  a  peculiar 
dark-pink,  petechial  rash  on  the  body,  different  from  the 
ordinary  prickly -heat  rash. 

The  changes  in  the  blood  enumerated  above  occur  in 
this  form  of  sunstroke  as  well  as  in  the  hyperpyrexial 
form.  Unconsciousness,  delirium,  and  other  symptoms 
may  persist  for  a  few  hours  after  the  cold  bath ;  some- 
times consciousness  is  not  regained  for  twenty-four 
hours. 

Thermic  fever  when  present  persists  for  several  days 
or  u.  week.  Patients  usually  recover  from  this  form  of 
sunstroke.  This  degree  of  insolation  seems  to  be  the 
least  common.     In  two  hundred  and  twenty -four  cases 
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of  different  types  of  sunstroke  coming  under  the  writer's 
notice  in  Bellevue  Hospital  in  1896,  tliere  were  but  eigh- 
teen of  this  type. 

The  severest  form  of  insolation  is  the  hyperpyrexia! 
type.     In  this  class  are  included  all  patients  whose  tem- 
perature rises  to  105'  F.  and  over,  with  or  without  loss  of 
consciousness.     The  prodromal  symptoms  when  present 
are  often  more  pronounced  than  in  the  lighter  cases, 
though  many  cases  of  this  severe  form  of  sunstroke  have 
no  prodromal  symptoms  at  all.     Patients  whose  temper- 
ature rises  above  108°  are  less  likely  to  have  prodromal 
symptoms  than  those  in  whom  the  temperature  is  not  so 
high.     The  worst  attacks  of  sunstroke,  therefore,  may 
apparently  occur  without  warning.     The  same  prodro- 
mal symptoms  are  often  present  as  in  the  milder  forms. 
Insomnia,  however,  is  marked,  and  may  be  present  four 
or  five  days  before  the  attack  culminates.    There  are  often 
great  irritability  and  restlessness  and  sometimes  decided 
increase  in  micturition  for  several  days.     A  feeling  of  in- 
tense heat  throughout  the  body,  with  the  sensation  as  if 
the  head  were  bursting  open  and  the  eyes  bulging  out- 
ward, is  often  noticed  just  before  loss  of  consciousness. 
Chromatopsia  is  not  uncommon,  external  objects  taking 
on  different  colors,  blue  being  the  most  common,  or  the 
field  of  vision  may  be  occupied   by  brilliantly  colored 
flames.     In  other  patients  objects  suddenly  lose  color 
and  appear  black.     Previous  to  loss  of  consciousness 
there  are  sometimes  hallucinations  of  hearing  or  sight. 
Suicidal  mania  may  also  develop.     Some  patients  are 
able  to  continue  work  which  requires  intelligent  action 
and  perform  complex  acts  working  with  machinery,  or 
may  leave  work  and  go  home,  undress,  bathe,  and  go  on 
the  street  again  before  falling  helplessly  inert,  and  yet 
after  consciousness  is  regained  retain  no  memory  of  what 
they  had  done  for  several  hours  previous  to  the  time  when 
they  were  seen  to  fall.    When  consciousness  is  retained  the 
patients  suffer  intensely  with  burning  heat  and  intense 
headache,  and  may  become  stupid  and  dazed.     Retention 
of  consciousness  in  these  severe  forms  of  sunstroke  is  the 
exception.     In  patients  with  a  temperature  above  109°  I 
have  never  seen  consciousness  retained.     Most  patients 
are  comatose.     The  skin  is  dry,  flushed,  and  hot;  or  it  is 
livid,  pale,  and  cyanotic,  and  covered  with  cold,  clammy 
perspiration.     The  glazed,  set  eyes  are  suffused  and  half 
open,  or  may  be  wide  open  and  staring.     The  pupils  are 
at  times  normal,  or  may  be  dilated  or  contracted  un- 
evenly.    They  may  or  may  not  react  to  light.     Respira- 
tions come  in  short  gasps,  often  irregularly,  with  anoisy, 
gasping  inspiration  and  quiet  expiration,  or  with  ex- 
plosive expiration  and  quiet  inspiration,  often  accom- 
panied with  a  piteous  moan.     Some  cyanotic  patients  lie 
absolutely  limp  and  flaccid,  not  moving  even  an  eyelid, 
while  in  others  there  may  be  convulsive  twitchings  or 
violent  epileptiform  convulsions.     Other  patients  with 
dry,  hot  skin  are  wildly  delirious  and  fight  and  struggle 
furiously.     In  the  limp  patients  the  pulse  is  usually  soft 
and  frequent  or  small.     In  the  more  sthenic  cases  it  may 
be  lull,   strong,   with    throbbing  carotids.     The  worst 
cases  are  pulseless.     Vomiting  and  involuntary  defeca- 
tion are  very  common.     The  urine  is  scant,  sometimes 
albuminous,  sometimes  containing  blood.     The  peculiar 
petechial  rash  is  often  present,  being  most  abundant 
upon  the  arms  and  body. 

These  sunstroke  patients  emit  a  peculiar,  characteristic 
disagreeable  odor,  particularly  strong  in  the  f  feces,  though 
It  IS  distinctly  not  a  fa?cal  odor. 

The  cyanotic  type  of  sunstroke  occurs  more  often  witli 
temperatures  above  109°  F.  than  below  this  figure  The 
Thf  hji°  T^'"'^  ?':  temperature  can  go  is  unknown. 
Ihe  highest  reported  temperature  is  117.8°  in  a  Datient 
brought  to  the  New  York  Hospital  in  1896  aCo  her 
patient  in  the  Presbyterian  Hospital,  New  York  had  a 
temperature  of  115°.  These  temperatures  were  measured 
with  special  thermometeis.  Temperatures  of  from  113 
to  113  are  not  uncommon,  and  those  of  108-110°  are  ex 
ceedingly  common.  d.io  ex 

There  is  no  exact  ratio  betwec^u  tlie  fi-pquencv  of  the 
pulse  and  the  height  of  the  temperature  in  these  severe 
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forms  of  sunstroke.  With  a  temperature  of  110°  the 
pulse  may  vary  from  90-150.  The  same  is  true  when 
the  temperature  is  105-106°.  The  number  of  respirations 
per  minute  may  vary  from  16  to  50,  irrespective  of  the 
temperatures. 

In  the  most  severe  cases  death  rarely  occurs  immedi- 
ately, but  is  delayed  for  a  few  hours.  It  has  been  stated 
that  when  the  temperature  is  reduced  the  patient  is  out 
of  danger,  although  the  elevation  of  temperature  may 
persist  for  some  days.  This  is  by  no  means  true.  WJiile 
it  is  true  that  consciousness  returns  in  about  half  the  cases 
within  an  hour  after  the  reduction  of  the  temperature  to 
normal,  and  when  once  regained  it  is  retained,  others  do 
not  regain  consciousness  until  after  two  or  more  baths 
are  given  to  reduce  the  continually  recurrent  rise  of  tem- 
perature, and  many  patients  may  remain  unconscious  for 
twenty-four  hours  or  even  as  long  as  ten  days  and  yet 
recover.  In  the  worst  cases,  even  after  the  temperature 
has  fallen,  the  patients  do  not  react  but  die  within 
twenty-four  hours ;  some,  however,  will  live  longer  and 
die  without  regaining  consciousness  at  the  end  of  a  few 
days.  Others,  after  they  have  regained  consciousness 
and  are  apparently  doing  well,  at  the  expiration  of  a  few 
hours  or  one  or  two  days  may  develop  delirium  and  re- 
main delirious  for  a  few  days  or  a  week  and  recover,  or 
they  may  die  during  the  second  period  of  delirium. 

Patients  with  a  temperature  of  105-107°  frequently  re- 
cover without  thermic  fever  or  any  secondary  rise  of 
temperature.  This  exceptionally  occurs  when  the  initial 
temperature  has  been  107-110°.  With  temperatures 
above  110°  there  are  one  or  more  secondary  rises  of  tem- 
perature which  usuallj'  require  active  interference,  or 
there  is  a  continued  fever  for  some  time. 

The  secondary  rises  of  temperature  are  apt  to  occur 
from  three  to  six  hours  after  the  temperature  has  been  re- 
duced, sometimes  not  until  from  twelve  to  eighteen  houis 
after  the  first  bath.  In  serious  cases  the  secondary  rise 
may  come  on  within  an  hour.  It  is  not  uncommon  to 
find  these  secondary  rises  occurring  eight,  twenty-four, 
or  thirty-six  hours  after  the  first  bath.  Some  patients 
may  have  as  many  as  four  or  five  or  even  more  exacerba- 
tions of  temperature  requiring  active  treatment.  It  is  not 
uncommon  to  have  thermic  fever  lasting  for  several  days 
or  one  or  two  weeks,  the  temperature  ranging  between 
101  and  103°  F. 

In  severe  cases  after  the  bath  the  pulse  remains  feeble 
and  soft  and  frequent.  In  favorable  cases  it  drops  more 
slowly  to  normal  than  the  temperature.  Among  mark- 
edly alcoholic  patients  there  is  an  asthenic  course  of  the 
disease  requiring  special  mention.  The  initial  tempera- 
tures in  these  cases  which  have  come  under  the  writer's 
notice  have  varied  between  106  and  109°,  and  the  patients 
were  strong,  well-nourished  individuals.  They  reacted 
well  after  their  baths  and  became  conscious  within  four 
hours,  remaining  rational  for  twenty-four  hours;  they 
then  became  wildly  delirious  or  sank  into  the  low  mut- 
tering form.  Their  skin  became  dry  and  harsh,  there 
was  incontinence  of  urine  and  faeces.  During  the  wild 
delirium  their  temperatures  rose,  frequently  equalling  in 
height  the  initial  temperature,  with  a  pulse  of  120-150. 
In  the  low  stage  of  the  delirium  the  temperature  did  not 
rise  above  102°,  with  a  pulse  of  80-100,  In  some  pa- 
tients just  before  death  tliere  Avas  an  ante-mortem  rise  of 
temperature  to  106-110°.  These  patients  died  within 
from  three  to  eighteen  days  after  the  sunstroke. 

The  convulsions  mentioned  as  occurring  in  severe  cases 
are  not  dependent  upon  the  height  of  the  temperature. 
They  occur  with  temperatures  of  105-106°,  as  well  as 
with  those  of  108-113",  though  they  are  more  frequent 
with  the  higher  temperatures;  and  since  they  seem  to  de- 
pend on  the  toxic  destruction  of  the  central  ganglion  cells, 
tliey  are  always  of  serious  import  though  by  no  means 
fatal.  They  may  be  of  a  general  epileptiform  type,  or 
they  may  be  confined  to  the  head,  neck,  arms,  and  Icffs 
They  may  be  more  severe  on  one  side  of  the  body  than 
on  the  other  and  rarely  are  distinctly  unilateral. 

While  they  may  occur  with  the  acme  of  temperature, 
they  may  not  develop  until  some  hours  after  the  tem- 
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perature  lias  fallen.  When  the  patient  is  In  convulsion 
before  the  first  bath  the  convulsions  are  apt  to  continue 
for  some  time  afterward,  though  they  may  cease  when 
the  temperature  becomes  normal.  Sometimes  a  second 
bath  of  a  few  minutes  will  cause  them  to  cease.  After 
they  have  disappeared  and  the  patient  has  been  rational 
for  hours,  or  even  one  or  two  days,  convulsions  may  sud- 
denly recur  and  the  patient  may  die  in  one.  This  is  not 
uncommon.  Muscular  twitchings  which  do  not  develop 
into  the  convulsions  are  exceedingly  common.  An  in- 
tense rigidity  of  the  muscles  similar  to  tetanic  spasms  is 
of  quite  common  occurrence.  This  usually  relaxes  as  the 
patient  sleeps.  These  spasms  may  involve  the  respira- 
tory muscles,  and  when  they  come  on  suddenly  there  is 
great  danger  of  suffocation.  The  rigidity  is  often  so 
great  that  artificial  respiration  is  impossible. 

The  skin,  in  these  cases  of  hyperpyrexia,  often  becomes 
dry  and  harsh  during  the  week  after  the  sunstroke,  and 
desquamation  may  occur,  the  skin  pealing  off  in  large 
scales  or  flakes.  Ecchymoses  which  occur  in  patients 
from  bruising  during  the  delirium  are  mucli  more  exten- 
sive than  those  occurring  from  ordinary  bruises,  and 
hypodermic  injections  of  any  substance  are  not  infre- 
quently followed  by  large  ecchymoses  which  may  go  on 
to  suppuration. 

C'omplicatioiis. — Meningitis  and  encephalitis  are  not  im- 
common  complications  of  sunstroke.  Delusional  insan- 
ity, with  ideas  of  persecution  and  hallucinations  of 
various  kinds,  are  frequently  observed.  Pneumonia 
sometimes  develops  and  is  usually  fatal.  Fayer  men- 
tions that  cerebral  hemorrhage  may  follow  sunstroke. 
Patients  with  chronic  nephritis  are  very  apt  to  have 
acute  exacerbations  of  the  nephritis  and  develop  acute 
uraemia. 

The  sequelae  of  sunstroke,  even  after  the  mildest  forms, 
are  often  very  pronounced.  Not  infrequentlj'  headache, 
extreme  weakness,  malaise,  and  dizziness  are  persistent. 
There  may  be  soreness  in  the  muscles  and  bones,  with 
numbness  and  tingling  of  the  hands  and  feet.  This  tin- 
gling may  last  for  days  or  weeks,  or  even  months.  Anae- 
mia is  usually  very  noticeable.  Polyuria,  glycosuria,  or 
diabetes  mellitus  may  develop  shortly  after  sunstroke  and 
be  permanent.  Chronic  meningitis  with  intense  headache 
and  stiffening  of  the  cervical  muscles  or  encephalitis  with 
inco-ordination  of  the  extremities,  so  that  the  patients  may 
be  unable  to  feed  themselves,  have  all  been  seen  following 
sunstroke.  The  nervous  and  mental  conditions  may  de- 
velop into  permanent  dementia.  Various  forms  of  in- 
sanity, such  as  paresis  or  mania  or  delusional  insanity, 
are  recorded.  Multiple  neuritis  may  develop.  Some- 
times atrophy  of  a  certain  group  of  muscles,  as,  for 
instance,  the  flexor  muscles  of  the  forearm,  may  occur. 
Patients  may  develop  a  change  of  disposition,  and  from 
good-natured  change  to  an  ugly  irritable  disposition. 
Sensitiveness  to  heat,  dizziness,  and  headache  are  prob- 
ably the  most  common  sequelae.  Chromatopsia  on  hot 
days  may  occur.  Epilepsy  may  arise,  and  when  pre- 
viously present  the  fits  occur  with  increasing  frequency. 
Loss  of  memory  and  inability  to  concentrate  the  mind 
forces  some  patients  to  give  up  their  work. 

Diagnosis.— Heat  exhaustion  may  be  confounded  with 
internal  hemorrhage,  cardiac  failure,  and  alcoholism. 
Tlie  intense  headache  of  which  the  patient  complains 
will  aid  in  diagnosticating  heat  prostration.  The  moder- 
ately severe  forms  of  insolation,  especially  with  subnor- 
mal temperatures,  restless  delirium,  and  collapse,  must 
be  differentiated  from  internal  hemorrhage  and  cardiac 
failure.  The  intensity  of  the  delirium  and  twitching  of 
the  muscles  will  aid  in  recognizing  the  condition. 

When  unconsciousness  is  present  the  diagnosis  from 
apoplexy,  with  its  slow,  full  pulse,  stertorous  breathing, 
normal  temperature,  and  local  paralysis,  can  easily  be 
made.  In  sunstroke  we  have  a  soft,  frequent  pulse, 
shallow  breathing,  and  rise  of  temperature,  and  often  hot, 
dry,  flushed  skin  and  absence  of  local  paralysis. 

The  hyperpyrexia!  form  may  be  confounded  with 
meningitis,  typhoid  fever,  and  abscess  of  the  brain  with 
extremely  high  temperature.    The  usual  excessive  height 


of  the  temperatuie  with  the  peculiar  respirations,  con- 
vulsive movements  or  intense  convulsions,  or  the  absolute 
immobility  of  the  patient  and  the  cool,  clammy  skin  and 
high  temperature,  with  the  history  of  previous  environ- 
ment, should  render  the  diagnosis  easy. 

Prognosis. — The  prognosis  of  heat  prostration  is  uni- 
versally good.  In  the  moderately  severe  forms  of  sun- 
stroke it  is  also  good.  The  prognosis  of  the  severe  forms 
depends  on  the  previous  habits  and  condition  of  the 
patient.  In  alcoholics  and  those  weakened  by  disease 
the  prognosis  is  worse  than  in  those  of  abstemious  habits. 
The  height  of  tlie  temperature  usually  serves  as  a  good 
criterion.  When  the  temperature  reaches  111°  F.  or  over, 
the  prognosis  is  very  unfavorable,  though  by  no  means 
hopeless.  With  a  temperature  between  110-111°,  if  pro- 
per treatment  can  be  appled  quickly,  about  50  per  cent, 
recover.  If  proper  treatment  is  not  applied,  very  few 
recover  with  a  temperature  above  108°.  Temperatures 
between  108  and  110°  under  good  treatment  have  75  per 
cent,  of  recoveries.  With  temperatures  of  105-108° 
about  90  per  cent,  recover.  These  statistics  are  based 
on  the  death  rate  in  1896  among  520  hyperpyrexia!  cases. 
The  death  rate  in  those  treated  by  liydrotherapy  in  vari- 
ous ways  was  35. 12  per  cent.  In  805  cases  of  all  forms 
the  mortality  was  16.39  per  cent.  The  mortality  is  usu- 
ally given  as  from  41  to  50  per  cent.  In  961  cases  re- 
ported in  Aiken's  "System  of  Medicine,"  the  mortality 
was  given  as  from  56  to  63  per  cent. 

The  mortality  in  sunstroke  depends  greatly  upon  the 
rapidity  with  which  treatment  is  instituted  and  also  on 
the  kind  of  treatment  employed. 

Treatment. — In  the  milder  forms  of  prostration,  if 
the  patient  is  overcome  in  the  sun,  he  should  be  imme- 
diately taken  into  the  shade  and  if  possible  to  a  cooler 
place.  The  clothing  should  be  loosened  and  the  head 
bathed  with  cold  water.  If  possible,  ice  should  be  ap- 
plied to  the  head;  this  gives  great  relief  to  the  throbbing 
headache.  Aromatic  spirits  of  ammonia,  Hoffman's  ano- 
dyne, or  liquor  ammonii  acetatis  should  be  given  for 
stimulation.  A  little  alcohol,  such  as  a  small  dose  of 
whiskey,  is  sometimes  of  benefit,  though  it  is  by  no 
means  as  good  as  the  other  forms  of  stimulants  men- 
tioned. Iced  tea  and  coffee  are  also  excellent  remedies 
here.  Sipping  very  cold  water  will  also  revive  a  patient 
overcome  with  a  feeling  of  faintness.  Some  of  the  coal- 
tar  products  are  also  valuable  here  to  relieve  the  head- 
ache, such  as  phenacetin,  in  gr.  v.  doses ;  antipyrin,  gr. 
X.  to  XV.  ;  antifebrin,  gr.  iv. ;  and  ammonol,  gr.  v.  to 
x.  If  these  can  be  mixed  with  a  little  sodium  bicarbonate 
or  caffeine  they  are  excellent.  The  patient  should  rest, 
preferably  in  bed,  for  some  hours  until  the  feelings  of 
faintness  and  dizziness  have  passed ;  he  can  then  be  al- 
lowed to  go  about  as  usual,  being  careful  not  to  over- 
exert himself  and  taking  especial  care  to  eat  only  easily 
digestible  foods. 

In  the  moderately  severe  forms,  when  collapse  and 
subnormal  temperature  occur,  the  patient  should  be  cov- 
ered with  blankets  and  hot-water  bottles  packed  around 
the  outside.  The  same  stimulants  may  be  given,  and  if 
the  patient  is  unconscious  hypodermic  medication  is 
necessary,  gr.  jV  to  ^V  of  strychnine,  gr.  ^  of  glonoin, 
gtt.  i.  to  ij.  of  fluid  extract  of  digitalis,  or  gr.  i.  to  ij.  of 
a  mixture  containing  ten  per  cent,  camphor  and  ether 
can  be  administered.  If  the  temperature  is  103-104°  and 
the  patient  is  unconscious  with  convulsive  twitchings,  he 
should  be  placed  in  a  cold  pack,  as  a  sheet  wrung  out  of 
cold  water,  or  put  in  a  cold  bath  and  vigorously  rubbed 
for  a  few  minutes,  then  dried  and  covered  with  blankets. 
If  the  temperature  is  not  above  107°  and  is  not  relieved 
quickly,  sometimes  an  enema  of  ice  water  acts  with  great 
benefit.  One  or  two  quarts  of  ice  water,  in  which  salt 
has  been  dissolved  (one  teaspoonful  to  the  pint),  will 
often,  when  used  as  an  enema,  bring  the  temperature 
down  within  an  hour.  But  this  ice-water  enema  will 
not  control  a  rising  curve  of  temperature.  Headache 
in  these  cases  can  be  controlled  by  the  coal-tar  products, 
which  also  aid  in  reducing  the  temperature,  and  by  the 
ice  cap. 
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The  hyperpyrexia!  cases  demand  the  most  active  and 
immediate  treatment.  Various  forms  of  cold  baths  have 
been  used.  An  ice  bath  consists  of  a  tub  of  water  in 
which  about  half  a  bushel  of  cracked  ice  is  floating. 
Just  before  the  patient  is  lowered  into  the  bath  the  ice 
should  be  removed,  as  sometimes  the  sudden  contact 
with  the  ice  causes  intense  rigidity  of  the  patient  which 
brings  on  sufEocation.  This  is  rare,  but  it  does  occur ; 
therefore  the  ice  should  be  taken  out  of  the  bath  before 
the  patient  is  put  in,  but  if  the  patient  is  put  in  ordinary 
tap  water  and  rubbed  a  few  moments,  the  ice  can  be 
placed  in  the  bath  while  the  patient  is  in  it.  During 
his  stay  in  the  bath  the  patient  should  be  rubbed  vigor- 
ously with  rough  mittens  or  the  bare  hand ;  sponges  do 
not  afford  sufficient  irritation ;  and  as  long  as  the  patient 
is  in  the  bath  the  rubbing  should  not  cease.  His  head 
should  be  supported  and  cold  water  continually  poured 
upon  it.  A  towel  folded  over  the  forehead  will  prevent 
the  water  running  into  his  eyes.  Such  a  bath  in  a  few 
minutes  will  cause  the  cyanotic  skin  of  the  patient  to  ap- 
pear flushed  and  rosy ;  an  unconscious  patient  may  come 
to  in  the  bath  and  the  temperature  will  quickly  fall  tow- 
ard normal.  A  thermometer  should  be  constantly  kept 
in  the  rectum  of  the  patient  in  the  bath,  and  the  tem- 
perature should  not  be  allowed  to  fall  below  108°  F. 
When  this  is  reached  the  patient  should  be  quickly  taken 
from  the  water,  rubbed  dry,  and  covered  up  warmly. 
Hypodermic  stimulation  will  be  required  in  these  pa- 
tients. The  ordinary  results  of  this  stimulation  do  not 
seem  to  be  observed  while  the  temperature  remains  ex- 
cessively high.  This  should  be  remembered,  as  over- 
stimulation can  easily  be  brought  about,  and  this  will  oc- 
cur when  the  temperature  falls  to  a  point  near  normal. 
For  cardiac  stimulation  a  dose  of  morphine,  gr.  i  to  i,  with 
gr.  y^  atropine,  will  be  most  beneficial.  It  diminishes 
the  convulsions  which  are  apt  to  follow  and  produces  a 
sleep  from  which  the  patient  wakes  refreshed.  Strych- 
nine increases  the  tendency  to  convulsions,  although  it 
does  not  cause  all  the  convulsions  following  sunstroke, 
as  has  been  stated.  Convulsions  will  occur  in  patients 
who  have  never  had  strychnine,  but  they  do  not  appear 
so  frequently  as  when  strychnine  has  been  used. 

The  length  of  time  necessary  for  the  reduction  of  tem- 
perature by  these  cold  baths  cannot  be  stated.  It  de- 
pends upon  the  amount  of  heat  being  produced,  and  not 
at  all  upon  the  height  to  which  the  temperature  has  gone. 
It  may  take  twenty  minutes  to  reduce  a  temperature 
from  106°  to  103°,  while  a  temperature  of  110°  may  drop 
to  103°  in  five  minutes. 

Another  method  of  reducing  temperature  is  to  place 
the  patient  on  a  rubber  sheet  and  rub  with  ice.  This 
takes  much  longer,  and  it  only  allows  friction  of  the 
upper  surface  of  the  body  and  it  does  not  reduce  tem- 
perature so  quickly  or  so  effectively. 

Still  another  method  is  to  place  the  patient  on  a  cot  on 
a  rubber  sheet  and  throw  dipperfuls  of  cold  water  over 
him  from  a  distance  of  several  feet.  The  impact  of  the 
water  causes  the  necessary  friction,  and  it  is  not  an  in- 
effective method.  "While  it  takes  longer  to  reduce  tem- 
perature, the  reactions  following  it  are  not  so  marked  as 
m  the  case  of  the  ice  bath,  and  when  ice  cannot  be  ob- 
tained It  is  the  quickest  substitute.  While  the  water  is 
bemg  dashed  over  the  body  of  the  patient,  cold  water 
should  be  poured  upon  the  middle  of  his  forehead  from 
a  pitcher  held  six  or  eight  feet  above  liis  head ;  this  is 
most  beneficial  in  bringing  the  patient  back  to  conscious- 
ness. A  very  excellent  method,  perhaps  the  best,  is  to 
place  the  patient  in  a  tub  or  on  a  cot  or  simply  lay  him 
on  thefloor  and  playa  hose  on  him  through  aflne  needle- 
spray  nozzle.  Where  the  head  of  water  is  sufficiently 
strong  this  IS  a  most  excellent  method.  It  causes  the 
physical  irritation  to  the  skin  which  is  so  essential  to 
overcome  the  stasis  in  the  capillaries.  This  stasis  ac 
cording  to  Wmternitz,  prevents  ninety-four  ner  cent  of 
radiation  of  heat  from  the  skin.  '^ 

Patients  treated  in  this  manner  should  be  allowed  to 
have  their  temperatures  fall  to  102°  or  101°;  then  they 
should  be  taken  up,  dried,  blanketed,  and  put  to  bed 
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In  severe  cases  the  reaction  following  this  method  does 
not  seem  to  be  so  intense  as  with  the  ice  baths,  nor  so  apt 
to  fall  below  the  normal.  When  the  reaction  occurs  and 
the  temperature  goes  to  105°  the  treatment  should  be  re- 
peated ;  an  ordinary  tub  bath  at  65°  will  sometimes  con- 
trol it.  Warm  baths  have  not  proved  so  successful  as 
the  cold  ones  for  reducing  the  temperature. 

No  treatment  seems  to  prevent  the  thermic  fever.  A 
useful  method  of  controlling  this  fever  is  to  place  small 
bladders  filled  with,  ice  in  the  axillse  and  groins ;  this 
seems  more  effective  in  women  than  in  men. 

After  the  patients  are  in  bed,  liquor  ammonii  acetatis 
is  a  most  excellent  stimulant  and  produces  both  diapho- 
resis and  diuresis.  Digitalis,  ether,  and  spirits  of  am- 
monia are  also  excellent  for  rapid  stimulation. 

Among  alcoholics  the  question  arises  as  to  the  desir- 
ability of  giving  alcohol.  When  delirium  tremens  seems 
about  to  develop,  as  it  so  often  does,  a  mixture  of  half 
an  ounce  of  whiskey  with  one  or  two  drachms  of  paral- 
dehyde, repeated  in  an  hour  if  necessary,  will  often  pro- 
duce sleep  from  which  the  patient  will  wake  much  im- 
proved. 

It  is  best  for  twenty -four  or  forty -eight  hours  to  keep 
the  patient  on  milk,  or  at  least  fluid  diet,  followed  by 
eggs,  cereals,  milk,  and  broth.  Where  there  is  severe 
thirst  an  abundance  of  water  can  be  given.  The  liquor 
ammonii  acetatis  is  useful  in  this  connection  to  allay 
thirst.  The  sequelae  or  complications  of  sunstroke 
should  be  treated  as  the  same  diseases  under  ordinary 
circumstances.  The  nervousness,  weakness,  and  loss  of 
appetite  can  be  overcome  by  a  mixture  of  tincture  of  nux 
vomica  and  compound  tincture  of  cinchona,  five  to  ten 
drops  each,  in  compound  tincture  of  gentian  as  a  men- 
struum. For  alcoholics,  one  or  two  drops  of  capsicum 
and  sometimes  ginger  can  be  added  to  this  mixture. 
Meningitis  following  sunstroke  may  have  to  be  treated 
by  a  merciless  use  of  the  actual  cautery.  Patients 
suffering  from  sunstroke  in  the  tropics  may  have  to  go 
to  a  more  temperate  climate  or  they  may  become  helpless 
invalids.  Such  patients  may  develop  some  form  of  in- 
sanity, and  it  is  well  to  remember  the  possibility  of  sui- 
cidal tendencies  and  never  allow  them  to  travel  alone. 
The  ansemia  and  general  lack  of  nerve  force  following 
sunstroke  can  often  be  treated  with  cod-liver  oil  and 
small  doses  of  tincture  of  iron.  Of  the  latter,  three  drops 
should  be  put  in  a  tumblerful  of  water  and  sipped  with 
meals.  This  does  not  derange  digestion  and  is  preferable 
to  large  doses.  Blaud  pills  or  any  other  form  of  iron 
may  be  used. 

The  numbness  and  tingling  so  often  complained  of  can 
often  be  benefited  by  the  Charcot  douche  to  the  spine. 

It  is  remarkable  how  long  the  sequelae  of  sun-stroke 
may  persist,  and  they  are  often  discouraging  to  deal 
with.  It  is  often  years  before  exposure  to  heat  can  be 
withstood  without  recurrent  headache  and  prostration. 

Alexander  Lambert. 

HEAT,  THERAPEUTICS  OF.— Although  heat  has  al 
ways  been  recognized  as  one  of  the  most  valuable  thera- 
peutic agents,  it  has  never  been  so  widely  used  as  at  the 
present  time.  It  is  one  of  the  safest  and  simplest  reme- 
dies known.  Its  good  effects  are  varied  and  the  methods 
of  applying  it  are  numerous.  The  resulls  of  the  thera- 
peutic use  of  heat  are  dependent  upon  various  conditions, 
chief  among  which  are  the  manner  of  its  application  and 
the  temperature  used.  A  far  higher  temperature  can  be 
borne  when  the  heat  is  dry  than  when  it  is  moist.  For 
example,  hot  water  becomes  painful  at  115°  F.  Steam 
or  vapor  cannot  be  borne  above  120°,  while  hot  dry  air 
can  be  used  at  a  temperature  of  300°  and  higher.  The 
vasodilator  nerves  are  stimulated  by  heat,  while  the  vaso- 
constrictors are  inhibited.*    The  cutaneous  capillaries  are 

*  This  statement  demands  proper  modification  to  express  the  lacts 
as  they  appear.  These  are  Klven  In  somewhat  detailed  manner  in 
Foster's  article  on  Baths  in  "  Practical  Therapeutics,"  and  it  is  from 
this  source  that  1  have  derived  the  information  which  is  furnished  in 
the  following  explanation : 

In  order  that  heat  shall  simultaneously  cause  stimulation  of  the 
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dilated  by  a  slow  application  of  heat,  but  if  the  applica- 
tion is  sudden  the  primary  efiect  corresponds  to  that  of 
cold,  the  skin  is  blanched  and  even  wrinkled. 

When  the  cutaneous  capillaries  are  dilated  the  skin 
becomes  reddened,  and  if  the  temperature  is  not  higher 
than  104°  F.  cutaneous  sensibility  is  increased.  When, 
however,  the  temperature  is  increased  to  between  110° 
and  120°,  sensibility  is  diminished  or  even  abolished. 

The  nervous  system  is  soothed  by  a  moderate  degree 
of  heat,  but  untoward  effects  such  as  headache  and  ver- 
tigo are  caused  by  a  high  degree  if  the  air  is  not  dry. 
The  nerves  to  the  sweat  glands  are  excited  by  the  appli- 
cation of  heat,  consequently  the  functional  activity  of 
these  glands  is  increased  and  abundant  perspiration  is  the 
result.  The  secretion  of  urine  is  proportionally  decreased. 
The  difference  in  the  effects  of  dry  and  moist  heat  upon 
the  perspiratory  function  depends  upon  the  following 
facts.  The  body  absorbs  less  heat  from  air  than  from 
water,  and  the  skin  perspires  more  freely  in  air  than  in 
water — the  evaporation  of  the  perspiration  abstracting 
the  heat — so  that  it  is  clear  why  it  is  possible  to  bear  a 
higher  degree  of  dry  than  of  moist  heat.  The  number 
of  respirations  is  decreased  by  dry  heat,  but  increased  by 
a  high  degree  of  moist  heat. 

Although  muscular  activity  is  favored  by  a  moderate 
degree  of  heat,  a  high  temperature  is  depressing,  and 
under  its  influence  the  muscular  system  becomes  less  able 
to  support  fatigue,  especially  if  this  is  continued.  A 
practical  application  of  this  fact  is  made  in  the  treatment 
of  the  various  muscular  spasms,  including  chorea. 

The  effects  of  a  hot  climate  depend  upon  the  individual 
concerned  and  upon  the  various  conditions  of  his  life,  such 
as  diet,  etc.  It  has  been  frequently  noticed  that  debili- 
tated persons  are  stimulated  by  a  hot  climate,  becoming 
stronger  and  more  able  to  ward  off  disease.  Normal  in- 
dividuals are  depressed,  the  effects  being  quickly  seen 
in  all  of  the  functions  of  the  body.  In  a  temperature 
higher  than  that  of  the  human  body,  body  weight  is  di- 
minished and  in  proportion  to  the  degree  of  heat  and  the 
length  of  time  of  its  application.  This  effect  is  less  in 
dry  heat  than  in  moist  heat.  Hot  applications  to  the  ab- 
domen cause  constipation.  This  may  be  from  two  factors ; 
from  the  decrease  in  intestinal  secretions  of  from  the  de- 
crease in  peristaltic  action  of  the  intestinal  musculature. 
Heat  hastens  eruptions. 

There  are  many  methods  of  applying  heat,  some  ot  the 
appliances  being  as  follows:  bricks,  water-bags,  flat- 
irons  sand  bags,  Leiter's  coils,  and  Paquelm's  thermo- 
electric cautery.  Moist  heat  may  be  applied  by  means 
of  baths  both  water  and  steam ;  douches,  fomentations, 
and  poultices;  besides  all  of  these  methods  there  is  the 
hot-air  bath.  The  use  of  the  hot  flat-iron  in  such  trou- 
bles as  rheumatism  gives  astonishing  results.  The  effects 
seem  often  magical,  the  relief  afforded  by  this  homely 
household  remedy  being  greater  than  by  many  ol  the 
methods  which  are  in  more  general  use.  The  affected 
part  should  be  protected  by  several  layers  of  flannel,  and 
in  applying  the  iron  it  should  be  held  carefully  so  that 
the  weight  is  supported  by  the  hand  of  the  operator 
while  the  patient  obtains  the  full  benefit  of  the  heat. 
The  Paquelin  cautery  offers  one  of  the  best  ways  ot  ap- 
plying counter-irritation.  The  hot  bath  produces  vari- 
ous effects  on  the  organism:  by  it  the  absorption  of  oxy- 
gen as  well  as  the  exhalation  of  carbonic  acid  is  decreased ; 
oxyhsemoglobin  is  reduced;  so  are  the  leucocytes;  the 
I   excretion  of    nitrogenous    products    is    increased.     By 


va«o  dilator  nerves  and  inhibition  of  the  Taso-constrictors  the  temper- 
ItoeeSXyed  must  not  be  above  104°  F.,  lor  It  must  be  remembered 

fS  it  l?a  moderate  degree  of  heat  that  ^M"™'^,"^  t^^J^^en^^^^^^^^^ 
norrps  and  inhibits  the  vaso-constnctors.  The  cutaneous  sensioiuiy 
fstocreS  She  skin  is  reddened.  When  the  temperature  isin- 
crSTom  110°  to  ia)°  F.,  sensibility  is  abolished.  It  is  from  the 
knowtedge  of  this  fact  that  certain  diseases  of  the  nervous  system  are 
treS  by  the  application  of  great  heat  The  eflecte  also  vary  ac- 
pm-dino- to  whether  the  application  is  slow  or  sudden.  In  the  first 
?S?eSieclpmarle3  are  dilated;  in  the  latter  the  vessels  of  the 
skin  are  (intracted  and  the  skin  becomes  pale  as  m  the  application  of 
^n d  ThH.  Sis  taken  advantage  of  in  bathing,  where  very  hot 
wlter  Sed  for  a  ve,^  short  s^e  ol  time  stimulates  the  cutaneous 
ne^esS  does  not  call  for  the  same  vigorous  reax;tion  as  a  cold  bath 
demands. 


means  of  hot  baths  interstitial  combustion  is  diminished. 
In  Blight's  disease  hot  baths,  on  account  of  their  weak- 
ening effect  if  often  repeated,  should  not  be  employed 
unless  dropsy  or  uraemia  is  present.     When  uraemia  ex- 
ists, however,  the  cerebral  symptoms  are  often  entirely 
relieved  by  the  hot- water  or  vapor  bath,   for  by  this 
means  not  only  the  skin  acts  freely,  but  the  effect  on  the 
whole  organism  is  sedative,  pain  and  irritability  being 
allayed.     Especially  in  childhood,  various  affections  of 
the  respiratory  tract,  such  as  bronchial  catarrh,  are  re- 
lieved by  this  treatment.     The  sedative  effect  brings 
sleep  and  makes  breathing  less  labored.     The  affected 
membranes  are  relieved  of  the  surplus  of  blood,  which  is 
drawn  to  the  periphery.     The  patient  must  be  carefully 
watched  and  not  be  allowed  to  become  weak  from  the 
treatment,  as  the  secondary  effects  of  a  too  long-contin- 
ued hot    bath  are  debilitating.     However,    continuous 
baths  of  moderate  temperature  are  used  in  some  affec- 
tions, such  as  sloughing  wounds  and  eczema;  the  pa- 
tient eats  and  sleeps  in  the  bath  with  the  greatest  comfort. 
For  many  years  Kaposi,  of  Vienna,  has  employed  the 
continuous  bath  in  his  wards  with  great  success.     Inhala- 
tion of  warm  vapor  greatly  relieves  laryngismus  stridu- 
lus.    Diabetics  should  bathe  in  water  of  only  a  moderate 
temperature,  and  the  bath  must  not  be  too  long  continued 
since  this  treatment  may  cause  or  increase  glycosuria. 
One  of  the  best  methods  of  treating  a  strained  joint,  if 
seen  early,  is  by  the  hot  baths.     Burns  and  phagedsena 
are  much  benefited  by  this  method  of  treatment.  _  Hot 
baths  relieve  the  various  forms  of  abdominal  colic,  as 
renal  and  hepatic ;  also  inflammation  of  the  urinary  ap- 
paratus.    In  dysmenorrhcea,  the  hot  foot  bath  is  valu- 
able.    Heat  applied  to  various  regions  of  the  spinal  cord 
affects    the  organs  which  these  nerves  supply.     This 
method  is  often  successful  in  the  treatment  ot  metrorrha- 
gia and  menorrhagia.     The  Turkish  and  Russian  baths 
are  well  known  for  their  good  effects  in  the  treatment  of 
many  affections,  such  as  coryza,  gout,  rheumatism,  etc. 
But  recently  various  new  devices  have  been  introduced 
by  means  of  which  the  patient  may  be  exposed  with 
comfort  to  the  beneficial  effects  of  an  extremely  high 
temperature,  for  example  350°  F.,  because  the  air  is  kept 
dry.     Before  apparatus  was  devised  by  means  of  which 
the  air  could  be  kept  dry,  the  evaporated  perspiration 
gradually  rendered  the  surrounding  atmosphere  moist, 
and  the  perspiration  on  the  skin  actually  scalded  it.     On 
this  account  the  Turkish  bath  cannot  practically  be  higher 
than  about  170°  F.     The  diseases  that  have  of  late  years 
been  treated  with  benefit  by  the  new  apparatus  are  the 
arthritic  diseases— rheumatic  arthritis,  gout,  rheumatism, 
etc.;  joint  affections,  such  as  sprains;  affections  of  the 
nerves,  as  neuralgia,  sciatica,  etc. ;  certain  skin  diseases; 
chronic  ulcers,  and  flat  foot. 

There  is  other  apparatus  by  means  of  which  the  body 
is  subjected  to  the  action  of  radiant  heat.  The  diapho- 
retic effects  of  combined  heat  and  light  are  said  to  be 
much  greater  than  the  same  degree  of  non-luminous 
heat.  The  effect  of  the  electric  heat  waves  is  invigor- 
ating and  tonic.  One  result  of  these  exposures  to  ex- 
tremely high  temperatures,  one  that  is  contradictory  to 
former  physiological  teaching,  is  that  the  body  temper- 
ature is  raised  several  degrees.  The  following  suggestion 
has  been  made  in  explanation  of  cases  in  which  certain 
parts  of  the  body  are  exposed  to  the  heat:  "It  is  prob- 
ably due  to  imperfectly  co-ordmated  diaphoresis  in  parts 
of  the  body  other  than  that  exposed  to  the  direct  heat  of 
the  bath— that  is  to  say,  the  blood  as  it  flows  through 
the  heated  area  is  not  completely  cooled  down  before  it 
passes  on  to  other  areas,  where  the  conditions  are  differ- 
ent and  where  reflex,  superficial,  vascular  dilatation,  and 
consequent  diaphoresis,  are  not  correspondingly  estab- 
lished." In  the  application  of  these  new  methods  just 
mentioned,  the  apparatus  is  so  arranged  that  the  head  of 
the  patient  remains  free  in  the  normal  room  temperature. 
Besides  great  local  benefit,  the  general  health  is  improved 
by  these  hot  baths.  In  the  radiant-heat  bath  the  perspir- 
ation, as  soon  as  it  appears,  is  evaporated  by  the  hot  dry 
air.     If  this  heat  is  applied  locally,  the  circulation  ot  the 
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part  treated  is  increased  and  not  only  is  extra  nutrition 
supplied,  but  a  greater  amount  of  blood  is  carried  away 
from  the  part;  and  it  is  probable  that  this  blood  takes 
away  from  the  diseased  area  many  morbid  products  in 
solution.  When  radiant  heat  is  produced  by  electricity, 
the  advantages  can  be  clearly  seen,  as  there  is  no  combus- 
tion and  the  patient  breathes  perfectly  pure  air.  Among 
the  affections  treated  with  benefit  by  this  method  are  the 
following:  rheumatoid  arthritis,  gout,  chronic  cramp, 
sciatica,  fixed  joints,  inflammation  of  the  veins,  adhe- 
sions following  fracture,  chronic  articular  rheumatism, 
clironic  alcoholism,  rheumatic  gout,  stiffness  following 
injury,  gonorrhceal  rheumatism ,  vaso-motor  disease,  epi- 
lepsy, chronic  Bright's  disease,  asthma,  bronchitis,  stru- 
mous ulcers,  fracture,  spinal  disease,  chorea,  and  periph- 
eral neuritis.  The  general  effect  of  the  radiant-heat 
and  light  bath  is  soothing,  as  it  allays  pain  and  imparts 
a  feeling  of  well-being. 

The  douche  is  used  chiefly  in  gynoBcological,  nasal,  and 
aural  troubles.  For  pelvic  inflammations  and  congestion 
the  hot  douche  is  most  valuable.  The  good  effects  are 
dependent  upon  the  temperature  used,  and  upon  the 
length  and  the  manner  of  application.  The  temperature 
of  the  irrigating  fluid  should  be  as  hot  as  can  be  borne. 
The  application  should  continue  for  at  least  twenty  min- 
utes and  the  patient  should  lie  on  the  back  with  the  hips 
elevated. 

By  fomentation  or  cataplasm  is  meant  the  application 
of  cloths  wet  with  whatever  liquid  is  used  and  applied 
to  the  part.  The  heat  may  be  maintained  either  by  re- 
newing the  cloths  or  by  applying  a  hot  object,  such  as 
a  water  bag  or  a  brick  to  the  cloths. 

Poultices  are  not  used  now  nearly  so  extensively  as  they 
were  formerly.  If  they  remain  on  the  part  too  long  they 
will  lower  the  vitality  and  produce  vesication  or  pustu- 
lation. 

Heat  has  many  specific  uses,  some  of  the  principal  being 
as  cardiac  stimulant,  counter-irritant,  diaphoretic,  general 
sedative,  general  stimulant,  germicide,  hsemostatic,  hyp- 
notic, local  anaesthetic,  and  local  sedative. 

Some  of  these  effects  have  already  been  touched  upon. 
As  a  cardiac  stimulant  heat  is  used  universally  in  cases 
of  shock  and  collapse,  in  drowning,  exhaustion,  asphyxia 
or  debility  of  the  new-born,  narcotic  and  other  forms  of 
poisoning,  in  chilling  if  the  patient  is  not  frozen,  and  in 
any  condition  of  heart  failure.  It  may  be  applied  in  the 
form  of  baths,  enemata,  drinks,  cloths,  bags,  bricks,  fric- 
tion, etc.  In  the  algid  state  of  cholera,  for  example,  it 
must  be  remembered  that  clothing  does  not  supply  heat, 
it  simply  prevents  its  dissipation,  so  that  special  meas- 
ures should  be  taken  to  impart  heat  to  the  body,  as  sur- 
rounding it  with  hot-water  bags  and  the  like.  Death 
from  chloroform  anaesthesia  is  nearly  always  in  conse- 
quence of  heart  failure.  In  such  a  case  hot  applications 
should  be  made  to  the  cardiac  region:  External  heat 
draws  the  blood  to  the  periphery  and  thus  relieves  the 
heart. 

As  counter-irritant,  it  promotes  absorption  and  hastens 
repair;  it  also  removes  passive  congestion.  In  this  con- 
nection it  is  often  applied  in  the  form  of  the  actual  cau- 
tery. _  ihis  treatment  is  more  valuable  in  chronic  than  in 
acute  inflammation.  It  is  sometimes  indicated  in  deep- 
seated  inflammation  of  the  joints.  The  superficial  layers 
of  the  skm  only  should  be  irritated.  The  cautery  should 
be  brushed  over  the  part  lightly,  and  be  used  at  a  white 
heat  when  vigorous  counter-irritation  is  desired,  but  at  a 
cherry-red  heat  for  hemorrhage.  The  relief  from  its  use 
IS  often  as  great  as  it  is  sudden.  It  is  indicated  in  neu- 
ralgia and  rheumatism.  Its  action  may  be  reflex  throuEh 
n^^f'^'T'  P™'!"?'"^  a  cliange  in  the  nutrition  of  the 
part,  with  promotion  of  absorption 

spol^nol""  °*  '"''*  ""'  ""  diaphoretic  has  already  been 
It  is  a  good  general  and  local  sedative.  It  draws  the 
blood  away  from  the  great  vessels  to  the  peHpherv 
dilating  the  vessels  of  this  region  and  producLg  a  fee^: 
mg  of  general  comfort.  It  is  also  usid  in  th!  trea 
ment  of  neuroses.     Hot  applications  to  the  face  in  tooth- 
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ache  are  very  soothing.     This  treatment   also  relieves 
itching. 

Its  general  stimulating  effects  have  been  spoken  of. 

Heat  is  the  most  trustworthy  germicide  that  we  have. 
It  may  be  used  in  the  form  of  fire,  dry  heat,  boiling, 
streaming  or  live  steam,  and  steam  under  pressure.  Fire 
is  used  only  to  destroy  articles.  All  pathogenic  organ- 
isms and  their  spores  are  destroyed  in  boiling  water  in 
five  minutes.  Streaming  or  live  steam  is  utilized  in  the 
ordinary  sterilizer  or  disinfector.  Steam  under  pressure 
is  used  to  disinfect  bulky  objects  such  as  bales  of  goods. 

Heat  is  used  as  a  haemostatic  in  the  form  of  the  actual 
cautery  or  of  water  raised  to  the  temperature  of  120°  to 
140°  F.  If  the  bleeding  surface  is  large,  the  oozing 
should  first  be  treated  by  compression  with  hot  cloths  to 
stop  the  capillary  hemorrhage  before  the  cautery  is  ap- 
plied. The  clamp  and  cautery  method  of  treating  hem- 
orrhoids is  well  known. 

Heat  is  hypnotic,  hot  baths  being  very  beneficial  in 
acute  and  chronic  insomnia. 

A  high  degree  of  heat  may  be  used  as  a  local  anaes- 
thetic, since  it  has  the  faculty  of  blunting  the  perception 
of  different  kinds  of  sensation  at  certain  temperatures,  as 
mentioned  before. 

Although  the  uses  of  heat  are  at  present  so  varied  and 
valuable,  this  field  is  probably  yet  but  in  its  infancy,  as 
new  discoveries  and  improvements  are  constantly  being 
made  in  this  department  of  therapeutics. 

Mnma  E.  Walker. 

HEDONAL,  methyl-propyl-carbinol  urethane,  occurs 
as  a  white,  crystalline  powder  insoluble  in  cold  water, 
slightly  soluble  in  warm  water,  and  somewhat  more  so  in 
alcohol.  It  has  a  persistent,  rather  unpleasant  taste  sug- 
gesting mint,  and  on  boiling  with  an  alkali  decomposes, 
forming  ammonia,  carbon  dioxide,  and  methyl-propyl- 
carbinol.  There  are  many  reports  on  the  hypnotic 
properties  of  this  substance,  Goldmann,  Nawrateski, 
Arndt,  and  others  claiming  for  it  valuable  powers  without 
any  undesirable  after-effects.  Brownrigg,  also  Schuler, 
found  it  a  feeble  hypnotic,  useful  only  in  cases  of 
moderate  nervous  irritability.  In  nine  of  Brownrigg's 
thirty-five  cases,  and  in  five  of  Schuler's  twenty-one,  no 
sleep  resulted  from  its  administration.  Raimann  found 
the  lethal  dose  in  a  series  of  animals  to  be  1  gm.  per 
kilogram  of  body  weight.  Moderately  large  doses  were 
followed  by  depression  of  circulation,  respiration,  and 
temperature.  Nawrateski  and  Arndt  point  out  that  the 
drug  is  so  diuretic  that  it  may  cause  such  a  desire  tc 
urinate  as  to  arouse  the  patient.  All  things  considered, 
this  drug  is  of  less  value  than  its  congener,  ethyl-ure 
thane.  The  dose  is  from  1  to  3  gm.  (gr.  xv.-xlv.)  given 
dry  on  the  tongue  and  washed  down  with  aromatic  water, 
or  given  in  syrup,  in  capsule,  or  in  cachet. 

ir.  A.  Bastedo. 

HEILBRONN  MINERAL  SPRINGS.-Bradford  County, 

Florida.  •' 

Post-Ofpice.— Starke.     Hotels  and  boarding-houses 
m  Starke. 

Access.— Viit  the  main  line  of  the  fifth  division  of  Sea- 
board Air-Line  Railroad,  forty-five  miles  from  Jackson- 
ville. Also  vift  Suwannee  River  Division  of  the  same 
system.  Starke,  the  county  seat  of  Bradford  County, 
IS  located  on  the  elevated  backbone  of  the  Florida  pe- 
ninsula at  an  elevation  of  180  feet  above  the  ocean 
level.  The  location  is  surrounded  on  all  sides  by  an  al- 
most unbroken  pine  forest  stretching  to  the  Atlantic  on 
the  east  and  the  Gulf  on  the  west,  about  fifty  miles  in 
either  direction.  The  waters  to  the  west  flow  into  the 
Suwannee  River  and  thence  into  the  Gulf,  while  those  to 
the  east  find  their  way  into  the  St.  John's  River  and  ulti- 
mately reach  the  Atlantic.  The  situation  thus  unites 
many  of  the  advantages  of  a  well-favored  natural  sana- 
torium and  offers  an  attractive  resting  place  for  the  win- 
ter tourist  in  search  of  a  genial  and  balmy  climate.  The 
mean  temperature  for  the  months  of  December,  January 
and  February  during  a  recent  winter  was  53°  F.     The 
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rainfall  for  this  period  was  10.22  inches.  Starke  has  a 
population  of  about  1,200  and  is  well  supplied  with 
schools,  churches,  livery  stables,  banks,  hotels,  boarding- 
houses,  etc.  The  springs  arc  located  about  five  and  one- 
half  miles  northwest  from  Starke  on  a  picturesque  stream 
known  as  the  Wateroak,  from  the  presence  of  numerous 
trees  which  adorn  its  banks.  They  are  reached  by  an 
excellent  road.  The  springs  are  two  in  number,  known 
as  No.  1  and  No.  2.  No.  1  yields  about  one  hundred  and 
fifty  gallons  and  No.  2,  iifty  gallons  per  minute.  The 
following  analyses  were  made  by  Pi'of.  Henry  Leffmann 
of  Philadelphia; 

One  United  States  Gallon  Contains: 


Solids. 

Spring  No.  1. 
Grains. 

Spring  No.  2. 
Grains. 

■ZM 
M) 
.20 
.17 

5.13 
.20 
.33 

1.51 
.20 

1.42 

.60 

5.83 

Magnesium  carbonate 

3.73 

Ferrous  carbonate 

Silica 

1.51 

Trace. 

:£i 

Total 

10.22 

13.32 

Gases. 

.92 
11.70 

.67 

12.;» 

These  are  excellent  waters  of  the  light  saline  calcic 
type.  No.  1  also  possesses  ferruginous  properties.  We 
have  carefully  examined  the  water  of  No.  1  and  find  it 
to  be  very  palatable  and  well  adapted  .to  table  uses. 
Though  not  heavily  mineralized  these  waters  have  ac- 
quired, an  extensive  reputation.among  Florida  physicians 
in  the  treatment  of  dys.pepsia,  cshT«nic  skin  diseases,  and 
rheumatism.  Many  practitioners  recommend  their  local 
use  as  a  lotion  in  ill-conditioned  sores  and  indolent  ulcer- 
ations. The  waters  are  now  used  commercially  and  are 
bottled  and  shipped  to  distant  points. 

Jimies  li.  Crook. 

HELLEBORE,  AMERICAN.  Veratrum  Viride. 
Itidian  Poke,  Itch-weed.  ("Green  hellebore,"  but  not  to 
be  confused  with  Helleborus  mridu. )  The  dried  rhizome 
and  roots  of  Veratrum  viride  Ait.  (fam.  Melantliacem 
I" LiliacejJ!."  V.  S.  P.]).  The  plant  is  a  large,  conspic- 
uous swamp  herb,  having  a  simple  upright,  leafy  stem, 
from  50  to  150  cm.  high  (2  to  5  feet),  and  terminating  in 
a  large  spicate  panicle.  Leaves,  3-ranked,  large,  ovale, 
or  broadly  oval,  pointed,  sessile,  clasping  at  the  base, 
from  15  to  40  cm.  long.  Flowers  monceciously  polyga- 
mous, regular,  1  or  2  cm.  across,  spreading.  Perianth 
■of  six  narrow,  pointed  segments;  stamens  six;  anthers 
extrorse,  opening  transversely  across  the  top;  carpels 
three ;  fruit  of  three  many-seeded  follicles.  The  whole 
plant  is  slightly  pubescent,  and  of  a  bright,  light-green 
color,  flowers  and  all.  It  grows  abundantly  in  marshes 
and  along  brook-sides  in  the  cooler  parts  of  North  Amer- 
ica—the Northern  United  States,  Canada,  and  Alaska, 
Its  common  neighbor,  and  a  plant  which  might  be  mis- 
taken for  it,  is  tlie  skunk  cabbage,  but  that  has  sub- 
rotund  leaves,  at  least  as  broad  as  long,  and  they  lack 
the  conspicuous  plaits  of  veratrum.  The  hairs  of  vern- 
trum  are  slightly  irritating  to  the  skin  of  many  persons, 
whence  the  name  "itch-weed."  Varieties  apparently 
identical  with  it  are  found  in  Alpine  districts  in  Europe 
and  in  Eastern  Asia.  The  type  of  the  species,  T  .  albmii, 
replaces  it  in  Europe  and  Asia  generally. 

The  poisonous  properties  of  this  plant  are  said  to  have 
been  known  to  the  aborigines,  by  some  tribes  of  whom 
it  was  used  as  a  sort  of  ordeal  to  test  their  strength  and 
vigor.  "  He  whose  stomacli  made  the  most  vigorous  re- 
sistance, or  soonest  recovered  from  its  effects,  was  con- 
isidered  the  stoutest  of  the  party  and  entitled  to  command 
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the  rest"  (Bigelow,  "Med.  Bot.,''  quoting  Josselyn).  It 
was  also  one  of  the  numerous  things  used  by  the  early 
settlers  to  poison  seed  corn  for  protection  against  birds; 
it  is  still  occasionally  so  used.  In  the  early  part  of  this 
century  it  was  employed  as  a  substitute  for  V.  albvm  in 
gout,  rheumatism,  etc.,  in  the  treatment  of  wliich  that 
substance  was  then  popular,  and  also  as  a  parasiticide, 
for  which  purpose  both  have  been  superseded  bj'  vera- 
trine  and  other  things.  Its  modern  use  as  a  cardiac  de- 
pressant is  of  the  last  half-century  only, 

The  rhizonie,  which  is  the  part  used,  is  collected  in  the 
autumn  and  generall)'  split  longitudinally  to  facilitate 
drying,  but  it  may  be  variously  cut  or  left  whole;  the 
roots,  to  the  length  of  10  or  15  cm.,  are  left  attached,  and 
drj'  in  a  skein  around  its  lower  end.  The  otlicinal  de- 
scription is  as  follows : 

Rhizome  upright,  ovoid  or  obconical,  2.5  to  7  cm.  (1  to 
3  in.)  long  and  two-thirds  as  broad,  externally  light- 
to  dark-brown  or  blackish,  frequently  bearing  at  the 
summit  some  coarsely  fibrous  remains  of  leaf-bases, 
densely  clothed  at  the  sides  with  coarse  roots ;  internally 
grayish-  or  yellowish-wliite,  exhibiting  numerous  short, 
irregular  wood-bundles;  roots  about  10  to  20  cm.  (4  to  8 
in.)  long  and  about  1  or  2  mm.  (^^^  to  -^  in.)  thick, 
light  yellowish-brown,  much  shrivelled,  the  surface  some- 
what reticulate-wrinkled ;  inodorous,  but  the  powder 
highly  sternutatory;  taste  bitterish,  and  very  acrid. 

It  is  veiy  difficult  to  distinguish  the  F.  album  from 
this,  and  impossible  when  they  are  powdered.  V.  (tlbum, 
if  fresh,  is  lighter-colored,  and  its  roots  are  thicker,  fewer, 
more  spongy,  and  more  reticulate-wrinkled.  The  proper- 
ties are  apparently  identical. 

Besides  containing  resin  and  starch,  veratrum  has  a 
complex  alkaloidal  composition,  regarding  which  au- 
thors are  not  agreed.  The  individual  alkaloids  are  only 
of  theoretical  interest,  as  they  are  not  used,  only  one  of 
them  (jervine)  being  listed,  and  that  for  experimental 
purposes. 

Jereiiie  {drMn^Oi  +  2HaO)  is  a  whitish  powder,  solu- 
ble in  alcohol. 

Pnevdojereiue  (C2»H4«NOi2)  is  very  similar  to  it  and 
slightly  soluble  in  absolute  alcohol,  while  Veratroidine 
(CsiHi'sNjOib)  is  alcohol-soluble.  There  is  a  very  little 
riihijeri'ine,  which  strongly  resembles  the  last. 

Action  and  Use. — The  action  has  been  studied  with 
care  by  several  Americans,  especiall}'  by  Dr.  H.  C. 
AVood.  from  whose  "Therapeutics"  this  paragraph  is 
largely  condensed.  His  experiments  were  made  with 
jervine  and  Bullock's  "  veratroidine. " 

The  symptoms  of  poisoning  with  the  former  in  animals 
are  sluggishness,  muscular  weakness,  and  tremblings, 
followed  shortly  after  by  violent  convulsions  and  great 
prostration.  Sensation  is  affected  only  very  late,  and 
consciousness  almost  not  at  all.  There  is  no  purging  or 
vomiting,  but  always  profuse  salivation.  Death  occurs 
from  cessation  of  respiration.  Jervine  is  an  intense  car- 
diac .sedative,  acting  both  directly  upon  the  muscle  of 
the  heart  or  its  local  ganglia,  and  indirectly  through  tlie 
general  vaso-motor  system.  It  reduces  the  force  of  the 
heart  beats  and  the  arterial  pressure  to  a  very  great  de- 
gree. The  rapidity  of  the  heart  is  also  diminished  while 
the  animal  is  quiet,  but  even  slight  exertion  raises  it  to 
rapid  and  incoherent  action.  There  is  also  in  jervine 
poisoning  a  marked  reduction  of  spinal  reflex.  It  is  not 
locally  irritating.  The  other  alkaloid,  "veratroidine," 
resembles  jervine  in  its  general  action,  but  is  a  local  irri- 
tant like  veratrine  and  produces  generally  vomiting  and 
diarrhoea,  which  the  other  does  not.  It  stimulates  the 
pueumogastric,  and  for  a  while  increases  the  arterial 
pressure.  The  crude  drug  has  naturally  the  combined 
action  of  its  two  alkaloids,  and  within  its  medical  limits 
produces  in  man  weakening  and  infrequency  of  the 
pulse,  lassitude,  and  increase  of  salivary  and  cutaneous 
secretions,  lowering  of  temperature,  and  sometimes  vom- 
iting. None  of  these  eft'ects  should  be  pressed  beyond 
a  moderate  degree.  Its  utility  is  limited  by  conditions 
requiring  these  modifications— that  is,  quick,  hard- 
bounding  pulse,   febrile  excitement,  high  temperature, 
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and  dry  skin— conditions  found  only  in  tlie  early  stages 
of  acute  febrile  diseases  in  robust  or  plethoric  patients— 
In  the  beginning  of  pneumonia,  pleurisy,  rheumatism, 
etc  ;  in  the  hypertrophic  stage  of  cardiac  disease  it  may 
be  needed,  but  not  often;  in  typhoid,  septic,  and  other 
adynamic  febrile  conditions  it  should  never  be  given,  nor 
as  an  emetic.  . 

In  overdoses  the  vomiting,  purging,  and  prostration 
are  best  combated  by  opium  and  stimulants,  with  a 
strictly  enforced  recumbent  position. 

Administeation.— The  dose  of  the  substance  itselt  is 
about  a  decigram  (gv.  iss.),  repeated,  rather  frequently 
and  in  increasing  doses  until  the  pulse  is  affected.  Dur- 
ing the  administration  the  patient  should  be  carefully 
watched.  Once  an  hour  is  a  good  interval  for  the  first 
few  doses.  The  following  good  preparations  are  official : 
The  fluid  extract  (Extvactum  Vemtri  Viridis  Fliiidum, 
U.  S.  P.),  and  a  tincture  (2V»ictora  Veratri  Viridis,  U.  S. 
P.),  strength  40  per  cent.,  dose  n  ij.  to  x. 

'  W.  P.  Bolles. 

HELLEBORE,  BLACK.— Helleborus Niger.    Cliiixt 
mas  Hose.     The   dried   rhizome   of  Helleboi'vs   niger  L. 
(fam.  Banunctdacec.).     This  is  a  low  perennial  herb  of 
Southern  Europe,  mostly  in  the  mountains,  and  largely 
cultivated  for  its  winter  bloom. 

The  drug  much  resembles  ciniicifuga  or  black  cohosh, 
but  is  rather  smaller,  blacker,  and  more  tortuous,  with 
fewer  and  broader  wood-wedges  in  the  rhizomes,  and 
those  of  the  roots  loss  conspicuously  stellate.  It  contains 
the  two  poisonous  glucosides  helleborin  and  helleborein, 
and  has  been  used  as  a  drastic.  In  overdoses  it  is  an 
emetico-cathartic  poison.  It  is  now  little  used.  The 
dose  is  0.5  to  1.5  gm.  (gr.  viij.-xx.). 

The  rhizome  of  II.  viridis  L.  or  green  liellebore  (but 
not  to  be  confused  with  veratrvm  lyiride,  also  so  called), 
is  very  similar,  and  even  more  highly  acrid  and  poison- 
ous. Henry  II.  Rusby. 

HELLEBORE.    (TOXICOLOGICAL.)— Green  Hellebore 

(Veratrum  viride),  American  liellebore,  Indian  poke,  and 
White  Hellebore  (Veratrum  album),  the  European  spe- 
cies, owe  their  poisonous  properties  to  several  alkaloids 
which  have  been  examined  by  a  number  of  investigators. 
The  results  are  not  entirely  accordant,  and  what  is  doubt- 
less the  same  substance  has  received  different  names  from 
the  different  writers.  The  researclies  of  Wright  and  Luff 
and  of  Salzberger  are  of  particular  value.  Wright  and 
Luff  found  in  veratrum  viride,  jerviu,  cevadin  (crystal- 
line veratrin),  pseudojervin,  with  traces  of  rubijervin 
and  veratralbin.  Salzberger  found  in  V.  album,  jervin, 
the  pseudojervin  and  rubijervin  of  Wright  and  Luff,  and 
two  other  bases,  protoveratiln  and  protoveratridin,  but 
no  veratrin. 

The  official  veratrin,  obtained  from  sabadilla,  and 
which  melts  at  about  147°  C,  is  a  mixture  of  two  iso- 
meric alkaloids — the  crystalline  veratrin  or  cevadin  of 
Wright,  which  melts  at  205°  C,  and  amorphous  veratri 
din,  melting  at  143-148°  C.  Crystalline  veratrin  or  ce 
vadin  crystallizes  with  difficulty,  is  readily  soluble  in 
alcohol,  ether,  and  chloroform,  and  insoluble  in  cold 
water.  It  has  a  bitter,-  disagreeable  taste  and  excites 
violent  sneezing.  It  combines  with  acids  to  form  salts, 
which  are  generally  non-crystalline.  The  reactions  for 
the  official  alkaloid  and  crystalline  veratiiin  are  substan- 
tially the  same.  Sulfuric  'acid  gives  a  series  of  colors- 
yellow,  orange  red,  carmine  red.  If  heated,  the  latter 
appears  at  once.  Hydrochloric  acid  produces  no  color 
in  the  cold,  but  on  heating  a  fine  red  is  obtained  whicli  is 
quite  permanent.  Sulfuric  acid  with  sugar  or  with  fur- 
fural gives  a  yellow,  changing  to  an  indistihct  green, 
dark  blue,  and  finally  to  violet.  Nitric  acid  gives  a 
transient  rose  pink;  on  evaporation  and  moistening  with 
alcoholic  potash  a  brown  color  is  obtained. 

Physiological  Test:  A  minute  quantity  of  veratrin  in 
jected  hypodermically  in  a  frog  causes  vomiting,  slow- 
ing of  heart  beat,  and  contractions  of  the  muscles,  sug- 
gesting the  tetanic  convulsions  of  strychnine. 


Jervin  forms  white  crystals  which  melt  at  238"  C,  and 
have  a  bitter,  acrid  taste.  The  alkaloid  is  non-sternuta- 
tory. It  is  readily  soluble  in  alcohol  and  chloroform, 
less  soluble  in  ether,  and  insoluble  in  cold  water.  Sul- 
furic acid  gives  a  yellow,  changing  to  greenish-  yellow 
and  greenish-brown  with  green  at  edges.  On  heating,  a. 
mahogany-brown  appears  at  once.  Sulfuric  acid  with 
sugar  or  with  furfural  gives  a  brownish  color,  changing 
to  a  deep  blue  and  then  to  an  indistinct  violet.  Hydro- 
chloric acid  gives  no  color  in  the  cold ;  on  heating,  a  yel- 
low is  obtained.  Nitric  acid,  followed  by  alcoholic  pot- 
ash  gives  the  same  reaction  as  does  veratrin. 

Experiments  upon  animals  show  that  both  hellebores, 
first  excite,  then  paralyze  the  sensory  nerves  of  the  skin 
and  of  the  mucous  membranes  of  the  nose  and  ahmen- 
tary  tract  Both  respiration  and  the  action  of  the  heart 
are  first  accelerated,  then  retarded,  and  finally  paralyzed. 
The  symptoms,  which  usually  appear  soon  after  taking, 
are  burning  in  the  mouth  extending  to  the  stomach,  diffi- 
culty of  swallowing,  intense  nausea,  violent  vomiting,  and 
later  purging,  usually  accompanied  by  tenesmus.  Great 
prostration  follows,  headache  and  giddiness  are  fre- 
quently present,  the  pupils  are  slightly  dilated,  the  pulse 
is  feeble,  respiration  is  difficult  and  sometimes  fails  en- 
tirely. Death  may  occur  from  heart  failure  or  from  ex- 
haustion caused  by  vomiting. 

Several  homicidal  cases  have  occurred  in  Europe,  not- 
ably in  Prance,  but  the  only  cases  reported  in  this  country 
are  accidental.  Thirty-six  drops  of  the  tincture  of  vera- 
trum viride,  taken  in  divided  doses,  caused  the  death  of 
a  child  <jf  one  and  one-half  years.  A  teaspoonful  of  the 
tincture,  seventy -five  drops  of  Tilden's  fluid  extract, 
sixty  drops  of  Norwood's  tincture  in  divided  doses,  and 
an  unknown  quantity  of  the  tincture,  taken  by  mistake 
for  whiskey,  have  caused  the  death  of  adults.  Recovery 
has  followed  the  taking  of  much  larger  quantities.  On 
several  occasions,  a  teaspoonful  of  the  fluid  extract  (H. 
0.  Wood)  and  a  tumblerful  of  the  tincture  have  been 
taken  without  fatal  results.  One-half  ounce  of  pow- 
dered white  hellebore  has  been  taken  with  recoverj'. 
No  death  from  veratrin  is  on  record.  The  different 
preparations  are  evidently  of  greatly  varying  strength. 
One  sixteenth  of  a  grain  nearly  caused  death,  while  re- 
covery lias  occurred  after  taking  three  grains  in  a  lini- 
ment and  thirty  grains  of  the  crude  alkaloid. 

The  treatment  of  a  case  of  poisoning  will  vary  with 
the  nature  of  the  symptoms.  Vomiting,  so  commonly 
present,  will  have  emptied  the  stomach ;  if  it  has  not  oc- 
curred, it  should  be  induced  until  the  object  is  reached, 
then  restrained.  Warm  drinks  and  external  warmth  are 
used  to  raise  the  temperature  and  opiates  to  control  pain. 
Alcohol  and  aromatic  spirits  of  ammonia  are  useful  in 
meeting  the  extreme  prostration.  The  latter  precipitates 
the  insoluble  alkaloids  and  thus  retards  absorption. 
Artificial  respiration  may  be  required. 

Post-mortem  examination  discloses  the  Intestinal  tract 
usually  congested  and  the  viscera  filled  with  blood,  as 
occurs  with  many  other  poisons.  There  is  an  absence 
of  characteristic  appearances. 

For  the  recovery  of  tlie  poison,  the  contents  of  the 
stomach,  or  the  tissues,  after  suitable  comminution,  are  di- 
gested ou  tlie  water  bath  with  alcohol  and  acetic  acid  for 
some  time,  filtered,  and  the  alcohol  is  removed  by  evap- 
oration. The  residue  is  extracted  with  water,  filtered, 
and  shaken  with  ether  to  remove  fatty  matters  and  ex- 
tractives. It  is  then  shaken  with  chloroform,  rendered 
alkaline  with  sodium  hydroxid,  and  after  repeated  shak- 
ing the  chloroform  layer  is  separated  and  evaporated.  It 
is  generally  advisable  to  repeat  this  process  to  remove 
impurities,  and  on  evaporation  the  veratrin  will  be  found 
sufficiently  pure  for  the  application  of  the  tests. 

Brouardel  isolated  from  a  corpse  of  eighteen  months, 
a  ptomal'n  which  was  extracted  from  alkaline  solution 
with  ether.  It  gave  a  violet  color  when  heated  with  sul- 
furic acid  and  a  cherry  red  on  boiling  with  hydrochloric 
acid.  This  suggests  the  importance  of  confirming  the 
chemical  tests  by  the  physiological  test. 

Curtis  C.  Hmcard. 


626 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  S(;iENCES. 


MoJIebore. 
Hemeralopla, 


HEMERALOPIA  AND  NYCTALOPIA,  lespectivdy. 
dSiy-\ision=nig!U-bU7idness,  and  niglit-vision=:A((/  hlinil- 
iiens,  from  r//iipa,  day,  fl'i,  night,  respectively,  and  ui/;, 
eye,  are  names  used  by  the  older  medical  writers  in 
opposite  senses,  to  the  great  contusion  of  the  literature 
of  the  subject.  Following  Hippocrates,  Aristotle,  and 
Galen,  although  in  opposition  to  the  usage  of  latei'  Greek 
authors,'  nyctalopia  is  a  condition  in  which  vision  is  com- 
paratively good  at  night,  or  in  a  verj^  feeble  light,  but  is 
defective  in  strong  daylight;  and,  conversel}',  hemeral- 
opla (used,  in  contradistinction  to  nyctalopia,  in  a  single 
passage  in  Galen '^)  is  a  condition  in  which  vision  is  acute 
by  daylight,  but  falls  off  disproportionately  at  night.  If 
certain  recorded  observations  are  to  be  accepted  as  trust- 
worthy, it  would  seem  necessary  to  admit  that  hemeral- 
opla may  occur  imder  two  types,  tlu'  one  marked  by  a 
quasi-diurnal  fluctuation  in  the  perceptive  power  of  the 
retina,  the  other  directly  dependent  on  changes  in  illumi- 
nation. Thus,  it  has  been  stated  that  the  acuteuess  of 
vision  increases  from  early  dawn  to  the  middle  of  the  day, 
and  diminishes  as  the  sun  declines  toward  evening,^  fall- 
ing to  its  miniinum  as  twilight  deepens  into  night,  or, 
according  to  some  writers,  not  until  midnight ;  ••  that  the 
blindness  is  less  marked  in  the  early  dawn  than  in 
twilight,*  and  that  in  aggravated  cases  the  tlame  of  a 
candle,  the  stars,  and  even  the  moon  are  either  totally 
obscured  or  are  seen  as  through  a  tliick  smoke  or  fog 
(Nachtnebel ').  As  a  rule,  however,  luminous  bodies  are 
seen  distinctly,  while  ob,iects  at  a  little  distance  from  the 
lamp  appear  enveloped  in  deep  gloom,  so  that  the  liglit 
of  the  full  moon  maj'  be  insufficient  to  enable  the  hemer- 
alope  to  see  his  way.''  By  concentrating  the  light  of  a 
jiowerful  lamp  upon  the  book,  the  hemeralope  may  be 
able  to  read  large  print;  in  other  cases  reading  by  artifi- 
cial light  is  impossible.*  That  the  falling  ofE  in  vision  at 
night  is  closely  related  to  the  defective  illumination  is 
proved  by  the  fact  that  it  occurs  in  the  daytime  on  enter 
ing  a  dark  room,  although  with  some  persons,  as  it  would 
seem,  in  a  lesser  degree  than  at  night.'  E.xperimental 
tests  of  the  vision  of  hemeralopes,  by  varying  degrees 
of  illumination,  have  shown  that  it  begins  to  fail  under 
nearly  the  same  conditions  as  with  normal -seeing  per- 
sons, but  that  on  further  diminishing  the  light  the  falling 
off  in  vision,  as  measured  by  the  size  of  the  test  objects 
which  can  be  discerned,  is  much  more  rapid.'"  The 
hemeralope  requires  also  a  relatively  long  time  to  attain 
his  maximum  of  visual  acuteness  on  going  from  full  day- 
liuht  into  a  darkened  room;"  on  the  other,  hand,  some 
hemeralopes  suffer  from  dazzling  of  the  eyes  on  lirst  go- 
ing out  into  the  sunlight.'*  The  condition  would  appear, 
therefore,  to  be  essentially  one  of  dulled  perceptive  power 
{torpor  retince),  which  may,  in  certain  cases,  be  conjoined 
with  some  degree  of  retinal  irritability.  This  view  is, 
moreover,  in  accord  with  the  seemingly  well-attested  fact 
that  the  same  combination  of  causes  may  give  rise  to 
hemeralopia  in  certain  persons,  and  to  more  or  less  dis- 
tinctly marked  nyctalopic  symptoms  in  others. '■= 

Hemeralopia  is  an  almost  constant  .symptom  in  certam 
affections  of  the  retina,  notably  in  retinal  degeneration 
with  stellate  deposits  of  pigment  (retinitis  pigmentosa), 
in  syphilitic  retinitis,  and  in  incipient  detachment  of  the 
retina;  and  it  is  then  associated  with  particular  limita- 
tions of  the  visual  field,  diaracteristic  of  tli«  special  reti_ 
nal  disease,  and  very  often  also  with  marked  falling  off 
in  the  acuteness  of  vision  in  full  daylight  (see  Uetina, 
Diseases  of) .  Rarely  it  is  congenital,  and  it  may  then  be 
an  early  symptom  of  pigmented  retina,  or  pei-haps  of 
retinal  degeneration  in  which  the  usually  characteristic 
pigmentation  may  be  absent.  '■' 

Idiopathic  liemeralopia  has  been  oftenest  observed  as 
an  acute  epidemic  affection  attacking  large  numbers  of 
persons  living  under  nearly  identical  abnormal  condi- 
tions. De  Sauvages  mentions  such  an  epidemic  as  hav- 
ing broken  out  among  the  soldiers  in  several  garrison 
towns  bordering  on  one  of  the  smaller  rivers  in  the  south 
of  France,  not  far  from  Montpellier.'*  Other  extensive 
epidemics  have  been  observed,  occuring  almost  always  in 
large  bodies  of  men  crowded  together  under  unfavorable 


hygienic  conditions  conjoined  with  excessive  exposure  to 
the  direct  influence  of  strong  sunlight.  Thus  soldiers  in 
garrison,  going  habitually  from  crowded,  and  often  very 
dark,  quarters  in  casemates  to  drill  for  hours  together  on 
confined  and  unsheltered  parade-grounds,  seamen  and 
marines  on  tropical  stations,  prisoners  employed  in  stone- 
breaking  or  other  outdoor  work  in  courtyards  enclosed 
by  high  whitewashed  walls,  also  children  in  great  public 
orphan-houses,  have  been  especially  subject  to  these  visi- 
tations, while  theotlicers,  whose  duties  ordinarily  involve 
much  less  exposure,  and  who  are  better  nourished  and 
lodged,  also  the  inhabitants  of  garrison  towns,  have  gen- 
erally escaped.  Hemeralopia  has  been  described  as  en- 
demic in  certain  localities  in  the  East  and  West  Indies,  in 
Brazil,  on  rice  plantations  in  China,  in  several  provinces 
of  France,  in  the  countries  boi'dering  on  the  Mediterra- 
nean, in  Podolja  toward  the  end  of  winter,  and  also  in 
midsummer  among  the  harvesters  of  both  sexes;"  also  in 
the  Russian  provinces  bordering  on  the  Baltic,  at  the 
period  of  the  very  strict  Lenten  fasts  of  the  Greek 
Church."  An  outbreak  of  hemeralopia,  associated  with 
cases  described  as  nj^ctalopia,  is  reported  by  Carron  du 
Villards  as  having  been  observed  by  his  father,  in  1793, 
in  the  Piedmontese  army  while  encamped  at  a  high  ele- 
vation on  the  Mount  Cenis  and  Little  St.  Bernard 
passes.  " 

From  very  early  times  both  hemeralopia  and  nyctalopia 
have  been  attributed  to  "redundancy  of  humors  in  the 
system."  Celsus  repeats  in  connection  with  night-blind- 
ness "  the  observation  made  by  Hippocrates  regarding 
nyctalopia,™  that  it  does  not  occur  in  Avomen  whose 
menses  are  regular.  De  Sauvages  lays  stress  on  the  ex- 
posure iuciilent  to  guard-mounting  by  day  and  night  in 
a  humid  and  nebulous  atmosphere."  Demours  particu- 
larly mentions  exposure  to  the  night  air."  Hemeralopia 
is  called  moon-blindness  by  sailors,  and  is  attributed  by 
them  to  a  morbific  in.luence  emanating  from  that  planet, 
especially  affecting  such  persons  as  commit  the  impru- 
dence of  sleeping  on  deck.  In  Brazil  it  has  been  de- 
scribed as  endemic  among  the  negroes; ''it  has  also  been 
said  to  affect  especially  persons  with  darkly  pigmented 
eyes."  an  observation  which  was  made  by  Aristotle  in 
connection  with  nyctalopia."  Stellwag  observed  nu- 
merous cases  of  night-blindness  occurring  in  an  asylum 
in  Vienna,  but  almost  exclusively  in  two  pavilions  which 
were  exposed  to  the  light  on  tliree  sides,'"  and  he  cites 
this  instance  in  support  of  the  opinion  that  sleeping  with 
the  face  turned  toward  the  window  may  be  an  exciting 
cause  of  the  affection.  On  shipboard  it  is  often  associ- 
ated with  scurvy,  and  the  same  connection  was  observed 
in  the  war  in  the  Crimea."  In  certain  epidemics  preg- 
nant women  have  been  especially  affected."  As  a  rule, 
whether  in  epidemics  of  night-blindness  or  in  the  condi- 
tions prevailing  in  localities  in  which  it  has  been  observed 
as  endemic  at  certain  seasons  of  the  year,  also  in  most  of 
the  sporadic  cases  which  have  been  reported,  two  princi- 
pal factors  are  to  be  distinguished,  namely,  impaired  nu- 
trition and  long-continued  exposure  to  strong  sunlight, 
often  intensified  by  reflection  from  large  bodies  of  water, 
snow,  or  sand  ;  and  it  appears  most  rational  to  regard  the 
former  as  a  predisposing,  and  the  latter  as  the  chief  ex- 
citing, cause  of  the  affection.  Simulation  has  doubtless 
often  played  a  part  in  swelling  the  number  of  supposed 
cases  in  outbreaks,  which  have  occurred  in  garrisons,  on 
ships,  in  workliouses,  etc..  and  this  probability  must  be 
considered  in  judging  of  some  of  the  remarkably  prompt 
cures  which  have  followed  very  diverse  plans  of  treat- 
ment. 

Of  the  objective  signs  of  hemeralopia,  that  upon  which 
the  most  stress  has  been  laid  by  military  and  naval  sur- 
geons is  a  considerable  dilatation  of  the  pupils,  generally 
most  conspicuous  at  night ;  also  the  sluggish  response  of 
the  pupils  to  changes  of  illumination.  Dryness  of  the 
scleral  conjunctiva  with  formation  of  scaly  patches,  a 
dulled  appearance  of  the  corneal  epithelium,  even  xerosis 
of  the  conjunctiva  and  cornea,  also  conjunctival  hyperae- 
niia  with  lachrymation  and  photophobia,  a  staring  ex- 
pression of  the  eyes,  with  the  eyelids  widely  separated, 
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liave  all  been  noticed,  especially  in  endemic  hcmeralopia; 
but  so  far  as  organic  changes  have  been  remarked,  they 
would  seem  to  be  connected  rather  with  concomitant  dis- 
turbances of  nutrition  than  directly  with  the  affection  of 
vision.^' 

The  duration  of  the  affection  in  different  cases,  or  as 
stated  by  different  observers,  has  been  variously  reported 
as  limited  to  a  single  day  or  to  a  few  days,  or  as  extend- 
ing to  several  weeks  or  months.  As  a  rule,  recovery 
speedily  follows  any  change  which  works  an  ameliora- 
tion of  the  two  conditions  of  impaired  nutrition  and  un- 
due exposure  to  strong  light.  Relapses  are  apt  to  occur 
on  renewed  exposure  to  conditions  similar  to  those  which 
have  given  rise  to  the  first  attack.^" 

The  treatment  of  night-blindness,  as  also  of  day-blind- 
ness— in  both  of  wliicli  conditions  the  name  nyctalopia 
has  been  used  witli  little  or  no  discrimination — was, 
until  well  into  the  last  century,  chiefly  depletive  and  de- 
rivative. Bleeding  from  the  arm  or  from  the  angle  of 
the  eye,  ^'  cupping,  purgation  ^^  by  elaterium,^'  scam- 
mony,^^  etc.;  the  administration  of  emetics,**  diuretics, 
and  diaphoretics;'*  the  application  of  blisters  and  other 
counter-irritants  behind  the  ears  *'  or  to  the  back  of  the 
neck;  errhines and  raasticatories ; '*  baths,  frictions,  exer- 
cise, and  gargles;"  in  extreme  cases  trepanning  the 
skull;'"  various  applications  to  the  conjunctiva,  espe- 
cially of  an  ointment  made  from  the  juices  exuding  from 
roasting  liver ;  also  steaming  the  eyes  with  the  vapor  of 
water  in  which  liver  is  boiling,  to  which  is  added  the  rec- 
ommendation to  eat  the  liver;""  these  are  the  therapeu- 
tic measures  recommended  by  the  earlier  and  later  Greek 
and  Roman  authors,  by  the  Arabian  writers  on  medicine, 
and  by  their  followers  down  to  quite  recent  times.  Se- 
clusion from  bright  sunliglit  and  amelioration  of  diet 
must  have  contributed  incidentally  to  the  cure,  but  upon 
these  points  little  or  no  stress  was  laid.  In  modern  times 
a  short  confinement  to  a  more  or  less  perfectly  darkened 
room,-*-  attention  to  any  concomitant  pathological  condi- 
tions, improvement  of  the  nutrition,  and,-  above  all,  the 
removal  of  the  patient  from  the  sphere  of  operation  of 
the  combined  causes  of  the  affection,  have  taken  the 
place  of  the  heroic  plans  of  treatment  formerly  in  vogue. 

Nyctalopia,  in  the  sense  of  seeing  exceptionally  clearly 
in  comparative  darkness,  has  been  observed  in  the  case  of 
prisoners  confined  for  a  considerable  period  in  dark  dun- 
geons;"^ and  such  persons  are  said  also  to  suffer  from 
dazzling  of  the  sight  for  a  longer  or  shorter  time  after 
being  set  at  liljerty,  or,  in  some  instances,  to  have  con- 
tinned  permanently  day -blind. "^  Physiological  or  path- 
ological variations  in  the  size  and  in  the  dilatability  of 
the  pupils  may  be  relatively  favorable  to  night-seeing 
or  to  day-seeing,  according  as  the  pupils  are  habituallv 
larger  or  smaller  than  normal.  In  ametropia— whether 
myopia,  hypermetropia,  or  astigmatism—the  requisite 
conditions  for  distinct  vision  are  generally  best  in  a 
strong  light,  owing  to  the  incidental  contraction  of  the 
pupils  and  the  consequent  partial  suppression  of  disturb- 
ing circles  of  confusion  on  the  retinae ;  and  this  ma\'  be 
also  the  case  in  turbidity  of  the  vitreous  or  in  diffuse 
clouding  of  the  crystalline  l.-ns,  in  which  conditions  the 
penetratmg  ]wwer  of  strong  light  may  be  required  for 
tau-ly  good  vision.  On  the  other  hand,  in  certain  cases 
of  circumscribed  central  opacity  of  the  cornea  or  crystal- 
line lens,  vision  may  be  comparatively  good  when  the 
pupils  are  widely  dilated,  as  at  night,  and  very  bad  when 
they  are  strongly  contracted,  as  in  bright  sunlight  Nor- 
mally pigmented  eyes,  as  a  rule,  best  fulfil  the  conditions 
tor  clear  and  undazzled  vision  in  strong  sunlight  where 
as  the  sight  of  persons  with  very  light  blue  eyes,  and  not- 
ably of  albinos,  IS  generally  best  in  modcirate  light  Ret 
inal  irritation  following  ],rolonged  exposure  to  direct  oi- 
reflected  sunlight  (snow-blindness),  and  especially  reHev 
irntabilty  of  the  retina  dependent  on  iSio/of  ,e 
terminal  ramifications  of  the  fifth  nerve  in  the  cornea  and 
iris,  are  marked  by  excessive  and  often  painful  "mtnu 
tion  of  the  pupils  under  the  influence  of  strong  light  will 
consequent  mabihty  to  see  well  in  the  daytimf  n]  oto 
phobia).    It  IS  a  curious  fact  that  nyctalopia  (day^blTnd- 
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ness)  is  mentioned  by  medical  authors  several  centuries 
before  the  definite  recognition  of  hcmeralopia  (night- 
blindness),  and  it  is  still  more  remarkable  that  the  earlier 
teachings  regarding  the  etiology  and  treatment,  and  also 
the  name,  of  the  former  came  later  to  be  applied  to  the 
latter  affection.  Excluding  cases  of  photophobia  and  of 
central  opacity  of  the  cornea  or  crystalline  lens,  the  con- 
ditions to  which  the  name  nyctalopia  is  in  any  degree 
applicable  are  reduced  to  certain  retinal  affections  at- 
tended with  iriitaliility,  and  to  the  few  imperfectly  re- 
ported instances  of  day-blindness  following  long  con- 
finement in  the  dark.  A  few  brief  notices  exist  of  day- 
blindness  of  an  endemic  or  epidemic  type,"' but  no  recent 
instance  of  the  kind  has  been  reported. 
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HEMIANOPSIA  is  a  condition  of  blindness  limited  to 
one-half  of  the  visual  field.  Ilemiopin  is  used  as  a  syno- 
nym incorrectly,  as  it  signifies  vision  (not  blindness)  in 
one-half  of  the  visual  field.  This  condition  may  be  pres- 
ent in  either  the  outer  (temporal)  or  inner  (nasal)  half  of 
the  field  ol  vision,  and  may  affect  one  eye  alone  or  both 
eyes.  If  both  eyes  are  affected  like-named  halves  of  both 
may  be  iuvolve<l— <-.r/. ,  the  left  half  of  both  eyes,  in  which 
case  the  condition  is  called  homdni/nintis  hemianopsia ;  or 

imlikc-uanied  halves  of  both  eyes  may  be  involved e  g 

the  left  half  of  the  left  eye  and  the  right  half  of  theriglit 
eye,  in  which  case  the  condition  is  known  as  h^teronymovs 
heiniitiKipftid, 

By  means  of  F5rster's  perimeter  the  visual  field  of  each 
eye  has  been  determined  (Fig.  3597).  It  is  found  to  have 
an  irregular  outline,  and  to  be  divided  into  a  large  outer 
and  a  small  inner  portion   by  a   line  drawn  vertically 
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Hemlauopsla. 
Ilemlauopiila. 


through  thf  point  of  tixation.  This  point  coi-responds 
with  llie  macula  lutca,  and  lies  on  the  outer  side  of  the 
entrance  of  the  optic  nerve.  The  two  inner  fields  really 
overlap  one  another,  so  that  the  actual  (nitline  of  the  en- 


chiasm,  oi-  in  the  optic  tract,  to  affect  a  portion  of  the 
tibres  coming  fi-om  one  eye,  and  consequently  a  part  of 
the  retina;  while  a  lesion  affecting  the  optic  nerve  itself 
involves  necessarily  tlie  entire  extent  of  the  retina,  pro- 
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2597.— visual  Field  of  Both  Eyes,  taken  separately.     The  vertical    lines  represent  the  portion  of  the  visual  fields  affected  in  left 

hemianopsia ;  the  horizontal  lines,  in  right  hemianopsia. 


tire  visual  field  of  both  ej'es  is  that  represented  in  Fig. 
3598.  It  becomes  evident  from  this  figure  that  the  loss 
of  one  nasal  half  of  the  visual  field  is  not  appreciated  by 
any  one  unless  the  unaffected  eye  is  closed.  This  fact  is 
of  importance,  as  it  is  evident  that  a  nasal  hemianopsia 
is  a  symptom  which  may  not  be  noticed  by  a  patient,  and 
hence  must  be  looked  for  by  the  physician.  The  unequal 
size  of  the  two  portions  of  each  visual  field  is  so  marked 
that  in  an  homonymous  hemianopsia  the  patient  usually 
ascribes  the  blindness  wholly  to  a  defect  in  the  ej'e  whose 
larger  portion  is  affected,  and  a  careful  medical  examina- 
tion is  necessary  to  establish  the  existence  of  a  bilateral 
affection. 

To  determine  a  patient's  visual  field,  each  e3'e  is  to  be 
tested  separately.  The  patient  holds  a  card  before  one 
eye  and  looks  the  examiner  in  the  eye  with  the  other. 
Any  object,  preferably  a  white  one,  is  then  moved  about 
in  the  visual  field  of  the  eye  which  is  uncovered,  and  the 
power  and  extent  of  indirect  vision  is  thus  determined. 
If  hemianopsia  exists  the  patient  will  be  unable  to  see 
the  object  when  it  is  within  the  field  of  vision  which  is 
defective,  or  when  it  is  carried  beyond  the  vertical  line 
passing  through  the  fixation  point  toward  the  defective 
side.  More  accurate  measui-ements  may  be  made  by 
means  of  a  perimeter,  but  the  method  described  is  suffi- 
cient to  establish  the  existence  of  blindness  in  one-half  of 
the  visual  field.  In  no  case  of  hemianopsia  is  direct  vis- 
ion at  the  fixation  point  affected. 

Since  the  lens  of  tlie  eye  reverses  the  image  of  the  ob- 
ject seen  upon  the  retina,  each  half  of  the  visual  field 
corresponds  to  the  opposite  half  of  the  retinal  expansion. 
A  hemianopsia  therefore  indicates  a  suspension  of  func- 
tion in  the  half  of  the  retina  opposite  to  the  defective 
visual  field.  Such  a  functional  derangement  of  one-half 
of  the  retina  is  rendered  possible  by  the  origin,  course, 
and  distribution  of  the  nerve'fibresiu  the  optic  nerves,  as 
seen  in  Fig.  2599.  Each  optic  nerve  is  seen  to  pass  from 
the  eyeball  back  to  the  optic  chiasm,  and  there  to  divide 
into  two  parts.  One  of  these  turns  outward  and  joins 
the  optic  tract  of  the  same  side.  The  other  crosses  the 
median  line  in  the  chiasm,  decussating  with  its  fellow 
from  the  opposite  optic  nerve,  and  joins  the  optic  tract 
of  the  opposite  side. 

The  anatomical  separation  of  the  fibres  from  one  optic 
nerve  renders  it   possible  for  a   lesion   situated  in  the 


(hieing  amaurosis,  not  hemianopsia.  It  is  found  that  the 
portion  of  the  retina  lying  to  the  outer  side  of  tlie  fixation 
point  is  joined  with  the  fibres  of  the  optic  nerve  which 
pass  directly  into  the  optic  tract  of  the  same  side;  while 
the  inner  portion  of  the  retina  sends  its  fibres  across  the 
median  line  in  the  decussation  (Fig.  2599).  It  has  been 
ali'ead3'  shown  that  the  nasal  portion  of  the  retinal  ex- 
pansion, corresponding  to  the  temporal  half  of  the  visual 
field,  is  larger  than  the  other  portion.  The  number  of 
fibres  in  the  optic  nerve  which  decussate  is  greater  than 
the  number  which  do  not  cross  the  median  line.  The 
ratio  of  non-decussating  to  decussating  fibres  in  the  optic 


Fig.  MAS.— Outline  of  the  Entire  Visual  Field  of  Both  Eyes. 

nerve,  in  any  animal,  is  directly  proportionate  to  the  ex- 
tent of  the  visual  field  common  to  both  eyes.  Thus  in 
the  horse,  or  the  rabbit,  in  whom  there  is  no  part  of  the 
visual  field  which  is  common  to  both  eyes,  the  decussa- 
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tion  of  the  optic  fibres  is  total.  In  dogs,  cats,  monlicj'S, 
and  man,  in  wliom,  to  a  less  or  greater  degree,  the  eyes 
are  directed  in  parallel  lines,  the  decussation  is  partial. 
In  a  rabbit  or  horse  hemianopsia  is  impossible.  In  the 
other  animals  named  it  is  observed. 

Unilateral  hemianopsia  is  prodticed  lij-  lesions  affecting 
the  optic  chiasm  only.  If  the  lesion  lies  on  the  outer  side 
of  the  chiasm  it  pro- 
duces nasal  hemi-  rj  /:/<■ 
anopsia  on  the  side  .i.»/I'^-«^ 
of  the  lesion.  Thus 
a  tumor  pressing 
upon  point  iV  in 
Pig.  3599  would 
produce  blindness 
iu  the  temporal  half 
of  the  left  retina, 
and  hence  nasal 
hemianopsia  in  the 
left  visual  field.  If 
the  tumor  lies  in 
front  of  or  behind 
the  chiasm,  or 
presses  upon  it 
from  above  or  be- 
low in  such  a  man- 
ner as  to  involve 
the  decussating 
strand  of  fibres  ei- 
ther before  or  after 
they  have  crossed 
to  the  opposite  side, 
it  will  cause  a  tem- 
poral hemianopsia 
(7'in  Fig.  2599).  As 
it  is  impossible  to 
determine  whether 
the  fibres  are  affect- 
ed before  or  after 
decussation,  no 
statement  as  to  the  • 
side  upon  which  the 
lesion  lies  ciui  be 
made. 

Bilateral  h  e  m  i  - 
anopsia  is  far  more 
common  than  uni- 
lateral. It  may  be 
of  several  varieties. 
Bilateral  nasal 
hemianopsia  im- 
plies a  destruction 
of  the  direct  optic 
fibres  on  both  sides, 
the  decussating 
fibres  being  unaf- 
fected. Such  a  case 
has  been  observed 
by  Knapp,  in  which 
a  tumor  surrounded 
the  chiasm,  press- 
ing upon  its  sides, 
but  not  aiTecting 
its  centre.  Bilateral 
temporal  hemi- 
anopsia is  a  rare  condition,  and  is  produced  only  l)v  u 
lesion  which  divides  the  chiasm  th.'ough  its  antero- 
posterioi-  diameter  without  affecting  its  lateral  halves 
oC-ved  In^'' f^  "'  decussating  strands.  It  has  been 
obse  ved  in  a  few  cases  of  tumor  of  the  hypophysis 

Bilateral  homonymous  hemianopsia  is  a  not  uncommon 

L"l^l!'°!'=V.^.'^l',™y  '^'^  P'-«l"^"l  "y  niany  causes  ?™lb'v 

in  many   various  parts.     This  will   be 

alter  the  course  of  the  optic  tnicts  lias 

terminations  in  the  visual  aicu  of 

-j99),  since  a  lesion  at  any  jioint 

Each 


crus  cerebri,  13'ing  directly  upon  the  fibres  which  pass 
through  the  foot  of  the  crus  (pes  pedunculi),  and  ends  on 
the  level  of  the  tegmentum  of  the  crus  in  the  external 
geniculate  body,  in  the  pulvinar  of  the  optic  thalamus 
(i.e.,  the  eminence  forming  its  posterior  surface),  and 
in  tlie  corpora  quadrigemina  anteriora,  which  latter  it 
reaches  by  the  brachium  conjunctivum.     The  last-named 

fibres  of  the  optic 
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Fig 
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-The  Visual  Ti-act, 


lesions  situated 

better  understood 

been  followed  to  their 

the  cerebral  cortex  (Pig 

in  this  course  will  produce  the  symptom  named.' 


optic  tract,  after  leaving  the  chiasm 
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passes  around  the 


tract  have  probably 
nothing  to  do  with 
conscious    vision, 
and  may  therefore 
be    excluded    from 
consideration    in 
studj'ing  hemian- 
opsia.    The}-  form 
the  sensory  part  of 
a  reflex  arc,  whose 
motor  part  is  made 
up    of     the    motor 
nerves   to  tiie   eye- 
balls.     The     func- 
tions of  this  reflex 
mechanism    are    to 
direct  the  motion  of 
the  eyeballs,  and  to 
regulate  the  process 
of    accommodation 
and  the  size  of  the 
pupil.     The    pri- 
mary visual  centres 
are,    therefore,    the 
external  geniculate 
body  and  optic  thal- 
amus.     The    fibres 
of  the   optic    tract 
end  in  the  cells  of 
these   ganglia,   and 
from     these      cells 
new   fibres   arise 
which  collect   in  a 
large  tract  and  issue 
from   the   posterior 
external     angle    of 
the  optic  thalamus 
into    the    posterior 
third  of  the  internal 
capsule.     This  vis- 
ual tract  turns  up- 
ward and  backward 
in  the  internal  cap- 
sule,  radiates    into 
the   centrum   senii- 
ovale  of  the  occipi- 
tal lobe,  and,  pass- 
ing   around    the 
outer  border  of  the 
posterior    horn    of 
the   lateral    ventri- 
cle,   terminates    in 
the  convolutions  of 
the  occipital  cortex, 
including  the  cune- 
us.     At  no  point  in 
,  .  thi.'i   course   is  any 

decussation  found.     The  only  decussation  of  fibres  be- 
tween the  eye  and  the  cortex  is  in  the  optic  chiasm.' 

Bilateral  honiou3mous  hemianopsia  may  be  caused  by 
a  destructive  lesion  lying  anywhere  in  the  course  of  these 
Hbres  between  the  optic  chiasm  and  the  occipital  cor- 
tex, or  by  a  lesion  in  the  cortex  which  destroys  the  per- 
ceptive centres  in  which  the  fibres  end.  Wherever  the 
lesi(ni,  (he  character  of  the  symptom  will  be  the  same. 
Prom  the  accompanying  symptoms,  it  is  in  some  cases 
possible  to  locate  the  lesion  causing  the  hemianopsia. 
Thus,  if  the  optic  tract  is  involved  as  it  curves  around 
the  crus  cerebri,  tlu'  same  lesion  which  causes  the  hemi- 
anopsia will  be  likely  to  affect  the  motor  tract  in  its  pas- 
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sage  through  the  pes,  or  to  involve  the  third  nerve  in  its 
exit  from  the  pes.  In  this  case  hemianopsia  and  hemi- 
plegia of  one  side,  with  oculomotor  paralj'sis  of  the 
other  side,  will  be  combined.  Or,  if  the  termination  of 
the  optic  tract  in  the  geniculate  body  and  thalamus  is 
involved  the  lesion,  unless  extremely  limited,  will  affect 
the  sensoiy  tract  from  the  opposite  side  of  the  body  in 
its  passage  through  the  tegmentum  of  the  crus,  or  in  the 
jjostorior  portion  of  the  internal  capsule;  and  in  tJiis  case 
hemiansesthesia  and  hemiataxia  will  be  associated  with 
Iiemianopsia.  Or,  if  the  visual  tract  in  its  passage 
through  the  internal  capsule  is  involved  by  disease  in  the 
basal  ganglia  or  in  the  capsule,  the  proximity  of  both 
sensory  and  motor  tracts  in  the  capsule  will  render  a 
•combination  of.  hemianopsia,  hemiautesthesia,  and  hemi- 
plegia quite  probable.  This  is  the  seat  of  the  lesion,  and 
this  is  the  combination  of  sj'mptoms  most  frequently  ob- 
served (see  Bi-irin  Diseases:  DiarpinxiH  of  J^ncal  Lesionn}. 

Lesions  in  the  centrum  ovale  involving  the  optic  radi- 
ation may  not  produce  any  other  symptom  than  that  un- 
der discussion.  If  it  is  the  left  hemisphere,  however,  in 
which  the  disease  is  present,  a  condition  of  word-blind- 
ness (see  Apluuid)  is  not  infrequently  associated  with  it; 
and  in  all  the  cases  of  word-blindness  hitherto  reported 
hemianopsia  has  been  found.  This  is  probably  due  to 
the  destruction  of  association  fibres  between  the  occipital 
and  temporal  lobes  which  lie  side  by  side  with  the  visual 
tract. 

Lesions  in  the  cortex  of  the  occipital  lobe  produce  no 
other  symptom  than  hemianopsia.  It  is  impossible  to 
limit  the  visual  area  of  the  brain  to  any  one  part  of  the 
lobe,  since  destruction  of  a  portion  of  the  convexity  has 
produced  the  same  result  as  destruction  of  its  median 
■surface.'^  Nor  is  it  possible  to  project  upon  the  cortex 
the  retinal  expansion,  as  has  been  attempted  by  Munk, 
since  lesions  in  all  parts  of  the  occipital  convolutions  pro- 
duce the  same  effect. 

Lesions  in  the  angular  gyr\is  may  produce  hemianopsia, 
and  it  is  well  known  that  Ferrier  has  located  in  this  con- 
volution the  visual  centres.  It  Is  probable  that  such 
lesions  have  caused  the  symptom  by  affecting  the  visual 
tract  as  it  passes  beneath  this  gyrus  in  the  centrum  ovale. 
There  is  no  reliable  evidence  that  a  unilateral  lesion  in  the 
•cortex  can  produce  blindness  of  one  eye  alone. 

Hemianopsia  is,  therefore,  a  local  symptom  of  brain 
disease  of  great  value  in  determining  the  situation  of  a 
lesion,  when  considered  in  connection  with  other  symp- 
toms. The  symptom  alone  affords  little  evidence  of  the 
nature  of  the  "disease  producing  it,  since  it  may  be  caused 
by  any  of  the  various  forms  of  brain  lesion  (see  Brain). 
It  has  been  observed  in  cases  of  basilar  meningitis,  in  tu- 
mors of  the  occipital  lobe  and  basal  ganglia,  in  hemor- 
rhage and  softening  involving  the  internal  capsule,  and 
in  embolism  of  the  terminal  branches  of  the  posterior 
cerebral  arterv,  and  of  the  trunk  and  posterior  branch  of 
the  middle  cerebral  artery,  as  well  as  in  other  larer  con- 
ditions. 

The  diagnosis  of  the  symptom  may  be  made  by  an  ex- 
amination such  as  has  been  described.  The  prognosis 
and  treatment  of  it  will  depend  entirely  upon  the  nature 
of  the  disease  producing  it.  M.  Allen  Stair. 

1  Von  Monakow:  Arcb.  1.  Psychiatrie,  xiv.,  698-750 ;_xvi.,  151-200. 
Wernicke :  Lehrbuch  der  Gehirnkrankheiten,  Bd.  I.,  »•  ;!t-M. 

2  Compare  cases  of  Haab  with  those  of  Frltscb  and  Westphal  cited 
bv  Starr-  Visual  Area  of  the  Brain,  Aiiierican  Journal  of  the  Jledical 
Scienees,  January,  1884 ;  and  these  with  Serin's  case,  Journal  of 
Mental  and  Nervous  Disease,  January,  188l>.  Full  bibliographies  are 
to  be  found  in  these  articles. 

.HEMICRANIN  is  a  mixture  of  phenacetin  five  parts, 
and  one  part  each  of  caffeine  and  citric  acid. 

IF.  .1.  Ba.Hteclo. 

HEMIDESMUS.— Hemidesmus  Radix.  Indian  Siifsa-^ 
parilla.  "  The  dried  root  of  Hemidesmtis  indicus  R.  Br." 
(B  P  )  (Fam.  Asclepiadacice).  The  plant  is  a  slender, 
twining  shrub,  native  of  India.  The  description  in  the 
British  Pharmacopeia,  into  which  it  is  introduced  appar- 
ently out  of  compliment  to  the  Indian  physicians,  is  as 


follows:  "The  root  is  long,  rigid,  nearly  cylindrical,  tor- 
tuous and  longitudinally  furrowed.  It  seldom  exceeds  i 
of  an  inch  (6  mm.)  in  thickness  and  is  of  a  reddish-brown 
or  dark-brown  color.  On  one  side  of  the  root  the  cork  is 
frequentlj'  separated  from  and  raised  above  the  cortex, 
and  is  transversely  fissured.  Tlie  transverse  section  ex- 
hibits numerous  laticiferous  cells  in  the  cortex.  The  root 
has  a  fragrant  odor  and  a  somewhat  sweet  taste."  A 
syrup,  made  from  one  ounce  of  hemidesmus  to  ten  and 
one-half  ounces  of  menstruum,  is  used  in  England. 

The  medicinal  properties  of  hemidesmus  are  said  to  be 
those  of  sarsaparilla,  in  the  stead  of  which  it  is  used  in 
British  India;  in  Europe  or  in  this  country  it  is  rarely 
used.  Its  composition  has  not  been  fairly  studied,  but  it 
.is  safe  to  say  that  nothing  physiologically  very  peculiar 
or  active  is  contained  in  it.  An  odorous  principle,  per- 
haps cumarin,  has  been  partially  examined.  The  syrup 
in  which  it  is  prepared,  like  that  of  sarsaparilla,  issearcely 
more  than  a  flavoring  vehicle.  llenvy  II.  Rushy. 

HEMIPLEGIA  {iifiiav^,  "the  half,"  and  irHjaaw,  "I 
strike  ").     Paralysis  of  one-half  of  the  bod.v. 

Causes. — Hemiplegia,  as  ordinarily  seen,  is  usually  the 
final  result  of  an, apoplectic  stroke,  from  cerebral  hemor- 
rhage, embolism,  or  thrombosis.  The  stroke  is  often  at- 
tended by  loss  of  consciousness  and  profound  paralysis, 
but  if  the  patient  live  the  paralysis  gradually  lessens  and 
leaves  the  final  hemiplegic  state.  In  some  Instances  the 
paralysis  is  not  ushered  in  in  such  stormy  manner,  but 
increases  gradually  for  a  day  or  two,  either  with  or  with- 
out loss  of  consciousness.  The  early  symptoms  are  the 
expression  of  shock  to  a  larger  or  smaller  part  of  the 
brain,  of  pressure,  and,  sometimes,  of  inflammation  of  the 
tissues  adjacent  to  the  lesion,  as  well  as  of  destruction  of 
brain  substance.  The  flnal  symptoms  are  the  expression 
of  destruction  and  degeneration  of  brain  tissue. 

Hemiplegia  may  also  come  on  slowly,  caused  by  a 
brain  tumor,  brain  abscess,  chronic  softening,  meningitis, 
etc.  In  these  instances  the  clinical  picture  may  be  com- 
plicated by  a  sudden  paralysis  from  hemorrhage  or 
thrombosis  in  the  diseased  area,  or  the  like. 

"What  has  already  been  spoken  of  is  organic  hemiplegia, 
due  to  destruction  or  injury  of  the  motor  centres,  or  the 
cortico-muscular  tract,  that  is,  the  tract  of  fibres  carrying 
impulses  from  the  motor  centres  to  the  muscles.  But 
hemiplegia  also  occurs  without  palpable  lesion.  Notably 
this  is  true  of  hysterical  hemiplegia. 

IManifestations.— The  paralytic  manifestations  vary 
greatly.     Shortly   after  an   apoplectic  attack,   if  it   be 
severe,  most  of  the  muscles  on  one  side  of  the  body  are 
paralyzed.     The   arm   and  leg  are  entirely   powerless. 
The   muscles  supplied    by   the   lower  branches  of  the 
seventh  nerve,  those  of  the  cheek  and  mouth,  are  com- 
pletely paralyzed.     That  side  of  the  face  is  expression- 
less, and  the  mouth  may  be  drawn  toward  the  other  side. 
But  the  muscles  supplied  by  the  upper  branches  of  the 
seventh   nerve — the  orbicularis  palpebrarum,   occipito- 
frontalis,  and  corriigator  supercilii— are  as  a  rule  but  lit- 
tle afl'ected.     The  tongue  may  remain  motionless  in  the 
floor  of  the  mouth.     When  protruded  it  deflects  to  the 
paralzyed  side.     The  muscles  of  the  chest  are  usually 
somewhat  affected,  and  the  breathing  is  less  deep  on  the 
paralyzed  side.     The  writer  has  found  the  latter  symp- 
tom an  aid  to  diagnosis  of  both  the  presence  and  the  side 
of  hemiplegia  in  cases  in  which  the  coma  "was  so  pro- 
found that  it  was  impossible  to  elicit  any  sign  of  power  on 
either  side.     On  the  other  hand,  some  muscles  almost  in- 
variably escape  injury.     These  are  the  muscles  supplied 
by  the  third,  fourth,  fifth,  and  sixth  nerves— those  of  the 
eyeballs  and  of  mastication— and  the  muscles  concerned 
in  swallowing  and    vocalization.     The  articulation  of 
words  is  usually  somewhat  indistinct  for  a  short  period, 
or  there  is  a  loss  of  speech— aphasia.     Aphasia  occurs 
mostly  with  right  hemiplegia  (in  right-handed  individ- 
uals).    But  even  indistinctness  of  speech,  when  there  is 
no  aphasia,  is  often  more  marked  in  right  than  in  left 
hemiplegia. 

The  high  degree  of  paralysis  just  described,  though  m 
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rare  instances  it  remains  permanently,  is  usually  of 
short  duration.  The  paralysis  of  the  muscles  of  the 
trunk  and  of  the  tongue,  aud  the ,  inclisifeetness  of  ar- 
ticulation usually  disap-pear  at  an  early  period.  The 
facial  paralysis  also  diminishes,  sometimes  disappears 
altogether.  The  paralysis  of  the  arm  is  usually  most 
profound,  and  slowest  to  improve. 

The  hemiplegia  of  a  later  period  is,  as  a  rule,  to  be 
found  only  in  the  face  aud  extremities,  though  sometmies 
the  tongue  continues,  when  protruded,  to  deflect  toward 
the  paralyzed  side.  If  the  facial  paralysis  be  slight,  it 
will  be  observed  that  the  nasolabial  fold  is  less  marked 
than  on  the  sound  side,  that  the  upper  lip  is  less  arched, 
and  the  angle  of  the  mouth  droops  somewhat  on  the  af- 
fected side.  A  slight  paralysis  becomes  more  marked 
when  the  muscles  are  actively  exercised,  as  in  smiling, 
exposing  the  teeth,  etc.  Not  rarely  the  effort  to  expose 
the  teeth  will  reveal  a  decided  facial  paralysis,  while 
laughing  will  show  none  whatsoever— probably  a  psychic 
reflex  act  on  the  part  of  the  thalamus.  The  opposite,  the 
appearance  of  a  more  decided  paralysis  with  laughter 
than  with  voluntary  movements  of  the  face,  is  observed 
in  rare  instances,  probably  indicating  lesion  of  the  thala- 
mus. In  the  extremities  usually  certain  gi'oups  of  mus- 
cles are  most  likely  to  be  paralyzed,"  or  most  deeply 
affected,  e.g.,  extensors  of  the  fingers,  supinators,  tra- 
pezius muscles,  anterior  tibial,  and  peroneal  group  of 
muscles,  and  flexors  of  the  knees.  As  a  rule  the  hands 
and  feet  are  more  affected  than  the  higher  parts  of  the 
extremities.  The  skilled  movements  of  the  fingers  are 
most  aff'ected.  In  walking  a  dragging  of  the  toes  on  the 
paralyzed  side  is  often  observed. 

In  cases  of  pei'manent  liemiplegia,  especially  if  the 
paralysis  be  considerable,  after  a  few  weeks  contracture 
of  the  paralyzed  muscles  usually  occurs,  a  condition 
termed  late  rigiditj'.  In  a  well-marked  case  we  shall  find 
the  arm  drawn  toward  the  chest,  the  forearm  flexed  on 
the  arm  and  pronated,  and  the  fingers  flexed ;  in  the  in- 
ferior extremity  all  the  joints  extended,  and  the  foot  in 
the  position  of  talipes  equino-varus.  The  rigidity  is 
usually  greater  in  the  upper  than  in  the  lower  extremity. 
In  rare  instances  we  find  extension  of  the  joints  of  the 
arm  instead  of  flexion,  or  flexion  in  the  lower  extremity 
instead  of  exten.sion.  Sometimes  the  muscles  of  the  face 
are  also  affected;  then  the  naso-labial  fold  becomes 
deeper,  and  the  angle  of  the  mouth  elevated  on  the  af- 
fected side.  In  extreme  cases  the  rigidity  is  more  or  less 
constant ;  but  usually  it  is  much  less  than  in  the  instance 
above  described,  and  it  is  then  increased  by  voluntary 
efforts  to  move  the  parts,  or  by  emotional  excitement, 
while  it  is  diminished  or  absent  during  sleep.  In  some 
cases  the  rigidity  improves  very  much  with  time,  so  that 
it  is  only  observable  during  acts  requiring  special  skill. 

Hemiplegics  often  succeed  in  walking  with  the  aid  of 
a  cane,  even  though  the  leg  be  completely  paralyzed, 
especially  if  the  limb  be  at  the  same  time  rigidly  ex- 
tended. In  this  case  the  pelvis  and  hip  of  the  paralyzed 
side  are  elevated  by  the  contraction  of  the  abductor  mus- 
cles of  the  thigh  on  the  sound  side,  and  the  foot  is  then 
propelled  forward  by  the  action  of  the  inward  rotators  of 
the  healthy  limb,  the  toes  usually  scraping  the  floor  dur- 
ing the  forward  movement.  The  body  now  rests  partly 
upon  the  foot  of  the  paralyzed  limb,  partly  on  the  cane, 
held  in  the  hand  of  the  .sound  side,  the  centre  of  gravity 
being  between  them  while  the  healthy  limb  is  being 
brought  forward. 

In  permanent  hemiplegia  the  deep  reflexes  are  usually 
very  nuieli  increased.  The  knee  jerk,  elbow  jerk,  wrist 
jerk,  etc.,  are  exaggerated  and  t lie  ankle  clonus  can  be 
elicited,  which  is  almost  never  found  in  healthy  individ- 
uals. The  deep  reflexes  may  even  be  exaggerated 
though  to  a  less  degree,  on  the  non-paralyzed  side.  But 
it  is  also  true  that  the  latter  side  may  be  weaker  than  be- 
fore the  paralysis  set  in.  There  is  often  some  alteration 
m  the  condition  of  the  superficial  reflexes.  Only  one  of 
the  latter  has  much  diagnostic  import,  the  toe  phenome- 
non, recently  described  by  Babinsky.  The  usual  plantar 
reflex  is  flexion  of  the  toes.     Babinsky  observed   that 
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when  there  is  disease  of  the  pyramidal  tracts  stroking  the- 
sole  of  tlie  foot  produces  extension  of  the  big  toe.  Care 
is  usually  necessary  to  get  the  proper  response.  The 
patient's  mind.sh,ould  be  distracted  if  possible,  and  then 
a  stroke  slowly  made  from  the  heel  toward  the  toes.  A 
not  pointed  pencil  answers  very  well  for  making  the- 
stroke.  This  sign  has  not  the  full  significance  of  the 
ankle  clonus,  because  not  so  commonly  found,  yet  It. 
may  have  a  greater  diagnostic  value,  because  it  may  be 
found  very  soon  after  the  paralysis  sets  in,  while  one  or 
several  weeks  elapse  before  the  ankle  clonus  can  be  elic- 
ited. In  several  instances  the  writer  has  found  the  toe- 
phenomenon  within  one,  or  at  least  a  few,  hours  after  the 
onset  of  an  apoplectic  stroke. 

Other  motor  phenomena  are  observed  more  or  less  fre- 
quently, the  probable  results  of  irritation  of,  or  lessened 
inhibition  in,  the  motor  areas.  Often  there  is  a  movement 
of  the  paralyzed  arm— hand  lifted  to  the  head  or  the  like 
— in  yawning,  etc.  A  slighter  movement  in  the  para- 
lyzed extremity  is  frequently  observed  at  the  same  time- 
with  corresponding  movements  of  the  sound  limb.  The 
opposite  is  also  observed,  viz.,  contractions  of  correspond- 
ing muscles  on  the  sound  side  with  attempted  movements 
of  the  paralyzed  side.  The  kind  of  motor  phenomena 
just  described  are  usually  spoken  of  as  accessory  move- 
ments. More  rarely  tremor,  or  choreic  movements,  or 
athetoid  movements  (slow  continuous  movements  of  fin- 
gers and  toes)  are  found  in  the  paralyzed  extremities. 
The  choreic  and  athetoid  movements  have  been  supposed 
to  occur  especially  with  lesion  of  the  thalamus.  If  that 
be  true,  it  is  probable  that  it  is  rather  because  the  poste- 
rior part  of  the  internal  capsule  is  affected  than  because- 
of  injury  to  the  thalamus  itself. 

Seat  op  Lesion. — Hemiplegia  is  most  frequently 
caused  by  a  lesion  of  the  corpus  striatum,  or  in  its  neigh- 
borhood, the  paralysis  being  on  the  opposite  side  of  the 
body.  If  the  paralysis  be  permanent,  it  is  because  the 
internal  capsule  has  been  damaged,  while  the  late  rigid- 
ity is  attendant  on  degeneration  of  the  pyramidal  tracts. 

Hemiplegia,  produced  by  lesions  in  other  parts  of  the 
motor  tracts,  has  in  some  instances  special  manifesta- 
tions. 

Cortex. — Lesions  in  the  motor  area  of  the  cortex,  the- 
anterior  and  posterior  central  convolutions,  more  fre- 
quently produce  monoplegia — paralysis  of  one  limb,  or 
of  the  face — than  liemiplegia,  but  the  latter  may  occur  if 
the  lesion  be  sufficiently  extensive.  Such  lesions  are 
often  attended  by  convulsive  movements,  especially  in 
case  of  a  neoplasm.  In  such  instances  there  occur  usu- 
ally periodic  attacks  of  clonic  spasms  in  one  extremity  or 
one  side  of  the  face ;  in  the  hand  if  the  lesion  chiefly  af- 
fect its  centre,  etc.  These  spasms  are  likely  to  be  at  first 
quite  limited  and  not  accompanied  by  loss  of  conscious- 
ness. But  in  succeeding  attacks  the  convulsions  may 
extend  to  other  parts  of  the  body.  They  first  travel  over 
one  side  of  the  body.  If  the  convulsion  also  seizes  the 
other  side,  loss  of  consciousness  is  likely  to  supervene. 
There  is  often  some  blunting  of  the  sensibility  corre- 
sponding to  the  amount  of  paralysis,  indicating  that  the- 
cortical  centres  for  motion  have  also  direct  relationship 
with  the  sensory  functions.  But  such  cases  do  not 
always  give  a  like  clinical  picture.  In  a  case  of  the 
writer's,  in  which  there  was  a  large  tumor  on  the  con- 
vexity, implicating  chiefly  the  leg  centre,  there  was 
paresis  of  the  opposite  arm  and  leg,  but  no  appreciable 
impairment  of  sensation,  aud  there  had  never  been  any 
convulsive  movement. 

Cms  Cerebri. — TTennplegiafrom  lesion  of  the  crus  cere- 
bri is  often  attended  by  paralysis  of  the  third  nerve  on 
the  side  of  the  lesion.  There  is  paralysis  of  the  face  and 
extremities  on  one  side,  and  of  the-  muscles  of  the  eye  on 
the  other  side. 

Poim  Varolii. — Lesions  of  the  pons  Varolii  cause  what 
has  been  termed  alternate  hemiplegia,  that  is,  paralysis 
of  the  arm  and  leg  on  one  side,  and  of  the  face  on  the 
other,  the  extremities  being  affected  on  the  side  opposite 
to,  the  face  on  the  same  side  as,  the  lesion.  The  reason 
for  this  is  the  following:  Tlie  central  prolongation  of  the- 
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seventh  nerve,  like  that  of  all  other  motor  nerves,  passes 
from  one  side  of  the  brain  to  the  other,  the  site  of  cross- 
ing being,  in  case  of  the  seventh,  in  the  pons.  Lesions, 
tlien,  in  the  latter  locality  may  affect  only  the  peripheral 
parts  of  the  nerve — the  nerve  trunli  itself,  or  its  nucleus 
— and  the  facial  paralysis  be  on  the  side  of  the  lesion. 
The  facial  paralysis  in  such  cases  differs  from  that  with 
ordinary  lieniiplegia,  in  that  it  has  the  stamp  of  periph- 
eral paralysis.  The  paralysis  is  likely  to  bo  complete, 
all  parts  supplied  by  the  nerve  being  equally  affected,  the 
eyelids  and  forehead  as  much  as  the  lips  and  cheek. 
There  will  also  be  found  changes  in  the  electrical  reac- 
tions, the  so-ciiUetl  reaction  of  degeneration.  The  elec- 
trical reactions  of  the  nerve  and  faradic  contractility  of 
the  muscles  are  lost,  while  the  galvanic  contractility  of 
the  muscles  may  be  heightened,  but  with  a  change  in  the 
normal  formula  of  the  reactions.  Such  changes  in  the 
electrical  reaction  are  never  found  in  central  paralysis, 
only  in  paralysis  of  a  peripheral  type.  If  the  degree  of 
paralysis  be  great,  some  atrophy  of  the  facial  muscles 
may  also  take  place. 

Medulla  Oblonf/itta. — Hemiplegia  from  lesions  of  the 
medulla  is  likely  to  be  attended  by  paralysis  of  other  cra- 
nial nerves,  while  the  seventh  nerve  escapes.  There  are 
likely  to  be  a  considerable  paralysis  of  the  tongue,  indis- 
tinctness of  articulation,  and  paralysis  of  the  vocal  cords 
from  the  involvement  of  the  hypoglossal  and  pneumo- 
gastric  nerves.  The  writer  had  under  his  observation  a 
case  of  unusual  interest,  in  which  there  was  probably  a 
lesion  of  the  medulla  and  pons  of  traumatic  origin.  The 
injury  Avas  caused  by  an  ii-on  rod  penetrating  the  right 
subma.icillary  space,  and  passing  upward  four  inches  in 
the  direction  of  the  foramen  magnum.  Immediately 
after  the  injury  there  was  complete  paralysis  of  the 
right  arm  and  leg,  of  the  cheeks,  lips,  tongue,  and  vocal 
cords.  The  patient  was  unable  to  swallow  or  to  make 
any  vocal  sound.  The  upper  part  of  the  face  was  un- 
affected. He  could  move  the  eyes  freely,  open  and  close 
the  lids,  and  was  entirely  conscious.  There  was  also  loss 
of  sensation  on  the  left  side  of  the  face.  The  condition 
of  the  patient  rapidly  improved,  but  there  remained  per- 
manently a  right-sided  paralysis,  considerable  difficulty 
in  articulation,  and  anajsthesia  of  the  left  side  of  the  face. 

Spinal  C'nrd. — Hemiplegia  from  unilateral  lesion  of  the 
cord  is  not  attended  by  paralysis  of  any  cranial  nerve, 
but  the  arm  and  leg  of  the  same  side  are  paralyzed  if  the 
lesion  be  in  the  cervical  region,  and  the  leg  only,  if  the 
lesion  be  at  a  lower  level.  Such  a  unilateral  lesion  pro- 
duces a  peculiar  array  of  symptoms,  spoken  of  as  Brown- 
Sequard  paralysis,  because  produced  experimentally  and 
first  described  by  that  distinguished  physician.  The 
symptoms  are  motor  paralysis  and  loss  of  muscular  serise, 
on  the  side  of  the  lesion,  in  every  part  below  it,  and  im- 
paired or  lost  tactile,  pain,  and  temperature  sense  on  the 
opposite  side.  There  is  likely  to  be  a  narrow  area,  eiKir- 
cling  the  bod}-,  at  the  level  of  the  lesion,  in  which  there 
is  hyperesthesia.  The  explanation  of  the  symptoms  ap- 
pears to  be  that  the  tracts  for  the  motor  tibres  and  mus- 
cular sense  i-un  up  in  the  cord  on  the  same  side  as  are  the 
corresponding  nei-ve  roots,  and  only  cross  to  the  other 
side  in  the  medulla,  while  the  tracts  for  tactile,  pain,  and 
temperature  sense  cross  to  the  other  side  of  the  cord  im- 
mediately after  leaving  the  nerve  roots,  _ 

Infantile  Paralysis.— Some  cases  of  hennplegia  of  in- 
fancy, which  are  either  congenital  or  acquired  early  m 
life,  deserve  special  mention.  The  lesion  is  a  varied  one, 
froni  hemorrhage,  inflammation,  arrested  development, 
etc  and  is  often  of  traumatic  origin.  The  hemiplegia  is 
usually  attended  by  contractures  of  the  paralyzed  inus- 
cles,  and  by  a  considerable  arrest  of  development.  Ihe 
leg  and  arm  are  smaller  in  circumference  and  shorter 
than  those  on  the  sound  side,  and  the  face  is  also  fre- 
quently smaller  than  on  the  paralyzed  side.  The  choreic 
athetotic,  and  accessory  movements  already  spoken  ol 
occur  very  frequently  in  these  cases.  Great  impairment 
of  intellect,  even  complete  idiocy,  is  frequently  found, 
and  epileptic  convulsions  become  established  in  many 
cases. 


Ilysievical  Hemiplegia.. — In  h}'stericnl  hemiplegia  the 
paralysis  is  mostly  confined  to  the  extremities,  the  face 
escaping.  When  there  is  an  api)earance  of  facial  paraly- 
sis it  is  usually  found  that  there  is  really  spasm,  not 
paralysis  of  the  facial  muscles.  It  is  not  so  commonly 
true  of  hysterical  as  of  organic  paralj'sis  that  the  arm 
is  more  profoundly  paralyzed  than  the  leg.  Mostly 
the  paralysis  is  not  complete.  There  is  paresis,  I'ather 
than  paralysis.  In  that  case  one  frequently  observes 
that  the  resistance  of  the  patient  to  the  efforts  of  the  ex- 
aminer  to  move  the  limb  is  done  in  a  jerky  manner. 
There  is  resistance  for  a  moment,  then  none  whatever, 
as  though  there  were  no  effort  on  the  part  of  the  jiatient. 
More  power  may  be  manifested  in  emotional  conditions,  in 
gesticulation,  etc.  A  degree  of  power  may  be  revealed 
in  an  apparentl}'  paralyzed  limb,  by  a  sense  of  resistance 
on  passively  moving  the  limb,  or  by  the  limb  remaining 
momentarily  in  the  position  in  which  it  has  been  placed, 
a  position  requiring  some  muscular  effort.  The  gait  is 
ordinarily  different  from  that  of  organic  hemiplegia,  the 
paralyzed  foot  rather  dragging  behind,  than  swinging 
forward  in  a  circle. 

The  reflexes  are  commonly  not  affected,  neither  the 
superficial  nor  deep  being  altered  in  the  way  already 
described  as  occurring  in  organic  hemiplegia.  Not  rarely 
contractures  occur  in  the  paralyzed  limbs.  As  a  rule  they 
make  the  prognosis  less  favorable,  at  least  in  so  far  as  the 
duration  of  the  symptoms  is  likely  to  be  much  greater. 
Anassthesia  is  commonly  found  with  hysterical  hemiple- 
gia. The  sensory  symptoms  are  usually  more  extensive 
than  is  the  paralysis,  the  face  being  affected  as  well  as 
the  extremities.  There  may  be  both  superficial  and  deep 
anaesthesia  and  also  of  the  special  senses  on  the  affected 
side.  Not  rarely  there  is  partial  ansesthesia,  loss  only  of 
tactile,  or  only  of  pain  sensation,  or  impairment  of  one 
more  than  of  the  other.  The  patient  may  be  altogether 
unaware  of  the  impaired  sensation. 

Hysterical  hemiplegia  affects  mostly  the  left  side.  It 
has  been  said  to  occur  three  times  as  often  on  the  left  as 
on  the  right  side.  It  may  come  on  abruptly  or  gradually. 
Not  rarely  it  follows  a  convulsive  seizure.  It  may  be 
caused  bj'  an  injury,  or  any  physical  or  mental  shock. 
Very  likely  an  emotional  condition,  oi-,  at  least,  some 
mental  impression  underlies  the  hemiplegia  in  most  in- 
stances, though  it  need  not  immediately  follow  upon  the 
exciting  cause. 

The  patient  usually  recovers  from  the  paralysis,  but  it 
may  take  days  or  years.  During  this  time  the  paralysis 
may  remain  unchanged,  or  it  may  vary  greatly  in  its  in- 
tensity. The  disappearance  of  the  paralysis,  just  as  its 
inception,  may  be  due  to  mental  causes,  shock,  sugges- 
tion, or  the  lilie. 

The  characteristics  of  the  paralysis  just  given  may  sug- 
gest or  establish  the  diagnosis  of  hysteria.  But  it  is  well 
to  remember  the  ofttime  difficulties  of  diagnosis,  not  the 
less  so  that  not  rarely  there  is  association  of  f-ysteria  and 
organic  disease.  Where  the  question  of  hysteria  has 
arisen  mistakes  have  been  made  not  infrequently  even  by 
the  best  men.  Not  only  the  peculiarities  of  the  supposed 
hysterical  symptoms  should  be  considered,  but  also  the 
personality  of  the  patient,  the  apparent  cause  of  the 
manifestations,  as  well  as  the  history  and  the  whole 
clinical  picture.  Philip  Zen nei: 

HEMORRHAGE. — From  alfia,  blood,  and  myvv/u,  to 
break  through.  The  blood  may  escape  from  the  arteries, 
veins,  or  capillaries,  and  from  its  origin  the  hemorrhage 
is  designated  arterial,  venous,  or  capillary. 

In  arterial  hemorrhage  the  blood  escapes  from  the 
arteries  in  jets  synchronously  with  the  contraction  of  the 
left  ventricle,  and  flows  continuously  during  diastole. 
The  blood  is  then  of  a  bright  or  pale  red  according  to  the 
quality. 

In  venotis  hemorrhage  the  blood  escapes  from  the 
veins  in  a  continuous  stream,  and  is  dark  in  color.  ^  Blood 
has  been  seen  to  escape  from  a  hemorrhoidal  vein  in  jets, 
but  synchronously  witli  the  contraction  of  the  abdominal 
muscles.     In  capillaiy  hemorrhage  the  blood  oozes  from 
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the  capillaries  over  a  smaller  or  larger  surface,  and  is 
reddish  in  color. 

Secondary  liemorrlMge  is  bleeding  that  arises  from  failure 
in  repair  of  an  injured  or  ligated  vessel  or  from  ulcera 
tion  into  a  vessel  (Gould).  The  cause  may  be  in  the 
altered  composition  of  the  blood  itself  or  in  a  mixture  of 
the  vessels,  or  both  conditions  may  obtain  at  one  and  the 
•same  time.  Sometimes  abnormal  pressure  may  cause 
the  rupture  of  thin-walled  veins,  as  happens,  for  exam- 
ple, in  rupture  of  the  thin-walled  veins  of  the  lower  end 
of  the  CESophagus  in  hepatic  cirrhosis. 

Just  what  are  the  alterations  in  the  blood  whicli  favor 
hemori-hage  are  not  definitely  determined,  but  the  white 
corpuscles  are  greatly  inci'eased  in  numbers  and  the  time 
required  for  coagulation  is  increased.  The  coagulation 
tune  may  be  determined  by  the  coagulometer;  normal 
blood  clots  in  the  tubes  in  from  three  to  five  minutes. 
In  some  forms  of  purpui-a  the  coagulation  time  is  retarded 
to  ten  or  fifteen  minutes,  and  in  haemophilia  it  has  been 
■delayed  for  as  long  a  time  as  fifty  minutes  (Osier). 

These  changes  in  the  constitution  of  the  blood,  which 
lessen  its  coagulability  and  thus  favor  hemorrhages,  ob- 
tain particularly  in  leukaemia,  purpura,  and  prolonged 
icterus,  especially  if  associated  with  malignant  disease. 

Of  recent  years  there  has  been  an  increasing  tendency 
to  regard  the  spontaneous  hemorrhages  occurring  in  new- 
born children  as  a  manifestation  of  micro-organismal 
disease;  and,  although  this  view  can  scarcely  as  yet  be 
said  to  Ije  thoroughly  established,  there  are  a  great  many 
facts  in  favor  of  it  (Thompson  in  "  Allbuf  t's  System  "). 

Consequences. — Repeated  small  hemorrhages  may 
graduall.y  bring  about  a  profound  degree  of  anaemia. 
Large  hemorrhages  result  in  aniEmia,  but  they  are  also 
followed  by  a  condition  of  shock.  It  has  been  shown 
conclusively  that  death  from  hemorrhage  takes  place  in 
consequence  of  a  lowering  of  intracardiac  and  intra- 
vascular pressure,  incompatible  with  the  continuance  of 
the  function  of  the  circulatory  organs. 

Ilemorrliage  may  result  disastrously,  not  only  from 
the  loss  to  the  individual  of  a  large  q"uantity  of  blood, 
but  also  from  the  pressure  of  the  escaped  blood  on  adja- 
cent structures.  This  is  notably  the  case  in  intracranial 
and  pericai'dial  hemorrhages. 
Symptoms.— The  symptoms  vary  with  the  rate  and 
~  quantity  of  blood  lost.  In  repeated  small  hemorrhages 
-anfemia  is  the  obvious  result.  The  objective  signs  are 
pallor  of  the  skin  and  mucous  membranes,  coldness  of  the 
surface,  the  degree  of  anjemia  present  being  most  accu- 
rately determined  by  a  blood  count.  It  is  of  course  evi- 
dent that  a  much  greater  quantity  of  blood  may  be  lost 
m  small  quantities  and' at  intervals  without  a  fatal  result 
than  iu  one  or  two  large  hemori-hages.  In  the  former 
mstance  repair  is  constantly  going  on  and  the  system 
acquu'es  toleration. 

The  shock  resulting  from  the  rapid  loss  of  a  large 
quantity  of  blood  is  most  alarming  to  all  concerned 
The  patient  becomes  rapidly  pale,  cold,  and  restless 
Hie  dilated  pupils,  blurred  vision,  weak  voice,  small  or 
imperceptible  pulse,  yawning,  and  the  appeal  for  more 
air  are  evidences  of  the  resulting  acute  ana;mia  The 
patient  may  complain  of  roaring  noises  in  the  ears  a 
cold,  clammy  perspiration  may  cover  the  body,  and  the 
theimometei^-  may  not  register  at  all  in  the  axilla  and 
give  a  very  low  temperature  per  rectum 

At  other  tunes  the  (nidences  of  hemorrhage  are  to  be 
sought  for  m  focal  lesions  of  the  brain  or  in  the  piesence 

or  In'SSn"  ""''  ^"  "^"^  •'^^^■■'^^-"'  "'  "'«  P'--. 
It  IS  not  always  easy  to  .differentiate  the  symptoms  of 
acute  ana-mia  the  resultof  a  large  conceale,llfeZX° 
from  shock  due  to  other  causes.  Reliance  must  nl^rT.,) 
upon  the  history  of  the  onset,  and  the  ex'S  of'  S 
causes  of  shock,  such  as  fright,  local  injuries  to  tC r 
tant  organs,  extensive  superficial  burns,  severe  im™  and 

caSSTh^US'^'^^^^^^'  '^""^  ""*^'  ^^'^ 
loclr^™'''*''  "'''^  "'  prophylactic,  constitutional,  and 
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Prophylaxis. — The  researches  of  Dr  A.  E.  Wright  have 
shown  that  the  coagulability  of  the  blood  may  be  iu 
creased  by  the  administration  of  salts  of  lime.  Mayo 
Robson  has  made  practical  application  of  this  discoverj-, 
and  has  found  that  the  administration  of  thirty-grain 
doses  of  calcium  chloride  every  four  hours  for  a  few  days 
before  operation  has  rendered  the  blood  more  plastic  and 
has  lessened  the  tendency  to  bleeding,  both  at  the  time 
of  operation  and  subsequently.  After  the  operation  the 
drug  may  be  continued  by  the  mouth  or  by  nutrient 
enema. 

Before  beginning  an  operation  usually  attended  by 
considerable  hemorrhage,  some  surgeops  have  made  it  a 
practice  to  introduce  into  the  circulation  through  a  vein 
or  subcutaneously  a  litre  of  normal  saline  solution. 

In  operations  upon  an  extremit}'  much  blood  can  be 
saved  by  previously  placing  around  the  limb  an  Esmarch 
elastic  band.  The  constricting  band  should  be  two 
inches  or  more  in  width  and  so  placed  that  important 
nerves  shall  not  be  unduly  pressed  upon.  Negligence 
of  this  precaution  has  occasionally  resulted  in  a  more  or 
less  persistent  paralysis  of  the  jsarts  below  the  elastic 
ligature.  There  is  uo  object  in  applying  this  bandage 
too  tightly.  Sufficient  pressure  to  arrest  the  circulation 
in  the  arteries  is  better  than  more.  Before  applying  the 
Esmarch  band  the  limb  may  be  elevated  for  a  few  min- 
utes. Force  of  gravity  will  materially  lessen  the  quan- 
tity of  blood  in  the  vessels.  It  is  not  usually  wise  to 
bandage  the  limb  before  applying  the  constrictor;  by 
so  doing  septic  matter  might  be  forced  along  the  vessels 
into  the  circulation.  Troublesome  oozing  is  apt  to  follow 
the  prolonged  application  of  Esniarch's  elastic  band.  It 
is  due  to  a  degree  of  vaso-motor  paralysis. 

Temporary  ligation  of  vessels  may  be  practised  with 
safety.  Senn  states  that  a  temporary  ligature  ma3"  be 
left  on  a  vessel  for  twenty-four  hours  without  permanent 
injury,  provided  the  ligature  is  not  drawn  tight  enough 
to  injure  the  intima.  He  has  frequently  placed  tempo- 
rary ligatures  on  the  carotid  at  the  level  of  the  lower 
border  of  the  thyroid  cartilage,  before  operating  on  the 
parts  above.  He  refers  especially  to  operations  per- 
formed on  tlie  pharynx,  parotid,  "and  submaxillary  re- 
gions. He  places  a  double  ligature,  which  if  need  be  can 
be  made  permanent.  Temporary  may  well  replace  pre- 
liminary ligature  of  large  arteries  iu  suitable  cases. 

Compression  of  the  abdominal  aorta  as  practised  by 
IMacevven  is  a  valuable  prophvlactic  measure  when  indi- 
cated. 

CoimtUiiUotuil  Ifo^^/rcs-.— Mauv  drugs  are  held  iu  high 
reptite  as  hiemostatics.  :Mention  may  be  made  of  aro 
matic  sulphuric,  tannic,  aud  gallic  acids,  spirits  of  tur- 
pentine, ergot,  acetate  of  lead,  and  opiuiu.  Some  act  by 
producing  clotting,  some  by  stimulating  the  vessels  to 
contract,  and  opium  by  equalizing  the  circulation  and 
thus  lessening  intravascular  pressure  at  the  bleeding 
point.  Turpentine  has  many  advocates.  It  may  be 
given  three  or  four  times  daily  iu  doses  of  ten  to  fifteen 
minims.  In  hemorrhage  from  the  intestinal  mucous 
membrane  opium  has  been  found  very  useful. 

Styptiein,  hydrochloride  of  cotamiu,  is  the  ba.se  of  the 
opium  alkaloid  narcotine.  It  is  a  yellow,  inodorous,  bit- 
ter powder.  It  is  usually  given  in  do.ses  of  three-fourths 
of  a  grain  from  ti\'e  to  eight  times  daily.  In  some  eases 
three  grains  or  even  more  may  be  safely  given.  A  ten 
per  cent,  solution  may  be  introduced  in  the  form  of  deep 
intermuscular  injections.  It  is  said  to  have  yielded  good 
residts  (Senn).  * 

Suprarenal  capsule  is  now  being  used  larsrely  as  a 
styptic.  Its  active  principle  is  called  adrenalin.  Pow- 
dered suprarenal  capsule  may  be  used  locally  or  may  be 
given  internally  in  dosesof  twoorfive  grains.  Adrenalin 
is  very  readily  oxidized,  and  is  on  the  market  in  solution 
That  prepared  by  Parke,  Davis  A  Co. ,  is  adrenalin  chlor 
ide  1  to  1,000  of  normal  saline  solution.  Its  permaneuce 
is  maintained  by  the  addition  of  0.5  per  cent,  of  chlore- 
toue.  It  ma}-  be  used  locally  or  internally  in  doses  of 
from  five  to  thirty  minims.  Locally  it  acts  in  very  weak 
solution.     A  solution  made  by  adding  one  part  of  the  1  to 
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1,000  solution  to  one  thousand  parts  of  sterilized  normal 
salt  solution  is  an  eflEective  local  astringent.  Powdered 
suprarenal  body  and  its  active  principle  adrenalin  act  b}- 
causing  the  contraction  of  the  walls  of  the  vessel.  Evi- 
dence of  its  effectiveness  is  accumulating  daily.  The 
writer  has  found  it  most  satisfactory  in  arresting  hemor- 
rhage in  epistaxis  and  in  bleeding  piles.  As  it  acts  by 
stimulating  the  contraction  and  closure  of  the  gaping 
vessel,  it  might  be  expected  to  fail  when  applied  to  ves- 
sels whose  surroundings  pi-evented  contraction,  as,  for 
instance,  in  the  indurated  base  of  a  gastric  ulcer  or  per- 
haps in  hemorrhage  from  bone. 

Local  Treatment. — Arterial  hemorrhage  may  be  ar- 
rested spontaneously  by  the  contraction  of  the  vessel 
wall  and  the  clotting  of  the  blood.  "If  a  small  artery  is 
■completely  divided  the  circular  fibres  of  the  muscular 
■coat  contract  and  narrow  the  orifice;  at  the  same  time 
the  internal  and  middle  coats  curl  up  in  the  interior  of 
the  vessel,  and  the  longitudinal  fibres  contract  and 
shorten  it,  so  that  it  retracts  within  its  sheath.  As  a  re- 
sult, there  is  clotting  of  blood;  as  soon  us  the  blood 
comes  in  contact  with  the  tissues  which  are  injured,  or 
which  are  not  similar  to  the  lining  membrane  of  tlie  ves- 
sels, it  undergoes  coagulation.  Consequently,  as  soon 
as  the  blood  escapes  from  the  vessel,  clotting  tends  to 
take  place,  unless  the  escape  of  blood  be  so  free  tliat  the 
clot  is  swept  away  by  it.  The  clotting  within  the  vessel 
extends  up  to  the  nearest  collateral  branch."  Later  on, 
the  clot  becomes  organized  into  fibrous  tissue.  If  tl)e 
vessel  is  only  partially  divided  it  cannot  contract  within 
its  sheath  and  the  hemorihage  is  more  apt  to  continue. 
The  spontaneous  arrest  of  hemorrhage  from  veins  and 
capillaries  is  due  chiefly  to  clotting  and  sealing  by  lymph 
(Cheyne  and  Burghard). 

Of  all  the  artificial  methods  of  arresting  hemorrhage 
that  by  ligature  is  far  and  awaj'  the  most  important. 
The  aseptic  ligature  is  one  of  the  great  results  of  Lister's 
work.  Of  the  absorbable  ligatures  catgut  is  the  chief, 
and  silk  is  the  ideal  non-absorbable  ligature.  Catgut 
may  now  be  prepared  in  a  manner  that  renders  it  aseptic 
and  not  too  readily  absorbed.  It  is  certainly  the  best 
ligature  to  use  in  a  field  that  is,  or  is  likely  to  become, 
infected.  Silk  has  the  great  advantage  of  being  easily 
prepared  and  maybe  used  in  aseptic  tissues.  It  is  better 
to  use  the  smallest  sizes  of  both  catgut  and  silk  that  can 
be  used  with  safety.  It  is  no  longer  thought  necessary 
to  tie  a  ligature  tightly  enough  to  rupture  the  intima. 
If  the  walls  of  the  vessel  are  brought  tirmly  in  contact 
adhesions  between  them  will  take  place  and  the  vessel 
be  quite  safely  occluded. 

Suture  of  wounds  in  large  arteries  and  veins  may  be 
successfully  accomplished.  Although  Lambert,  of  New- 
castle, successfully  sutured  a  wound  of  the  carotid  artery 
in  1763,  but  little  attention  has  been  given  to  this  method 
of  closing  wounds  of  blood-vessels  until  recent  years. 
This  method  of  closuie  should  be  adopted  in  wounds  of 
important  vessels,  such  as  the  aorta,  carotid,  axillary,  or 
femoral  arteiies,  when  not  more  than  half  the  circum- 
ference of  the  vessel  is  divided  and  when  the  wound  is 
aseptic.  Experiments  seem  to  show  that  if  end-to-end 
anastomosis  is  performed,  after  complete  division  of  the 
artery,  complete  occlusion  will  occur  in  a  few  weeks, 
but  liot  until  sufficient  time  has  elapsed  for  the  collateral 
circulation  to  become  established.  The  endothelial  and 
connective-tissue  proliferation  which  closes  the  wound 
in  a  part  of  the  vessel  wall  goes  on  to  complete  occlu- 
sion when  the  whole  circumference  has  been  divided  and 
afterward  stimulated  by  many  needle  punctures  and  by 
the  presence  of  the  suture  material.  Closure  of  wounds 
of  veins  by  means  of  sutures  has  also  been  practised  suc- 
cessfully. In  the  suturing  only  the  outer  coats  should 
be  included,  the  intima  being  avoided.  The  sheath  of 
the  artery  should  also  be  sutured. 

Presmre  is  a  valuable  means  of  controlling  hemorrhage 
from  small  wounds  and  from  veins.  The  hemorrhage 
from  a  ruptured  varicose  vein  is  thus  readily  stopped. 
Even  bleeding  from  the  sinuses  of  the  brain  may  often 
be  effectually  arrested  by  pressure.     In  applying  press- 


ure it  is  important  to  get  the  pad  directly  on  to  the 
bleeding  vessel.  If  this  is  at  the  bottom  of  a  deep 
^vound  and  it  is  not  desirable  to  enlarge  it,  a  graduated 
compress  may  be  applied.     Place  first  simply  a  small  pad 


Fig.  260O.— Varidus  Contrivances  in  Common  Use  for  Arresting 
Hemorrhage.  The  three  knots  shown  in  the  right-hand  upper 
corner  of  the  picture  represent  respectively  (from  above  downward) 
the  .'*K?'(/eojj.'.s  /fj?of,  the  granny  knot,  and  the  reefer's  knot.  Im- 
mediately below  the  last  knot, placed  transversely,  is  Pean's  artery 
forcep.s ;  and  below  this  are  four  different  types  of  forceps  known 
respectively  (from  left  to  right)  as  Armstnmirs  forceps,  Dotien*s 
damp  forceps  (straight),  Terrier''s  clamp  forceps  (cuiTed),  and 
Richelot's  clamp  forceps  (lateral-curved).  The  left  half  of  the 
picture  is  occupied  by  a  aeries  of  eighteen  different  patterns  of 
forceps  known  respectively  (from  above  downward)  as  (1)  Kocher\s 
Ktrceps,  (3)  Pozzi's  T-forceps,  (3)  Botti]tfs  forceps,  (4)  TaiVs 
forceps,  (5)  Peon's  loni/Uuht  bleeding-point  forceps,  (6)  unnamed 
pattern  of  forceps.  (7)  Chreig  Smith's  heavy  firrceps,  (8)  HaMed's 
mosqnito-point  forceps,  (9)  Segond's  bleeding-poiut  forceps 
(heavy),  (10)  Horsley's  lateral  angular  forceps,  (11)  angioclast, 
(13)  Horsley's  artery  forceps  (curved  on  the  flat),  (13)  Pean's 
hing  hleeding-point  forceps,  (14)  Hamilton's  artery  forceps,  (15) 
Horsley's  aitery  forceps,  (16)  Esmarcti's  ttosion  forceps,  (IT) 
Grcig  Smitli's  small  forceps,  (18)  Ferguson's  artery  forceps. 

deep  down  on  tlie  bleeding  point,  then  another  against 
the  fii'st,  and  so  on  until  sufficient  pressure  is  obtained. 
In  emergency  cases,  when  bleeding  is  taking  place  from 
iui  extremity,  a  bandage  or  handkerchief  or  a  pair  of  sus- 
penders ma}'  be  placed  around  the  limb  above  the  bleed- 
ing point.  This  may  be  tightened  by  twisting  as  in  the 
Spanish  windlass. 

Elevation  of  the  limb  is  of  material  assistance.  Tlie 
pressure  of  the  haemostatic  forceps  permanently  stops 
the  bleeding  in  man}'  small  cutaneous  vessels.  Doyen  ex- 
tended the  application  of  this  principle  in  iiis  angiotiibe. 

I'vrMiin  has  not  been  ver}-  extensivel}'  used.  B}'  tor- 
sion the  intima  and  media  are  ruptured.  They  curl  up, 
plug  the  lumen  of  the  vessel,  and  ai'c  held  by  the  twisted 
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adventitia.  If  applied  to  large  arteries  the  vessel  should 
l,e  caught, -freed  from  its  sheath  and  surroundmg  tissues, 
and  held  by  one  pair  of  forceps  at  a  point  above  wliere 
it  is  desired  to  rupture  the  inner  coats.     The  cut  end  of 


Fig.  2601.~Other  Apparatus  used  In  Arresting  Hemorrhage.  On  the 
left-hand  side,  Esmaroh's  flat  tourniquet :  on  the  right,  emergency 
tourniquet;  In  the  centre,  above,  Skey's  arterial  compi'essur;  in  the 
centre,  below,  thermo-cautery  apparatus. 


the  vessel  is  then  caught  by  another  forceps  and  twisted 
until  the  rupture  is  felt  to  occur.  It  can  scarcely  be 
called  a  safe  method  and  should  be  conlined  to  small  and 
cutaneous  vessels.  In  such  cases  it  is  unnecessary  to 
apply  more  than  the  one  forceps  and  that  to  tlie  cut  end. 

The  aivfery  is  still  somelimes  f<iund  useful  as  a  hauuo 
static,  particulaily  to  arrest  oozing  from  surfaces  that 
are  deep  anil  inaccessible  or  where,  because  of  the  thin- 
ness of  the  tissue  or  its  extreme  friability,  a  ligature  is 
contraiiidicatcd.  The  Paquelin  thermocautery  is  now 
generally  used,  and  for  ha'mostatic  purposes  the  point 
should  be  only  of  a  dull  red  heat,  just  turning  black. 
If  too  hot  it  does  not  arrest  the  bleeding,  and  if  too  cold 
it  sticks  to  the  tissue.  It  is  said  to  be  less  effective  as  a. 
ha-nidstafic  than  the  old  cautery  irons,  but  is  much  more 
convenient. 

Hemorrhage  from  bone  is  sometimes  troublesomr 
riK-  bleeding  vessel  may  have  retracted  into  a  bony  canal 
as  happens,  foi'  example,  in  tlie  case  of  the  middle  men- 
ingeal m  the  Harlley-Krause  operation  for  removal  of 
the  Gassenan  ganglion.  If  the  vessel  cannot  be;  caught 
the  bony  canal  may  be  plugged  with  gauze,  an  ivory 
peg  or  a  liit  of  sterilized  wood.  For  tl]|.  oozing  fi-oni 
the  edges  of  divided  bonc^  Victor  Horsley  lias  i.repared 
an  antiseptic  wax.  It  is  composed  of  Ikvswma  7  parts 
almond  oil  1  part,  and  salicylic  acid  1  part.  It  is  often 
very  he  plnl.  Suprarenal  exiract  or  adrenalin  may  be 
found  the  most  satisfactory  of  all.  The  writer  u.sed  it 
sueee.ssfuly  ,„  aca.se  of  secondary  hemorrhage  in  acute 
osteomyelitis. 

C-jW,' locally  applied,  in  the  form  of  Leiters  tubes  or 
cracked  ice,  may  be  u.sed  in  robust  patients,  for  the  arrest 
of  oozing.     It  acts  by  stimulating  the  muscular  coats  to 


contract  and  reflexly  may  stimulate  vessels  situated  be- 
neath the  surface.  Cold  should  generally  be  avoided  in 
the  vceak  and  in  acute  anaemia. 

Heat,  preferably  in  the  form  of  hot  saline  solution,  has- 
a  decidedly  styptic  action  on  tissues.  The  temperature 
may  be  110°  to  115"  F.,  or  as  hot  as  the  hand  can  bear. 

Hot  steam  has  been  applied  to  bleeding  surfaces  as  a 
styptic  by  JSnegirew.  with  satisfactory  I'esults.  He  used 
it'at  a  temperature  of  313°  F.  in  the  cavity  of  the  uterus 
(Senn). 

TrcKtiiioit  (if  till-  Ariite  Aiumiui.  resulting  from  hoemor- 
rliage  is  only  second  in  importance  to  the  arrest  of  the 
bleeding  which  caused  it.  Stimulants  must  be  exhibited 
with  caution  until  the  bleeding  is  stopped,  as  their  effect 
is  ofteu  to  increase  intravascular  pressure.  They  have  an 
important  place  in  the  treatment  when  used  with  discre- 
tion and  good  judgment.  Opium  is  also  valuable  as  an 
equalizer  of  the  circulation  and  a  determinant  of  blood  to 
the  cerebral  centres. 

Tmnxfimwii. — At  the  head  of  the  list,  however,  stands 
normal  saline  solution,  six-tentlis  of  one-per-cent.  solu- 
tion. It  may  quickly  be  prepared  by  adding  a  drachm 
of  salt  to  the  pint  of  boiled  water,  cooled  to  a  tempera- 
ture of  100'  F.  A  pint  thrown  into  the  rectum  is  useful. 
Much  better  and  quicker  results  are  obtained  by  injecting 
it  beneatli  the  skin  in  the  infraclavicular  and  suljmam- 
mary  regions.  A  double-branched  tube  witli  a  hollow 
needle  attached  to  each  branch  affords  the  most  expedi- 


FlG.  21J(t-'. 


-Apparatus  for  Subcutaneous  and  Intravenous  Injection 
of  Saline  Solution. 


tious  means  of  aeoiuplishing  this.  Two  pints  cau  thus 
be  introduced  in  from  ten  to  twenty  minutes.  While  it 
is  being  injected  gentle  massage  should  be  continuously 
practised. 

Many  prefer  in  extreme  cases  to  introduce  the  saline 
solution  (lireclly  into  the  circulation  through  one  of  the 
superlicial  veins,  .V  vein  of  the  arm  just  above  the  elbow 
is  usually  selected.  This  little  operation  will  be  most 
readily  aecompli.shed  \>\  carefully  laying  bare  the  vein 
selected  for  a  distance  of  an  inch  and  then  carefully  pass- 
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ing  beneath  it  a  double  ligature;  tie  the  distal  ligature; 
with  a  sharp  knife  make  an  incision  in  the  wall  of  the 
vein  just  iarge  enough  to  admit  the  end  of  the  needle  or 
nozzle ;  then  tie  the  proximal  ligature  around  the  vein 
and  the  included  needle  or  nozzle.  As  much  as  two  or 
three  pints  of  solution  may  be  introduced  Then  with- 
draw the  nozzle  and  tic  the  pro.\iinal  ligature,  or  pass  a 
fresh  ligature  around  the  vein  at  that  point.  Precautions 
must  be  taken  not  to  permit  any  air  to  cuter. 

In  extreme. cases  .until  the  bleeding  is  stopped  elastic 
bands  may  be  applied  to  the  extremities  close  up  to  the 
body,  thus  saving  the  patient's  blood.  The  foot  of  the 
Tied  should  be  raised  eight  or  ten  inches,  thus  sending 
the  major  part  of  the  blood  toward  the  great  centres  of 
the  nervous  and  circulatory  systems.  This  is  a  most 
•effective  method  of  auto-transfusion. 

Oeorge  E.  Annstrong. 

HEMORRHOIDS.     Sec  Aiiim,  etc. 

HEMP.     See  C'ltniu/liis  Sutiiyt. 

HEMP,  INDIAN.     See  ('((imKbin  Lidica. 

HENBANE. — Hyoscyamcs.  "The  dried  leaves  and 
flowering  tops  of  Hyoncyaiuns  niyer  L.  (tarn.  Holanamce) 
collected  from  biennial  plants"  (U.  S.  P.).  Of  the  three 
forms  in  which  this  plant  presents  itself,  the  most  efficient 
•one  is  insured  by  the  language  of  this  definition  and  of 
the  accompanying  description.  The  plant  grows  both 
as  an  annual  "and  as  a  biennial.  The  former,  and  the 
latter  during  the  first  year  of  its  growth,  are  to  be  re- 
jected. The  last -mentioned  bears  no  flowers  and  is  ex- 
cluded by  the  words  "flowering  tops."  Flowers  are 
supplied  by  the  annual  form,  but  they  lack,  to  a  great 
extent,  the  "purple  veins"  called  for  by  the  description. 
Thus  the  highly  active  second  year's  growth  of  the  bien 
nlal  plant  is  the  only  form  which  afl'ords  a  drug  markedly 
characteri'zed  1)V  vo'Uow  flowers,  with  purple  veins. 

Henbane  is  a  native  of  Europe  and  Western  Asia,  w.here 
it  is  a  very  common  and  abundant  weed.  It  is  also  culti 
vated  for  medicinal  purposes.  Rarely,  it  occurs  as  a 
weed  in  the  I'uited  States.  It  looks  somewhat  like  the 
stramonium,  but  is  not  so  large  and  is  even  more  coarse- 
looking  and  more  strongly  viscid-hairy.  The  habit  of 
the  inflorescence  is  shown  in  the  accompanying  cut. 

The  following  is  the  description  of  the  drug; 

Coarsely,  roughly,  and  glandularly  hairy  throughout, 
except  the  corollas;  larger  leaves  shortly  and  broadly 
petioled,  15  to  25  cm.  (6  to  10  in.)  long,  and  two  thirds 
as  broad,  the  upper  becoming  smaller  and  sessile;  blades 
angularly  ovate,  acute,  coarsely  and  angularly  toothed 
or  lobed,  gravish-green  or  slightly  yellowish-green, 
flowers  in  pseudo-racemes,  short-pedicelled.  the  calyx 
cylindraceous,  somewhat  contracted  above  the  ovary, 
unequally  five-toothed,  the  teeth  triangular,  acute,  the 
corolla  campanulate,  flve-lobed,  sulphur  yellow,  with 
deep  purple  veins;  capsule  a  two-celled  pyxis;  odor 
heavy,  narcotic;  taste  bitter,  somewhat  acrid.  Prom 
tobacco,  henbane  is  distinguished  by  its  incised  leaves, 
from  stramonium  by  its  hairiness,  and  from  belladonna 
by  botli  these  characters. 

'A  full  account  of  the  composition  and  properties  ot 
henbane  would  constitute,  to  a  great  extent,  a  duplica- 
tion of  our  account  of  belladonna.  It  may  therefore  be 
most  profitably  considered  by  comparing  it  with  that 
drug.  .  , 

The  alkaloidal  percentage  of  henbane  is  verv  much 
lower  than  that  of  belladonna.  Some  authorities  place 
it  below  one-tenth  of  one  per  cent.,  while  others  state 
it  as  high  as  three-tenths.  The  best  authorities  agree 
upon  0.1  to  0.125  per  cent,  as  the  standard.  The  most 
of  this  alkaloid  is  hyoscymninc,  separately  treated 
Whether  any  atropine  is  present,  is  disputed,  but  if  so, 
the  amount  is  unimportant.  Atropine  may  readily  form 
during  manufacturing  operations,  by  conversion  of  the 
hyoscyamine.  The  most  important  variation  from  bella- 
donna is  in  the  presence  of  a  small  amount  of  hyoscme 


or  scopolamine,  also  separately  considered,  in  its  alpha- 
betical order. 

The  general  similarity  of  henbane  to  belladonna  in 
properties  and  uses  will  readily  be  inferred  from  its  com- 
position; yet  the  slight  characteristic  dillerences  stated 
are  sullicieut  to  establish  noticeable  differences  in  these 


Fig   3C03.— Heubane,  Plant  and  Fruit  (about  one-half  natural  size)-- 
Seed  Enlarged.    CBalUon,) 

directions.  These  differences  may  be  stated  generally  by 
saying  that  henbane  is  more  distinctly  sedative  than  bel- 
ladonna, and  that  this  sedative  action  extends  to  the  cere- 
bral, motor,  and  sensory  functions,  though  less  so  to  the 
latter.  The  marked  tendency  to  delirium  resulting  from 
the  use  of  belladonna  may  be  quite  absent  in  that  of  hen- 
bane, or  even  the  opposite  elfect  can  be  induced. 

Hence  the  distinct  uses  of  henbane.  It  is  scarcely  em- 
ployed in  eye  practice,  though  it  produces  very  similar 
effects  to  those  of  ati'opine.  If  distinct  cerebral-depress- 
ant effects  are  desired,  it  is  better  to  give  hyoscine  itself, 
but  when  we  wish  the  effects  of  belladonna,  but  desire 
to  avoid  its  mental  disturbances,  henbane  is  chosen.  Its 
commonest  uses  are  intestinal  and  cystic,  or  renal.  The 
former  use  is  mostly  in  combination  with  purgatives 
which  would  otherwise  be  griping.  At  the  same  time 
that  this  unpleasant  effect  is  averted,  the  henbane  itself 
powerfully  promotes  peristalsis,  and  is  therefore  laxa- 
tive, even  excelling  belladonna  in  this  respect.  The  sec- 
ond-named use  is  as  a  sedative  diuretic,  relieving  both 
painful  and  spasmodic  conditions  of  the  genito  urinary 
tract.  Here  again  it  is  usually  combined  with  other 
drugs,  such  local  diuretics  as  buchu,  kava,  or  oil  of 
juniper.  It  is,  however,  often  given  alone  in  colic,  cys- 
titis, calculus,  etc.  It  is  commonly  given  in  larger  doses 
than  belladonna.  There  are  official  an  extract,  the  dose 
of  which  is  0.3  to  1  gm.  (gr.  ss.-iss.);  a  fluid  extract,  dose 
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0.3  to  1  c.c.  in  V.  to  XV,);  a  15-per-cent.  tincture,  dose 
2  to  6  c.c.  (fl  3  ss.-iss.  or  ij.). 

Herdxine  Seeds,  though  unofficial,  are  largely  employed. 
They  are  light-brown,  broadly  kidney-shaped,  and  flat- 
tened, 1  to  1.5  mm.  long  and  nearly  as  broad,  and  finely 
pitted.  Thus  they  bear  a  close  resemblance  to  stramo- 
nium seed,  except  in  color  and  in  their  size,  which  is  one- 
fourth  to  one-third  as  great.  Their  alkaloidal  composi- 
tion is  about  the  same  as  of  the  herb,  but  they  contain 
twenty-five  percent,  of  fixed  oil,  and  a  little  resin.  Since 
their  percentage  of  alkaloid  is  a  little  greater,  the  dose 
of  the  seeds  is  about  one-fourth  or  one-third  smaller  than 
that  of  the  herb. 

There  are  eleven  species  of  hyoscyamus,  and  several  of 
them,  notably  //.  album  L.,  have  similar  propeities  and 
uses  to  those  of  //.  niger.  Henry  11.  Hnshy. 

HENNA.— Under  this  name  the  leaves  of  Lawsnuin  iri- 
ermis  L.  (fam,  Lythi-aceai)  are  extensively  used  in  Eastern 
countries  as  a  pigment  foi'  coloring  the  skin  and  liair  and 
also  as  an  astringent.  Their  use  in  jaundice  is  doubtless 
due  to  a  superstition  relating  to  their  color.  They  con- 
tain a  peculiar  astringent  resinous  substance  which  lias 
been  called  henotannic  acid.  Henry  H.  Rushy. 

HENPUYE. — Goundou,  Akakiike,  (Jros  Nez,  Dog 
Nose.  Under  the  second,  third,  and  fourth  of  these 
names  the  French  writers,  and  under  all  of  them  except 
gros  nez  the  English  writers,  describe  a  disease  which  up 
to  the  present  has  not  been  found  outside  of  tropical  or 
sub-tropical  countries.  The  trouble  in  question  consists 
of  a  peculiar  form  of  exostosis  or  bony  tumor,  situated 
on  each  side  of  the  nose.  The  growth  is  always  bilat- 
eral, and  usually  symmetrical,  but  occasionally  one  side 
grows  larger  or  more  rapidly  than  the  other.  The  exos- 
tosis is  from  the  external  surfaces  of  the  nasal  bone  and 
the  nasal  process  of  the  superior  maxillary  bone,  with  in- 
volvement of  the  body  of  the  superior  maxillary  bone  in 
severe  cases.  The  trouble  is  confined  to  the  bone ;  the 
nasal  cavities,  nasal  cartilages,  mouth,  or  orbits  not  being 
affected  except  mechanically  by  the  presence  or  pressui-e 
of  the  tumor. 

Geogr.\phic.\l  Distribution. — When  first  noticed 
goundou,  or  henpuye,  was  supposed  to  be  limited  to  the 
Ivory  Coast  of  West  Africa  and  to  the  district  watered  by 
the  river  Comoe.'  Since  then  it  has  been  found  in  the 
neighboring  territory  of  the  Gold  Coast  i'-*  and  further 
afield  at  Sierra  Leone  {Jour,  of  I'rop.  Med.,  ii.,  145);  but 
in  every  case  the  sufferer  was  a  negro.  But  cases  have 
since  been  reported  of  a  Malay  being  affected  in  Sumatra 
(Jour,  of  Trap.  Med. .in.,  11),  a  native  in  Southern  China 
[Jour,  of  Trop.  Med.,  iii.,  110),  and  some  negroes  in  Ja- 
maica, West  Indies.^  The  case  of  goundou  reported  from 
Singapore  (Jour,  of  Trop.  Med.,  July  1st,  1901,  p.  313)  was 
probably  not  one  of  goundou  at  all,  as  the  tumor  was  not 
solid  but  consisted  of  a  shell  of  bone  covering  cerebral 
meninges.  We  may  safely  say  that  the  disease  is  con- 
fined to  tropical  and  sub-tropical  countries,  with  a  pre- 
dilection for  the  negro  race. 

General  Description  and  Course  of  the  Disease.  — 
The  trouble  generally  commences  with  a  cold  in  the  head 
followed  by  headaches  chiefly  over  the  frontal  region  • 
these  headaches  last  for  about  a  year,  when  a  slight  ful- 
ness is  noticed  on  each  side  of  the  nose ;  as  this  swelling 
increases  the  headaches  are  apt  to  disappear.  Sometimes 
the  tumor  will  continue  to  grow  for  a  year  or  two  only 
and  sometimes  it  will  develop  slowly  for  many  years' 
The  overlying  skin  is  apparently  quite  normal,  'being 
Ireely  movable  and  quite  healthy  in  appearance  The 
tumors  are  non-fluctuating,  grow  slowly  and  almost  svm- 
metncally  with  no  tendency  to  suppurate,  have  an  ovoid 
shape  with  the  long  axis  outward  and  downward  become 
intensely  hard,  but  are  not  as  a  rule  painful  except  in 
wet  weather.  There  is  no  tenderness  on  pressure  The 
size  varies  from  a  pea  to  an  orange  or  an  ostrich's  esrc  ' 
but  a  pigeon  s  egg  may  be  taken  as  an  average  of  the 
dimensions  attained.  Of  course  the  countenance  is  ter 
ribly  deformed.     In  some  cases  a  bloody  or  purulent  dis- 
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charge  from  tlie  nose  Jias  been  observed ;  in  others  there 
has  been  neither  discharge  nor  sore.  The  cartilages  of 
the  nose  are  not  involved,  nor  is  the  nasal  duct;  and 
there  is  no  epiphora.  Sometimes  the  tumor  will  press- 
upon  the  anterior  nares  and  compress  the  cavities,  with 
the  result  that  the  voice  obtains  a  nasal  twang.  The  or- 
bital cavities  may  be  similarly  pressed  upon,  but  gener- 
ally the  growth  of  the  tumor  causes  first  a  squint,  then 
the  patient  may  have  to  flex  his  head  in  order  to  see  over 
the  tops  of  the  tumors ;  and  later  on,  the  tumors  becom- 
ing still  larger,  there  is  a  total  obstruction  of  vision.  But 
the  eyeball  is  not  destroyed.  In  Maclaud's  cases  '  the  pa- 
tients were  free  from  tuberculosis  and  syphilis.  Chal- 
nier's  cases'^  had  all  suffered  from  yaws. 

ETioi.oGY.^The  natives  of  the  Ivory  Coast  believed 
in  a  divine  or  diabolical  origin  of  the  disease.  Maclaud ' 
advanced  the  theory  that  the  trouble  was  parasitic,  being 
due  to  llie  larva?  of  some  dipterous  insect ;  but  the  bilat- 
eral and  symmetrical  nature  of  the  complaint  remain  un- 
explained by  this  hypothesis.  Further,  for  the  acceptance 
of  this  theory,  it  would  be  necessary  to  know  the  particu- 
lar insect  or  insects  with  their  exact  habitat,  and  to  as- 
certain whether  tliis  iusect  is  found  in  West  Africa,  Chi- 
na, Sumatra,  and  the  West  Indies,  Chalmers*  considers 
the  disease  the  result  of  yaws  or  framba?sia,  which 
certainly  seems  more  plausible;  he  asserts  that  goundou 
follows  that  disease,  that  it  is  caused  by  the  absorption 
of  the  yaws  poison  from  the  mucous  membrane  of  the 
nose  and  is  carried  by  the  lymphatics  and  small  vessels 
through  the  foramina  in  the  nasal  process  of  the  superior 
maxilla,  and  tlrt  in  the  cases  which  he  observed  there 
was  a  sore  in  anJ  some  discharge  from  the  nose.  But  if 
goundou  was  caused  by  yaws  there  would  liave  been 
hundreds  of  nxy-cs  reported  from  the  West  Indies  alone, 
wheie  yaws  has  been  carefully  studied.  Straclian  con- 
siders it  the  result  of  atavism;^  this  theory  seems  the 
most  probable  of  anj-,  and,  as  in  the  somewhat  similar 
case  of  the  "  horned  men "  of  Africa,  these  bony  out- 
growths may  be  considered  hereditary  or  at  any  rate  char- 
acteristic of  race.  Of  these  "  horned  men  "  ^lacalister  says 
"that  outgrowths  here  may  be  really  race  characters  is 
not  to  be  entirely  ridiculed,  for  the  neighboring  malar 
bone  which  here,  according  to  O'Reilly's  description, 
participates  in  the  swelling,  certainly  shows  certain  race 
peculiarities,  such  as  the  bigger  Tuberositas  malarui  of 
the  ^Mongolians,  and  the  Proressus  margimiUs.  whose  race 
peculiarities  have  been  pointed  out  by  Werfer  "  (Bland 
Sutton,  "Evolution  and  Disease,"  1890,  p.  197,  English 
edition).  It  ma}-  be  well  to  mention  here  the  chief  dif- 
ferences bet  weeu  goundou  and  the  deformity  of  the  horned 
men:  (1)  in  the  former  the  tumor  is  fairly  parallel  with 
the  nasal  hone,  in  the  latter  it  is  at  right  angles  to  it;  (2) 
in  goundou  the  exostosis  is  from  the  nasal  process,  in  the 
"horned  men"  it  Is  from  the  infraorbital  ridge;  (3)  in 
goundou  the  malar  bone  is  not  affected,  while  it  is  apt  to 
be  involved  in  the  latter  condition. 

Pathology.— The  growth  consists  of  a  centre  of  can- 
cellous bone,  covered  with  a  casing  of  hard  compact 
bone,  from  which  the  periosteum  can  be  very  easily  re- 
moved. The  growth  is  in  all  probabilitv  an  osteoplastic 
periostitis. 

Treatment,— Iodide  of  potassium  has  been  tried  but 
without  success.  The  only  treatment  is  surgical.  A 
longitudinal  incision  is  made  in  the  skin  over  the  tumor, 
with  perhaps  a  cross  incision  to  allow  more  room,  and 
the  tumor  can  be  removed  with  a  saw,  gouge,  or  bone 
forceps ;  the  hemorrhage,  which  is  slight,  can  generally 
be  controlled  by  pressure ;  and  under  the  ordinary  asep- 
tic precautions  the  parts  unite  by  first  intention. 

R.  J.  E.  Scott. 
Referencks: 

'  Maclaud :  Archives  de  m^declne  navale,  tome  Ixiii.,  p.  25. 
'  Chalmers :  Lancet,  London,  1900, 1.,  p.  20. 
»  Strachan :  Brit.  Med.  Joum.,  1894, 1.,  p.  189. 

HEREDITY. — Heredity  may  be  defined  as  a  correlation 
between  the  variations  of  characteristics  in  individuals 
related  to  one  another  by  birth. 

The  words  used  as  the  names  of  phenomena  are  apt  to 
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influence  our  conceptions  of  tJieii-  character.  Tliis  is 
particularly  true  of  heredity.  No  doubt,  most  persons 
think  of  heredity  as  similar  to  the  inheritance  of  goods  and 
cliattels.  To  them  a  son  has  received  from  his  father  the 
color  of  his  eyes  very  much  in  the  same  way  that  he  may 
expect  to  receive  his  seal  ring  or  his  watch.  Such  an  idea 
is  entirely  foreign  to  the  scientific  conception  of  heredity 
and  in  using  the  term  it  is  necessary  to  keep  in  mind  al- 
ways its  metaphorical  character  in  order  not  to  confuse 
the  metaphor  with  the  reality  that  it  represents  Scien- 
tifically heredity  is  merely  a  special  case  of  the  coirelation 
of  variations. 

This  correlation  may  be  direct,  as  between  father  or 
mother  and  son  or  daughter,  between  grandfather  and 
grandson,  etc. ;  or  it  may  be  collutind.  as  between  broth- 
ers, sisters,  brothers  and  sisters,  uncles  or  aunts  and 
nephews  or  nieces,  between  cousins,  etc.  In  man  and 
tlie  higher  animals  inheritance  is  always  hiparcntid. 
That  is  to  say,  every  individual  has  two  parents;  hut 
there  are  cases  in  which  there  is  only  one  parent,  as  in  cer- 
tain insects  and  Crustacea  that  produce  young  most  fre- 
quently by  means  of  parthenogenetic  eggs,  and  among 
some  of  the  lower  animals  and  the  plants,  which  fre- 
quently produce  new  individuals  by  means  of  buds,  un- 
derground shoots,  etc.  In  such  cases  inheritance  is  uni- 
pareiital. 

Of  direct  inheritance  there  are  three  important  types: 
(1)  blended  inheritance,  where  the  child  is  intermediate  in 
cliaracter  between  the  two  parents,  as  in  stature;  (3)  ex- 
clusive inheritance,  where  the  character  of  the  child  is  like 
that  of  one  parent  but  not  like  the  other,  if  they  differ, 
as  in  the  color  of  the  eyes;  (3)  particnlate  inheritance, 
where  the  characters  of  both  parents  appear  in  the  child, 
but  do  not  blend ;  for  example,  a  pup  may  have  spots, 
some  of  which  are  of  the  color  of  the  mother,  while 
others  are  like  the  coat  of  the  sire,  or  a  boy  may  have  a 
nose  like  his  father  and  eyes  like  his  mother. 

Variability. — Variation  is  deviation  from  the  type,  and 
for  most  statistical  inquiries  the  type  taken  as  the  stand- 
ard is  the  arithmetical  mean  of  the  population  or  group. 
Deviations  are  of  two  kinds,  abnormal,  such  as  the 
"  sports "  of  the  horticulturist,  and  normal  variations, 
which  may  be  observed  in  every  family  or  other  group 
of  individuals.  The  normal  variations  are  found  to  be 
distributed  about  the  mean  in  a  way  that  may  be  ex- 
pressed by  certain  mathematical  formulfe  derived  from 
the  theory  of  probability  and  chance  (see  articles  Ewlu- 
tion  and  Variation).  The  relations  most  frequently  met 
with  are  represented  in  Fig.  3604. 

The  rectangles  in  this  figure  taken  together  form  what 
is  called  a  polygon  of  frequency,  and  the  flowing  curve 
is  a  theoretical  curve  of  chance,  or  probability,  that  has 
been  fitted  to  the  polygon,  which  represents,graphically 
the  observed  facts.     Now  if  we  plot  the  curves  of  two 


sets  of  observations,  employing  units  of  .scale  of  the  same 
va  ue  in  both,  the  differences  in  the  forms  of  the  curves 
will  depend  upon  the  number  of  individuals  in  the  most 
frequent  class,  or  rrwde,  that  is  the  tallest  rectangle,  and,. 
Number. 
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Fig.  2804.— Graphic  Representation  of  a  Series  ol  Variations.  Varia- 
tion in  the  width  of  the  angle  at  the  apex  of  the  shell  in  Purpwra 
lapillus.    Mxc,  position  of  the  mean ;  o-,  standard  deviation. 

supposing  the  curve  to  be  symmetrical,  upon  the  amount 
of  deviation  on  either  side  of  the  mean.  The  amount  of 
deviation,  that  is  the  variability  of  the  group,  is  measured 
by  what  is  called  the  standard  deviation  (the  "mean 
error"  of  the  mathematicians).  This  is  obtained  by 
multiplying  the  square  of  the  deviation  from  the  mean 
of  each  class  by  its  frequency,  adding  all  the  results 
together,  dividing  by  the  total  number  of  observa- 
the   square    root   of    tlie    quotient 


The  Greek  letter   c  is  used  as  the 


tions,   and    finding 

symbol  for  this  quantity.     Its  relation  to  the  curve  of 
frequency  is  shown  at  a  in  Pig.  2604. 

Correlation. — "Two  variable  organs  are  said  to  be  cor- 
related when  the  variation  of  one  is  accompanied  on  the 
average  by  more  or  less  variation  of  the  other,  and  in  the 
same  direction"  ((Jalton,  1888).  In  order  to  determine 
the  degree  of  coi'relation  between  two  organs  accurately, 
it  is  necessary  to  have  a  large  number  of  observations 
and  to  arrange  them  in  a  "  correlation  table  "  like  the  one 
given  below,  Table  I. 


Tablk  I. — Correlation  in  the  Length  of  First  Joint  op  Index  Fingers  op  Women,  Right  and  Left 

Hands.     (From  Whitely  and  Pearson.) 


Left  Hand 
(Relative  Classes). 

RiRHT  Hand  (Subject  Classes). 

Length  of  joint  in 
inches. 

1.95  to 
2.00. 

2.00  to 
2.05. 

2,'05to 
2.10. 

2.10  to 
2.15. 

2.15  to 
2.20. 

2.20  to 
2.25. 

2.25  to 
2.30. 

2.30  to 
2.a5. 

2.35  to 
2.40. 

2.40  to 
2.45. 

2.45  to 
3.50. 

2.50  to 
2.55. 

2.55  to 
2.6O; 

Totals. 

1  90  to  1  95  .          

1 
1 

1.5 
1.5 

1 
2 

7.5 
2.5 

1 

is" 

12 
3.5 

"4.5 
1.5 

'3.5 
32 

38.75 
7.25 
1 

'4" 

1 

7 

35.5 
45.25 

8.25 

'i" 

9.75 
45.25 
36.5 

7 
1 

1.5 
5.25 
28.5 
41.25 
5.5 

'6.5 
2.25 
24.5 

17.75 
3.5 
1 

.... 

'3.'25 

13.5 

12 

2.75 

■6.'25 
6.5 
1.75 
1 

"6.5 
0.5 

'6.5 
0.5 

3 

1  95  to  2  00   

3 

2.00  to  2.05 

27 

2.05  to  2.10 

37.5 

2 10  to  2  15 

64.5 

2.15  to  2.20 

90 

2.20  to  2.25 

105 

2.25to2.30 

2.30  to  2.35 

76.5 
76 

2  35  to  2.40   

38 

2.40to2.45 

2.45  to  2..50 

2.50  to  2..55 

2.55  to  2.60 

22.5 
6 

1.5 
0.5 

Totals 

5 

13 

29.5 

48 

82.5 

98 

100.5 

82 

49.5 

31.5 

9.5 

1 

1 

551 
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The  construction  of  this  table  may  be  understood  from 
a  consideration  of  the  first  column  of  entries.  Five  fin- 
gers of  the  riglit  hand  were  found  in  which  the  length 
of  theflrst  jointwasbetweenl.9.5and3.00inches.     These 


PARENTAL  GRADES 
NUMBER  IN  EACH 


1000    COUPLES 
BOTH    PARENTS  Or 
SAME  GRADE    AND 
ONE  ADULT 
CHILD  TO  EACH 


u 

22 

t 
67 

\6\ 

T 

250 

2S0 

S 

161 

T 
67 

U 
22 

REGRESSION  OF 

PARENTAL    TO 

FILIAL   CENTRES 


Fig.  3605.-Galton's  Standard  Scheme  of  Descent.     (From  Galton.) 

form  a  'dam. "     Of  the  corresponding  flnffcrs  on  the  left 

^cTn  t^"  ^0?°''  '^'''  °^  ^^'?  '^'""^  ''-'"g"'-  One  Avas  shorter, 
1.90  to  1.95  inches;  and  three  were  longer,  one  of  these 
being  exactly  2.05  inches  long,  .^-as  placed  half  hi  the  el 
ative  class  above  and  half  below  that  mark.  Thus  the 
totals  at  the  base  of  the  columns  show  the  number  of  fin- 
gers in  each  class  of  the  right  hand,  wliiU.  the  figures  hi 
the  CO  umns  shou  the  number  of  associated  fingers  n 
each  c  ass  of  the  left  hand.  The  right  hand  is  said  o  e 
the  subject  and  the  left  hand  the  relatire  and  each  'olum^ 
rs  ca  ed  an  array.  Converselv,  wo  may,  wi  out  .  "i 
^?S  tl>e  table,  regard  the  left  hand  as  subie"  "„  the 
right  hand  as  relative,  and  the  arrays  wo    d   l.,.,Tbe       ■ 

Zw  h^T-''  ^'"'^'^  '"''  ^'^'^"'^  "P  '»  t''^'  last   ■  hmin^ 

Now  by  this  means  we  may  study  the  corr,.|,itio     of 

any  pair  of  organs  in  respect  to  any  chLZVs   '     ,.  t 

permits  of  being  expressed  in  quantitative  tens     wl 

may  compare  not  only  different\rgans  or  parts  of  Hie 
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same  individual,  but  also  any  suitable  characteristics  of 
distinct  individuals,  provided  thej'  are  related  in  some 
constant  way,  as  for  example  husbands  and  wives,  fa- 
thers and  sous,  brothers  and  sisters,  etc.  But  fathers  and 
sons,  and  brothers  and  sisters  are 
related  by  birth,  and  when  we 
study  the  correlation  between  them 
we  are  studying  what  is  called 
natural  inheritance. 

The     Pheiiiymena    of    Heredity. — 
Some  of  the  most  important  results 
of  a  long  series  of  studies  of  inheri- 
tance are  represented  graphically  in 
Galton's  "Standard  Scheme  of  De- 
scent," which  is  reproduced  in  Fig. 
3505.    This  scheme  represents  a  sup  ■ 
posed    case   in   which   there  are   a 
thousand  couples  of  parents  and  in 
which  each  parent  is  mated  to  an- 
other of  the   opposite  se.x   liaving 
relatively  the  same  deviation  from 
the  mean  in  the  character  measured, 
and  each  couple  is  supposed  to  have 
one  adult  child.      The  parents  are 
divided  into   eight   classes   having 
the  relative  frequency  and  deviation 
from  the  mean  represented  l)y  the 
polygon  of  frequency  at  the  top  of 
the  figure.     The  classes  R,  .S,  T.  U, 
present     positive    deviations    from 
tlie  mean,  and  r,  «,  t,  v,  have  cor- 
responding    negative     deviations. 
The  distributions  of  the  variations  in 
the  children  of  each  parental  class 
are   represented    by   the    polygons 
below — drawn   to   the  same   scale. 
An  attentive  study  of  this  diagram 
reveals    many    interesting    things. 
In  the  first  place  the  filial  polygons 
are  similar  in  form  to  the  parental 
one.     A  dot  above  each  filial  poly- 
gon  indicates   the    position   of   its 
mean ;  and  the  second  point  of  in- 
terest   is    that    the    mean    of   any 
group    of  children  does  not  corre- 
spond with  the  mean  of  its  parents, 
nor   with   the  mean   of   parents   in 
general,  but  lies  between  the  two. 
Still  the  mean  of  the  children  of  u 
is  much  nearer  the  mean  of  u  than 
the  children  of    V.      There  is  evi- 
dently  a    correlation    between    the 
parents  and  their  offspring.     But 
this  is  not  perfect,  for,  while  parents 
with   negative  deviations  from  the 
mean   have   children   whose   devia- 
tions on  the  average  are   negative 
and  those  with   positive  deviations 
have  children  who  deviate  on   the 
•    .,,    .  average    in   the   positive   direction, 

still  m  each  case  the  mean  of  the  children  deviates 
from  tliat  of  their  parents  and  toxvard  the  mean  of 
parents  in  genei'al,  which  is  probalih'  the  same  as  the 
mean  of  the  population  of  which  thVy  form  a  sample 
This  tendency  for  the  mean  of  the  cliildren  to  deviate 
from  the  type  of  their  parents  toward  the  type  of  the  pop- 
ulation in  general  is  called  regrexsion.  The  results  that 
follow  from  the  laws  of  variability  and  regression  in  chil- 
dren are  of  considerable  interest  i'uid  importance.  If  we 
suppose  ixuttnts  of  grade  f^  to  be  especially  gifted  in 
some  way,  we  sec  that  when  both  parents  "are  of  this 
grade  they  may  hope  to  have  children  equally  gifted  in 
the  proportion  of  6  to  23  or,  say,  two  children  equally 
gifted  with  themselves  in  a  family  of  seyeu.  On  the 
other  hand,  if  we  take  twenty  children  in  grade  V,  only 
six  will  have  parents  as  gifted  as  themselves,  and  two 
of  them  will  be  derived  from  very  mediocre  parents  of 
grade  R.     Nevertheless,  the  chances  that  the  exceptional 
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parents  will  produce  equally  exceptional  children  as 
against  mediocre  children  are  6  to  2,  while  the  chances 
of  mediocre  parents  of  grade  Ji  are  3  to  154.  The  reason 
that  there  are  so  many  gifted  children  of  relatively  medi- 
ocre parents  is  that  there  are  so  many  mediocre  parents. 
When  we  add  up  all  the  children  in  each  grade,  as  is  done 
at  the  bottom  of  the  scheme,  we  find  that  the  mean  and 
variability  of  children  in  general  is  nearly  the  same  as 
of  parents  in  general.  They  would  have  been  more  nearly 
the  same  if  we  had  taken  larger  numbers.  So,  if  no  selec- 
tion is  being  made,  the  population  as  a  whole  in  one  gen- 
eration will  be  the  same  in  character  as  the  previous  one. 

For  the  exact  study  of  inheritance  use  is  made  of  cor- 
relation, or  regression,  tables  similar  to  Table  I.  We 
have  converted  Galton's  scheme  of  descent  into  such  a 
table  (Pig.  3606)  represented  graphically  by  placing  each 
filial  polygon  as  an  array  beneath  the  centre  of  the  corre- 
sponding parental  grade,  or  class;  and  adding  up  the 
filial  grades  at  the  right.  In  this  diagram  the  parental 
deviations  are  measured  on  the  horizontal  scale,  and  the 
filial  deviations  on  the  vertical  scale.  The  heights  of  the 
shaded  areas  represent  the  frequency  of  each  parental 
class,  and  widths  represent  frequency  in  the  filial  classes. 

The  line  FF  occupies  the  position  of  the  parental  mean 
and  the  line  XX  the 
position  of  the  filial 
mean.  The  two  lines 
cross  at  right  angles  In 
the  middle  of  the  dia- 
gram. The  line  AB  is 
a  straight  line  drawn 
through  the  position  of 
the  mean  (represented 
by  a  round  dot)  in  each 
array  and  through  the 
point  of  intersection  of 
the  lines  XX  and  77. 
It  is  called  the  regression 
line.  In  an  actual  re- 
gression table  it  would 
not  pass  through  every 
dot,  but  would  be  placed 
so  that  the  deviations  of 
the  means  above  and 
below  it  would  balance 
one  another  as  nearly  as 
possible.  Now  the  slope 
of  this  line  may  be  meas- 
ured by  taking  the  ratio 
between  the  distance  of 
anj'  point  on  the  line  AB 
from  the  line  XX  and 
the  distance  from  the 
same  point  to  the  line 
77.  A  point  three 
spaces  to  the  left  or  right 
of  the  line  77  will  be 
two  spaces  below  or 
above  XX.  So  the  slope 
of  AB  may  be  said  to 
be  3  in  3,  or  f .  This 
quantity  (in  this  case, 
=  f)  is  called  the  coeffi- 
cient of  regresnion.  It  is 
the  quantity  which  mul- 
tiplied by  the  deviation 
of  a  parental  class  from 
the  mean  of  parents  will 
give  the  average  devia- 
tion of  its  array  of  chil- 
dren from  the  mean  of 
children.  For  example, 
parents  of  grade  8  de- 
viate on  the  average  one 
and  one-half  spaces  of  our 
parents,     li  X  f  =1. 


differ  in  different  cases.  If  there  were  no  regression, 
the  deviations  of  the  parental  class  and  of  tlie  array  of 
offspring  would  be  the  same,  and  the  regression  line 
would  occupy  the  position  CD.  On  the  other  hand,  if 
there  should  be  complete  regression,  the  mean  of  the  filial 
array  would  be  the  same  as  the  mean  of  children  in  gen- 
eral, no  matter  how  great  the  deviation  of  their  parents, 
and  then  the  regression  line  would  coincide  with  XX. 
The  regression  line,  then,  may  lie  anywhere  between  the 
position  CD  where  the  coeflncient  is  1  and  XX  where  it 
is  0.  So  the  less  the  regression  the  greater  the  coefficient, 
and  nice  mrsa.  But  it  is  evident  that  the  slope  of  the  line 
may  depend  on  several  factors.  If  we  should  plot  the 
parental  deviations  on  a  scale  having  units  twice  as  long 
as  in  the  scale  of  filial  deviations,  the  slope  of  the  line 
would  be  reduced  one-half.  But  having  equal  units  of 
scales,  we  should  find  the  same  result  if  the  variability 
of  parents  were  twice  that  of  children.  Now  differences 
of  variability  are  found  in  the  practical  study  of  correla- 
tions and  must  be  taken  into  account.  This  is  done  if  we 
regard  the  slope  of  the  regression  line  as  the  resultant 
of  two  factors:  the  ratio  of  the  two  variabilities,  and 
an  unknown  factor  that  is  called  the  coefficient  of  cm-re- 
lation. 

Parental  Grades  (Subject) . 


TTir   2finR  — RpBTPssion  Table  Children  on  Parents.    One  thousand  parents  with  mates  of  same  grade  and 
Fig.  Mlb.    Kef?ression  laoie,  ..u^  ^^^^  ^^^^^  ^^  ^^^^^    ^^^^  ^^^^  Galton.) 


scale   from  the  mean   of 

which   is   the   deviation  of  the 

mean  oJE  the  children  of  8  from  the  mean  of  children 

general.     The    slope    of    the    regression    line    will 
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Putting  this  into  symbols,  in  this  case  f  =  p— ,  where  a^ 

=  standard  deviation  of  parents,  a^  =standard  deviation 
of  children,  and  p  =  coeflicient  of  correlation.     From 
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these  considerations  Pearson  has  derived  a  general  for- 
mula* for  calculating  the  value  of  p  as  follows: 


P  = 


^(^•yf) 


When  there  is  perfect  correlation  p  =  1 ;  when  there  is 
no  correlation  p  =  0.  In  the  theoretical  example  that  we 
have  been  studying  parents  and  children  are  supposed  to 
have  the  same  variability,— that  is,  o,  =  a,.     In  such  a 

case,  of  course,  p  =  p-,  and  the  slope  of  the  line  AB 
represents  the  coefBeient  of  correlation  as  well  as  that  of 
regression.  .  ,  ,  ,. 

In  practice  the  coefficients  of  regression  and  correlation 
are  found  to  be  essentially  the  same  in  collateral  inheri- 
tance •  and  also  in  direct  inheritance,  if  we  take  into  ac- 
count only  one  parent  of  each  couple  and  suppose  the 
other  to  be  chosen  at  random.  The  value  of  p  calculated 
from  observations  in  a  number  of  such  cases  is  given  m 
Table  II.  (see  below) .  ,    ,     ,  .  ,  •      , 

TIw  Mid-Parent.— Bnt  in  man  and  the  higher  animals 
inheritance  is  always  biparental,  and  in  order  to  study  the 
true  relations  between  parents  and  offspring  it  is  neces- 
sary to  take  both  parents  into  account.  This  involves 
the  correlation  of  three  variable  quantities.  In  order  to 
avoid  this  difficulty  the  two  parents  are  combined  into  a 
single  artificial  individual  called  the  mid-parent.  For 
example,  Galton  found  that  the  mean  stature  of  women 
in  England  is  1.08  less  than  that  of  men.  So  in  order  to 
study  the  inheritance  of  stature,  he  converted  the  stature 
of  each  mother  and  daughter  into  its  "  male  equivalent " 
by  multiplying  it  by  1.08;  and  he  obtained  the  mid-par- 
ent by  taking  the  mean  of  the  father's  stature  plus  the 
mother's  male  equivalent.  Thus  if  the  father  had  a  sta- 
ture of  70  inches  and  the  mother  of  66  inches,  the  stature 
of  the  mid-parent  would  be 

^^+'fX''  =  ,0.64 

In  the  study  of  heredity,  however,  deviations  from  the 
mean  are  used  more  frequently  than  the  absolute  dimen- 
sions of  organs.  Therefore  Pearson  has  generalized  and 
simplified  Galton's  formula  for  the  mid-parent  by  putting 
it  in  this  form ; 


i(A,  +  -A 


0  =  H 


where  7(,  =  the  deviation  in  the  particular  father  from 
fathers  in  general ;  h^  =  deviation  of  mother  mated  to 
this  father  from  the  type  of  mothers,  Oi  =  standard  de- 
viation of  fathers  in  general ;  Ua  =  standard  deviation  of 
mothers ;  and  H  =  deviation  of  the  mid-parent  from  the 
type  of  mid-parents.  This  formula  will  apply  to  meas- 
urements of  any  organs,  and  it  enables  one  to  calculate 


easily  either  the  deviation  or  the  absolute  value  of  tlie 
orsan  in  the  mid-parent.  Having  calculated  the  mid- 
parents,  one  may  study  the  correlation  between  children 
and  mid-parents,  just  as  if  the  latter  were  single  individ- 

"^27w  Law  of  Ancestral  Heredity.— Now  we  are  prepared 
to  consider  the  influence  of  each  ancestor  upon  the  chai-- 
aeteristics  of  the  child.  Returning  to  Pig.  2606,  if  there 
were  no  inheritance,  the  means  of  all  the  arrays  would  lie 
along  the  line  XX;  and  we  may  think  of  heredity  as  a 
force  t  tending  to  pull  each  array  away  from  XX  in  the 
direction  of  its  parental  grade,  that  is,  toward  the  hne 
CD  Now  the  question  is.  How  much  of  this  pull  is 
exerted  by  each  parent,  grandparent,  great-grandparent, 

etc  ' 

From  the  study  of  a  variety  of  data,  Galton  came  to 
the  conclusion  that,  of  the  total  heritage,  the  mid-parent 
contributes  one-half,  the  mid-grandparent  one-quarter 
the  mid-great-grandparent  one-eighth,  and  so  on.  Or,  if 
!i  be  the  mean  deviation  of  a  given  group  of  offspring 
from  offspring  in  general  and  Hi,  Hz,  Ha,  etc.,  be  the 
deviations  from  their  mid-parental  means  of  the  mid-par- 
ent, mid-grandparent,  etc.,  of  these  offspring,  then 

A  =  i  H,  +  i  Hs  +  i  Ha  .  .      etc. 
If  the  mid-parent  contributes  one-half,  each  parent  will 
contribute  one-quarter.     So  we  may  state  Galton's  law 
in  the  words  of  Pearson  as  follows ; 

"Each  parent  contributes  on  an  average  one-quarter, 
or  (0.5)^  each  grandparent  one-sixteenth,  or  (0.5)^,  and 
so  on,  and  that  generally  the  occupier  of  each  ancestral  ■ 
place  in  the  «th  degree,  whatever  be  the  value  of  n,  con 
tributes  (0.5)^"  of  the  heritage." 

Galton's  series,  i  +  i  +  -ir  +  tV.  etc.  =  1,   is  a 

geometrical  series  having  a  total  of  one.  But  the  values 
i,  i,  etc. ,  may  not  be  true  for  all  species,  and  Pearson, 
therefore,  proposes  to  substitute  the  symbols  ya,  ya'',  ;<(^ 
etc.,  in  which  there  are  two  factors,  one  constant  in  each 
generation  (y),  and  one  which  varies  in  a  geometrical 
series(",  a',  a',  etc.).    Galton's  law  would  now  take 

the  form 

/(  =  7(aH,  +  o«H2  +  «''H3  .         etc.). 


*  In  this  formula  .r  and  y  are  the  deviations  from  their  means  of 
the  two  organs  of  an  associated  pair,  as  father  and  son,  /  is  their 
frequency,  n  is  the  total  number  of  pairs,  and  2  is  the  symbol  for 
addition. 

When  there  is  no  correlation  2  (.r.  j/.  /  )  =  0  . ' .  p  =  0. 

When  correlation  is  perfect  ?/  =  jr  and  cr,  =  <r,. 

S(x.v.f)  _  2(a'./)  _    „____,      1  1 


Then- 


:  ct2  and 


2  (,r.  y.  f)  _.  a'- 


+  Note  that  this  is  a  purely  metaphorical  expression. 


Table  II.     (From  Pearson.) 


Relationship. 

Material. 

( )RGANS. 

Coefficient  nf 

Subject. 

Relative. 

Subject. 

Relative. 

correlation  p. 

Father 

Son 

Middle  class  English                  . .   , 

Stature  

Forearm 

0.369 

Father 

Son 

Middle  class  English 

.396 

Father 

.360 

Mother  

Son 

.302 

Mother  

Daughter 

Middle  class  Enerlish 

Stature 

384 

Mother  

Son.... 

370 

Mother  

300 

Sire 

Foal 

517 

Dam 

Foal 

527 

Grandsire 

Offspring 

Thoroughbred  horses  

Basset  hounrts 

335 

Grandsire 

Offspring 

134 

Brother 

Brother 

.391 

Brother 

Brother 

379 

Colt 

Colt 

Sister 

.623 

Sister 

Middle  Class*  ■Rnsylish 

111 

Sister 

Sister 

489 

FUly 

Filly 

Thorouerhbrpri  linrspn 

693 

Brother 

Sister 

375 

Brother  

Sister 

340 

Colt 

Filly 

583 

Whole  brethren 

Whole  brethren.  ... 

Basset  hounds 

.508 

CA2 
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Now  when  y  {a  -\-  a'  +  «' 
y  a         ^  1 


=  1 


etc.).  —  1, 


1  +  y 


1  —  a  ■  a  a 

So  we  may  eliminate  the  quantity  a  from  the  formula  by 
substituting  this  value  and  our  formula  becomes; 

^  =  ''(l^yH,  +  ^^H.  +  ^^^H3.      .etc.) 

But  if  we  wish  to  be  very  exact,  we  must  take  into  ac- 
count the  fact  that  the  variability  of  all  the  offspring,  c, 
may  differ  from  the  variability  of  the  successive  genera- 
tions of  mid-parents,  ui,  a^,  os,  etc.,  so  the  ratios  of  these 
standard  deviations  must  be  included  in  our  formula, 
which  then  becomes : 


H, 


^.H3 


(1+7)'     <^^ 


etc. 


H.-f 


(1  +  yy 

This  is  the  lato  of  ancestral  heredity  as  given  by  Pearson 
in  its  complete  form.  It  is  undoubtedly  a  generalization 
of  great  importance,  and  for  a  number  of  years  to  come 
the  chief  aim  of  a  large  number  of  scientific  investigators 
will  be  to  test  and  criticise  this  law.  According  to  this 
theory  the  degree  of  correlation  between  parents  and  off- 
spring will  depend  upon  the  hereditary  influence  repre- 
sented by  the  symbol  y.  In  Galton's  original  formula 
7  =  1,  very  nearly.  The  effects  of  different  values  of  y 
are  shown  in  the  following  table : 

Table  III.— Heredity— Direct  Line.    (From  Pearson.) 


Coefficient  of  Coreelation,  p. 

Offspring  and— 

When 

T  =  l. 

When 
y  =  0.9. 

When 
V  =  2.35. 

.3000 
.1500 
.0750 
.0375 
6.  X  (J)  n. 

.2851 
.142.5 
.0713 
.0368 
.5702  X  (J)  n. 

.4000 

.3000 

.1000 

Great-great-grandparent 

nth  order  grandparent 

.0.500 
.8XG)»/. 

These  theoretical  values  of  the  coefficient  of  correlation 
should  be  compared  with  the  values  obtained  from  ob- 
servation in  Table  II.  From  the  study  of  "a  really  con- 
siderable amount  of  quantitative  measurements  of  hered- 
ity "  Pearson  concludes  that  the  values  of  the  coefficient 
of  heredity  given  in  the  first  column  of  Table  III.  (when 
7=1)  "seem  to  fit  the  observed  facts  fairly  well  in  the 
case  of  blended  inheritance."  The  coat  color  of  horses 
and  dogs  appears  to  belong  to  one  of  the  other  types  of 
heritage,  either  exclusive  or  particulate ;  and  it  seems  to 
be  doubtful  if  these  types  come  under  Pearson's  law  of 
ancestral  heredity. 

Table  II.  gives  cases  also  of  collateral  inheritance,  and 
the  theoretical  values,  when  7  =  1,  are  given  below: 

Table  iv.— Collateral  Heredity.    (From  Pearson.) 

„  ,  ,.  Correlation 

Eelatives.  T^Uen  -y  =  i. 

Brothers fOOO 

Uncle  and  nephew iooo 

Great-uncle  and  nephew l*"5 

First  cousins 07.5U 

First  cousins,  once  removed odM 

Second  cousins UlJ* 

Second  cousins,  once  removed oom 

Third  cousins ""*J^ 

We  see  that  brothers  are  more  closely  related  than  parent 
and  offspring,  and  the  coiTelation  between  first  cousins  is 
the  same  as  that  between  offspring  and  great-grandpar- 
ent. 

Uniparental  InJieritance.—The  coefficient  of  correla- 
tion, or  heredity,  between  brothers  is  of  special  interest 
because  of  its  similarity  to  certain  other  correlations. 

In  Galton's  standard  scheme  of  descent  it  is  supposed 
that  both  parents  are  of  the  same  grade  and  the  coeffi- 
cients of  regression  and  correlation  were  found  to  be 
equal  and  have  the  value  =  f.     When  7  =  1  this  value 


would  be  0.6.  But  this  is  a  condition  that  would  not  be 
met  with  ordinarily  in  nature.  More  often  there  is  little 
or  no  correlation  between  husband  and  wife  in  the  char- 
acters measured,  that  is,  mating  is  at  i-andom  so  far  as 
the  character  in  question  is  concerned,  and  under  these 
conditions  the  mid-parents  will  be  less  variable  than  the 
offspring;  and  therefore  the  coefficients  of  regression 
and  correlation  will  differ.  Pearson  has  shown  that, 
when  7=1,  it  there  be  no  sexual  selection,  the  coefficient 
of  regression  of  offspring  on  mid-parents  remains  0.6,  but 
the  coefficient  of  correlation  is  reduced  to  0.4243.  With 
random  mating,  then,  the  offspring  will  i-esemble  their 
mid-parents  more  nearly  than  they  will  either  single  par- 
ent, the  correlation  between  single  parents  and  offspring 
under  these  conditions  being  =  0. 3. 

Dr.  E.  Warren  has  made  an  interesting  comparison  be- 
tween these  results  and  observations  that  he  has  made 
upon  heredity  in  parthenogenesis.  Daphnia  is  a  small 
fresh-water  crustacean  that  reproduces  rapidly  under 
favorable  conditions  by  means  of  parthenogenetic  eggs, 
thus  presenting  good  material  for  the  study  of  uniparen- 
tal inheritance.  From  23  individuals  Warren  obtained  96 
young  in  broods  of  three  to  six,  and  these  were  allowed 
to  grow  up.  He  measured  the  length  of  the  first  joint  of 
the  second  antenna  of  the  right  side  in  each  individual 
and  recorded  the  results  in  thousandths  of  the  body 
length.  Constructing  a  correlation  table  he  found  a  co- 
efficient of  regression  of  offspring  on  mothers  of  0.619  ± 
0.0809,  and  a  coefficient  of  correlation  of  0.466  ±  0.0539, 
the  offspring  being  more  variable  than  the  mothei's. 
While  these  results  are  somewhat  uncertain,  owing  to  the 
small  number  of  individuals  measured,  the  resemblance 
between  these  results  and  those  obtained  with  mid-par- 
ents is  striking  and  somewhat  surprising. 

Very  recently  (1901)  Pearson  has  published  the  results 
of  twenty-two  series  of  correlations  of  serially  homolo- 
gous organs  (homotypes)  in  plants,  as,  for  example,  the 
correlation  between  the  number  of  prickles  on  the  leaves 
of  a  holly  tree,  of  the  sori  on  the  fronds  of  a  fern  plant, 
etc.  The  result  was  an  average  coefficient  of  correlation 
of  0.4.-.70. 

In  nineteen  cases  of  fraternal  correlation  in  the  animal 
kingdom  he  obtained  a  mean  coefficient  of  correlation 
=  0.4479.  These  results  from  various  sources  are  com- 
pared in  tlie  following  table : 

Table  v.— Correlations. 
Relationship.  Coefficients. 

Offspring  and  mid-parents  (theoretical) 0.4243 

Offspring  and  mothers,  Daphnia  (observed) 0.466 

Homologous  organs  on  same  individual  (observed)  ....  0.4570 
Brothers  (observed) 0.4479 

The  similarity  of  these  coefficients  may  be  the  acci- 
dental result  of  dissimilar  causes.  But  Pearson  has  sug- 
gested that  they  may  have  a  profound  significance.  The 
ova  and  spermatozoa  that  are  produced  so  abundantly  by 
a  single  individual  are  homologous  organs,  and  may  be 
expected  to  exhibit  the  same  degree  of  correlation  that 
other  homologous  organs  do.  As  we  shall  see  later,  the 
characters  of  brothers  depend  to  a  great  extent  upon  the 
characters  of  the  germ  cells  from  which  they  are  derived. 
So  there  may  be  some  one  fundamental  law  of  growth 
that  determines  the  variability  and  heredity  alike  of  in- 
dividuals and  of  organs. 

Exeludm  Inheiitanee. — So  far  we  have  dealt  chiefly 
with  heritages  that  are  blended  in  the  offspring.  But 
there  are  some  characteristics  that  appear  in  the  individ- 
ual child  as  if  derived  from  one  parent  only.  Galton 
found  such  to  be  the  case  in  regard  to  the  color  of  the 
eyes.  If  one  parent  have  dark  eyes  and  the  other  light 
eyes,  the  eyes  of  each  child  will  be  either  light  or  dark, 
seldom  intermediate  in  color.  The  laws  governing  this 
form  of  inheritance  are  so  uncertain  at  the  present  time 
that  they  need  not  be  considered  in  this  article. 

Particulate  Inheritance. — Every  one  will  recall  instances 
of  particulate  inheritance.  It  is  especially  well  shown 
when  individuals  of  two  races  are  crossed.  The  writer 
has  in  mind  a  family  in  which  the  father  was  a  European 
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and  the  mother  a  mulatto.  Some  of  the  ^ "W  en  had 
pronounced  negro  features  with  fair  complexions  others 
fiad  darkskins\nd  regular  features;  t^e  characteristics 
of  the  two  parental  races  were  not  evenly  Wended  in  any 
one  of  the  children.  Particulate  inheritance  is  f.o  s™dai 
to  exclusive  inheritance  that  it  is  sometimes  difficult  to 
determine  to  which  type  a  given  case  belongs  as  is  i>rue 
for  example  in  regard  to  the  color  of  the  hair  of  horses 

'"'p,S«fe«c^- -Sometimes  the  offspring  on  the  average 
will  resemble  one  parent  more  than  the  other,  and  then 
the  parent  with  which  the  correlation  is  the  greater  will 
be  said  to  be  prepotent.  Breeders  find  as  a  rule  that  pure- 
bred animals  are  prepotent  over  mongrels.  Ihe  prepo- 
tency may  affect  all  ofEspring  alike  or  it  may  affect  only 
one  sex.  Abnormal  variations  are  said  to  be  highly  pre- 
potent, and  Darwin  gives  a  number  of  cases  of  the  inheri- 
tance of  such  variations  by  one  sex  only. 

Inheritance  at  Corresponding  Periods  of  ii/e.— Correla- 
tions may  be  observed  not  only  between  adult  parents 
and  adult  offspring,  but  also  between  the  immature 
stages  of  parent  and  offsprings,  and,  of  course,  these 
correlations  come  at  corresponding  periods  of  lite,  or 
there  would  be  no  regularity  in  the  course  of  develop- 
ment. But  it  has  been  observed  that  abnormalities  in 
parent  and  offspring  tend  to  appear  likewise  at  corre- 
sponding periods  of  life.  Of  this  Darwin  gives  a  number 
of  examples. 

CMracters  that  may  be  Inherited.— la  general  all  con- 
genital characters  exhibit  the  phenomena  of  heredity, 
either  of  one  type  or  another.  This  includes  not  only 
normal  variations  but  also  various  abnormalities  and 
those  constitutional  weaknesses  that  predispose  the  sub- 
ject to  disease.  Pearson  has  shown  that  fertility  may  be 
inherited  and  every  horticulturalist  knows  that  variability 
is  an  inheritable  characteristic.  As  to  the  inheritance  of 
modifications  acquired  as  the  result  of  external  influences 
upon  the  cells  of  the  body,  we  have  but  few  observations 
of  value.  The  results  from  Fay's  observations  on  the  in- 
heritance of  deafness  are  given  in  the  following  table: 
Table  VI.— Inheritance  or  Deafness. 


Condition  of  parents. 

Number 
ol  children. 

Per  cent, 
deat. 

1,720 
713 

1,820 
538 
779 

2.3 

2.2 

6.3 

Hearing  and  deat,  congenital 

Both  deaf,  congenital  

11.9 
25.9 

The  difference  of- the  results  between  the  cases  in  which 
congenital  deafness  appears  in  the  parentage  and  cases 
in  which  it  apparently  does  not  is  very  striking.  It  is  pos- 
sible that  it  might  be  still  more  so  if  it  were  not  for  the  diffi- 
culty of  distinguishing  in  every  case  between  congenital 
and  acquired  deafness,  a  difficulty  which  may  perhaps 
account  for  the  appearance  of  even  the  small  percentage 
of  deaf  children  credited  to  parents  that  appear  to  have 
acquired  deafness.     (See  Enolution.) 

Reversion. — The  discussion  of  reversion  and  atavism  is 
reserved  for  another  place.     (See  article  Reversion.) 

Telegony. — Many  breeders  of  domestic  animals  are 
firmly  convinced  that  a  previous  sire  may  influence  the 
progeny  of  a  subsequent  one.  This  supposed  influence 
is  called  telegony  and  is  regarded  as  a  phenomenon  of 
heredity.  The  subject  has  been  investigated  experi- 
mentally by  Ewart,  using  horses  and  zebras,  and  he 
found  no  evidence  of  such  an  influence.  Pearson  has  at- 
tacked the  problem  fi'om  the  statistical  point  of  view  and 
likewise  reached  negative  results. 

In  plants  there  is  a  phenomenon  called  aenia.  In  In- 
dian corn  when  two  varieties  are  crossed  the  maternal 
part  of  the  fruit  takes  on  the  characteristics  of  the  male 
parent,  which  one  would  not  expect  to  appear  until  the 
formation  of  the  fruit  of  the  next  generation.  De  Vries 
and  Webber  have  explained  this  as  due  to  a  process  of 
double  fertilization  first  observed  by  Nawaschiu  and 
Guiguard  (see  luqiregnalion). 


In  concluding  our  review  of  the  phenomena  of  heredity 
it  should  be  noted  that  little  is  to  be  learned  by  the  study 
of  isolated  cases.  We  can  acquire  ideas  of  value  in  regard 
to  heredity  only  by  dealing  with  large  numbers  of  obsei- 
vations  by  approved  statistical  methods.  And  it  has 
been  with  the  hope  of  giving  some  notion  of  the  flist 
principles  of  that  new  and  important  branch  of  biologi- 
cal science  that  we  have  devoted  so  much  space  to  the 
subject.     We  now  turn  to  the  theories  of  heredity. 

Thbobibs  of  Heredity. 

hnportancs  of  tU  Subject.-We  are  all  interested  in 
the  question  as  to  how  we  have  come  to  be  what  we 
are  and  we  have  seen  that  what  we  call  the  principle  ot 
heredity  has  been  an  important  factor  in  determining  the 
present  condition,  not  only  of  every  human  being,  but 
also  of  every  living  thing  whether  animal  or  plant.  We 
now  turn  naturally  to  the  study  of  the  mechanism  of 
heredity  But  this  is  a  thing  which  is  nof.  open  to  direct 
observation,  and  the  best  that  we  can  do  is  to  construct 
a  theory  of  heredity  from  such  facts  as  we  can  observe. 
Such  an  inquiry  is  not  only  of  importance  to  the  students 
of  pure  science"  desirous  of  fully  comprehending  the  ori- 
gin of  organic  individuals,  but  is  equally  important  to 
the  practical  breeder  of  domestic  animals  and  plants 
wishing  to  maintain  his  stock  at  the  highest  value  and  to 
the  practical  philanthropist  anxious  for  the  perfection  of 
the  human  species.  The  medical  practitioner  is  also  con- 
stantly face  to  face  with  questions  of  heredity,  and  the 
value  of  his  advice  in  such  cases  will  depend  on  whether 
or  not  they  are  founded  upon  a  sound  theory. 

We  often  hear  it  stated  that  theory  is  one  thing  and 
practical  experience  is  another.  But  all  experience  goes 
for  nothing,  if  it  does  not  lead  to  the  formation  of  correct 
theories.  It  is  the  comprehension  of  theories  that  makes 
the  difference  between  the  skilled  engineer  who  plans 
great  bridges  or  powerful  machines  and  the  day  laborer 
who  mixes  the  mortar  or  hammers  the  iron ;  and  when 
we  realize  the  immeasurably  greater  complexity  of  the 
simplest  organism  over  the  most  intricate  mechanism  of 
human  construction,  we  can  see  how  much  more  impor- 
tant a  correct  theory  is  in  the  effort  to  improve  the  races 
of  higher  animals  and  plants. 

Requirements  of  a  Theory  of  Heredity. — A  theory  of 
heredity  is  not  required  to  explain  tlie  multiplication 
of  organisms,  but  it  must  explain  the  relations  of  form 
between  parent  and  offspring.  These  relations  are  ex- 
pressed by  the  terms  heredity  and  variation.  We  have 
seen  how  intimately  connected  variation  and  heredity  are 
with  one  another,  that  they  are  in  fact  but  the  opposite 
phases  of  the  same  phenomena.  A  theory  of  heredity, 
therefore,  must  be  also  a  theory  of  variation.  But  hered- 
ity and  variation  are  both  the  result  of  the  process  of 
development  and  to  explain  them  one  must  first  explain 
development.  The  embryologist  has  explained  the  de- 
velopment of  any  structure  sufficiently  for  his  purpose 
when  he  has  shown  how  this  structure  is  the  necessary 
result  of  a  certain  observed  order  of  cell  division,  growth, 
and  differentiation.  For  him  the  cell  is  the  fundamental 
structure,  and  unequal  growth,  fusion,  and  fission  of 
tissues  are  fundamental  processes.  For  the  student  of 
heredity,  however,  it  is  necessaiy  to  go  deeper  and  to  try  ■ 
to  discover  the  fundamental  structure  of  the  cell  itself 
and  to  investigate  the  minute  processes  of  cell  division 
to  determine,  if  possible,  the  causes  that  result  in  un- 
equal growth  and  differentiation  and  thus  control  the 
development  of  the  organism  as  a  whole.  A  theory  of 
heredity  and  variation,  theref<n'e,  must  be  also  a  theory 
of  development  in  the  deepest  sense.  It  follows  from 
this  that  our  theory,  to  be  valid,  must  be  capable  of  ex- 
plaining all  of  the  phases  of  development,  including  di- 
rect development,  both  sexual  and  asexual,  metamorpho- 
sis, sexual  dimorphism,  other  forms  of  polymorphism, 
regeneration  of  lost  parts,  and  the  alternation  of  genera- 
tions. It  will  readily  be  seen,  moreover,  that  such  a 
theory  necessarily  involves  some  conception  as  to  the  es- 
sential structure  "of  living  matter. 
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The  Fundamental  Conceptions  in  Theories  of  Heredity. 
— Theories  of  heredity  are  nearly  as  numerous  as  the 
thinkers  upon  this  subject.      It  would  be  very  inter- 
esting to  take  up  the  views  of  each  author  in  their  his- 
torical order  and  to  study  the  effects  of  previous  observa- 
tions and  deductions  upon  them  and  their  influence  in 
turn  upon  the  opinions  that  have  been  expressed  later. 
If  we  should  do  this,  we  should  find,  however,  that  in 
spite  of  multiplicity  of  distinct  theories,  there  is  a  com- 
paratively small  number  of  fundamental  conceptions,  one 
or  more  of  which  form  the  basis  of  each  of  the  theories. 
We  should  find,  also,  that  as  the  knowledge  of  anatomy, 
physiology,  and  embryology  has  advanced  with  the  in- 
vention of  more  precise  methods  of  research,  the  theories 
of  heredity  have  come  to  depend  more  and  more  upon 
observed  facts  and  less  upon  a  priori  principles.     The 
result,  however,  has  not  been,  as  one  might  suppose,  to 
simplify  the  theories,  but  rather  to  make  them  more  com- 
plex.    In  fact,  the  more  we  know  about  heredity  the 
more  wonderfvil  the  phenomena  appear  and  the  more 
difficult  becomes  their  explanation.     To  discuss  all  of 
these  theories  in  their  historical  relations  would  unduly 
extend  this  article,  and  we  shall  have  to  content  ourselves 
with  an  examination  of  the  fundamental  conceptions  un- 
derlying them.     These  conceptions  may  be  enumerated 
as  follows:    (1)    animism,   (2)   physiological    units,   (3) 
heredity  as  a  form  of  motion  or  as  memory,  (4)  pangene- 
sis, (5)  idioplasm  as  distinguished  from  trophoplasm,  (6) 
germ  plasm  as  distinguished  from  somatic  idioplasm,  (7) 
continuity  of  germ  plasm,  (8)  evolution,  and  (9)  epigene- 
sis.     We  shall  take  these  up  one  by  one,  judge  them  in 
the  light  of  the  facts  and  from  such  as  seem  valid  try  to 
build  up  for  ourselves  a  theory  of  heredity  and  develop- 
ment. 

Animism. — The  earliest  views  as  to  the  causes  of  the 
phenomena  of  heredity  may  generally  be  classed  under 
the  head  of  animism.  Most  of  them  agree  that  the  char- 
acter of  the  material  body  is  controlled  by  a  spiritual 
body,  the  soul,  or  animus,  which  enters  the  material 
body  at  its  conception. 

Van  Helmont  and  other  writers  of  the  middle  ages 
have  supposed  that  there  is  an  actual  transfer  of  spiritual 
substance  not  only  through  the  sexual  products  but  also 
through  the  milk  of  the  mother  or  nurse.  Indeed,  it  is 
said  that  such  is  the  belief  of  many  persons  at  the  pres- 
ent time. 

Others  believe  that  the  thoughts  of  the  mother  may 
affect  the  mental  and  physical  character  of  the  develop- 
ing child.  Birth  marks,  supposed  cases  of  telegony,  and 
the  like,  have  been  explained  in  this  way.  When  Jacob 
set  up  the  rods  before  the  cattle  he  was  acting  upon  this 
theory. 

The  animistic  theories  have  the  great  advantage  ot 
simplicity,  but  they  are  utterly  without  scientific  basis 
and,  therefore,  must  be  rejected. 

Physiological  Units.— In  direct  contrast  with  the  ani- 
mistic theories  of  heredity  are  the  materialistic  theories, 
—those  that  postulate  a  physical  basis  for  heredity.  One 
of  the  earliest  attempts  to  ascribe  a  physical  basis  to  he- 
redity is  that  of  Buffon.  According  to  his  conception, 
organic  matter  is  essentially  different  from  inorganic 
matter  and  the  two  are  equally  indestructible.  Organic 
molecules  are  to  be  found  everywhere  and  are  capable  of 
uniting  to  form  an  organism  wherever  they  come  to_ 
gether  under  certain  conditions,  hence  his  theory  ot 
spontaneous  generation.  .    „-„  .     .  ,        .  -o- 

When  Herbert  Spencer  wrote  his  Principles  ot  Hi- 
ology  "  it  was  known  that  there  is  no  chemical  element 
found' In  living  bodies  that  is  not  found  also  in  inorganic 
substances  and  that  Buffon's  idea  of  organic  molecules 
was  without  foundation.  Spencer,  however,  made  a 
very  decided  step  forward  when  he  revived  the  idea  in 
another  form.  ,    .        .^  ...        , 

If  living  material  be  separated  into  its  constituent 
chemical  molecules  it  ceases  to  be  alive.  Life  is  not  a, 
property  of  any  ordinary  chemical  substance.  btiU  you 
can  divide  living  material,  and  even  particles  of  a  cell 
will  retain  for  a  time  at  least  their  vital   properties. 


Therefore  living  matter  must  be  made  up  of  units,  much 
smaller  than  a  cell,  and  much  larger  and  more  complex 
than  a  chemical  molecule.  Spencer  calls  these  ultimate 
particles  of  living  matter  physiological  units.  He  re- 
gards them  as  possessing  the  physical  basis  of  life  and  as 
being  the  bearers  of  the  hereditary  qualities. 

Haeckel  accepts  Spencer's  theory  but  refuses  to  believe 
that  the  physiological  unit,  which  he  calls  a  plastidule,  is 
anything  more  than  a  very  complex  chemical  molecule. 

Weismann  agrees  with  .Spencer  in  regarding  proto- 
plasm as  made  up  of  units  which  are  of  a  higher  order 
than  a  molecule.  He  calls  them  biophoi's  {the  life  bearers) 
and  attributes  to  them  somewhat  different  properties  from 
those  that  Spencer  supposes  his  physiological  units  to 
possess.  The  biophors  carry  with  them  only  the  ele- 
mentary qualities  of  the  organism.  The  true  bearers  of 
heredity  are  higher  units,  the  determinants,  which  are 
themselves  composed  of  biophors  having  certain  proper- 
ties and  arranged  in  a  definite  order. 

Nageli  takes  a  somewhat  similar  position.  According 
to  him,  when  proteids  are  formed  in  a  watery  solution 
they  are  precipitated  in  minute  crystal-like  masses  that 
he  calls  micella!,  but  thej'  do  not  form  part  of  the  living 
material  until  they  are  united  into  larger  masses  which 
aie  drawn  out  into  threads.  These  threads  of  micellae 
are  the  ultimate  particle  of  living  matter  and  the  bearers 
of  the  hereditary  qualities. 

Darwin,  who  was  one  of  the  first  to  give  to  the  world 
a  definite  theory  of  heredity,  made  no  attempt  to  discover 
the  ultimate  structure  ot  living  matter.  He  believed, 
however,  in  a  ph5'sical  basis  of  heredity,  which  he 
thought  could  be  found  in  minute  bud-like  bodies,  gem- 
mules,  given  off  from  the  various  cells  of  the  body.  He 
was  followed  by  Brooks  and  to  a  certain  extent  by  Gal- 
ton,  and  de  Vries  attempted  to  improve  his  theory  by 
supposing  the  gemmules,  which  he  named  pangenm,  not 
to  be  produced  by  the  cell,  but  by  the  nucleus. 

In  all  of  these  theories  the  bodies  that  are  supposed  to 
carry  the  hereditary  characteristics  are  too  minute  for 
observation,  and  therefore  it  is  equally  impossible  to 
prove  or  disprove  their  existence.  In  fact,  these  theories 
are  not  intended  to  be  anything  more  than  working 
hypotheses.  The  main  question  with  us  is,  not  whether 
one  or  the  other  of  these  hypotheses  is  correct,  but 
whether  the  general  principle  that  underlies  them  all 
should  be  accepted  or  rejected.  It  seems  to  the  writer 
that  no  one  who  has  carefully  studied  the  phenomena  of 
fertilization  and  development,  and  has  considered  the 
results  of  heredity,  can  fail  to  believe  that  it  has  a  physi- 
cal basis  and  that  this  must  consist  of  units  that  are  much 
less  than  tlie  cell  and  much  more  comljlex  than  the  mole- 
cule. 

Heredity  as  a  Foi-in  of  Motion.— The  earliest  theory  of 
heredity  that  is  sufficiently  well  founded  to  deserve  seri- 
ous consideration  is  that  of  Herbert  Spencer.  But  even 
this  theory  is  conceived  to  a  great  extent  independently 
of  any  facts,  and  is  therefore  largely  metaphysical  and 
to  be  understood  only  in  connection  with  Spencer's  phil- 
osophical system  of  cosmic  evolution. 

He  compares  the  organism  to  a  crystal.  The  molecules 
which  go  to  make  up  a  crystal  are  originally  all  exactly 
alike,  but  in  the  crystal  they  do  not  all  have  the  same 
relative  position  nor  the  same  morphological  value.  One 
will  form  part  of  an  angle,  another  part  of  a  face,  etc. 
In  a  similar  way  the  organism  is  made  up  of  physiologi- 
cal units  that  are  all  alike  but  differ  in  position.  The 
molecules  of  the  crystal  on  the  one  hand,  and  the  physi- 
ological units  of  the  organism  on  the  other,  have  a  cer- 
tain polarity  that  causes  them  to  unite  whenever  possible 
into  aggregates  having  a  certain  definite  form.  If  a 
crystal  be  mutilated  and  then  placed  in  a  saturated  solu- 
tion of  the  same  salt,  deposition  of  new  material  will 
take  place  in  such  a  way  as  to  restore  the  crystal  to  its 
original  shape.  Spencer  regards  the  regeneration  of  lost 
parts  in  organisms  as  an  exactly  analogous  process. 

The  form  alike  of  the  crystal  and  of  the  organism  is 
due  to  interaction  of  internal  and  external  forces.  But 
the  organism  differs  from  the  crystal  in  being  much  more 
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sensitive  to  external  conditions ;  it  is  due  to  them  that 
variations  occur.  When  a  permanent  variation  is  pro- 
duced the  polarity  of  the  physiological  units  has  been 
changed.  But  any  force  affecting  a  part  affects  the 
whole  and,  therefore,  the  polarity  of  all  the  physiological 
units  In  the  body  will  be  altered,  including  those  of  the 
germ  cells.  Consequently  when  the  physiological  units 
of  the  germ  grow  and  multiply  to  form  a  new  organism, 
they  will  tend  to  arrange  themselves,  not  in  the  form 
that  the  parent  had  originally,  but  in  the  form  that  it  ac- 
quired as  the  results  of  the  action  of  external  conditions. 
In  this  way  all  characteristics,  whether  congenital  or  ac- 
quired, tend  to  be  inherited.  According  to  this  view 
heredity  may  be  regarded  as  a  form  of  motion  or  energy 
that  is  propagated  from  all  parts  of  the  body  to  the  germ 
cells. 

The  famous  botanist,  Nageli,  spent  the  latter  years  of 
his  life  in  working  out  a  vei'y  complete  theory  of  hered- 
it_y  that  in  many  of  its  essential  features  closely  resembles 
Spencer's.  The  threads  of  micellae  that,  according  to 
Nitgeli,  constitute  the  active  living  material  are  arranged 
in  bundles  which  are  continuous  throughout  the  body 
and  into  the  germ  cells.  Each  thread  is  the  seat  of  one 
of  the  fundamental  characters  of  the  organism,  and  all  of 
the  different  kinds  of  threads  necessary  to  make  a  com- 
plete organism  are  present  in  each  bundle.  From  time 
to  time  new  threads  may  arise,  causing  congenital  varia- 
tions in  a  certain  definite  direction.  External  conditions 
affect  the  micellar  threads,  and  their  reactions  lead  to 
adaptive  modifications.  These  morphogenic  stimuli  set 
up  by  external  conditions  may  be  transmitted  along  the 
threads  to  the  germ  cells  witli  the  result  that  the  adap- 
ti\'e  modifications  of  the  parent  may  be  inherited  by  the 
offspring. 

If  a  stone  be  dropped  into  the  edge  of  a  pond,  the  sur- 
face of  the  pond  at  that  point  is  momentarily  altered. 
This  disturbance  sets  up  a  wave  motion  in  adjacent  par- 
ticles and  these  set  other  particles  in  motion  and  so  on 
until  the  wave  finally  reaches  the  farthest  shore.  Spen- 
cer and  Nageli  think  that  in  the  same  way  anything  that 
affects  the  physiological  units  or  micellse  in 'one  part  of 
the  organism  sets  up  a  sort  of  wave  motion  that  extends 
throughout  the  body  and  into  the  germ  cells  affecting 
their  physiological  units  so  that  they  may  give  rise  to 
similar  modifications  in  the  offspring.  Nageli  makes  an 
improvement  on  Spencer's  theory  in  furnishing  a  path 
for  heredity  along  the  micellar  threads. 

Several  other  authors  liave  attempted  to  construct  simi- 
lar theories,  but  none  of  them  presents  any  advantage  over 
the  ones  that  have  been  outlined. 

Haockel's  theory  is  intimately  connected  with  the  mon- 
istic system  of  philosophy  and  is  almost  entirely  meta- 
physical. The  cycle  of  life  from  egg  to  egg  is,  according 
to  Haeckel,  a  great  wave  motion.  As  each  individual 
gives  rise  to  numerous  offspring,  this  wave  motion  be- 
comes branched  with  the  act  of  generation.  This 
branched  wave  motion  is  called  periffenesis—and  the 
lilfistifluh'f.-  of  which  the  living  material  is  composed  liave 
a  similar  wave  motion,  or  perigeuesis.  Heredity  is  due  to 
the  propagation  of  this  wave  motion.  Haeckel  sums  up 
his  theory  by  saying  that  heredity  is  the  memory  of 
the  plastidules;  variability,  their  power  of  perception 

On-  lias  made  rather  an  elaborate  attempt  to  show  that 
heredity  is  a  phenomenon  akin  to  habit.  The  protoplasm 
of  the  parent  acquires  the  habit  of  growing  in  a  certain 
rltli  Tr.7'  ^  '"la".  piece  of  this  protoplasm  is  sepa- 
ated  to  form  a  child  it  retains  its  previously  acquired 
habits  with  the  result  that  the  child  grows  in  the  sani 
way  that  its  parent  did.  Cope  also  favored  a  theory  fol- 
lowing somewhat  these  same  lines  ' 

The  only  evidence  of  importance  in  favor  of  these 

leones  IS  the  fact  that  in  (rrtain  tissues  of  animals  and 

plants  the  cells  are  found  to  be  connected  by  minute  pi o 

topasmic    threads.     This    line    of    evidence    has    leV^, 

f«'l  f/'tf     •^'^*i"'  '■'^°«°"y  (1898)  fy  0    Hertw?g    who 

e     wtich  Tow  th«?  ■'"  '"''''^^""S  experiments  o^f  pT  f - 
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vegetable  cell  deprived  of  both  its  nucleus  and  cellulose 
wall  will  not  regenerate  either,  but  if  the  nucleus  be 
present  a  new  cell  wall  may  be  formed.  Pfeffer  pre- 
pared cells  of  the  protonema  of  a  moss  in  such  a  way 
that  an  isolated  mass  of  protoplasm  without  a  nucleus 
remained  connected  to  its  neighboring  nucleated  cell  by 
the  fine  protoplasmic  filaments  traversing  the  cell  wall. 
In  such  a  case  a  new  cell  wall  was  formed  around  the 
protoplasm.  But  if  both  cells  were  deprived  of  nuclei 
the  cell  wall  was  not  regenerated. 

On  the  other  hand,  there  are  certainly  in  the  bodies  of 
both  animals  and  plants  cells  that  have  no  such  con- 
nections, and  a  general  continuity  of  protoplasm  has  not 
been  demonstrated  in  any  organism  except  in  certain 
algae  and  in  the  earliest  stages  of  cleavage  in  the  eggs  of 
some  animals.  We  cannot  tell,  of  course,  what  future 
experiments  may  bring  forth,  but  there  is  no  evidence  at 
present  that  an}'  formative  impulse  rriay  pass  from  one 
cell  through  a  series  of  cells  to  a  distant  one,  as  would  be 
required  by  the  dynamic  theories  of  heredity. 

'The  objection  to  these  theories  that  occurs  to  one  at 
once  is  their  fanciful  character  and  lack  of  any  really 
substantial  basis  of  fact.  Their  real  motive  Is  to  account 
for  the  supposed  inheritance  of  acquired  characters.  If 
any  one  of  these  theories  is  true,  then  the  inheritance  of 
acquired  characters  should  be  a  matter  of  every-day  oc- 
currence. It  is  impossible  to  prove  that  acquired  charac- 
ters are  never  inherited  and  it  is  therefore  impossible  to 
disprove  any  such  theory.  But  the  ablest  advocates  of 
the  doctrine  of  the  inheritance  of  acquired  characters  are 
admitting  now  that  such  inheritance  is  not  common,  and, 
therefore,  such  a  theory  cannot  be  a  complete  explanation 
of  heredity,  but  must  represent  at  most  only  a  small  factor. 
We  may  conclude,  then,  that  the  idea  that  heredity  is 
a  form  of  motion  or  something  akin  to  memory  cannot 
be  accepted  until  more  evidence  in  its  favor  is  presented, 
and  such  evidence  does  not  seem  to  be  forthcoming. 

Pange7iesis.— Four  years  after  Spencer  published  his 
"  Principles  of  Biology, "  Darwin  gave  to  the  world  his 
provisional  hypothesis  of  "Pangenesis,"  as  the  conclud- 
ing chapters  in  his  book  on  the  "  Descent  of  Man." 

The  fundamental  conception  in  this  hypothesis  had 
been  expressed  about  four  hundred  years  before  Christ 
by  the  Greek  philosopher  Democritus  when  he  said  that 
the  seed  of  animals  is  elaborated  by  contributions  from 
all  parts  of  the  body ;  and  Buffou  likewise  had  supposed 
that  the  different  parts  of  the  offspring  are  made  up  of 
organic  molecules  derived  from  corresponding  parts  of 
the  parents.  But  the  influence  that  this  conception  has 
had  on  scientific  thought  is  due  to  the  brilliant  manner  of 
its  presentation  by  Darwin. 

Darwin  supposed  that  the  contributions  from  the  vari- 
ous parts  of  the  body  are  in  the  form  of  gemmiiles,  little 
buds  given  off  from  each  cell  in  the  body.  The  gem- 
mules  circulate  in  the  blood  and  are  finally  collected  in 
the  sexual  products.  When  the  egg  develops  each  gem- 
mule  may  give  rise  to  cells  like  the  one  from  which  it 
was  derived.  Thus  by  a  simple  and  perfectl  y  intelligible 
process  Darwin  explains  the  inheritance  by  the  child  of 
the  vanous  characteristics  of  the  parent,  both  congenital 
and  acquired.  All  of  the  gemmules  in  the  egg  are  not 
supposed  to  develop,  but  some  may  be  passed  on  to  sub- 
sequent generations.  This  is  always  the  case  with  the 
gemmules  representing  the  sexual  characters.  Individ- 
uals of  one  sex  always  contain  the  gemmules  of  the  other 
m  a  latent  condition.  All  cases  of  reversion  are  supposed 
to  be  due  to  the  development  of  such  latent  gemmules. 
Other  forms  of  variation  are  explained  as  due  to  the  re- 
arrangement of  the  gemmules  in  the  egg,  or  else  as  due 
to  the  direct  action  of  the  environment,  or  the  effects  of 
use  and  disuse  upon  the  cells  of  the  parent  which  are 
transmittc'd  by  the  gemmules  given  off  from  them. 

The  central  fact  upon  whicli  Darwin's  theory  is  based 
is  the  supposed  inheritance  of  acquired  characters,  but 
it  explains  equally  well  the  inheritance  of  congenital  va- 
riations, reversion,  particulate  inheritance,  alternation  of 
generation,  etc.  It  is  therefore  a  very  complete  theory 
of  heredity.  ' 
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As  early  as  1872,  however,  Gallon  was  led  to  doubt 
Darwin's  theory.  He  urged  his  objections  in  the  first 
place  on  a  priori  gToxiads.  He  did  not  believe  that  ac- 
quired characters  are  generally  inherited.  The  gem- 
mules,  he  said,  are  purely  imaginary,  and  therefore  their 
existence  is  an  unwarranted  assumption.  But,  waiving 
this  last  objection,  another  and  more  serious  one  arises. 
If  we  suppose  that  every  cell  is  continually  giving  off 
gemmules,  the  number  present  in  the  organism  must  be 
enormous ;  and,  if  every  cell  of  the  offspring  is  repre- 
sented by  a  gemmule  in  the  germ,  we  see  that  if  a  sper- 
matozoon is  to  contain  not  only  these  gemmules,  but  also 
a  large  number  of  latent  ones,  in  order  that  so  many  may 
lodge  in  so  small  a  space,  they  must  be  excessively  minute. 

In  the  second  place,  Gallon  tested  the  question  experi- 
mentally. He  took  silver-gray  rabbits,  which  generally 
breed  true,  and  into  eighteen  of  these  he  transfused  blood 
from  rabbits  of  other  breeds.  He  reasoned  that,  if  gem- 
mules be  given  off,  as  Darwin  supposed,  the  blood  must 
contain  a  large  number,  and,  if  blood  of  one  breed  is 
transf  uspd  into  the  body  "of  another,  the  offspring  of  the 
latter  should  show  some  traces  of  characters  of  the 
former.  Eighty-six  young  were  reared  from  the  indi- 
viduals experimented  upon,  and  none  of  them  showed 
any  trace  of  foreign  blood. 

He  concluded,  therefore,  that  pangenesis  pure  and  sim- 
ple is  an  incorrect  hypothesis.  He  was  willing  to  admit, 
however,  that  acquired  characters  might  rarely  be  inher- 
ited and  that  this  might  be  explained  by  the  occasional 
giving  off  of  germs  by  cells. 

In  1876  Brooks  outlined  a  theory  of  heredity  which 
was  very  fully  developed  in  his  book  on  "Heredity,"  in 
1883.  This  theory  is  a  modification  of  Darwin's  theory 
of  pangenesis  changed  to  meet  the  objections  of  Gallon 
and  others.  According  to  Brooks,  the  phenomena  of  he- 
redity in  the  strict  sense  are  due  to  the  continuity  of  the 
qerm  cells,  a  principle  that  will  be  discussed  later,  while 
Variability  is  explained  by  pangenesis.  Brooks  supposes 
the  germ  cells  to  contain  gemmules  representing  all  parts 
of  the  body.  Most  of  these  gemmules  are  derived  from 
more  or  less  remote  ancestors,  having  been  passed  on  in 
a  latent  condition  from  generation  to  generation.  New 
gemmules  are  not  being  given  off  all  the  time  by  cells 
of  the  body,  but  are  produced  only  by  cells  which  for 
the  time  being  are  subjected  to  unfavorable  conditions. 
The  new  gemmules  may  circulate  throughout  the  body, 
but  in  the  male  the  sperm  cells  constitute  a  special  ap- 
paratus for  the  collection  and  storing  of  new  gemmules. 
"When  fecundation  takes  place  the  new  gemmules  unite 
with  the  corresponding  ones  in  the  egg  and  hybrid  gem- 
mules are  produced  which  like  any  otlicr  hyh-ids  are  vari- 
able. This  causes  variability  in  parts  of  the  offspring 
which  correspond  to  those  subjected  to  unfavorable  con- 
ditions in  the  parent,  especially  in  the  father.  According 
to  this  view,  the  mother  is  the  conservative  element,  the 
father  the  progressive,  or  variable  element  in  heredity. 
External  conditions  affecting  the  parent  cause  variabihty 
in  the  offspring,  but  not  in  any  particular  direction.  Ac- 
quired characters  are  not  inherited.  Brooks  brings  a 
strong  array  of  facts  and  much  skill  in  argument  to  the 
support  of  his  theory,  but,  nevertheless,  it  is  far  from 
convincing.  The  gemmules  of  Brooks  are  just  as  much 
products  of  the  imagination  as  Darwin's,  and  none  of  the 
investigations  of  cell  structure  or  of  cell  function  has 
revealed  any  process  analogous  to  the  formation  of  gem- 
mules. .  ^   ,  . 

To  sum  up,  the  theory  of  pangenesis  presented  in  van- 
ous  forms  by  Darwin  and  Brooks  supposes  the  germ  to 
be  made  up  of  material  particles  derived  from  all  parts 
of  the  parents  or  more  remote  ancestors  and  able  by  de- 
veloping to  form  corresponding  parts  of  the  offspring. 
This  theory  agrees  with  the  dynamic  or  memory  theories 
in  supposing  that  the  characters  of  the  offspring  depend 
on  the  character  of  certain  physical  substances  m  the 
germ  and  that  the  germinal  characters  in  turn  are  in- 
fluenced directly  by  the  corresponding  parts  of  the  par- 
ents The  theories  differ  in  the  method  by  which  this 
influence  is  supposed  to  be  exerted.    According  to  the 


dynamic  theories  homologous  parts  of  the  parent  and 
offspring  are  alike  because  the  germinal  rudiments  of  the 
parts  of  the  offspring  have  been  subjected  to  the  influ- 
ence of  some  sort  of  formative  energy  radiating  from 
homologous  parts  of  the  parent.  According  to  the 
theory  of  pangenesis,  homologous  parts  of  the  parent 
and  offspring  are  alike  because  they  are  of  the  same  sub- 
stance (II.,  Fig.  2607).  But  these  theories  are  found  to 
be  equally  unsatisfactory  when  tested  by  the  light  of  re- 
cent knowledge  of  the  history  of  the  germ  cells. 

Idioplasm. — The  theory  of  epigenesis  is  intermediate 
between  the  idea  of  heredity  as  a  form  of  energy  and  a 
third  fundamental  conception, — continuity  of  the  physi- 
cal basis  of  heredity.  The  doctrine  of  continuity  de- 
pends upon  observations  of  the  structure  and  history  of 
the  germ  cells,  and  involves  two  other  fundamental  con- 
ceptions in  regard  to  the  relations  of  the  parts  of  the 
cell.  These  are  the  doctrines  of  idioplasm  and  of  germ 
plasm.  We  owe  the  first  of  these  ideas  to  NSgeli.  He 
regards  protoplasm  as  composed  of  two  substances.  Both 
of  these  consist  of  proteids  in  the  form  of  minute  rounded 
micellae  and  of  water.  In  one  of  these  substances,  the 
"  Nahrplasma  "  or  trophoplasm,  the  micellis  are  scattered 
through  the  water  without  any  special  arrangement.  In 
the  other  substance,  to  which  he  gave  the  name  idio- 
plasm,  the  micellse,  on  the  contrary,  have  a  very  definite 
arrangement  into  threads  which  in  turn  are  united  into 
bundles. 

The  idioplasm  is  the  true  living  substance  and  all  of 
the  characters  of  the  organism  are  due  to  its  activities. 
The  trophoplasm,  on  the  other  hand,  is  not  really  alive, 
but  is  the  nutritive  material  upon  which  the  idioplasm 
draws  in  order  to  grow  and  to  make  good  its  waste. 
The  threads  of  micelliB  have  been  mentioned  before  as 
being,  according  to  Nageli,  the  bearers  and  conductors 
of  hereditary  qualities.  These  threads  constitute  the 
idioplasm. 

Weismann  adopts Nageli's  conception  of  the  idioplasm 
with  some  important  modifications.  He  agrees  with  De 
Vries  in  holding  that  Nageli's  view  that  the  idioplasm 
forms  a  connected  network  throughout  the  organism  is 
untenable.  According  to  Weismann,  the  idioplasm  is  to 
be  looked  for  only  in  the  nuclei  of  the  cells.  It  is  in  the 
nucleus  that  new  living  material  is  constructed,  and  it  is 
from  the  nucleus  that  it  migrates  into  the  cytoplasm 
where  it  is  used  up  in  the  course  of  its  functional  activi- 
ties,— such  as  secretion,  contraction,  and  the  like.  The 
formation  of  new  material  takes  place  in  the  nucleus,  the 
functional  activities  of  the  cell  take  place  in  the  cyto- 
plasm ;  or,  in  other  words,  the  nucleus  is  the  seat  of  the 
anabolic  processes,  while  the  cytoplasm  is  the  seat  of  the 
katabolic  processes.  According  to  this  view,  then,  the 
cytoplasm  is  actively  alive  and  not  merely  a  mass  of  nu- 
tritive material,  but  its  character  is  due  to  the  stamp  im- 
pressed upon  it  by  the  idioplasm  within  the  nucleus. 
There  is  considerable  evidence  in  favor  of  the  view  that 
such  a  division  of  labor  between  nucleus  and  cytoplasm 
really  exists,  as  will  be  seen  later. 

Oerm  Plasm  as  Distinguished  from  Somatic  Idioplasm. — 
Weismann  goes  a  step  further  and  divides  idioplasm  into 
two  kinds,— somatic  idioplasm  and  germinal  idioplasm, 
or  germ  plasm.  It  follows  as  a  matter  of  course  that  the 
idioplasm  of  the  germ  cells  must  be  capable  of  bearing 
the  heredity  qualities  of  the  organism.  It  is  idioplasm 
of  this  kind  that  Weismann  calls  germ  plasm.  He  thinks 
that  the  somatic  cells  do  not  contain  germ  plasm  as  a 
rule,  but  each  cell  contains  only  a  certain  kind  of  idio- 
plasm which  constituted  only  a  small  part  of  the  original 
germ  plasm.  Thus  muscle  cells  contain  only  muscle 
idioplasm,  liver  cells  only  liver  idioplasm,  ganglion  cells 
only  nerve  idioplasm,  etc.  It  is  differentiated  idioplasm 
of  this  sort  that  he  calls  somatic  idioplasm. 

Many  critics  of  Weismann  refuse  to  accept  these  dis- 
tinctions. They  say  that  there  is  no  evidence  that  there 
is  any  real  difference  between  germ  plasm  and  somatic 
idioplasm.  We  shall  be  better  able  to  judge  of  the 
merits  of  this  controversy  later  on.  In  the  mean  time  we 
may  employ  germ  plasm  as  a  convenient  term  to  desig- 
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nate  the  idioplasm  of  germ  cells  without  implying  any- 
thing in  regard  to  the  somatic  idioplasm.  Minot  goes 
still  further  and  declares  that  the  whole  idea  of  idioplasm 
is  wrong.  That  we  have  no  right  to  say  that  any  part 
of  the  cell  is  more  essential  to  its  life  than  another,  that 
we  must  regard  the  life  of  the  cell  as  the  total  effect  of 
everything  that  it  contains,  whether  streaming  proto- 
plasm, food  particles,  products  of  excretion,  or  what 
not,  and  that  the  form  and  functions  of  the  cell  depend 
upon  all  of  these.  Minot  calls  this  the  theory  of  pan- 
plasm. 

In  view  of  these  opinions  and  others  that  are  to  follow, 
it  will  be  interesting  at  this  point  to  glance  at  the  evi- 
dence in  favor  of  the  theory  that  the  nucleus  is  the  centre 
of  control  for  the  activities  of  the  cell,  and  especially  of 
the  germ  cell. 

The  Loeatimi  of  the  Idioplasm  in  the  Nucleus.— The 
theory  that  a  part  of  the  protoplasm  is  differentiated  as 
an  idioplasm  controlling  the  destinies  of  the  cell,  and 
that  this  idioplasm  is  situated  in  the  nucleus — more  es- 
pecially in  the  chromatin  of  the  nucleus — rests  upon 
three  principal  arguments. 

In  the  first  place  a  study  of  the  phenomena  of  hered- 
ity shows  that  the  correlation  between  parent  and  off- 
spring is  practically  equal  for  both  parents  (see  Table  II. ). 
Therefore,  if  the  physical  bases  of  heredity  be  an  idio- 
plasm, it  must  be  contributed  to  the  fertilized  ovum  in 
equal  proportion  by  the  two  parents.  Now  observations 
show  that  the  chromatin  of  the  fertilized  egg  is  derived 
in  exactly  equal  proportions  from  the  two  parents,  and, 
moreover,  the  chromatin  is  the  only  part  that  is  equally 
of  male  and  female  origin.  It  was  supposed  at  one  time 
that  the  centrosomes  of  the  first  cleavage  spindle  (see 
Segmentation  of  the  Omtm)  are  derived  from  the  centro- 
somes of  both  the  male  and  female  germ  cells.  But  it 
has  been  pretty  thoroughly  demonstrated  in  a  large  num- 
ber of  cases  that  the  centrosome  of  the  ovum  disappears 
at  the  time  of  the  formation  of  the  female  pronucleus  (see 
Ovum)  and  that  the  centrosomes  of  the  first  cleavage 
spindle  are  either  derived  from  the  spermatozoa  only  or 
else  arise  de  now,  in  the  cytoplasm.  The  centrosome, 
therefore,  cannot  be  the  bearer  of  the  hereditary  charac- 
teristics. Therefore,  if  present,  the  idioplasm  must  be 
looked  for  in  the  chromatinic  element  of  the  nucleus. 
The  evidence  upon  which  this  argument  is  based  has  been 
discussed  in  the  article  Chromosome.  (See  also  Reduction- 
dimdon.  Ovum,  Spermatozoa,  and  Impregnation.) 

Secondly,  it  is  known  that  the  correlation  between  ho- 
mologous parts  of  parent  and  offspring  is  approximately 
equal  for  all  parts  of  the  body  in  which  the  heritage  is 
blended.  Prom  this  it  is  evident  that  physical  basis  of 
the  hereditary  characteristics  must  be  distributed  equally 
from  both  parents  to  all  parts  of  the  body  of  the  oft'- 
spring.  Now  we  know  that  all  cells  of  the  body  are  de- 
rived by  fission  from  one  single  cell,  the  fertilized  ovum. 
Further,  during  the  first  division  of  the  ovum  the 
chromosomes  are  divided  in  such  a  way  that  the  two 
daughter  cells  receive  chromatin  of  both  male  and  female 
origin  in  exactly  the  same  proportion  as  found  in  the  fer- 
tilized egg;  and  in  each  subsequent  cell  division  the 
chromatin  is  distributed  equally  between  the  daughter 
cells.  Therefore  we  may  infer  that  under  ordinary  cir- 
cumstances the  chromatin  of  every  cell  in  the  body  is 
equally  of  maternal  and  paternal  origin,— provided  that 
It  can  be  shown  that  the  chromosomes  maintain  their  in- 
dividuality during  the  so-called  resting  stage  between 
two  cell  divisions.  It  is  well  known  that  there  is  no  ap- 
pearance of  such  individuality  in  most  resting  nuclei 
Neverthe  esss,  as  the  reader  may  see  by  reference  to  the 
article  Uvronvosome,  there  is  a  considerable  body  of  evi- 
dence to  show  that  this  is  only  an  apparent  loss  of  indi- 
viduality, and  that  the  chromosomes  formed  prepaiutorv 
to  division  are  essentially  the  same  as  those  present  ut  the 
end  ot  the  previous  fission,  only  grown  larger 

Historically,  then,  the  chromatin  fulfils  all  the  retmire- 
ments  of  the  supposed  idioplasm.  It  remains  now  only 
to  examine  the  third  argument,  that  the  chromatin  and  the 
nucleus,  which  contains  it,  have  a  controlling  effect  more 
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than  other  parts  upon  the  activities  of  the  cell,  especially 
upon  the  formation  of  structures. 

As  early  as  1877  Brandt  showed  that  fragments  of  a 
protozoan,  if  lacking  a  nucleus,  would  die  quickly,  while 
portions  containing  nuclear  material  would  heal  their 
wounds  and  live.  These  observations  have  been  con- 
firmed and  extended  by  Nussbaum,  Gruber,  Yerworn, 
Lillie,  and  others.  They  find  that  enucleated  fragments 
of  various  protozoa  may  live  under  favorable  conditions 
for  a  number  of  days,  or  even  weeks,  and  "  will  perform 
perfectly  normal  movements,  show  the  same  susceptibil- 
ity to  stimulus,  and  have  the  same  power  of  engulfing 
food  as  nucleated  fragments."  "They  lack,  however, 
the  power  of  digestion,  secretion,  and  regeneration."  In 
like  manner,  if  a  nerve  fibre  be  cut  in  two  the  portion 
connected  with  the  cell  containing  a  nucleus  lives  and 
grows,  while  the  distal  portion  dies  and  disintegrates. 
Verworn  has  found,  however,  that  an  isolated  nucleus  is 
equally  incapable  of  regeneration,  and  Lillie  has  shown 
that  in  Stentor  a  fragment  containing  a  nucleus  cannot 
regenerate  its  lost  parts  if  the, cytoplasm  is  reduced  be- 
yond a  certain  amount — one-twenty-seventh  of  the  origi- 
nal volume  in  this  case.  Prom  this  it  is  evident  that  the 
life  of  the  cell  depends  upon  the  combined  activities  of 
the  nucleus  and  the  cytoplasm.  Perhaps  regeneration  is 
impossible  because  the  means  of  engulfing  food  has  been 
destroyed.  It  does  not  disprove  the  theory  that  the  nu- 
cleus is  the  nutritive  and  dynamic  centre  of  the  normal 
cell,  a  theory  that  is  supported  by  several  other  lines  of 
evidence. 

The  position  of  the  nucleus  indicates  that  it  plays  an 
especially  important  part  in  the  economy  of  the  cell. 
For  example,  Haberlandt  (1877)  showed  that  in  plants 
the  nucleus  lies  nearest  that  part  of  the  cell  which  is  un- 
dergoing most  rapid  growth,  as  in  the  formation  of  root 
hairs,  thickening  of  cell  walls,  etc. ;  and  Korscheldt  (1889) 
has  called  attention  to  the  fact  that  in  animal  cells  the 
nucleus  lies  on  the  side  nearest  the  source  of  food  supply. 
Changes  in  the  form  of  the  nucleus  indicate  the  sarne 
thing.  In  both  animals  and  plants  it  has  been  seen  that 
in  cells  actively  forming  new  material  the  nucleus  be- 
comes enlarged,  and  sometimes  branching.  Moreover, 
an  actual  transfer  of  material  from  the  nucleus  to  the 
cytoplasm  has  been  observed.  Hodge  found  that  the 
nuclei  of  ganglion  cells  shrink  during  functional  activit)'. 
In  cell  division  all  parts  of  the  nucleus  except  the  chro- 
mosomes and  sometimes  parts  of  the  chromatin  disappear 
in  the  cytoplasm.  They  may  be  lost  as  products  of  me- 
tabolism, but  it  is  probable  that  part  of  them  remain  as 
permanent  structures  in  the  cytoplasm.  Upon  the  for- 
mation of  a  new  nucleus  after  division  the  nuclear  mem- 
brane, linin  network,  and  nucleoli  are  regenerated  from 
the  chromatin. 

Finally,  we  have  the  interesting  experiments  of  Boveri, 
which,  while  unfortunately  not  perfectly  conclusive,  tend 
to  show  the  great  importance  of  the  nucleus  in  heredity. 
He  mixed  fragments  of  eggs  of  one  species  of  sea  urchin 
with  spermatozoa  of  another  and  obtained  dwarf  larvte, 
presumably  by  the  union  of  spermatozoa  with  enucleated 
egg  fragments,  and  these  larvti?  possessed  purelv  paternal 
characteristics. 

In  the  cells  of  higher  plants,  there  are  small  proto- 
plasmic bodies  called  plastids,  and  some  of  these  are  the 
chorophyll  bodies  and  give  the  color  to  the  plant.  Plas- 
tids multiply  by  fission.  They  are  present  in  the  egg 
cell  and  are  passed  on  to  the  daughter  cells  in  cell  divi- 
sion. But  there  are  no  plastids  in  the  pollen  tube  so  that 
these  structures  if  they  are,  as  they  appear  to  be,  perma- 
nent cell  organs,  are  of  purely  maternal  origin.  Never- 
theless, hybrid  plants  may  exhibit  more  or  less  of  the 
color  of  the  male  jiai-ent,  showing  that  the  male  compo- 
nent of  the  nucleus  influences  the  character  of  these  appar- 
ently independent  plastids. 

It  is  well  known  that  the  character  of  the  grain  of  In- 
dian corn  is  modified  by  the  kind  of  pollen  that  falls  upon 
the  stigma.  The  part  affected  seems  to  be  of  purely  ma- 
ternal origin  and  this  phenomenon,  known  as  xenia,  was 
for  a  long  time  an  unsolved  puzzle.     Webber  has  re- 
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cently  suggested  that  its  explanation  is  to  be  found  in 
the  discoveries  of  Guignard  and  Nawaschin,  that  in  the 
lily  and  Fritillaria  there  is  a  double  fertilization.  While 
one  nucleus  from  the  pollen  tube  unites  with  the  nucleus 
of  the  egg  cell,  a  second  one  from  the  same  source  unites 
with  the  nucleus  of  a  cell  that  by  its  division  is  to  give 
rise  to  the  main  part  of  the  seed.  If  the  same  process 
can  be  shown  to  occur  in  maize,  then  xenia  is  explained 
and  the  Important  formative  influence  of  the  nucleus  is 
demonstrated,  for  there  is  no  evidence  that  any  other 
structure  passes  from  the  male  plant  into  the  embryo  sac. 

Continuity. — We  are  now  prepared  to  consider  one  of 
the  most  important  of  the  fundamental  conceptions  found 
in  the  more  recent  theories  of  heredity.  The  idea  is  im- 
portant because  it  is  founded  upon  the  facts  of  observa- 
tion which  have  been  outlined  in  the  preceding  sections 
of  this  article.  This  is  the  theory  of  continuity.  Like 
the  theory  of  pangenesis,  it  attempts  to  discover  a  physi- 
cal basis  for  heredity  in  the  germ  cells.  But  it  diilers 
from  that  theory  in  the  view  taken  as  to  the  history  of 
the  bearers  of  the  hereditary  qualities,  and  in  regard  to 
the  relation  of  the  germ  cells  to  the  somatic  cells  of  the 
parent. 

According  to  the  theory  of  pangenesis,  the  germ  gives 
rise  to  an  individual  like  the  parent,  because  the  germ  is 
composed  of  material  particles,  called  gemmules,  derived 
from  every  part  of  the  parent  and  capable  of  reproduc- 
ing the  parts  from  which  they  arose  (II.,  Fig.  3607). 

In  strong  contrast  with  pangenesis  is  tlie  theory  of  con- 
tinuity. According  to  this  theory,  the  germ  gives  rise  to 
an  individual  like  the  parent,  not  because  any  part  of  the 
germ  is  derived  from  the  parent,  but  because  this  germ 
which  produces  the  offspring  is  a  part  of  the  same  germ 
that  gave  rise  to  the  parent  (III.,  Fig.  2607).  An  egg  or 
a  spermatozoon  is  a  cell,  and  like  every  other  cell  is  derived 
from  a  pre-existing-  cell  by  division.  If  we  trace  the  his- 
tory of  the  germ  cells  in  any  individual,  we  find  that  they 
have  arisen  by  a  succession  of  cell  divisions  from  the 
same  fertilized  eggs  that  produced  the  whole  body  (see 
1. ,  Fig.  2607).  They  are  the  lineal  descendants  of  that 
egg,  and  having  undergone  little  or  no  differentiation 
they  share  its  qualities.  The  two  germ  cells  that  united 
to  form  that  egg  have  had  a  similar  history,  and  so  on 
back  for  all  generations,  and  in  every  case  this  history  is 
shared  by  the  nucleus  and  more  especially  by  the  chro- 
matin. If  we  regard  the  chromatin  as  the  seat  of  germ 
plasm,  then  we  have  good  reason  to  believe  that  the 
germ  plasm  in  every  germ  cell  to-day  has  been  derived 
by  growth  and  an  unbroken  series  of  divisions  from 
germ  plasm  that  existed  when  germ  plasm  was  first  dif- 
ferentiated in  organisms  living  so  long  ago  that  even  the 
rocks  can  tell  nothing  of  their  history.  According  to  this 
view,  the  successive  generations  in  a  family  may  be  com- 
pared to  a  string  of  pearls  in  which  the  cord  that  holds 
them  can  grow  at  one  end  and  by  an  annular  enlarge- 
ment and  division  produce  a  new  pearl  one  after  another. 
Each  pearl  would  represent  the  somatic  cells  (body  cells) 
of  an  individual  and  the  cord  would  represent  the  germ 
plasm.  ,.„ 

Lloyd  Morgan  has  expressed  the  difference  between 
pangenesis  and  the  continuity  of  the  germ  plasm  very 
graphically  by  saying  that  by  pangenesis  the  hen  pro- 
duces the  egg  which  in  turn  gives  rise  to  a  new  hen, 
while  by  continuity  of  the  germ  plasm  the  hen  does  not 
produce  the  egg  but  the  egg  produces  the  hen. 

The  first  to  recognize  that  the  germ  cells  ditter  from 
the  body  cells  and  are  continuous  in  descent  from  genera 
tion  to  generation,  and  that  this  may  serve  to  explain 
heredity  was  Sir  Richard  Owen,  who  published  this 
opinion  in  1849.  Afterward,  however,  he  denied  that 
such  an  explanation  is  possible. 

The  next  one  to  express  a  similar  opinion  was  i  rancis 
Galton,  writing  in  1873  and  1876.  He  gave  the  name 
"  stirp  "  to  the  sum  total  of  all  hereditary  pnnciples,  or 
germs,  in  the  germ  cells  and,  according  to  his  theory,  he- 
redity is  explained  by  the  multiplication  and  transmission 
of  this  stirp.  ,.     .    ^^„„       ,       , 

Brooks  outlined  his  theory  of  heredity  m  1876  and  pub- 


lished it  in  full  in  1883.  He  says:  "The  ovum  is  a  cell 
which  has  gradually  acquired  a  complicated  organization 
and  which  contains  material  particles  of  some  kind  to 
correspond  to  each  of  the  hereditary  characteristics  of 
the  species.  The  ovum,  like  other  cells,  is  able  to  repro- 
duce its  like,  and  it  not  only  gives  rise  during  its  devel- 

Flrst  generation.    Second  generation.    Third  generation. 


Fig.  2607.— Diagram  Illustrating,  I.  Normal  Histogenesis ;  II.  Theory 
of  Pangenesis;  III.  Theory  of  Continuity ot  the  Germ  Plasm.  The 
fertilized  ovum  ( f.o.)  by  the  process  of  cell  division  gives  rise  to 
the  adult  body,  or  soma  (*'),  composed  of  somatic  cells  (»,  s,  m, 
d,  d)  constituting  the  nervous,  secretory,  muscular,  digestive,  and 
other  tissues,  besides  the  germ  cells  (O)  of  the  reproductive  organs. 
I.  Histogenesis,  showing  the  successive  rise,  (?,  and  union  (f.o.) 
of  the  maternal  and  paternal  germ  cells  by  direct  histogenesis.  II. 
Pangenesis,  showing  the  tissues  of  the  body,  S,  contributory  to 
the  germ  cells,  G,  so  that  each  /.  o.  is  composed  of  elements,  gem- 
mules,  from  both  the  somatic  and  germ  cells.  III.  Oontinuity  of 
the  germ-plasm,  showing  the  division  of  the  idioplasm,  f.o.,  of  the 
egg  into  somatoplasm,  S,  from  which  the  body  cells  arise,  and 
germ  plasm,  G,  which  passes  directly  to  the  germ  cells  establishing 
a  direct  continuity. 

opment  to  the  divergent  cells  of  the  organism,  but  also 
to  cells  like  itself.  The  ovarian  ova  of  the  offspring  are 
these  latter  cells  or  their  direct  unmodified  descendants." 
The  child  will  therefore  be  like  the  mother  except  in  so 
far  as  it  is  affected  by  new  gemmules  introduced  chiefly 
in  the  process  of  fertilization.  Here  we  have  the  theory 
of  the  continuity  of  the  germ  cells  stated  very  clearly, 
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but  pangenesis  is  added  to  it  to  explain  the  origin  of  con- 
genital variations.  .     J  , 

The  continuity  of  germ  cells  had  been  recognized  by 
Jager  and  Nussbaum  in  1879  and  1880,  but  this  did  not 
lead  in  either  case  to  any  Important  generalizations. 


-oZ. 
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Fig.  2608.— Early  Stages  In  the  Development  of  the  Parthenogenetic 
Egg  of  the  Gall-fly,  Cecidomyia.  j).«.  Primary  germ  cell.  (Alter 
Meschnikoff.) 

From  studies  on  the  origin  of  the  germ  cells  in  insects 
and  in  hydromedusse,  Weismann  arrived  at  a  similar  view 
at  about  the  same  time  and  quite  independently,  and  it  is 
due  to  his  series  of  brilliant  essays,  beginning  in  1883,  that 

the  theory  of  con- 


riG.  26(».--Two^!ell  Stage  of  Ascam  mega- 
Incephala  var.  univalem.  Si,  First  somatic 
cell ;  PI,  nrst  cell  of  the  germ  tract. 
Highly  magnlflea.    (Alter  Boverl.) 


tinuity  has  taken 
so  important  a 
place  in  recent 
discussions. 

Weismann 
draws  a  distinc- 
tion between  con- 
tinuity of  germ 
cells  and  contin- 
uity of  germ 
plasm.  In  a  few 
organisms,  the 
germ  cells  are 
really  continuous. 
In  the  Diptera 
(flies)  for  e.xample 
the  first  cleavage 
of  the  egg  (Fig. 
2608)  results  in  the 
formation  of  two 
nuclei,  one  of 
wliich  gives  rise 
to  the  nuclei  of  all 
the  germ  cells  of 
the  embryo  and 
to  them  only, 
while  the  other 
gives  rise  to  the 
remarkable  case  of 


nuclei  of  all  the  somatic  cells.     A  . „„,„„.„  ^^^^ 

continuity  of  germ  cells  has  been  discovered  bv  Boveri 
Ascans.     Figs.  2609  to  2615  represent  some  of  tlie 
pal  stages  illustrated  in  his  beautiful  memoir 


pnnci- 
Pig.  3609 


shows  the  egg  in  the  two-cell  stage  and  both  cells,  SI 
and  PI  which  are  apparently  alike,  are  preparing  to  di- 
vide In  Fig.  3610  the  division  is  farther  advanced.-and 
a  striking  difference  is  noticeable  in  the  mitotic  figures. 
The  chromosomes  of  the  cells  A  and  B,  daughter  cells  of 


Fig.  2610.— Same.  Second  Cleavage.  SI  is  dividing  into  A  and  B ; 
PI,  is  also  in  process  ol  division.  Note  difference  in  si^e  and  num- 
ber of  chromosomes. 


Si,  axe  numerous  and  very  small,  and  in  the  plane  of  di- 
vision there  are  some  dark  bodies  composed  of  chromatin, 
the  rejected  ends  of  the  chromosomes  of  Si.  These  will 
take  no  further  part  in  the  formation  of  the  nucleus  and 
will  finally  disappear.  On  the  other  hand  in  Pi,  which 
we  may  call  the  first,  cell  of  the  germ  tract,  using  Weis- 
mann's  terminology,  there  are  only  two  large  chromo- 
somes moving  toward  each  pole  to  form  the  daughter 
nuclei.  A  and  B  are  purely  somatic  cells.  Of  the 
daughter  cells  of  Pi,  one  is  likewise  a  purely  somatic 
cell,  and  when  it  divides  the  chromosomes  undergo  the 
same  transformation  that  has  been  observed  in  Si.  The 
other  daughter  cell  is  P£',  the  second  cell  of  the  germ 


Ha- 


Fig.  2611.— Same.     Slxcell  Stage.     P$,  Second  cell  of  germ  tract. 
6,  P,  Daughter  cells  of  B ;  a,  a,  daughter  cells  ol  A. 


tract.  This  is  seen  preparing  for  division  in  the  dorsal 
view  of  the  six-cell  stage,  Pig.  3611.  The  two  large 
chromosomes  have  been  reformed.  This  cell  behaves  ex- 
actly as  PI  did,  giving  rise  to  a  somatic  cell  and  to  the 
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third  cell  of  the  germ  tract,  PS,  Pig.  2612.  This  cell 
divides  again  in  the  same  manner,  producing  D  and  P4, 
Pig.  2613,  and  one  of  the  daughter  cells  of  Pj^.  is  PS,  Pig. 
2614,  which  in  turn  produces  the  two  priordial  germ  cells 
fre/and  VOII,  Pig.  2615.  Thus  the  remarkable  differ- 
ence between  the  nuclei  of  the  germ  cells  and  the  somatic 
cells  in  this  form  has  enabled  Bo  veri  to  trace  every  stage 
in  the  genealogy  of  the  germ  cells  and  their  nuclui  back  to 
the  fertilized  egg. 

In  most  animals,  however,  the  cells  which  arise  by  the 
cleavage  of  the  ovum  appear  to  be  somatic  cells,  some  of 
which  after  a  greater  or  less  number  of  divisions  give  rise 
to  germ  cells.  In  the  plants  and  plant-like  animals,  such 
as  the  Hydrolds,  we  have  extreme  cases  in  which  there  is 
no  trace  of  recognizable  germ  cells  until  we  reach  the  end 
of  a  series  of  several  generations  of  asexuall}'^  produced 
individuals.  Such  being  the  fact,  how  are  we  to  explain 
heredity?  There  are  two  possible  explanations,  accord- 
ing to  Weismann.  Either  the  somatic  idioplasm  in  cer- 
tain cells  is  reconverted  into  germ  plasm,  or  else  cells  in 
a  certain  series  contain  two  kinds  of  idioplasm:  their 
own  peculiar  somatic  idioplasm  that  controls  their  activi- 
ties, and  also  germ  plasm  in  a  latent  condition,  which 
is  a  part  of  the  original  germ  plasm  of  the  egg.  Weiss- 
man  holds  to  the  latter  view.     He  believes  that  at  the 
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131      pi 
Fig.  2612.— Same.    Filteen-cell  Stage.    PS,  Third  cell  ol  germ  tract. 


time  of  the  first  cleavage  of  the  egg  its  germ  plasm  di- 
vides into  two  similar  parts.  One  of  these  becomes  con- 
verted into  active  somatic  idioplasm  to  form  the  embryo, 
tlie  other  remains  latent  and  is  passed  on  in  this  condition 
to  certain  cells  which  become  the  germ  cells  for  the  pro- 
duction of  the  next  generation,  as  represented  schemati- 
cally at  III.,  in  Fig.  2607.  In  some  cases,  as  in  the  Hy- 
drolds, these  germ  cells  are  difEerentiated,  according  to 
AVeismann,  from  ordinary  somatic  cells.  Nevertheless, 
these  cells,  like  all  other  cells  of  the  body,  have  arisen  by 
an  unbroken  series  of  cell  divisions  from  the  cleavage 
of  the  original  egg.  Therefore,  while  it  is  shown  that 
in  most  cases  tlie  germ  cells  are  not  really  continuous  as 
such,  we  can  suppose  that  there  is  perfect  continuity  ot 
germ  plasm.  Weismann  has  invented  the  name  germ 
tract "  to  designate  the  series  of  cells  which  forms  the 
line  of  descent  from  the  egg  to  the  germ  cells  of  the  em- 
bryo and  which  may  be  supposed  to  contain  the  germ 
plasm,  for  example,  PI  to  PS,  Figs.  2609  to  2615  In 
the  Diptera,  Fig.  2608,  the  germ  tract  is  very  short 
There  is  practically  none  at  all,  for  the  primary  germ  cell 
is  formed  at  the  first  cleavage.  In  Ascaris,  as  we  have 
seen,  it  runs  through  five  generations  of  cells.  _  In  the 
Daphnida;  the  germ  cells  are  separated  ofl,  likewise,  dur- 
ing the  early  stages  of  cleavage.  In  Sagitta  this  takes 
place  in  the  gastrula  stage.     In  the  Annelids  and  Mol- 


luscs, the  germ  tract  is  longer,  but  maybe  traced  through 
a  relatively  small  number  of  very  definite  cell  divisions. 
In  the  vertebrates  there  is  a  large  number  of  cell  divi- 
sions between  tlie  cleavage  of  the  egg  and  the  appearance 
of  germ  cells  in  the  embryo.     Still  they  appear  early, 
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Fig.  2613.— Same.    Optical  Longitudinal  Section  of  a  Blastula.    Pi, 
Fourtli  cell  of  germ  tract. 

within  the  first  half  of  embryonic  life  at  most.  Finally 
we  come  to  the  plants  and  the  Hydrolds  where  the  germ 
tract  is  very  long,  extending  through  several  generations 
of  asexual  individuals.  Thus  if  we  studied  a  sufficient 
number  of  species  we  should  probably  find  all  grades  from 
the  condition  of  the  Diptera  to  that  of  the  Hydroids. 

The  distinction  between  somatic  idioplasm  and  germ 
plasm  is  upheld  by  the  fact  that,  except  perhaps  in  rare 
cases,  cells  outside  of  the  germ  tracts  are  incapable  of 
becoming  difEerentiated  into  germ  cells.  If  the  gonads 
(ovary  or  testis)  of  any  of  the  higher  animals  be  removed, 
germ  cells  never  reappear.  In  this  connection  there  is  an 
interesting  experiment  published  by  P.  Braem  in  1893. 
The  subject  was  a  large  female  polychsete  of  the  genus 
Ophryotrocha  with  ripe  eggs  and  having  thirty-five  seg- 
ments bearing  parapodia.  The  animal  was  cut  in  two. 
At  the  end  of  three  weeks  the  anterior  part  had  regener- 
ated seven  segments  bearing  parapodia.  It  was  then 
killed  and  cut  into  serial  sections  and  no  trace  of  germ 
cells  could  be  found  in  the  regenerated  part.  Evidently 
here  is  a  difference  between  somatic  cells  and  germ  cells 
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FIG.  2614.— Similar  Section  ol  Embryo  in  the  Gastrula  Stage.  P5, 
Fifth  cell  of  germ  tract  undergoing  division  to  form  the  prunordial 
germ  cells  VOI  and  TJGIT,  Fig.  2615.  The  cell  to  the  left  of  ail  is 
a  somatic  cell  in  the  same  stage  ol  division. 

in  the  powers  of  regeneration.  Of  course  germ  cells 
might  have  appeared  later,  but  in  the  annelids  the  germ 
cells  are  restricted  to  certain  areas  of  the  peritoneum,  and 
it  is  probable  that  in  this  case  the  wound  did  not  pass 
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through  one  of  these  areas.  So  it  is  probable  that  the 
germ  cells  did  not  receive  the  same  stimulus  to  growth 
that  affected  the  other  tissues  and  that  therefore  no  part 
of  the  germ  tract  was  included  in  the  regenerated  part. 


Fk}.  2615.— Longitudinal  and  Transverse  Sections  of  an  Older  Embryo.    UOI,  TJGII,  Primordial 
germ  cells  beginning  to  retreat  into  the  interior  ol  the  body.    (Figs.  2609  to  2615  after  Boveri.) 

According  to  Weismann,  the  best  evidence  in  favor  of 
the  existence  of  distinct  germ  tracts  is  aiforded  by  the 
history  of  the  germ  cells  of  the  Hydromedusse.  It  is 
needless  to  repeat  his  rather  complex  argument  here,  for 
much  better  evidence  has  been  furnished  recently  by  Bo- 
veri in  the  history  of  the  germ  cells  of  Ascaris,  of  which 
an  outline  has  just  been  given.  The  fact  of  especial  im- 
portance from  Weismann 's  point  of  view  is  the  difference 
between  the  nuclei  of  somatic  and  germ  cells;  compare, 
for  example,  the  nuclei  of  the  primordial  germ  cells, 
CffJand  UijrII,  with  the  nuclei  of  the  somatic  cells  in 
Fig.  2615.  The  origin  of  this  difference  may  be  seen  in 
the  two-  and  four-cell  stages.  Figs.  2609  and  2610.  In 
the  first  somatic  cell,  81,  the  ends  of  the  large  chromo- 
somes are  thrown  off  into  the  cytoplasm  and  finally  dis- 
appear, while  the  middle  part  of  each  chromosome  di- 
vides transversely  into  small  segments,  which  behave 
like  ordinary  chromosomes  in  cell  division,  give  rise  to 
small  round  nuclei,  and  reappear  in  subsequent  genera- 
tions of  the  somatic  cells.  On  the  other  hand,  the  large 
chromosomes  of  the  cells  of  the  gei-m  tract,  PI  to  P5,  be- 
have exactly  like  the  chromosomes  of  the  fertilized  egg 
and  give  rise  to  large-lobed  nuclei  rich  in  chromatin. 
"Through  this  remarkable  process,"  as  Wilson  remarks, 
"  it  comes  to  pass  that  in  this  animal  only  the  germ  cells 
receive  the  sum  total  of  the  egg  chromatin  handed  down 
from  the  parent.  All  the  somatic  cells  contain  only  a  por- 
tion of  the  original  germ  substance.  The  original  nuclear 
constitution  of  the  fertilized  egg  is  transmitted,  as  if  by  a 
law  of  primogeniture,  only  to  one  daugliter  cell,  and  by 
this  again  to  one,  and  so  on ;  while  in  the  other  daughter 
cells  the  chromatin  in  part  degenerates,  in  part  is  trans- 
formed, so  that  all  of  the  descendants  of  these  side 
branches  receive  small  reduced  nuclei."  Wilson  adds 
that  it  would  be  difficult  to  overestimate  the  importance 
of  this  discovery. 

All  of  the  evidence  goes  to  show  tliat  there  is  some 
kmd  of  continuity  between  the  germ  cells  of  one  genera- 
tion and  those  of  the  next.  The  earlier  investigators 
said.  This  is  a  continuity  of  germ  cells."  Tlien  came 
Weismann,  who  said,  "Hold  on,  you  are  trying  to  prove 
too  much.  Continuity  of  germ  cells  is  very  rare  Or- 
dinarily the  egg  gives  rise  entirely  to  somatic  cells,  and 
then  some  of  these  somatic  cells  give  rise  to  germ  cells 
llut  the  germ  plasm  is  continuous  for  it  is  passed  along 
by  the  somatic  cells  of  the  germ  tract  until  it  is  finallv 
separated  out  in  the  new  germ  cells.  This  is  proven  by 
the  fact  that  germ  cells  cannot  be  produced  except  by 
cells  of  the  germ  tract."  Now  come  viu-ious  critics  of 
Weismann  and  say:  "This  idea  that  the  cells  of  the 
germ  tract  contain  two  kinds  of  idioplasm  is  a  pure  as^ 
sumption  that  IS  not  warranted  by  the  facts"  and  thev 
present  a  good  deal  of  evidence  to  show  that  ihere  is  no 
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real  difference  between  somatoplasm  and  germ  plasm. 
They  might  add  that  in  the  case  of  the  germ  tract  this 
distinction  is  unnecessary,  because  in  every  group,  not 
excepting  the  Hydroids,  these  cells  remain  in  a  more 
or  less  undifferentiated  embry- 
onic condition.  Even  if  they 
do  form  part  of  the  lining  of 
the  body  cavity  or  some  other 
organ,  the  cells  which  give  rise 
to  germ  cells  have  never  been 
highly  differentiated  as  somatic 
cells.  If  a  muscle  cell  could  by 
division  produce  a  germ  cell, 
we  might  be  forced  to  assume 
that  it  originally  contained  two 
kinds  of  idioplasm.  But  there 
is  no  reason  why  the  cells  which 
usually  produce  germ  cells 
should  contain  anything  but 
germ  plasm,  for  they  are  not  as 
a  rule  differentiated  in  any  other 
direction. 

It  would  seem  then  that  Weis- 
mann has  been  trying  to  draw  too 
fine  distinctions  and  we  must  fall 
back  upon  the  observed  facts.  These  are  that  the  germ 
cells  produced  by  any  individual  are  derived  by  growth 
and  fission  from  the  fertilized  egg  that  produced  that  in- 
dividual. There  is  strong  evidence  to  show  that  the  chro- 
matin is  the  seat  of  the  controlling  power  in  the  cell  and 
that  the  individuality  of  the  chromosomes  is  maintained 
during  successive  mitoses.  If  this  be  true,  then  it  is  an  im- 
portant fact  that  the  chromosomes  in  each  germ  cell  are 
derived  by  growth  and  precisely  equal  fission  from  the 
chromosomes  of  the  fertilized  egg  that  produced  the  in- 
dividual containing  them.  I  believe  that  these  observa- 
tions must  stand  as  facts  and  that  they  form  the  only 
safe  foundation  for  a  theory  of  heredity. 

Preformation  and  Evolution. — The  theory  of  continuity 
postulates  that  the  child  and  its  parent  are  alike  because 
both  of  them  have  been  produced  by  the  same  germinal 
substance.  _  This  is  a  satisfactory  explanation  of  heredity 
so  far  as  it  goes,  but  it  leaves  unanswered  two  large 
questions.  How  is  variability  introduced?  and  How  is 
differentiation  brought  about?  An  attempt  to  answer 
these  questions  involves  us  at  once  in  the  old  controversy 
of  Evolution  vs.  Epigenesis  (see  Evulntion). 

The  observations  of  Wolff,  von  Baer,  and  their  succes- 
sors settled  this  controversy  forever  so  far  as  the  visible 
phenomena  of  development  are  concerned,  but  the  ques- 
tion acquired  a  new  meaning  with  the  advent  of  scientific 
speculation  on  heredity. 

Darwin's  theory  of  heredity  was  the  first  one  in  which 
the  theory  of  preformation  was  clearly  stated.  He  re- 
garded_  the  egg  as  made  up  of  gemmules,  each  one  of 
which  is  capable  of  growing  and  producing  one  or  more 
cells  of  a  certain  definite  part  of  the  body.  Differentia- 
tion is  merely  the  development  of  the  different  kinds  of 
gemmules.  Congenital  variations  are  due  to  the  trans- 
inission  from  the  parent  of  gemmules  having  new  quali- 
ties. Every  part  of  the  embrvo  is  represented  in  the  egg 
by  one  or  more  gemmules.  "  The  embryo  is,  therefore" 
just  as  much  preformed  in  the  egg  as  it  was  according  to 
the  views  of  Bonnet  a  century  earlier. 

Brooks  differs  from  Darwin  in  his  theory  of  the  origin 
of  the  gemmules  and  of  the  kind  of  variability  that  thev 
produce,  but  he  fully  agrees  with  him  as  to  their  func- 
tion in  development.  He  regards  a  theory  of  preforma- 
tion as  the  only  kind  of  theory  of  development  that  can 
be  defended. 

Before  Brooks  published  his  theory  Wilhelm  His,  in 
1875,  presented  a  theory  which  has  had  considerable  in- 
fluence upon  subsequent  thought.  He  did  not  attempt 
a  complete  theory  of  heredity,  but  aimed  to  explain  only 
development  and  differentiation.  He  rejected  the  hy- 
pothesis of  gemmules  and  relied  upon  two  principles:  (1) 
the  principle  of  differentiation  of  areas  (Princip  der  or- 
ganbildenden  Keimbezirke),  and  (2)  the  principle  of  un- 
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equal  growth.  He  had  in  mind  an  egg  like  that  of  an}' 
of  tlie  higher  vertebrates,  in  which  the  embryo  is  formed 
in  what  is  practicallj'  a  flat  blastoderm  (see  Area  embryo- 
nalis).  According  to  his  views  the  embrj'o  is  mapped 
out  at  first  upon  the  surface  of  the  egg,  each  organ  and 
part  of  organ  being  represented  by  a  certain  area  (differ- 
entiation of  areas).  These  different  areas  of  the  egg  dif- 
fer from  one  another  in  density,  viscosit}',  chemical  com- 
position, etc.,  and  therefore,  wlien  growtli  begins,  it 
occurs  at  different  times  and  to  different  degrees  in  the 
different  parts.  This  unequal  growth  results  in  the  well- 
known  processes  of  folding,  invagination,  and  the  like. 

The  principle  of  unequal  growth  Is  now  universally 
accepted  as  one  of  the  fundamental  principles  of  modern 
erabryologj'.  So  far  as  it  goes  it  is  undoubtedly  a  cor- 
rect theory  of  development,  but  we  still  want  to  know 
what  causes  this  inequalitj-.  It  is  due,  according  to  His, 
to  the  differentiation  of  areas ;  but  he  does  not  explain 
how  they  arise,  and  their  existence  in  the  unsegmented 
egg  is,  to  say  the  least,  not  self-evident. 

Development,  according  to  His,  is  clearly  a  process  of 
evolution.  In  1888  Roux  published  the  results  of  some 
experiments  on  frogs'  eggs  that  would  seem  to  demon- 
strate the  truth  of  the  principle  of  differentiation  of  areas, 
or  germinal  localization,  as  Wilson  calls  it.  By  punctur- 
ing one  blastomere  in  the  two-cell  stage  he  could  kill  the 
blastomere  operated  upon  without  affecting  the  other. 
The  result  of  the  operation  was  that,  while  the  injured 
blastomere  remained  inactive,  the  uninjured  one  devel- 
oped into  a  complete  half  embryo.  Apparently  the  right 
and  left  halves  are  predetermined  in  the  egg  before  it 
divides. 

But  in  the  mean  time  Nageli  liad  published  his  idio- 
plasm theory,  and  various  observations  upon  the  func- 
tions of  the  nucleus  in  fertilization  and  development  had 
made  it  seem  probable  that  the  idioplasm  should  be 
looked  for  in  the  chromatin  of  the  nucleus,  Roux, 
therefore,  did  not  look  for  the  predetermination  of  the 
two  halves  of  the  embryo  in  the  cytoplasm  of  the  egg,  as 
His  would  have  done,  but  sought  for  it  in  the  nucleus. 
In  fact,  he  had  five  years  before  these  experiments  pre- 
sented the  important  idea  that  the  chromatin  may  divide 
in  two  ways.  It  may  undergo  a  quantitatim  division 
which  results  in  growth,  by  division  of  the  cell  into  two 
similar  cells,  or  it  may  suffer  a  qualitative  division,  which 
results  in  differentiation  by  the  division  of  the  cell  into 
two  dissimilar  cells.  The  first  cleavage  of  a  frog's  egg 
would  be,  accordingly,  a  qualitative  division  separating 
the  idioplasm  of  the  right  side  from  that  of  the  left. 

De  Vries  in  1889  seemed  to  help  the  theory  of  prefor- 
mation by  supplying  a  reasonable  hypothesis  to  account 
for  the  control  of  the  cell  by  the  nucleus.  Although  he 
calls  his  theory  "intracellular  pangenesis,"  it  has  very 
little  resemblance  to  Darwin's  theory.  According  to  de 
"Vries,  the  idioplasm  has  the  same  composition  m  all  the 
cells  of  the  body.  It  is  composed  of  minute  particles 
called  pangems,  each  one  of  which,  like  a  micellar  thread 
of  Nageli,  represents  one  of  the  elementary  qualities  of 
the  organism.  The  pangenes  in  the  nucleus  are  in  an  m- 
active,  or  latent,  condition  and  only  a  few  pangenes  of 
each  of  the  many  kinds  are  to  be  found  there.  The  cyto- 
plasm is  made  up  likewise  of  pangenes  surrounded  by 
a  nutritive  fluid.  But,  unlike  the  nucleus,  the  cyto- 
plasm contains  a  great  number  of  pangenes  of  only  a  few 
kinds  and  they  are  all  in  an  active  condition.  l<rom 
time  to  time  a  paugene  in  the  nucleus  will  divide.  One 
half  remains  in  the  nucleus,  the  other  half  migrates  into 
the  cytoplasm,  where  it  may  undergo  repeated  divisions. 
In  this  way  the  nucleus  controls  the  cell,  while  at  the 
same  time  its  idioplasm  remains  unchanged.  Differen- 
tiation is  brought  about  by  different  kinds  of  pangenes 
becoming  active  in  different  cells. 

De  Vries  argues  that  various  hereditary  qualities  rnust 
be  represented  by  separate  material  factors,  because  these 
qualities  may  vary  independently  of  one  another.  It 
mav  be  supposed  that  the  nucleus  controls  the  cell  by 
liberating  some  form  of  energy  which  acts  as  a  stimulus. 
But  this  implies  something  in  the  cytoplasm  having  defi- 


nite vital  properties  to  receive  the  stimulus.  Or  it  may 
be  thought  that  the  nucleus  secretes  a  ferment,  but  this 
again  implies  something  in  the  cytoplasm  for  the  ferment 
to  act  upon.  This  something  in  the  cytoplasm  requires 
to  be  explained,  and  de  Vries  concludes  that  the  only  tena- 
ble hypothesis  is  that  the  control  of  the  cell  by  the  nu- 
cleus is  exercised,  not  through  any  power  of  stimulation 
nor  by  means  of  a  ferment,  but  through  the  migration  of 
particles  of  the  nucleus  into  the  cytoplasm,  of  which  they 
then  form  a  part. 

We  come  now  to  a  theory  of  heredity  where  the  theory 
of  evolution,  or  preformation,  is  carried  to  its  ultimate 
conclusion.  This  is  the  theory  of  Weismann,  which  has 
for  its  basis  the  hypothesis  of  the  continuity  of  the  germ 
plasm  with  the  total  denial  of  any  inheritance  of  acquired 
characters.  Superimposed  upon  this  is  the  idioplasm 
theory  of  Nageli,  the  theory  of  qualitative  cell-divisions 
of  Roux,  and  the  theory  of  intracellular  migration  of 
pangenes  of  de  Vries. 

As  has  been  stated  before,  heredity  pure  and  simple  is 
explained  by  Weismann  as  due  solely  to  the  continuity 
of  the  germ  plasm,  some  of  which  is  held  in  reserve  in 
each  individual  and  is  passed  on  to  the  next  generation 
without  receiving  any  formed  material  from  the  somatic 
idioplasm.  We  use  the  term  formed  material,  for,  of 
course,  the  germ  plasm  receives  nutriment  just  as  do  all 
other  living  parts  of  the  body,  and  it  utilizes  this  in 
growth.  Weismann  rejects  entirely  both  the  dynamical 
and  the  pangenesis  theories  of  heredity. 

According  to  this  view  strictly  new  congenital  charac- 
ters can  arise  only  by  the  modifying  influence  of  external 
conditions  acting  directly  upon  the  germ  plasm.  Exter- 
nal conditions  which  may  afl:ect  the  germ  plasm  in  this 
way  are  food,  temperature,  and  perhaps  chemical  com- 
position of  tlie  surrounding  medium.  Any  change  in 
these  factors  of  the  environment  may  affect  the  germ 
plasm  within  an  individual  and  result  in  the  appearance 
of  a  new  character  in  its  offspring.  The  appearance  of 
really  new  characters,  however,  is  rare.  Most  variation 
is  brought  about  by  new  combinations  of  old  characters, 
just  as  any  number  of  new  words  may  be  constructed 
from  the  twenty-six  letters  of  the  alphabet,  and  innumer- 
able combinations  of  this  kind  are  produced  according  to 
Weismann  by  sexual  reproduction. 

The  process  of  fertilization  results  in  the  bringing  to- 
gether of  two  masses  of  germ  plasm  having  slightly  dif- 
ferent histories,  and,  therefore,  shghtly  different  quali- 
ties. This  mingling  of  two  germ  plasms  is  called  by 
Weismann  the  process  of  amphimixis.  In  this  process 
the  two  germ  plasms  do  not  fuse,  for  if  they  did  the 
child  would  always  have  the  average  character  of  its  par- 
ents. As  a  matter  of  fact  this  is  a  rare  occurrence ;  the 
individual  child  is  more  apt  to  resemble  one  parent  or  a 
grandparent.  We  must  suppose,  therefore,  that  the 
germ  plasms  derived  from  each  parent  remain  as  distinct 
units  in  the  child,  and  Weismann  calls  each  one  of  these 
units  an  id.  If  there  existed  an  animal  in  which  sexual 
reproduction  had  never  taken  place  its  germ  plasm  would 
consist  of  a  single  id.  That  such  units  do  exist  in  all 
organisms  now  living  is  shown,  according  to  Weismann, 
by  the  presence  of  a  special  device  for  preventing  the 
doubling  of  the  ids  that  would  otherwise  occur  with  each 
sexual  act.  This  is  the  reducing  division  that  always 
precedes  fertilization  (see  Reduction-dimsian). 

Weismann  does  not  think  that  the  chromosomes  are  the 
ids,  which  of  course  lie  within  the  nucleus,  but  he  thinks 
that  the  small  granules  of  which  they  are  sometimes  seen 
to  be  composed  may  be  the  ids,  and  therefore  he  would 
substitute  the  word  idant  for  chromosome.  Each  idant 
of  the  germ  cell  he  regards  as  composed  of  a  large  nuin- 
ber  of  ancestral  germ  plasms,  or  ids,  any  one  of  which  is 
capable  of  directing  the  entire  development  of  the  organ- 
ism. 

Now  each  id  cannot  be  a  homogeneous  unit,  for  we 
find  that  a  child  may  resemble  one  parent  in  some  par- 
ticular, the  other  parent  in  another  particular,  and  per- 
haps a  grandparent  in  a  third,  and  connected  with  this 
there  is  frequently  a  lack  of  correlation  so  that  not  only 
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different  parts  of  the  adult  but  different  stages  m  its  on- 
togeny may  be  independently  variable.  As  Galton  puts 
it,"inlieritance  is  particulate.  Each  id  must  therefore  con- 
tain at  least  as  many  smaller  units  as  there  are  inde- 
pendently variable  parts  in  the  organism.  Weismann 
calls  these  units  determinants.  The  id,  then,  has  a  cer- 
tain structure.  It  is  composed  of  determinants  that  are 
arranged  in  such  a  definite  w&j  in  relation  to  one  another 
that  they  give  rise  to  an  organism  of  their  species.  Eacli 
determinant  may  control  a  single  cell  or  a  large  number 
of  cells  if  they  all  vary  together. 

But  a  cell  may  vary  in  part  and  not  as  a  whole.  More- 
over, the  determinant  must  be  supposed  to  reside  in  the 
nucleus  and  its  control  over  the  cell  must  be  accounted 
for.  The  determinant  must,  therefore,  be  composed  of 
still  smaller  units  vrhich  are  able  to  pass  out  from  the 
nucleus  and  become  a  part  of  the  cytoplasm,  like  the 
pangenes  of  de  Vries.  Weismann  points  out  that  we 
must  not  regard  protoplasm  as  a  chemical  substance  com- 
posed simply  of  atoms  and  molecules,  for  no  chemical 
molecule  has  the  power  of  assimilation  and  growth.  We 
have  to  suppose  the  living,  material  to  be  a  structural 
combination  of  dissimilar  molecules.  These  molecules 
must  be  arranged  in  groups,  thus  forming  units  of  proto- 
plasm which  have  the  power  of  assimilation,  growth,  and 
multiplicatioE^i  by  division,  but  which  if  further  divided 
would  be  separated  into  their  constituent  molecules  and 
would  then  cease  to  be  living  matter.  These  units  Weis- 
mann calls  hinphors.  He  insists  that  their  existence  is 
not  a  mere  assumption,  but  that  they  must  exist.  All 
living  material  is  composed  of  them,  and  he  asserts  that 
the  nucleus  exerts  its  control  over  the  cell  body  by  means 
of  the  biophors,  which  pass  through  the  nuclear  mem- 
brane and  become  a  part  of  the  cytoplasm,  like  the  pan- 
genes  of  de  Vries.  Each  determinant,  therefore,  must  be 
composed  of  a  large  number  of  biophors,  and  when  the 
part  that  it  controls,  its  determinate,  presents  a  differen- 
tiation of  parts,  it  must  contain  a  different  kind  of  bio- 
phor  for  each  part. 

This,  then,  is  Weismann's  conception  of  the  structure  of 
the  germ  plasm.     We  can  understand  now  from  his  point 
of  view  how  ontogeny  would  take  place.     Suppose  a 
species  where  reproduction  had  always  taken  place  by 
means  of  an  unfertilized  egg,  the  simplest  possible  case, 
then  the  germ  plasm  would  consist  of  a  single  id  contain- 
ing one  determinant  for  each  independently  variable  qual- 
ity of  the  species,  and  each  determinant  would  contain  at 
least  as  many  biophors  as  there  are  distinct  parts  in  its 
determinate.     Now  before  cleavage  begins  each  deter- 
minant divides  into  two,  and  one  set  of  determinants 
forms  an  id  of  reserve  germ  plasm,  which  is  to  be  handed 
on  to  the  future  offspring;  while  the  other  forms  the  idio- 
plasm for  the  developing  organism.     The  first  stage  in 
development  is  the  rapid  growth  of  one  determinant  of 
the  active  id.     This  is  followed  by  its  division  into  its 
constituent  biophors,  which  migrate  out  of  the  nucleus 
mto  the  cytoplasm  of  the  egg  and  cause  it  to  divide  into 
the  first  two  blastomeres.     With  the  division  of  the  cell, 
the  id  and  its  determinants  likewise  divide,  so  that  each 
cell  contains  an  id,  but  this  is  no  longer  an  id  of  germ 
plasm  but  an  id  of  somatic  idioplasm,  for  it  has  been 
changed  by  the  loss  of  the  determinant  that  was  used  up 
to  cause  the  first  division.     At  least  one  cell,  however 
(corresponding  to  the  cell  Pi  in  Ascaris,  Pig.  2609)  will 
contain,  besides  its  own  particular  id  of  active  idioplasm 
also  an  id  of  inactive  reserve  germ  plasm.     Ontogenv 
thus  proceeds  by  the  orderiy  division  of  the  determinants 
and  the  separation  of  their  biophors.     In  the  course  of 
ontogeny  two  kinds  of  cell  division  will  occur      In  one 
the  daughter  cells  will  have  the  same  hereditary  quali- 
t.e.s ;  in  the  other  they  will  be  unlike.     In  the  first^  the  d  - 
vision  of  the  Id  ,s  preceded  by  the  division  of  each  d rtei- 
minant  into  two ;  in  the  second,  there  is  no  division  o   tl  e 
determinants,  but  they  become  separated  into  two  se  s 
one  of  which  goes  to  form  each  new  id.     Thi  s  at  the 
first  cleavage  one  nucleus  may  contain  all  the  determ^ 
nants  for  the  ectoderm  and  the  other  all  of  those  for  Z 
endoderm,  or  one  may  contain  all  determhiants  fo,  Ihe 
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right  side  of  the  body  and  the  other  for  the  left.  AVhen 
ontogeny  is  completed  the  idioplasm  of  each  cell  contains 
but  a  single  determinant,  which  continues  to  control  tlie 
cell  by  sending  fresh  biophors  into  the  cytoplasm  to  re- 
place those  that  are  used  up  in  performing  their  func- 
tions. In  addition  to  this,  each  cell  in  the  germ  tract  con- 
tains a  complete  id  of  reserve  germ  plasm,  which  remains 
inactive  or  simply  grows  without  influencing  the  cell 
which  contains  it. 

Now  probably  in  the  history  of  all  living  organisms 
sexual  reproduction  has  occurred  during  innumerable 
generations.  The  germ  plasm  would  therefore  consist 
not  of  a  single  id,  but  of  a  great  many.  Each  one  of 
these  would  behave  in  ontogeny,  however,  just  as  we 
have  supposed  the  single  one  to  act. 

Now  we  can  see  how  sexual  reproduction  aids  varia- 
tion. When  there  was  but  a  single  id  of  gemr  plasm, 
congenital  variations  could  arise  only  by  the  slowly  modi- 
fying influence  of  external  conditions  upon  its  biophors 
and  determinants ;  but  with  sexual  reproduction  we  have 
brought  together  a  number  of  ids  differing  slightly  in 
hereditary  qualities  and  each  trying  to  control  the  de- 
velopment, the  result  will  bring  about  variation. 

The  determinants  in  the  various  ids  will  be  related  in 
two  ways.  Those  determinants  are  homologous  that  con- 
trol homologous  parts  of  the  body,  and  homologous  de- 
terminants may  again  be  either  homodynamous  or  het- 
erodynamous  to  one  another,  according  as  they  have  the 
property  of  impressing  the  same  or  a  different  quality 
upon  the  part  that  they  control. 

When  the  homologous  determinants  of  the  two  parents 
are  homodynamous,  the  offspring  will  possess  the  quality 
that  they  control  in  a  greater  degree  than  either  parent. 
When  they  are  heterodynamous  there  will  be  a  struggle 
between  the  determinants  and  the  quality  in  the  offspring 
will  be  dependent  upon  the  relative  strength  or  numbei's 
of  the  two  sets.  All  of  the  determinants  from  one  par- 
ent are  not  likely  to  have  the  same  relative  strength,  and 
hence  it  is  that  the  child  generally  resembles  one  parent 
in  some  peculiarities  and  the  other  one  in  others. 

If  we  accept  this  theory  of  the  structure  of  the  germ 
plasm,  it  is  easy  to  explain  all  of  the  phenomena  of  he- 
redity and  develo]Dment. 

Variation  in  the  protozoa  is  due  to  the  direct  effect  of 
the  environment  and  to  amphimixis.  The  metazoa  and 
liigher  plants  inherit  their  fundamental  characters  from 
their  protozoan  ancestors.  New  characters  have  been 
added  to  these  by  direct  action  of  environment  upon  tlie 
germ  plasm ;  but  the  most  usual  cause  of  variation  is  the 
formation  of  new  combinations  of  old  characters  as  a  re 
suit  of  amphimixis. 

Reversion  in  hybrids  is  due  to  the  extrusion  of  ids  of 
one  line  of  descent  in  the  reducing  divisions  during  tlie 
formation  of  ripe  germ  cells.  In  pure  races  it  is  due  to 
ids  acquiring  new  strength  and  thus  becoming  the  more 
powerful  after  a  latent  period. 

Sexual  dimorphism  is  due  to  the-  doubling  of  the  de- 
terminants for  the  sexual  character  in  each  id. 

Regeneration  of  lost  parts  is  produced  by  special  deter- 
minants in  the  germ  plasm,  and  reproduction  by  fission 
IS  due  to  a  higher  specialization  of  the  same  process 

Budding  is  explained  as  the  result  of  a  doubling  of  the 
Ids  ot  germ  plasm  and  the  distribution  of  parts  of  the  re- 
serve germ  plasm  to  the  somatic  cells  from  which  tlie 
buds  arise. 

Alternation  of  generations  is  accounted  for  by  suppos- 
ing each  reprndiictive  cell  to  contain  two  kinds  of  germ 
plasm,  one  of  which  becomes  active  in  each  alternate 
generation. 

According  to  tliis  theory  every  peculiarity  of  the  or- 
ganism in  every  stage  of  its  development  is  represented 
by  a  distinct  and  definitely  located  structural  element  in 
the  germ  plasm.  Development  is  an  evolution,  a  becom- 
ing visible  of  pre-existing  potentialities. 

On  its  face  it  is  a  very  satisfactory  theory,  but  we  shall 
find  that  when  tested  by  experiment  it  "fails  in  many 
parts. 
Epigenesis. — As  was  noted  at  the  beginning  of  the  iDre- 
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ceding  section,  if  we  start  witli  the  idea  of  continuity  of 
Idioplasm  as  tlie  basis  for  a  theory  of  heredity,  we  soon 
find  ourselves  involved  in  the  question  as  to  whether 
development  and  differentiation  are  due  to  preformation 
and  aprocess  of  evolution  or  are  due  to  a  process  of  epi- 
genesis.  Just  as  we  may  take  Weismann  as  the  cham- 
pion of  the  preformation  theory,  so  may  we  take  Oscar 
Hertwig  as  the  champion  of  the  more  extreme  side  of  the 
theory  of  epigenesis.  His  position  is  supported  to  a 
greater  or  less  degree  by  de  Vries,  Driesch,  and  E  B 
Wilson. 

Hertwig  agrees  with  Weismann  in  regarding  heredity 
as  being  due  to  a  continuity  of  germinal  idioplasm  which 
resides  in  the  nucleus  and  controls  the  activities  of  the 
cell  by  migrating  out  of  the  nucleus  into  the  cell  body 
and  there  becoming  part  of  the  active  cytoplasm.  Like 
Weismann  he  supposes  the  idioplasm  to  be  made  up  of 
rainute  structural  elements  which  have  the  power  of  as- 
similation, growth,  and  reproduction  by  fission ;  but  he 
diflCers  from  Weismann  in  regard  to  their  other  qualities. 
He  calls  these  bodies  idioblasts  and  they  correspond  in 
general  to  Weismann's  biophors,  to  de  Vries's  pangenes, 
and  to  Nageli's  micellar  threads. 

According  to  Weismann,  the  germ  plasm  is  made  up  of 
determinants  that  represent  every  part  of  the  body  that 
may  vary  independently,  whether  this  be  made  up  of  one 
cell  or  of  a  group  of  cells.  According  to  Hertwig,  on 
the  other  hand,  the  germ  plasm  is  made  up  of  idioblasts 
that  represent  only  cell  characters.  All  of  the  different 
cellular  structures  that  may  occur  anywhere  in  the  or- 
ganism may  be  represented  by  separate  idioblasts  in  the 
germ  plasm,  but  characteristics  that  depend  upon  com- 
binations of  cells  cannot  be  represented  there.  The  egg 
and  the  spermatozoon  are  cells  formed  by  fission  from 
pre-existing  cells,  and  the  fertilized  egg  is  likewise  a 
cell  capable  by  division  of  giving  rise  to  a  colony  of 
cells.  An  egg  may  contain  elements  representing  nerve 
fibre,  muscle  fibrillge,  and  the  like,  because  these  struc- 
tures may  occur  within  a  cell ;  but  it  cannot  contain  ele- 
ments representing  a  hair  or  a  biceps  muscle ;  for  hair 
and  muscle  are  formed  only  by  the  union  of  manj'  cells, 
and  it  is  impossible  to  suppose  that  characters  which  can 
be  formed  only  by  the  union  of  many  cells  may  be  repre- 
sented in  the  structure  of  a  single  cell.  Nevertheless, 
Hertwig  agrees  that  the  characteristics  of  the  adult  de- 
pend fundamentally  upon  the  structure  of  the  idioplasm 
in  the  fertilized  egg  from  which  it  springs.  He  compares 
the  organism  to  a  state.  If  we  suppose  a  community  or 
a  state  to  be  composed  of  the  offspring  of  a  single  paij-, 
the  schools,  the  markets,  the  courts  of  justice,  and  all 
departments  of  the  government  will  be  the  result  of  the 
character  of  that  first  man  and  woman,  and  yet  it  would 
be  absurd  to  suppose  that  these  institutions  were  present 
in  them  in  a  latent  condition.  Just  as  all  the  character- 
istics of  such  a  state  will  be  the  necessary  result  of  the 
human  nature  of  the  man  and  woman  from  which  it  has 
descended,  so  all  characteristics  of  the  organism  are  ulti- 
mately due  to  the  cell  nature  of  the  fertilized  egg  from 
which  it  has  developed.  We  find  Hertwig,  therefore, 
opposing  two  of  Weismann's  fundamental  conceptions, 
■viz. ,  preformation  and  the  qualitatim  division  of  the  idio- 
plasm, and  it  would  be  well  to  make  a  digression  here  to 
test  these  ideas  by  the  results  of  experiment. 

Let  us  take  up  first  the  facts  of  normal  development. 
According  to  Roux's  theory  of  qualitative  divisions, 
which  is  one  of  the  fundamental  conceptions  of  Wei.i- 
mann's  theory,  the  egg  is  at  first  isotropic,  that  is,  there 
is  no  predelineation  of  the  embryo  or  of  its  planes  of 
symmetry  in  the  cytoplasm.  "But  when  cleavage  begins, 
the  qualitative  divisions  of  the  idioplasm  have  the  result 
that  the  embryo  becomes  a  mosaic  made  up  of  cells  hav- 
ing different  qualities  and  capable  of  giving  rise  only  to 
certain  definite  parts  of  the  definitive  organism.  This  is 
called  the  mosaic  theory  of  development. 

As  already  pointed  out,  Roux  found  evidence  for  his 
theory  in  his  experiments  on  frogs'  eggs.  Since  then 
other  evidence  has  been  produced.  Crompton  experi- 
menting on  the  eggs  of  a  marine  gasteropod  (Ilyanassa)  | 


found  that  isolated  blastomeres  from  embryos  in  the  two- 
cell  or  four-cell  stage  (Fig.  3616),  "exhibit  a  typical  par- 
tial development;  that  is,  each  one  develops  as  if  the 
missing  portions  of  the  embryo  were  present.  No  regen- 
eration of  the  missing  parts  takes  place. "  This  bears  out 
what  we  are  led  to  expect  from  a  study  of  the  normal 
cleavage  of  the  gasteropods  and  annelids,  two  large 
groups  in  which  the  method  of  cleavage  is  almost  identi- 
cal. The  division  of  the  egg  in  these  groups  follows  a 
complex  but  very  definite  plan.  Wilson  found  that  in 
Nereis  every  cell  division  follows  a  prescribed  order  up 


FIG.  2616.— Early  Stage.s  in  the  Development  of  the  Marine  Gasteropod, 
Ilyanassa.  i,  Normal  two-cell  stage ;  ii.,  normal  eight-cell  stage ; 
Hi.,  half  eight-cell  stage  deyeloped  from  the  smaller  Isolated  blasto- 
mere,  AB ;  id.,  half  eighteen  stage  developed  from  the  larger 
isolated  blastomere,  C  25.    X  112.    (After  Crampton.) 


to  the  fifty-eight-cell  stage.  At  that  stage  the  chief 
organs  of  the  body  are  represented  by  separate  cells. 
Similar  results  have  been  obtained  by  later  investigators 
worldng  upon  the  development  of  other  annelids  and  on 
molluscs.  Conklin  has  traced  the  cell  lineage  in  Crepi- 
dula  to  the  one  hundred  and  nine-cell  stage  (Fig.  2617). 
The  cells  appear  in  such  definite  and  similar  succession 
in  the  various  species  that  each  cell  has  been  given  a  dis- 
tinctive designation,  and  the  history  of  each  cell  division 
has  been  traced  to  the  time  when  the  principal  organs  are 
outlined.  In  such  a  form  the  embryo  is  really  "  a  visible 
mosaic  work,  not  one  ideally  conceived  by  a  mental  pro- 
jection of  the  adult  characteristics  back  upon  the  cleav- 
age stages. "  There  can  be  no  doubt  about  the  truth  of 
these  observations,  and  if  they  constituted  all  of  the  evi- 
dence, Roux's  theory  of  qualitative  divisions  and  of  the 
mosaic  character  of  the  embryo  would  be  fully  verified. 

Unfortunately  for  the  theory,  however,  there  is  a  great 
mass  of  evidence  to  show  that  these  observations  must  be 
interpreted  differently. 

Beginning  with  the  phenomena  of  normal  develop- 
ment, observations  of  Miss  Clapp  on  toad  fish,  and  of 
Morgan  on  other  Teleosts  and  on  frogs  show  that  there  is 
no  constant  relation  between  the  first  cleavage  plane  and 
any  plane  of  the  adult  body.  Observations  of  H.  V. 
Wilson  on  the  sea  bass,  of  Jordan  on  Amphibia,  and  of 
E.  B.  Wilson  on  Amphioxus  show  that  there  may  be  con- 
siderable variation  in  the  process  of  cleavage  and  yet  nor- 
mal embryos  will  result.  E.  B.  Wilson  found  three  types 
of  cleavage  in  Amphioxus,  a  radial  form,  a  spiral  form, 
and  a  bilateral  form,  with  all  grades  between,  and  all  of 
these  are  equally  capable  of  producing  normal  larvse. 

These  cases  are  enough  to  prove  that  the  mosaic  theory 
is  not  universally  applicable,  and  there  is  experimental 
evidence  that  is  still  more  convincing. 

Driesch  was  the  first  to  experiment  with  segmenting 
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eggs  under  pressure.  Ordinarily  in  the  sixteen-cell  stage 
of  an  echinoderm  egg  the  cells  are  separated  by  alternate 
vertical  and  horizontal  planes.  Driesch  found  that  if  the 
fertilized  egg  were  compressed    between  glass  plates 
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M„m,o     J^°v,^^^®^r  Illustrating  the  Moaalc-Uke  Cleavajre  of  a 
Mollusc,  Crepidula.    T.,  ElghtKiell  stage;  U.,  stage  wlto  oSe  hiin 
dred  and  nine  cells.    Highly  magniflefl.    (Alter  Conklln) 

cleavage  would  take  place,  but  all  the  planes  would  be 
vertical,  so  that  at  the  end  of  the  sixteen-cell  stage  the 

RHJnn7°f^'l.'°°''^*,  ?^.^  one-layered  plate  o?^ceUs 
Relations  of  the  nuclei  in  such  an  embryo  would  be 
very  different  from  the  normal,  yet  if  the  pressure  were 
now^released  the  embryo  would^develop  into  a  peSect 

Heri;wig  obtained  the  same  results  from  exneriment., 

^l^Tff '^^?.  Jl'^^^a™  of  inore interest  because SThe 
eaily  differentiation  of  the  egg  into  micromprpVa^^ 
cromeres.     Hertwig  obtainef  arffeTe"t  mode  of  deav" 
age  according  as  he  compressed  the  eggs  between  hon" 

found  t°o  1^1''"''^  "'''''■  ^"-^  ^°t>^  of^fhese  fZs  were 
rrZw,.!  ^^''  "^'y  greatly  from  the  normal  cells  be 
coming  macromeres  whicli  should  uormBli,  h„      • 

alK^:S-ZormIfeX;of=^^^^^^^^ 

(Fig.  2618).  VarTSa/-ti:^4^-^^^^^^^^^^ 
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the  great  deflniteness  of  the  cleavage  in  Nereis  ano  be 
cause  of  the  results  that  Crampton  obtained  irom  the 
isolation  of  the  blastomeres  of  Ilyanassa.  Under  press- 
ure beneath  a  cover-glass,  the  eggs  would  divide,  each 
forming  a  flat  plate  consisting  of  a  single  layer  of  eight 
cells.  "  If  they  are  now  released  from  the  pressure,  each 
of  the  cells  divides  in  a  plane  approximately  horizontal, 
a  smaller  granular  micromere  being  formed  above,  leav- 
ing below  a  larger  clear  macromerein  which  the  oil  drops 
remain.  The  sixteen-cell  stage,  therefore,  consists  of 
eight  deutoplasm-laden  macromeres  and  eight  proto- 
plasmic mioromeres  (instead  of  four  macromeres  and 
twelve  micromeres,  as  in  the  usual  development).  These 
embryos  developed  into  free-swimming  trochophores  con- 
taining eight  instead  of  four  macromeres,  which  have 
the  typical  clear  protoplasm  containing  oil  drops.  In 
this  case  there  can  be  no  doubt  whatever  that  four  of  the 
entroblastic  nuclei  were  normally  destined  for  the  first 
quartet  of  micromeres  (ectoblast)  from  which  arise  the 
apical  ganglia  and  prototroch.  Under  the  conditions  of 
the  experiment,  however,  they  have  given  rise  to  the  nu- 
clei of  cells  which  differ  in  no  wise  from  the  other  endo- 
derm  cells.  The  immediate  cause  of  differentiation  must 
therefore  be  sought  not  in  the  distribution  of  the  nuclei 
or  their  mode  of  division,  but  in  the  conditions  existing 
in  the  cytoplasm. " 

This  conclusion  is  borne  out  by  the  converse  experi- 
ments performed  by  Morgan  upon  the  egg  of  Fundulus. 
T„  *v,j„  „,: g^g  j^  other  fishes,  the  blastoderm  in  the 
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,?;«^  f,"~,F5''^f  ^"  ^^^^  °'  Nereis.  A,  Nomial ;  B,  under  nress- 
^S.  "?""'''*.  "°<^^  ^'^o^'  tl^e  outlines  of  the  micromeres  forS 
after  release  from  pressure.    (After  Wilson.)  iormea 

eight-cell  stage  consists  of  a  single  layer  of  cells  lying  on 
one  side  of  the  yolk.  Morgan  discovered  that  by  prick- 
ing a  fertilized  egg  so  that  part  of  the  yolk  escaped  he 
could  apparently  reduce  the  pressure  on  the  germinal 
disc,  which  would  become  rounded  and  would  divide  so 
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that  the  eigM-cell  stage  consisted  of  a  clump  of  cells 
separated  _  by  two  vertical  aud  one  horizontal  planes. 
-But  in  spite  of  this  abnormal  cleavatre  a  normal  embrvo 
was  produced.   ' 

The  results  of  the  mdutwi,  of  blast  omercs  are  compli- 
cated. On  the  one  hand  we  have  experiments  like 
Crampton's,  where  an  isolated  blastomere  of  the  two-cell 
stage  continues  to  develop  into  a  half  embryo,  as  if  the 
other  half  were  present ;  while,  on  the  othi'i-  hand,  we 
have  the  experiments  of  Zoja,  wlio 
found  that  isolated  blastomeres  of  r 

the  medusa;,  Clytia  and  Laodice,  in 
the  sixteen-cell  stage  would  develop 
into  free  swimming  larvse  which 
could  not  be  distinguished,  except 
for  their  small  size,  from  larva' 
developed  from  whole  eggs.  (Ap- 
parently, however,  a  one-fourth 
egg  of  Clytia  was  the  smallest  that 
would  develop  into  a  complete 
medusa.)  Between  these  two  ex- 
tremes there  are  species  presenting 
Intermediate  grades  in  their  capacity 
to  develop  from  isolated  blasto- 
meres. So  far  as  we  know  now, 
the  form  that  comes  nearest  to  the 
medusae  described  hy  Zoja  in  power 
to  develop  from  isolated  blastomeres 
is  Amphioxus.  Wilson  discovered 
that  blastomeres  of  the  two-cell 
stage  isolated  by  shaking  would  de- 
velop preciseh'  like  whole  eggs, 
giving  rise  to  perfect  blastulas,  per- 
fect gastrulas,  and  nearlj'  perfect 
larvse  one-half  the  normal  size. 
The  same  result  was  obtained  from 
groups  of  two  blastomeres  of  the 
four-cell  stage.  Single  blastomeres 
of  this  stage,  however,  might  give 
rise  to  perfect  blastulas  and  gas- 
trulas, but  the  larvit  were  less  per- 
fect. While  from  the  eight-cell 
stage  single  blastomeres  would  pro- 
duce only  imperfect  blastulas,  most 
of  them  developing  as  if  still  part 
of  a  whole  embryo.  Morgan  found 
that  if  one  blastomere  of  the 
two-cell  stage  of  Fundulus  were 
killed,  the  other  would  develop 
into  a  perfect  embryo  two-thirds  of  the  normal  size. 

An  isolated  blastomere  of  the  sea-urchin,  Echinus,  ac- 
cording to  Driesch,  develops  at  first  as  if  it  were  a  half  of 
a  whole  embryo  producing  a  half  blastula.  Then  the 
opening  closes  forming  a  complete  blastula  which  de- 
velops into  a  gastrula  and  pluteus.  Crampton  obtained 
similar  results  with  eggs  of  an  Ascidiau  (Fig.  2619). 

In  the  ctenophore,  Beioe,  we  have,  as  Driesch  and 
Morgan  have  shown,  a  condition  similar  to  that  found  in 
the  gasteropod.  Isolated  blastomeres  of  the  two-  or  of 
the  four-cell  stage  segment  as  if  forming  a  half  or  a 
quarter  of  a  whole  embryo,  and  they  give  rise  finally  to 
imperfect  larvse.  Driesch  and  Morgan  made  also  the  in- 
teresting discovery  that  if  a  fertilized  ctenophore  egg 
have  part  of  the  cytoplasm  removed,  it  also  gives  rise  to 
an  imperfect  larva""  showing  certain  defects  which  repre- 
sent the  parts  removed."  This  last  observation  shows 
that  the  cytoplasm  may  be  of  importance  in  directing 
development.  For  here  a  defect  in  the  cytoplasm  gives 
rise  to  a  definite  deformity  in  the  larva. 

All  of  these  results,  taken  together,  make  a  very  strong 
case  against  the  theoi-y  of  qualitative  divisions.  The  iso- 
lation experiments  show  that  in  many  cases  a  nucleus 
which  normally  should  give  rise  to  nuclei  of  only  one- 
sixteenth,  one-eighth,  one-fourth,  or  one-half  the  embryo 
may  when  isolated  produce  all  of  the  nuclei  of  a  normal 
larva.  The  pressure  experiments  show,  moreover,  that 
even  in  cases  in  which  isolated  blastomeres  will  not  pro- 
duce whole  larvse,  these  same  blastomeres,  if  all  together, 
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may  be  shuflled  like  a  pocket  full  of  marbles  and  yet 
produce  perfect  lai'va'.  Evidently  we  must  seek  some 
cause  other  than  qualitative  divisions  to  explain  differ- 
entiation. 

According-  to  Weismann's  theory  of  determinants,  we 
must  not  only  have  qualitative  divisions,  but  tlie  cells 
of  the  body  must  become  diverse  by  a  process  of  self- 
differentiation.  That  is  to  say,  the  cause  of  differenti- 
ation lies  within  the  cell  itself  and  not  only  A\ithin  the  cell 


Fig.  2619.— Early  Stages  in  the  Development  of  an  Ascldlan.  1,  Normal  eight-cell  stage, 
viewed  from  the  left  side ;  2.  same,  slxteen-cell  stage ;  3,  halt  eight-cell  stage  developed 
from  aa  isolated  left  blastomere  of  the  two-cell  stage ;  4,  same  In  the  half  sixteen-cell  stage. 
Note  the  relative  positions  of  corresponding  cells,  B*',  B*-^,  etc.,  in  normal  and  half  em- 
bryos.    X  250  to  280.    (In  part  after  Castle,  from  Crampton.) 


but  in  the  idioplasm  residing  in  the  nucleus.  There  is 
no  room  left  in  this  process  for  the  effects  of  external 
conditions,  Hertwig,  on  the  other  liand,  maintains  that 
external  conditions  form  a  verjr  important  factor  in  dif- 
ferentiation. That  tills  must  be  true  is  demonstrated  by 
the  numerous  modifications  of  form  that  occur  as  reac- 
tions to  external  stimuli,     (See  article  Differentiation.) 

It  should  be  borne  in  mind  in  this  connection  that  if 
the  idioplasm  resides  in  the  nucleus,  as  we  have  reason 
to  believe  that  it  does,  then  the  yolk  and  other  constitu- 
ents of  the  c.ytoplasm  in  the  same  cell  form  part  of  the 
external  conditions  relative  to  the  idioplasm.  Since  the 
days  of  Balfour  morphologists  have  universally  accepted 
the  belief  that  the  presence  of  yolk  has  a  profoundly 
modifying  effect  upon  the  course  of  cleavage, 

Morgan  and  Driesch  have  presented  experimental  evi- 
dence that  not  only  is  this  true,  but  that  later  stages  may 
be  affected  by  the  presence  or  absence  of  portions  of  the 
yolk  in  the  egg. 

Weismann's  tlieoiy  of  determinants  breaks  down,  then, 
when  examined  critically  in  the  Hght  of  the  most  recent 
observations.  Let  us  see  now  what  Hertwig  would  give 
us  in  place  of  it. 

According  to  Hertwig,  the  fertilized  egg  is  after  all 
merely  a  cell,  and  can  have  no  characteristics  other  than 
those  that  properly  belong  to  cells.  The  impulse  for  the 
first  division  comes  either  from  the  nucleus  or  the  centro- 
some,  but  the  plane  of  the  division  is  determined  by  the 
shape  of  the  egg,  the  distribution  of  the  deutoplasm,  its 
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relative  amount,  the  plane  of  union  ofthe  Pro^^den  and 
so  forth.  For  example,  if  the  egg  is  oblong,  the  plane  ot 
cleavage  will  be  at  right  angles  to  the  long  a.\is^^  H 
there  is  more  deutoplasm,  yolk  granules,  in  one  s  de  of 
the  egg  than  in  the  other,  the  egg  will  divide  ">^equally 
the  larger  segment  including  that  part  of  the  egg  which 
is  richer  in  diutoplasm.  In  the  next  stage  internal  stuct^ 
ure  of  the  blastomeres  again  may  have  a  controUmg 
efiEect  Blastomeres  may  again  divide  unequally  toi  tJie 
same  reason  as  before,  and  those  which  are  the  less  cum- 
bered with  deutoplasm  will  divide  the  more  rapidly. 
Now  another  factor  comes  in,  for  as  soon  as  the  organism 
consists  of  more  than  one  cell,  the  interaction  of  one  cell 
upon  another  affects  the  mode  of  cleavage  and  the  difler- 
entiation  of  the  cell.  At  the  same  time  the  cells  are  being 
affected  by  stimuli  from  without  the  organism,  such  as 
light,  heat,  gravity,  and  chemical  composition  ot  sur- 
rounding media.  Although  the  cytoplasm  may  divide 
into  parts  difEering  in  composition  and  specihc  gravity, 
the  division  of  the  idioplasm  in  the  nucleus  is  always 
quantitative  only.  The  two  daughter  nuclei  are  exactly 
alike  Nevertheless,  the  nucleus  controls  the  differenti- 
ation of  the  cell,  and  this  is  affected  by  the  diSerent  idio- 
blasts  which  become  active  in  different  nuclei.  Which 
idioblasts  shall  become  active  in  any  cell  is  determined 
by  the  different  positions  of  the  nuclei  relative  to  the 
whole  mass  and  the  consequent  difference  in  the  stimuli 
that  they  receive.  Hertwig  quotes  with  approval  the 
remark  made  by  Driesch  that  "  the  differentiation  of  the 
cell  is  a  function  of  its  position." 

There  is  no  preformation  of  the  embryo  in  the  egg. 
The  mosaic  theory  of  the  cleavage  is  a  myth,  and  it  is 
still  more  mythical  to  carry  this  mosaic  idea  back  to  the 
idioplasm  of  the  egg.  Preformation  exists  only  in  so 
far  that  the  structure  of  the  egg  as  a  whole  determines 
the  character  of  the  first  cleavage.  The  structure  of  the 
whole  embryo  in  the  two-cell  stage  determines  what  the 
next  step  in  development  shall  be.  The  new  chamctars 
that  appear  in  ontogeny  are  really  new  formations  and  not 
merely  the  becoming  visible  of  pre-existing  latent  possi- 
bilities. The  form  of  the  embryo  is  the  resultant  of  two 
factors,  viz.,  the  character  of  the  idioplasm,  and  the  na- 
ture of  the  stimuli  to  which  it  is  subjected.  Of  these 
stimuli,  those  which  arise  within  the  organism  are  the 
most  important  in  ontogeny,  for  they  are  the  ones  that  are 
constantly  changing  as  development  proceeds.  The 
character  of  the  idioplasm  determines  primarily  what  the 
reaction  shall  be  to  any  given  stimulus,  and  this  reaction 
in  turn  determines  what  the  stimulus  shall  be  in  the  next 
stage.  Development  is  purely  a  process  of  epigenesis, 
and  each  stage  determines  only  what  the  next  stage 
shall  be. 

Wilson  takes  a  position  that  is  somewhat  less  advanced 
than  that  held  by  Hertwig.  He  points  out  that  while  it 
is  generally  true  that  the  relative  position  of  a  blastomere 
determines  what  shall  develop  from  it,  this  relation  can- 
not be  a  purely  geometrical  or  mechanical  one,  for  in 
different  species  of  eggs  blastomeres  may  exactly  corre- 
spond in  origin  and  relative  position,  yet  have  entirely 
different  morphological  value.  This  is  strikingly  shown 
by  a  comparison  of  the  polyclade  egg  with  tliat  of  the 
annelid  or  gasteropod.  Cells  with  exactly  similar  geo- 
metrical relations  give  rise  to  entirely  different  organs  in 
the  two  groups. 

Wilson  agrees  with  Hertwig  that  the  differentiation  of 
the  cytoplasm  in  one  stage  has  a  determining  influence 
upon  the  next  stage,  and  he  explains  the  difference  be- 
tween eggs  of  the  gasteropod  and  the  medusa  in  the  abil- 
ity of  single  blastomeres  to  produce  a  whole  embryo  by 
supposing  this  differentiation  to  have  begun  in  the 
former  early  in  the  history  of  the  ovarian  egg.  He  docs 
not  agree  with  Hertwig  in  supposing  tlie  somatic  nuclei 
to  retain  their  embryonic  character.  He  points  out  that 
the  facts  of  regeneration  indicate  that  the  nucleus  has 
undergone  a  change,  and  he  suggests  that  the  change 
may  be  due  to  a  process  like  that  observed  in  the  somatic 
cells  of  the  segmenting  egg  of  Ascaris.  That  is,  the  so- 
matic nuclei  do  really  differ  from  germ  nuclei,  but  this 


is  because  they  have  given  up  part  of  their  substance  to 
the  cytoplasm",  and  not,  as  Weismann  would  suppose,  be- 
cause they  have  undergone  qualitative  division. 

ConcUmoiis.-^<i  have  now  completed  a  review  of  the 
principal  fundamental  conceptions  to  be  found  m  theories 
of  heredity  We  have  seen  that  the  animistic  theories 
belong  to  the  age  of  mysticism,  and  receive  no  conflrma- 
tionfrom  scientific  investigations.  We  have  seen  that 
there  is  reason  to  believe  that  heredity  has  its  foundation 
in  a  physical  basis,  which  is  the  protoplasm  of  the  cell ; 
and  this  may  perhaps  be  differentiated  into  physiological 
units  of  some  kind.  Further  there  is  much  evidence  from 
observation  and  experiment  to  show  that  the  physical 
basis  for  heredity  forms  an  idioplasm  residing  m  the  nu- 
cleus of  the  cell  and  more  especially  in  those  parts  ot  the 
nucleus  which  are  composed  of  chromatin.  Whether  the 
idioplasm  of  the  germ  cell  is  essentially  different  from 
that  of  somatic  cells  is  doubtful.  The  view  that  such  a 
differentiation  does  exist  is  strongly  supported  on  mor- 
phological evidence  in  the  single  case  of  Ascans  Ihe 
physiological  evidence  is  clearly  against  a  quahtative 
division  of  the  idioplasm.  On  the  other  hand,  it  indicates 
some  sort  of  progressive  differentiation  in  the  Idioplasm 
of  somatic  cells  during  development,  a  differentiation 
which  begins  earlier  or  later  in  different  species.  The 
causes  of  this  differentiation  appear  to  lie  partly  within 
the  idioplasm  itself  and  partly  in  the  conditions  sur- 
rounding it.  Both  experiment  and  common  sense  favor 
the  view  that  the  cell  can  contain  no  elements  presenting 
other  than  purely  cellular  characteristics.  Development 
is  essentially  a  process  of  epigenesis.  There  are  as  many 
species  of  germ  cells  as  there  are  species  of  organisms,  and 
the  germ  cells  of  any  single  individual  have  probably  the 
.  same  degree  of  variability  that  other  serially  homologous 
organs  of  that  individual  have.  The  normal  offspring  is 
similar  to  its  normal  parent,  because  the  germinal  idio- 
plasm of  the  two  are  of  common  origin,  and  both  have 
developed  under  normal  conditions.  There  is  no  evi- 
dence that  the  germ  cells  in  an  adult  organism  may  be 
affected  in  any  direct  way  by  any  changes  that  may  take 
place  in  the  cells  of  the  body.  Therefore  the  inheritance 
of  acquired  modifications  of  somatic  cells  is  theoretically 
improbable.  Robert  Payne  Bigdow. 
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HEREDITY  IN  RELATION  TO  THE  DEVELOPMENT 
OF  MORBID  STATES.— It  is  almost  of  the  nature  of  a 
truism  to  state  tliat  morbid  conditions  are  and  can  only 
be  either  inherited  or  acquired ;  yet  we  are  apt  to  confuse 
tliese  two  modes  of  production ;  hence  in  dealing  with 
heredity  as  a  factor  in  the  development  of  states  of  dis- 
ease it  is  essential  at  the  outset  to  lay  down  clearly  what 
is  and  what  is  not  inherited.  A  little  consideration  shows 
us  that  only  that  is  inherited  which  is  the  property  of  the 
individual  at  tlie  beginning  of  the  existence  of  that  indi- 
vidual, for  once  existence  has  begun  any  disturbances  set 
up  by  influences  from  without — by  injury,  infection,  or 
intoxication — are  obviously  acquired.  Now  individual 
existence  certainly  does  not  begin  at  the  moment  of  birth ; 
it  begins  at  the  moment  that  the  nuclear  material  of  the 
spermatozoon  fuses  with  the  nuclear  material  of  the  ovum 
to  form  the  fertilized  cell.  Hence  that  only  is  inherited 
which  has  been  conveyed  to  the  individual  by  the  sper- 
matozoon or  the  ovum,  or  which  directly  results  from  the 
fusion  and  interaction  of  the  substances  of  these  two 
parental  cells. 

It  follows,  therefore,  that  conditions  acquired  by  the 
individual  during  intra-uterine  existence  must  be  care- 
fully separated  from  inherited  states.*  Thus  we  have  to 
divide  morbid  conditions  into : 

A.  hiJurited. 

(1)  From  the  father. 

(2)  From  the  mother. 

(3)  Resulting  from  the  interaction  of  the  paternal 
and  maternal  germ  plasms. 

B.  Acquired. 

(1)  Of  antenatal  acquirement. 

(2)  Acquired  during  parturition. 

(3)  Of  postnatal  acquirement. 

In  our  determination  of  what  is  truly  inherited  we  have 
to  recognize  that  infection  as  such  cannot  be  inherited; 
syphilis  and  tuberculosis,  for  example,  cannot  be  spoken 
of  as  inherited  conditions.  Not  that  these  infections  of 
the  parent  may  not  tell  upon  one  or  other  of  the  conju- 
gating germ  cells  and  so  lead  to  disturbed  states  of  ovum 
or  spermatozoon  which  may  materially  influence  the  re- 
sulting individual;  such  indirect  influences  may,  as  I 
shall  point  out  later,  lead  to  the  manifestation  of  pnr>t- 
Kiipldlitic  and  parafubercnlou.-i  lesions;  but  the  actual  in- 
fection cannot  be  inherited.  There  is  no  such  thing  as 
inherited  syphilis  in  the  proper  sense. 

For  such  infection  presupposes  the  passage  ot  microbes 
from  one  or  other  parent  to  the  offspring  tlirough  the  m- 
strumentality  of  the  germ  cells.  Apart  from  the  fact 
that  such  microbes  cannot  strictly  be  regai'ded  as  proper- 
ties of  the  parental  organism,  and  apai-t  from  the  tact  tliat 
the  spermatozoon,  the  germ  cell  through  winch  this 
transmission  is  supposed  often  to  occur,  is  so  small  and 
of  such  a  structure  that  it  cannot  be  conceived  as  a  car- 
rier of  microbes  save  by  adhesion  to  its  exterior,  were  a 
microbe  or  microbes  to  gain  entrance  by  any  means  into 
the  ovum,  that  would  be  at  the  most  a  fortuitous  inclu- 
sion, and  we  are  not  justified  in  imagining  that  it  could 
be  present  without  so  seriously  injuring  the  cell  as  to 
render  it  barren  or  monstrous.  As  a  matter  of  tact  the 
laborious  observations  of  Gartner  upon  the  number  of 
tubercle  bacilli  present  in  the  semen  of  tuberculous 
euinea-pigs  have  demonstrated  that  the  probability  ot  a 
bacillus  beaving  spermatozoon  fertilizing  an  ovum  is  so 
extraordinarily  minute  that  it  may  he  "eglected  .Un  e 
the  statistics  of  Chiari  upon  the  specificlesions  of  infan  s 
suffering  from  antenatal  syphilis  show  that  the  liver  is 
the  organ  most  extensively  involved  in  nearly  all  cases— 
a  sure  indication  that  the  channel  of  infection  has  been 
from  the  placenta;  for  the  blood  commg  from  the  pla- 


*  Chiintemesse  and  Podwyssotsky  suggest  for  the  former  the  term 

o^/i  tiiut  n  somewhat  limited  one.  Tospeali  of  mtra-utenneacquue 
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centa  first  passes  through  this  organ,  which  thus  bears 
the  brunt  of  the  infection. 

The  not  infrequent  cases  in  which  a  syphilized  father 
begets  syphilized  children  without  the  mother  showing 
signs  of  general  sypliilis,  must  therefore  be  due  to  intra- 
uterine infection,  either  by  passage  of  the  specific  virus 
from  the  uterine  cavity  through  the  cells  of  the  amniotic 
sac  (this  has  recently  been  shown  possible  in  connection 
with  other  pathogenetic  microbes),  or  by  local  infection 
of  the  foetal  placenta  from  the  uterine  cavity,  or  by  local 
infection  of  the  uterine  mucosa  and  maternal  placenta 
without  extension  of  the  disease  in  the  mother,  although 
with  conferment  of  relative  immunity  upon  the  mother. 
Having  now  cleared  the  ground  it  is  possible  to  dis- 
cuss the  effects  of  heredity  pure  and  simple.  The 
inheritance  of  morbid  conditions  may  be :  1.  Specific  or 
ex  specie,  i.e.,  peculiar  to  all  the  members  of  a  species. 
2.  Racial.     3.  Familial.     4.  Individual. 

1.  Ex  Specie. — This  shows  itself  mainly  in  predisposi- 
tions to  certain  infections  including  the  disturbances  set 
up  by  the  grosser  parasites.  The  infectious  diseases  of 
cold-blooded  animals,  for  example,  are  quite  different 
from  those  of  warm-blooded,  and,  while  some  diseases  oc- 
cur inc  ommon,  the  diseases  to  which  man  is  liable  are, 
as  a  series,  well  differentiated  from  those  affecting  cattle. 
Certain  infections  like  syphilis,  gonorrhoea,  and  typhoid 
would  appear  to  affect  man  alone  under  natural  condi- 
tions. 

An  interesting  line  of  thought  has  been  touched  upon 
by  Bland  Sutton  in  his  "  Introduction  to  General  Path- 
ology," where  he  points  out  that  certain  structural  feat- 
ures so  characteristic  as  to  be  differential  in  certain 
species  and  races,  are  essentially  inherited  morbid  condi- 
tions or  malformations.  He  notes  that  the  race  of  tailless 
trout  ot  Islay  (and  we  may  add  the  race  of  JIanx  cats), 
the  albinic  or  non-pigmented  species  of  snails;  the  Chfe- 
todon  with  its  remarkable  osteomatoid  enlargements  of 
the  bones,  the  race  of  horned  men  of  Akim  in  Africa  with 
their  huge  symmetrical  exostoses  of  the  malar  bones,  are 
all  examples  of  such  morbid  inheritance.  He  is  inclined 
to  believe  that  horn  and  horny  outgrowths  in  general 
have  originated  as  pathological  states,  and  what  is  more 
he  would  regard  the  descent  of  the  testicle  into  the  scrotum 
in  man,  and  other  animals  which  assume  the  more  or  less 
erect  position,  as  an  inherited  anomaly.  Another  good 
example  of  inherited  pathological  structures  is  the  pair 
of  "castors"  situated  on  the  inner  side  of  either  foreleg 
of  the  horse.  These  familiar  objects  are  of  cuticular  ori- 
gin, are  horny  and  unconnected  with  bone ;  they  are  con- 
stant and  apparently  useless.  The  only  satisfactory  ex- 
planation he  can  suggest  for  the  inheritance  of  these 
anomalies  is  that  some  prepotent  ancestor  of  the  horse 
conveyed  this  to  its  descendants  along  with  other  more 
valuable  properties ;  in  other  words,  that  there  is  a  cer- 
tain correlation  in  the  inheritance  of  variations. 

3.  Racial.— Among  the  members  of  one  species  those 
of  a  different  race  show  peculiar  susceptibilities.  Thus 
among  the  lower  animals,  the  "Buffel"  or  native  cattle 
of  Austria-Hungary  have  been  found  largely  insuscep- 
tible to  tuberculosis,  in  this  differing  widely  from  ordi- 
nary domestic  cattle ;  the  race  of  Algerian  sheep  is  re- 
fractory to  anthrax  when  ordinary  domestic  European 
breeds  are  peculiarly  susceptible.  Numerous  similar  ex- 
amples can  be  cited  among  the  races  of  mankind ;  negroes 
are  peculiarly  liable  to  succumb  to  tuberculosis,  they  suf- 
fer from  sleeping-sickness,  ainhum,  etc.,  and  on  the  other 
hand  appear  not  to  be  so  susceptible  to  miliaria  as  are 
white  races.  Malaysians  show  a  marked  tendency  to  con- 
tract beri-beri,  they  and  the  Hindoos  (though  to  a  some- 
what less  extent)  and  Eastern  peoples  in  general  are  more 
liable  to  contract  and  to  die  from  the  plague  than  are 
those  of  European  descent,  although  the  latter  show 
themselves  more  susceptible  to  yellow  fever.  In  Cana- 
da, as  in  Prance,  the  greater  severity  of  scarlet  fever 
when  it  attacks  those  of  Anglo-Saxon  descent  as  com- 
pared with  those  of  French  origin  is  distinctly  notice- 
able. I  have  already  in  the  previous  paragraph  cited 
some  examples  of  the  racial  inheritance  of  anomalies. 
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3.  Familiai,.— Very  numerous  exam])les  niii;-  be  cited 
of  familial  inlierilanee.  These  examples  range  them- 
selves in  various  groups: 

(I.)  Inhentanre  ofAiwniuUex.  Numerous  well-recorded 
examples  of  cases  of  Polydactyly,  syndactyly,  abnormal 
shortness  of  the  phalanges,  hypospadias,  phimosis,  are 
noted  as  occurring  through  several  generations. 

(H.)  Other  condition.-,  which  may  be  regarded  as  proh- 
(ibly  anomalies  of  defeH.  and  which  are  markedly  inherited, 
are  hremophilia,  albinism,  Daltonism,  myopia,  strabis- 
mus, ichthyosis. 

(HI.)  -Dtathetii:  The  lust  example  together  with  the 
tendency  to  the  formation  of  cataract  may  possibly  come 
under  the  heading  of  diathesis,  or  liabilities  to  abnormal 
functional  disturbances  occurring  at  certain  periods  of 
life.  Among  these  also  are  to  be  included  obesity,  gout, 
chronic  rheumatism,  and  diabetes. 

(IV.)  Infectious.  It  is  a  matter  of  popular  knowledge 
that  certain  families  are  much  more  susceptible  than  is 
the  race  in  general  to  acquired  conditions  like  tuberculo- 
sis or  one  or  other  zymotic  disease. 

(V.)  Nefrvous.  The  familial  nervous  conditions  are  es- 
pecially worthy  of  note,  because  in  a  remarkable  propor- 
tion of  cases  of  mental  and  other  nervous  disturbances 
we  find  a  history  of  antecedent  nervous  conditions,  either 
homcEOmorphic,  i.e.,  of  the  same  order,  or  heteromorphic, 
of  different  type.  Among  the  former  we  recognize  in- 
herited paralytic  and  ataxic  cf)nditions,  pseudo-hypertro- 
phic  and  amyotrophic  paralyses,  Friedreich's  disease, 
etc. ;  among  the  latter  and  more  frequentl}'  we  find 
mental  disorders  traceable  to  ancestral  disturbance. 
There  is  one  well-known  county  family  in  England  in 
which  a  state  of  weak-headedness  varying  in  its  mani- 
festations is  traced  back  to  the  seventeenth  centurj'  and 
is  popularly  attributed  to  the  prominent  part  pla3'ed 
by  a  celebrated  ancestor  in  connection  with  the  behead- 
ing of  Charles  I. 

"The  tendency  of  late  _years  has  been  to  lay  increasing- 
emphasis  upon  the  hereditarj'  factor  in  the  production  of 
insanity,  but  it  is  doubtful  whether  even  yet  the  true 
bearing  and  significance  of  this  factor  has  been  recog- 
nized." 

Carlos  F.  MacDonald  lays  down  that  the  so-called  ex- 
citing causes  of  insanity  play  a  very  unimportant  part  in 
the  etiology  of  this  disease,  except  in  so  far  as  they  may 
operate  to  bring  about  a  lowered  and  disturbed  state  of 
the  brain  and  those  set  in  motion  hitherto  latent  inherited 
conditions  or  tendencies.  In  supjjort  of  this  he  points 
out  that  substantially  every  individual  at  some  time  dur- 
ing his  life  is  exposed,  in  many  cases  repeatedly,  to  many 
of  the  so-called  exciting  causes  of  insanity,  both  mental 
and  physical;  and  yet  despite  this  fact  we  find  that  san- 
ity is  the  rule,  insanity  the  exception. 

4.  Individual  Inheritance.— Thus  far  we  have  had 
no  difficulty  in  recognizing  and  to  a  large  extent  compre- 
hending the  influence  of  inheritance  in  passing  down  from 
individual  to  individual  of  one  species,  race,  or  family, 
certain  peculiarities  of  constitution.  We  can  under 
stand,  that  is,  that  just  as  there  are  passed  down  those 
grosser  properties  whereby  each  member  of  u  species  re- 
sembles all  the  rest  and  differs  from  members  of  other 
species,  so  there  are  passed  down  these  morbid  constitu- 
tional states.  It  is  when  we  come  to  study  the  subject 
of  individual  inheritance,  the  inheritance  'of  conditions 
that  IS  which  have  first  manifested  themselves  in  one  or 
other  parent,  that  from  a  medical  as  from  a  geneial  bio- 
logical standpoint  we  find  ourselves  in  ditlieulties  So 
that  in  order  to  understand  what  is  and  what  is  not  cap- 
able of  inheritance  we  find  it  necessary  to  probe  deeply 
m  order  to  discover  if  possible  some  principle  or  princi- 
ples which  shall  make  it  comprehensible  why  certain 
individual  characteristics  can  thus  be  passed  on  in  later 
generatioas,  why  others  cannot.  As  Virchow  has 
pointed  out  every  variation  from  the  normal  is  stricth' ;'. 
pathological  state,  however  slight  it  may  be,  and  t'his 
whether  it  acts  favorably  or  unfavorably  upon  the  i,  c 
vidual.  Hence  m  discussing  theories  of  inh,.ritance 
which  of  necessity  bear  upon  this  subject  of  the  produc- 
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tion  and  descent  of  variations  we  are  still  strictly  within 
pathological  limits. 

But  in  the  first  place,  before  considering  these  theories, 
it  is  well  to  analyze  individual  variations,  for  these  it 
will  be  seen  may  be  of  two  orders,  .some  being  due  to  the 
interaction  of  tiie  conjugating  germ  plasms  and  so  truly 
inherited,  others  being  of  the  nature  of  acquirements. 
Among  the  latter  are  conditions  of  excessive  develop- 
ment of  one  or  other  function  or  organ,  brought  about 
by  continued  u.se  of  the  same;  the  muscular  develop- 
ment of  the  athlete,  the  specialized  development  of  the 
musculature  of  the  fingers  and  of  the  nerve  centres  con- 
trolling the  same  in  a  pianist,  and  so  on.  Of  the  same 
order  are  the  general  results  upon  the  organism  of  disease 
affecting  the  individual,  as  of  infection  due  to  tuberculo- 
sis and  syphilis  and  the  zymotic  diseases,  of  injuries,  e.rj., 
to  the  brain,  and  of  intoxications,  e.g.,  plumbism  and 
alcoholism. 

In  addition  to  these  we  have  to  recognize  the  occasional 
occurrence  of  what  is  known  as  "'  spontaneous  variations, " 
resulting  in  the  production  of  sports.  The  most  clearly 
marked  examples  of  these  are  to  be  found  among  plants"; 
in  a  bed  of  tulips,  all  apparently  growing  under  the  same 
conditions,  an  occasional  flower  may  be  met  with  pos- 
sessing four,  five,  seven,  or  eight,  instead  of  the  usual 
six  petals.  Now  while  one  or  more  of  these  variations 
may  be  ascribed  to  atavism — to  a  breaking  back  to  an 
ancestral  state — all  cannot  be;  that  is,  the  tulip  must  be 
derived  in  the  distant  past  from  the  precursor  of  the 
Liliacere  having  either  more,  or  less  than  six  petals:  it  can- 
not be  derived  from  both.  And  as  these  conditions  of 
excess  and  defect  are  of  the  same  order,  it  is  probable  that 
atavism  plays  little  or  no  part  in  the  development  of 
sports  of  this  nature.  Discussing  such  cases  the  onh' 
conclusion  we  can  reach  is  that  some  influence  affecting 
the  root  bud  at  its  origin,  or,  it  may  be,  the  abnormal  in- 
teraction of  the  pollen  and  ovum,  has  brought  about  an 
abnormal  development.  Similarly  in  man  and  animals 
in  general,  the  appearance  of  a  sport  in  one  member  of  a 
family  is  rarely  if  ever  to  be  ascribed  to  atavism,  but  to 
similar  influences  acting  either  at  the  time  of  fusion  of 
the  ovum  or  spermatozoon,  or  telling  upon  the  embryo 
during  the  very  earliest  stages  of  development. 

Further  than  this,  admittedly,  we  cannot  advance  in 
the  explanation  of  so-called  spontaneous  variations.  I 
refer  to  this  matter  because  it  is  necessary  to  point  out 
that  both  qualitative  and  quantitative  variations  likesex- 
digitism.  Albinism,  Daltonism,  and  hoemophilia,  mav  and 
do  constantly  present  themselves  in  the  individual,  and 
it  is  not  necessary  to  assume  that  some  ancestor  exhibited 
a  like  condition;  they  may  arise  cJe  now.  What  is  more, 
it  would  seem  that  there  'is  a  peculiar  liability  for  these 
spontaneous  variations  to  show  themselves  in  "succeeding 
generations,  and  to  become  familial.  The  strain  of 
creamy-white  horses  preserved  for  more  than  a  century 
at  Hanover  originated  from  a  single  sport  of  this  order 
by  careful  in-and-in-breeding;  as  again  did  the  Mau- 
champ  strain  of  merino  sheep  with  their  peculiarh-  silky 
wool. 

The  Ixhekitaxce   of  Conditions  Acquired  by  the 
Individual. 

To  us  as  medical  men  it  is  of  special  interest  to  de- 
termine how  and  to  what  extent  acquired  characteris- 
tics lend  to  be  propagated ;  to  what  extent  does  disease 
in  the  individual  tell  upon  the  offspring;  is  it  possible 
that  liesides  resulting,  it  may  be,  in  the  production  of 
offspring  of  lowered  vitality,  the  different  acquired  in- 
fections or  conslitutioual  states  are  liable  to  influence 
that  offspring  in  a  specific  manner  in  one  or  other  direc- 
tion and  so  allord  examples  of  an  inheritance  of  acquired 
characters? 

According  to  Weismann  in  multicellular  individuals 
characters  acquiretl  by  the  individual  cannot  be  inher- 
ited, or  at  least  it  has  still  to  be  proved  that  they  can. 
This  I  might  add  is  a  position  that  is  generally  taken  by 
biologists  of  the  present  day  (vide  article  on  Evolution). 
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Weiaiiiiiiin's  'Theory. — To  ,  understand  Wcisniann's 
theory  it  is  necessary  in  tlie  first  place  to  realize  the  im- 
portance of  the  nucleus  in  the  celhiluj-  economy.  This 
is  the  controlling  agent  in  the  cell:  remove  it  and  the  cell 
is  incapable  of  regeneration  and  prolifci'alion  (Xussbaum, 
Vcrworn).  AVhat  is  more  it  is  the  essential  agent  in 
fecundation.  As  is  shown  by  Van  Beuedcn  (IHT.V)  in  ani- 
mal forms  and  by  Strassburger  (1884)  in  plants,  fecunda- 
tion is  essentially  the  fusion  of  portions  of  the  nuclear 
material  (chromatin)  of  the  male  and  female  germ  cells. 
At  a  later  date  Boveri  showed  that  ccjual  portions  of  the 
male  and  female  chromatin  imite  to  give  origin  to  the 
new  individual.  Here  then  in  this  remarkable  nuclear 
material  is  the  physical  basis  of  heredity,  Tlier<'  is  no 
substance  in  the  fertilized  cell  which  is  similarly  and 
equally  derived  from  both  parental  germ  cells. 

When  now  the  fertilized  ovum  proceeds  to  segment 
and  to  develop  into  the  embryo  and  iiltimate  mature 
form,  the  process  is  seen  to  be  primarily  n  division  and 
distribution  of  the  chromatin,  so  tliat  the  nucleus  divid- 
ing before  any  signs  of  fission  of  tlie  cell  body  show 
themselves,  there  are  distributed  to  each  daughter  cell  ap- 
parently equal  quantities  of  the  chromatin  of  tlie  parent 
cell.  Hence,  as  this  process  of  division  continues  and  the 
wlioleeell  mass  of  the  adult  individual — the  whole  organ- 
ism— is  developed,  each  cell  in  that  organism  contains  a 
portion  or  derivative  of  the  original  chromatin  of  the 
fertilized  ovum.  But  a  differentiation  is  to  be  made  out. 
The  majority  of  these  cells  form  the  tissues  of  the  body 
and  as  such  are  found  incapable  of  undergoing  fecunda- 
tion and  giving  rise  to  new  individuals.  These  are  Weis- 
raann's  somatic  cells.  Only  a  certain  number  pi'esent  in 
the  reproductive  glands  maintain  this  capacity  ;  they  are 
the  f/erni  cells.  And  it  is  these  germ  cells  which  convey 
to  tile  offspring  the  parental  germ  plasm;  it  is  through 
them  and  through  their  nuclear  chromatin,  in  which,  as 
above  said,  the  germ  plasm  would  seem  necessarily  pres- 
ent, that  descent  occurs,  and  as  in  their  tnrn  they  are  the 
direct  descendants  of  the  germ  cells  wliieli  gave  rise  to 
the  parent  individuals  and  so  contain  germ  plasm  dii-eetly 
derived  from  ancestor  after  ancestor,  so  their  essential 
germ  plasm  is  potentially  eternal.  It  has  Ix'cn  passed  on 
from  generation  to  generation;  the  somatic  cells  of  one 
generation  after  another  have  inevitably  undergone  death 
and  dissolution;  they  have,  after  the  simile  of  Lucretius, 
served  but  as  the  runners  passing  on  the  tonth  of  life  from 
one  to  the  other. 

Thus  far  we  must  follow  Weismann,  and  further,  with 
him  we  must  see  that  the  characters  of  the  individual  do 
not  directly  depend  upon  the  characters  of  the  body,  or 
soma,  of  the  parents.  For  these  characters  are  trans- 
mitted by  the  germ  plasm  of  the  largely  undifferentiated 
ovum  or  spermatozoon— by  germ  cells,  tliat  is,  which 
are  not  derived  from  the  body  cells,  and  which  never 
have  been  in  other  than  a  latent  condition  within  the 
parental  body.  That  body  has  grown  and  become  differ- 
entiated and  has  been  acted  upon  by  its  environment,  but 
its  function  throughout  has  been  to  form  a  protecting 
envelope  for  the  germ  cells.  , 

Such  being  the  relationship,  it  is  inconceivable  that 
any  character  acquired  by  the  parent  in  the  nature  of  a 
gross  lesion  (the  loss  of  an  arm,  for  example),  or  again  in 
the  nature  of  a  special  development  of  one  or  other 
faculty  (as,  for  example,  the  special  dexterity  of  the  finger 
muscle  in  a  pianist)  can  be  transmitted  to  the  offspring 
And  as  a  matter  of  fact  we  know  that  the  children  ot 
those  who  have  lost  a  limb  are  born  with  a  full  comple- 
ment of  limbs ;  that  ritual  circumcision  practised  for  long 
centuries  by  Jews  and  Mohammedans  has  not  resulted  m 
inherited  phimosis,  and  that  the  docking  of  tails  of  horses 
has  liad  no  effect  upon  the  length  of  tail  of  their  ott- 

^''Thesc  considerations,  while  they  throw  light  upon  the 
exact  nature  of  descent  and  while  they  explain  largely 
the  likeness  of  successive  generations  in  one  species  oi 
family  do  not  explain  the  other  important  condition  ot 
variation.  For  if,  as  Weismann  repeatedly  affirms  the 
environment  of  the  germ  cells  wdiile  in  the  parental  or- 


ganism has  a  minimal  effect  upon  them,  we  do  not  so  far 
gain  any  comprehension  of  how  it  is  that,  although  de- 
rived from  intermingling  of  the  same  germ  plasms,  the 
various  offspring  of  one  pair  of  mankind,  fish,  or  any 
other  animal,  while  ri'sembling  each  other  in  their  main 
features,  differ  obviously  the  one  from  the  other,  so  that 
no  two  animals  of  the  same  species  or  even  of  the  same 
family  are  absolutely  alike.  Still  less  do  these  consider- 
ations exjilain  the  occuin'nce,  in  certain  of  the  offspring 
of  one  pair,  of  features  absent  from  either  parent  but 
present  in  one  or  othei'  ancestor  (atavism). 

To  explain  this  individual  variation  and  kindred  mat- 
ters Weismann  lias  developed  a  most  elaborate  theory,  so 
elaborate,  and  undergoing  so  many  modifications  as  new 
facts  have  incsented  themselves,  that  it  is  impossible  to 
pii'seiit  it  in  its  entirety  in  the  limits  of  this  article. 
Briefly,  he  has  conceived  the  genu  plasm  or  nuclear 
eliromatin  to  be  composed  of  an  enormous  number  of  in- 
dividual particles  or  hiuiilinirs  derived  from  the  ancestral 
germ  plasms  on  eithei'  side.  Prior  to  fertilization  a  re- 
markable process  of  reduction  is  observable  in  the  nuclei 
fif  both  the  male  and  female  germ  cells  whereby,  accord- 
ing to  Weismann,  at  the  time  of  fertilization  each  conju- 
gating cell  contains  only  half  the  number  of  biophores 
originally  present.  By  this  reduction  it  comes  to  pass 
that  through  conjugation  the  fertilized  ovum  contains  the 
normal  number  of  biophores,  half  of  them  derived  from 
the  male  and  half  from  the  female  germ  cell.  Thus  in 
each  successive  generation  the  germ  cells  will  contain  bio- 
phores derived  from  the  male  and  female  germ  cells  of 
tlie  pi-evious  generation.  And,  carrying  out  this  concep- 
tion, it  will  be  seen  at  the  end  of  say,  one  hundred  gen- 
erations, the  number  of  representative  biophores  derived 
from  the  whole  chain  of  ancestors  (even  if  as  Weismann 
suggests  these  are  so  small  as  to  be  quite  invisible)  would 
be'so  enormous,  but  for  this  process  of  I'eduction  with 
tlieir  number  being  lialved  prior  to  each  fertilization, 
that  tliey  could  not  be  conceived  as  capable  of  being 
crowded  into  one  nucleus. 

Now  in  this  process  of  reduction  Weismann  lays  down 
that  there  is  no  regular  order  of  discharge  of  the  bio- 
phores or  ids ;  they  are  intimatelj-  commingled ;  represen- 
tatives or  determinants  derived  from  certain  near  or  re- 
mote ancestral  germ  plasms,  must  drop  out;  and  so  it 
happens  that  each  mature  germ  cell  contains  a  different 
series  of  these.  Thus  each  individual  is  the  outcome  of 
the  action  of  a  different  series  of  combinations  of  these 
biophores,  and  as  such  differs  from  every  other  individ- 
ual. 

This  theory  also  demands  that  if  these  biophores  are  the 
essential  and  controlling  constituents  of  the  nuclear  ma- 
terial, then,  in  division  or  segmentation  of  the  fertilized 
ovum,  nuclear  chromatin  and  with  it  germ  plasm  is  trans- 
mitted to  each  cell  forming  the  organism.  And  to  ex- 
plain the  difference  in  structure  and  characters  of  the 
cells  forming  the  different  tissues  Weismann  is  forced  to 
suppose  that  there  is  a  qualitative  difference  in  the  trans- 
missi(m  to  the  different  cells  and  that  so  the  different 
organs  and  tissues  depend  for  their  characters  upon  dif- 
ferent combinations  of  the  biophores,  which  in  the  proc- 
ess of  successive  segmentation  of  the  blastomeres  gaiii 
entrance  into  and  determine  the  composition  of  the  nuclei 
of  the  different  forms  of  cells.  The  inheritance  of  spe- 
cial, racial,  and  familial  features  peculiar  to  and  showing 
themsel  ves  in  structural  and  other  features  of  the  body 
is  thus,  according  to  him,  essentially  due  to  these  bio- 
phores, their  particular  distribution  aind  their  controlling 
action. 

Tliese,  for  our  present  purposes,  are  the  main  outlines 
of  Weismann 's  celebrated  theory.  Others,  among  whom., 
may  be  mentioned  Darwin,  Roux,  de  Vnes,  and  we  ought 
specially  to  mention  Francis  Galton,  had  previously  enun- 
ciated theories  or  considerations  along  the  lines  here 
indicated,  but  to  Weismann  certainly  must  be  given  the 
incredit  of  elaborating  a  theory  which  attempts  to  cover 
tlie  whole  subject.  As  this  theory  has  influenced  the 
whole  study  of  the  subject  of  heredity,  it  has  been  neces- 
sary to  explain  to  this  extent  its  main  tenets. 
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It  will  be  seen  from  what  I  lm\e  stuted  that  chromatin 
exists,  and  in  the  fertilization  of  the  gcim  fells  under- 
goes a  remarkable  series  of  changes ;  pridr  to  fertilization 
there  is  a  remarkable  reduction 'in  the  nuclear  substance. 
In  indirect  cell  division  a  somewhat  parallel  series  of 
changes  are  to  be  made  out.  All  these  are  known  facts 
which  can  be  followed  and  readily  observed;  but  bio- 
phores,  ids,  and  idants  have  never  been  recognized;  they 
are  creatures  of  the  imagination,  and  what  is  more,  re- 
cent researches  have  shown  that  they  cannot  account  for 
the  facts  of  heredity. 

From  what  I  have  stated  it  will  be  seen  that  this  theory 
requires  for  the  upbuilding  of  the  organism  that  a  special 
set  of  these  biophores  becomes  distributed  to  each  of  the 
early  blastomeres,  so  that  eventually  sundry  of  these  find 
their  way  into  the  mother  colls  of  each  separate  tissue. 
As  a  general  rule  in  bilaterally  symmetrical  animals  it 
has  been  determined  that  the  first  segmentation  of  the 
ovum  leads  to  the  formation  of  two  blastomeres,  one  on 
either  side  of  the  median  plane,  which  correspond  and 
give  rise  to  the  future  right  and  left  halves  of  the  body. 
Thus,  according  to  Weismann,  a  set  of  biophores  which 
will  lead  to  the  development  of  the  organs  of  the  right 
side  passes  into  one  bla.stomere,  a  set  for  the  organs  of 
the  left  side  into  the  other.     But  now  the  observations 
of  Driesch,  confirmed  and  expanded  as  tliej'  have  been, 
more  especially  by  Morgan  of  Bryn  ]\Iawr,  by  E.   B. 
Wilson  of  Columbia,  by  Zoja  and  others,  show  that  in 
the  two-,  four-,  eight-,  and  even  sixteen-cell  .stage  of  the 
segmenting  ovum  of  quite  a  number  of  animals,  the 
blastomeres  can  be  shaken  apart  and  each  separate  cell 
maj'    show    itself    capable   of  developing  into   a   com- 
plete, if  dwarfed    larva.     Again,  as  Roux,  of  Breslau, 
showed  years  ago,  if  a  given  blastomere  of  the  frog's 
ovum  be  destroyed,  that  is  to  say  one  holding  a  definite 
position  in  regard  to  the  rest,  tli'e  individual  is  liable  to 
develop  minus  one  special  poi'tion  of  the  bodj- — one  side 
of  the  head   for  exanjple,   one  liind  limb  or  quadrant. 
This,  while  it  would  seem  at  first  to  point  in  favor  of 
Weismann 's  view,  is  nevertheless  no  proof  that  individ- 
ual   blastomeres  contain    special    germ   plasms,    for  as 
Driesch  and  others  have  shown,  if  the  segmented  ovum 
in  the  morula  stage  be  submitted  to  pressure  and  the 
blastomeres  be  forced  into  abnormal  relationships,  upon 
removing  the  pressure  the  individual  blastomeres  do  not 
continue  to  segment  and  produce  those  organs  and  parts 
whicli  they  would  have  done  in  normal  conditions,  but, 
according  to  their  newly  acquired  position  and  relation- 
ship toward  the  rest  so  do  they  now  proceed  to  develop; 
there  is,  in  short,  an  exchange  of  properties.     So  that 
to  a  very  large  extent  the  prospective  development  of 
given  cells  is,  as  Driesch  has  laid  down,  a  function  of 
their  relative  po.sition.     It  certainlv  is   not  determined 
by   primary   qualitative    modifications  of    the    nuclear 
chromatin. 

Yet  clearly  this  is  not  all.  ."Mere  relati\e  position  of 
tiie  segmentmg  cells  of  the  ovum  does  not  determine  the 
eventual  structure  of  the  adult.  The  eggs  of  a  vast  num 
ber  of  species  are  curiously  alike,  and  what  is  more  un- 
der like  environment,  the  eariier  segmentations  are  alone 
the  same  hues,  and  yet  these  eggs  give  rise  to  individual! 
absolutely  dissimilar  and  belonging  to  wholly  different 
species,  rhere  is,  I  need  scarce  say,  a  something  in  the 
nature  and  composition  of  the  ovum-nay  moi-e,  we  can 
go  further  and  ,say-of  its  nuclear  constituents,  whicl, 
etermmes  the  eventual  structure  of  the  individual  and 
tins  something  is  conveyed  by  the  parental  germ  plasm 
Thus  while  denying  as  wholly  inadequate  Weismann's 
^ZV^  .determinants"  and' al.,o  being  unabl  to  ^ 
plain  heredity  and  vanation  by  any  conception  of  fived 
mornholon- cat   D-,.i-nm,,i„=.   ^„„:'J         LLiHiun  oi  n.\tci 


and  segmentation  of  the  en^^olu-'c^'^l^Z^ 
agency  ,t  undergoes  progressive  ntodification  a eco  11  /^^ 
to  the  forces  acting  upon  it  in  the  different  cells  .IftW 
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embiyo  to  which  it  is  distributed?    Let  me  indicate  the 
lines  along  which  we  maj'  develop  such  a  theory: 

The  Chemico-Physical  Theoky  op  Inheeitance. 

The  primar}'  property  of  living  matter,  whereby  it  is 
distinguished  from  non-living  matter,  is  the  capacity  of 
growth — is  the  capacity  manifested  by  that  living  matter 
to  assimilate  non-living  matter  of  certain  orders,  to  ab- 
sorb it  and,  in  so  doing,  convert  it  into  matter  like  unto 
itself,  in  doing  which  work  is  performed.  As  I  have 
pointed  out  elsewhere,  looking  upon  living  matter  in  this 
light  and  recognizing  that  its  other  properties  are  but 
secondaiy  manifestations  and  outcomes  of  this  capacity 
for  growth,  we  ,see  that  multiplication  of  the  cells  com- 
posing the  individual,  and  multiplication  of  the  individ- 
ual (whether  by  simple  fission  as  in  certain  unicellular 
organisms  or  by  the  development  and  emission  of  germ 
cells  as  in  multicellular  organisms)  are  in  essence  means 
whereby  it  is  insured  that  the  living  matter  of  the  indi- 
vidual continues  to  absorb  and  assimilate  new  material, 
means  whereby  to  insure  its  continued  existence  and  ac- 
tivity. Reproduction  thus,  as  it  occurs  in  man,  is  but  a 
lorm  of  interrupted  gi-owth  and  a  means  of  carrying  on 
and  carrying  downward  the  living  human  substance. 

When  we  come  to  inquire  what  is  the  nature  of  growth 
we  see,  as  above  indicated,  that  it  is  essentially  a  process 
of  con^•ersion — a  chemical  process.     Certain  substances 
through  the  agency  of  this  living  matter  undergo  chemi- 
cal change  and  are  united  with  and  converted  into  the 
living  substance.     The  living  cell  unit  is  thus  to  be  re- 
garded as  composed  of  at  least  two  substances— the  uli'o- 
plaam  or  essential  and  directive  living  matter,  and  the 
cyt(ij)hiiiiii  or,  better,  pa  mplama  consisting  of  substances 
absorbed  but  not  yet  converted,  of  the  remains  of  sub- 
stances, jiortious  of  whicli  have  been  assimilated,  and  of 
various  formed  elements  developed  and  controlled  by  the 
idioplasm.     Accepting  this  as  the  chemical  basis  of  life 
and  of  growth,  can  we  go  further  and  picture  to  ourseh-es 
the  manner  in  whieli  the  molecules  of  living  matter  un- 
dergo the  process  of  accretion  and  multiplication?     The 
modern  working  conception  of  the  structure  of  complex 
molecules  is  that  these  are  composed  of  a  central  radicle 
or  series  of  radicles  which  are  united  relatively  firmly  in 
the  form  of  a  ring.     This  method  of  attachment  does'not 
necessarily  result  iu  the  attachments  of  all  the  combining 
atoms  and  radicles  being  brought  into  play  and  "  satu- 
rated "  and  the  ring  thus  becoming  closed.'     The  atom 
of  carbon,  for  example,  is  quadrivalent;  capable,  that  is 
of  uniting  with  four  atoms  of  hydrogen.     If  in  such  a 
ring  it  IS  united  with  an  atom  of  hydrogen  on  either  side, 
this  still  leaves  two  attachments  free,  and  to  these  two 
surfaces  there  ma.y  be  lateral  attachments  of  other  atoms 
or  radicles. 

_    Our  conceptiou,  therefore,  of  the  molecule  of  idioplasm 
IS  that  It  consists  of  such  a  central  rini:  with  attached  side 
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chains  formed  of  various  radicles  and  combinations  of 
atoms.  Judging  from  the  results  of  analysis  of  cell  sub- 
stance, the  mcileeules  of  living  matter  are  extraordinarily 
complex;  the  figure  here  given  is,  I  need  scarcely  say 
but  diagrammatic  and  illustrative  of  the  structure  of 
these  molecular  rings;  in  it  the  composing  atoms  or  i-adi- 
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clcs  are  supposed  each  to  be  capable  of  siuiniiig  four  at- 
tachments. 

Assimilation  then  must  be  vegarded  as  a  process  in 
which  certain  unsaturated  surfaces  of  constituents  of  the 
side  chains  become  saturated,  and  we  can  conceive 
growth,  that  is,  multiplication  of  the  molecules  of  idio- 
plasm, as  being  brought  about  by  a  process  of  progressive 
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building  up  of  new  riug,s  with  their  attached  side  chains 
in  intimate  connection  with  pre-existing  rings,  the  new 
molecule  when  completed  breaking  apart  (vide  Fie. 
2621). 

If  now  we  take  this  as  our  fundamental  conception  and 
postulate  further  that  sundry  side  chains  ma.y  be  added 
or  removed  without  destroj-ing  the  cardinal  properties 
of  the  molecule,  as  also  that  the  longer  a  side  chain  re- 
mains in  relation  to  the  central  ring  (or  it  may  be  the 
more  multiple  the  attachments  it  gains  to  that  central 
ring),  the  more  fixed  it  becomes  as  an  integral  portion  of 
the  molecular  constitution,*  we  then  gain  the  basis  for  a 
physico-chemical  theoiy  of  inherited  variation. 

Let  us  take  the  simplest  example  that  offers,  that, 
name!}',  of  tlie  bacteria.  \Ve  know  that,  preserved  in 
the  same  environment,  these  retain  the  same  charactei'is- 
tics  for  a  long  series  of  generations.  In  other  words, 
the  same  food-stuff  being  jjresented  for  assimilation,  the 
idioplasm  enters  into  combination  with  a  certain  definite 
number  of  the  constituents  of  the  same ;  when  the  in- 
crease of  this  idioplasm  has  reached  a  certain  point  fission 
or  division  occurs  and  the  substance  of  the  individual 
divides  into  two  like  parts,  each  containing  idioplasm  of 
the  same  composition.  Hence  tnese  two  members  of  the 
second  generation  are  identical  in  characters  and  carry  on 
the  particular  and  distinguishing  properties  of  the  spe- 
cies. We  know  also  that,  grown  on  different  media  the 
same  strain  of  bacteria  exhibits  fine  points  of  difference 
in  size,  I'ate  of  growth,  pathogenicity,  etc.  In  other 
words,  a  different  food-stuff  being  presented  for  assimila- 
tion the  idioplasm  combines  with  somewhat  different  sub- 
stances and  so  forms  somewhat  different  side  chains.  If 
this  growth  on  different  media  is  not  continued  for  too 
long,  return  to  the  original  medium  leads  to  complete 
return  to  the  original  characters. 

But  we  know  also  from  several  examples  that  growth 
under  widely  different  conditions  for  a  shf)rt  period,  or 
subjection  to  less  widely  different  conditions  for  a  long 
period,  is  capable  of  impressing  such  alterations  upon 
bacteria  that  these  modifications  persist,  it  may  be  for 
years  after  retm-n  to  previous  environment,  i.e.,  the 
change  in  the  constitution  of  the  idioplasm  has  become 
relaiively  fixed.  Thus  Roux  with  the  action  of  minute 
quantities  of  carbolic  acid  added  to  the  medium  of 
growth  has  developed  an  asporogenic  variety  of  the  an- 
thrax bacillus;  bv  growth  at  higher  temperatures  several 
observers  have  produced  more  or  less  permanent  colorless 
races  of  pigment-producing  bacteria,  while  Vincent  has 
succeeded  in  making  non-virulent  bacteria,  hke  the  B. 
Megatherium,  intensely  virulent  for  the  animals  of  the 
laboratory. 


*  I  have  discussed  tbe  grounds  upon  which  we  may  make  these  ; 
sumptions  In  the  article  alread.v  referred  to. 


V\  ithout  (li.scussiiig  at  length  the  modifications  intro- 
duced Ijy  multicellular  organization  and  by  descent  fol- 
lowing upon  conjugation  of  germ  cells  emanating  from 
different  individuals,  following  these  Unes  of  reasoning 
it  will,  I  think,  be  evident  that  we  can  conceive  heredity 
inhigher  animals  as  being  brouglit  about  by  the  trans- 
mission from  generation  to  generation  of  idioplasm  of  a 
certain  chemical  composition,  which  idioplasm,  present  in 
one  form  in  the  germ  cell,  becomes  inevitably  modified  in 
one  or  other  direction  as  the  ovum  segments  and  the  cells 
of  ditfeivut  areas  of  the  embryo  and  developing  tissues 
of  the  body  bec(mie  subjected"  to  different  chemical  and 
physical  activities  according  to  tiieir  relationship  one  to 
the  other  and  to  the  exterior;  so  that  tlie  eventual  struct- 
ure of  the  different  tissues  is  the  manifestation  of  the 
diff'erent  modifications  ^vhich  this  controlling  idioplasm 
has  undergone  in  the  cour.se  of  embryonic  and  foetal  life. 
Or,  otherwi.se,  a  given  idioplasm  in  a  given  normal  envi- 
ronment must  follow  a  particular  line  of  growth  and  dif- 
ferentiation, so  that  under  like  conditions  successive 
generations  inevitably  resemble  each  otlier  (heredity). 
With  conjugation,  however,  and  the  fusion  of  distinct 
idioplasms  varidtion  is  induced.  The  result  of  the  con- 
jugation is  an  idioplasm  having  properties  not  absolutely 
identical  with  those  of  eitlier  parental  idioplasm.  The 
resulting  individual,  while  resembling,  varies  from  either 
parent. 

We  now  are  in  a  position  to  discuss  how  and  to  what 
extent  conditions  acquired  by  either  parent  are  capable 
of  being  inherited,  either  directly — the  offspring  .showing 
the  same  morbid  state  as  did  the  parent,  or  indirectly — 
disease  of  the  parent  having  an  influence  upon  the  organ- 
ism of  the  offspring,  but  this  of  a  different  order  from 
that  manifested  in  the  parental  organism. 

1.  Miitihitiuit.  Gro.ss  lesions  of  the  body  tissues  can 
at  most,  according  to  this  theory,  only  affect  the  off- 
spring indirectly.  They  cannot  be  directly  reproduced 
in  the  offspring ;  only  in  certain  cases,  hy  bringing  about 
a  poorer  state  of  nutrition  of  the  parental  organism  in 
general,  and  so  of  the  germ  cells,  may  they  lead  from  the 
offspring  not  attaining  full  development. 

The  only  well-authenticated  example  frequently  quoted 
as  an  instance  of  the  inheritance  of  gross  lesions — viz., 
Brown-Sequard's  experiments  in  which  by  sections  of 
nerves,  etc.,  in  guinea-pigs,  he  produced  epilepsy  which 
manifested  itself  in  the  offspring — is  not,  it  may  be  noted, 
an  exam])le  of  the  inheritance  of  gross  lesions,  but  is  an 
example  of  the  inheritance  of  a  constitutional  state  set 
up  in  the  parents  by  such  a  lesion.  What  is  more,  re- 
peated attempts  to  confirm  these  experiments  have  failed. 
We  do  not  doubt  that  Brown-Sequard  obtained  the  results 
recorded  by  him,  but  under  the  circumstances  the  only 
valid  explanation  is,  that  he  experimented  with  animals 
of  lowered  vitality,  this  showing  itself  especially  in  the 
direction  of  nervous  instability,  and  that  the  nutritional 
changes  following  upon  his  operations  led  to  the  off- 
spring being  of  still  poorer  constitution  and>still  more 
unstable.     (Vide  paragraph  3  A,  following.) 

2.  Aeqiiired  Orerderelnjniieiit  nnd  Eelntire  E.ieessife 
Finiction  in  One  or  Other  Direction.  Similar  consider- 
ations show  that  these  cannot  be  directly  transmitted  to 
the  oft'spring.  At  most,  full  and  harmonious  exercise  of 
sundry  functions  of  the  body  by  leading  to  increased  nu- 
trition may  tend  toward  a  healthy  sovmd  state  of  the  s_ys- 
tem,  and  b_y  insuring  general  good  nutrition  may  insure 
good  nutrition  and  assimilation  on  the  part  of  the  germ 
cells,  and  so  tend  toward  a  sound  condition  and  good  de- 
velopment of  the  offspring. 

3.  IntoxieatioTis  (Including  hifeetions)  ;  Indirect  Effects. 
Inasmuch  as  we  cannot  regard  the  germ  cells  as  lying 
absolutely,  inactive  and  inert  within  the  parental  repro- 
ductive organs,  and  must  from  every  consideration  regard 
them  as  imdergoing  metabolism — assimilating  food-stuffs 
from  the  surrounding  lymph  and  discharging  the  prod- 
ucts of  their  metabolism,  so  does  it  follow  that  the  dif- 
fusible toxic  substances  capable  of  acting  upon  the  cells 
of  the  body  generally,  when  circulating  through  the  tis- 
sues, must  be  liable  to  be  absorbed  by  the  germ  cells  and 
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so  mill/ alter  the  constitution  of  tlioir  idiopUism.*  Nor 
do  we  lack  clear  evidencethat  this  actually  occurs.  Thus 
Mairet  and  Combemale  have  subjected  male  dogs  to 
chronic  or  acute  alcoholic  intoxication  and  found  that 
the  young  exhibited  various  arrests  of  development  and 
were  predisposed  to  epileptoid  seizures.  The  only  ex 
planation  is  that  the  alcohol  had  caiised  deterioration  of 
the  spermatozoa  so  that  these  conjugating  with  a  healthy 
ovum  nevertheless  gave  origin  to  impaired  individuals. 
Nor  are  clear  cases  wanting  of  similar  degenerations  oc- 
curring in  the  progeny  of  alcoholic  fathers  and  healthy 
mothers  in  man.  The  most  clear  example,  liowever,  of 
this  order  was  afforded  years  ago  by  Constantin  Paul  in 
connection  with  the  effects  of  lead  poisoning.  Studying 
a  series  of  cases  in  which  the  father  alone  in  the  course 
of  his  work  became  the  subject  of  plumbism,  he  was  able 
to  obtain  the  history  of  33  pregnancies.  Of  these  12  re- 
sulted in  the  death  of  the  foetus  before  term ;  20  children 
were  born  alive,  of  which  8  died  during  the  first  year,  4 
died  during  tlie  second  year,  5  died  during  the  third  year, 
and  1  died  later.  Two  alone  were  found  to  be  alive,  one 
of  these  aged  twenty. 

The  only  conclusion  from  these  observations  is  that 
substances  which  lead  to  intoxication  in  the  parental  sys- 
tem tend  also  to  act  deleteriously  upon  the  germ  cells. 
It  will  be  seen  that  the  individual  offspring  itself  is  in 
one  respect  the  direct  victim  of  the  intoxication ;  inher- 
ited plumbism  is  lead  poisoning  acting  initially  upon  one 
or  both  of  the  conjugating  germ  cells,  but  it  must  be 
clearly  understood  tliat  the  mental  and  other  disturbances 
sliowing  themselves  after  birth  are  not  the  results  of  the 
action  of  lead  salts  still  circulating  in  the  system  and  that 
thus  the  lesions  of  inherited  plumbism  are  of  a  totally 
different  order  from  those  of  acquired  plumbism.    These 
are  one  and  all  lesions  of  incomplete  development. 
_  3  A.  Nevi-opathks.     The  effects  of  parental  intoxica- 
tions are  pecilliai-l_y  liable  to  show  themselves  in  tlie  form 
of  conditions  of  imperfect  organization  of  the  nervous 
system.     This  is  in  accordance  with  the  principle  or  law, 
the  action  of  which  we  repeatedly  see  in  evidence;  the 
law,  namely,  that  characters  which  are  the  last  to  be  ac- 
quired by  tlie  individual,  the  race,  or  the  species  are  those 
which  are  the  first  to  be  lost.     Thus  in  the  evolution  of 
man,  one  of   the  last  acquirements — that  acquirement 
whereby  man  is  distinguished  from  all  other  animals- 
has  been  that  of  the  higher  mental  organization.     An- 
other has  been  the  development  of  relative  insusceptibil- 
ity to  sundry  infectious  diseases.     Thus  the  individual 
whose  full  development  is  arrested  is  particularly  liable 
to  manifest  a  greater  or  less  degree  of  mental  instability, 
the  development  of  the  higher  nervous  centres  being  in- 
complete ;  or  again  to  manifest  a  peculiar  susceptibility 
to  the  infections  liable  to  attack  human  beings.     Thus 
nervous  instability  of  various  orders  may  be  regarded  as 
an  evidence  of  familial  degeneration  and  as  due  to  a 
condition  acquired  Ijy  one  or  other  parent  or  to  inheri- 
tance from  previous  ancestors,  and  noticeably  may  be  ac- 
companied by  other  stigmata  of  incomplete  development 
and  degeneration,  liability  to  contract  infectious  disease 
etc. 

Airu^'T^""'"'*'"'^  ''^^^'^optihility  toward  Itifectioim  Disen.m 
What  I  have  stated  regarding  neuropathies  may  be  stated 
»i«to«tsm«Zrt)(.f/(swith  regard  to  infections  That  is  the 
toxins  of  one  or  other  infection  circulating  throuifh'  the 
system,  becoming  absorbed  by  the  germ  cells  and  acting 
,wTh  ^."5°°  *,''"  "i'oplasm,  may  result  intlie  weaken 
ng  of  that  Idioplasm.  As  a  matter  of  fact  Gheorghiu 
has  pointed  out  the  frequency  with  which  one  n utes^t^^^e 

detioVme^nts^"*^'  "^^'^^*'°"  *°  ^'^^^"^  -™-  "--f"- 
It  may  be  and  it  has  bec^n  urged  that  here  we  are  not 
dealing  with  the  inheritan^,f  conditions  uc^Iuired  by 


*I  say  m»!/ because  it 
leyer,  tliat  the   cellular  „™„,„ 
£Ff  ?r?,L  ','•'',  af'sorption  Into  the  cell  without  resulUnB'iihemTc 


e  It  has  to  be  reniHmbereil,  as  reilnteri  mif  hv 
"l';.;;,'"'sc'rption  „f  toxic  su'hstanc  "  is  Tt^J, 
in  into  the  cell  without  resu'-  '»  "i  i"" 

e  of  the  alkaloirlsi,  the  absor 
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the  parent,  that  the  toxic  substances  produced  these 
results  not  by  their  action  on  the  body  cells,  but  by 
direct  action  on  the  germ  cells,  and  that  so  the  inheri- 
tance is  blastogenic,  not  somatogenic.  We  arc  quite  pre- 
pared to  gi-ant  that  these  inheritances  are  of  blastogenic 
origin,  nevertheless  they  are  of  individual  acquirement. 
The  individual  consists  of  body  plasm  and  germ  plasm, 
and  whether  the  defect  tell  primarily  or  secondarily  upon 
the  germ  plasm  of  the  individual  we  here  have  examples 
of  conditions  acquired  by  the  individual  transmitted  to 
the  offspring.  We  have  to  admit,  that  is,  that  the  envi- 
ronment of  the  germ  cells  when  pix'sent  in  the  parental 
organism  is  capable  of  bringing  about  modifications  in 
the  germinal  idioplasm,  and  so  of  producing  variations  in 
succeeding  generations. 

4.  Intoxications,  InfeftioUK,  unci  Diutlicses ;  Direct  In- 
heritance.    From  the  above  considerations  it  will  be  seen 
that  we  have  reduced  the  possibilities  of  the  direct  in- 
heritance of  acquired  conditions  to  a  relatively  narrow 
field.  '  We  have  not,  however,  completely  removed  all  of 
them;  certain  conditions  remain  to  be  discussed.     Is  it 
possible,  for  example,  that  tiiese  various  parental  intoxi- 
cations, telling  as  they  do  in  one  or  other  direction  upon 
the  parental  constitution,  tell  also  in  a  differential  man- 
ner upon  the  germ  cells,  so  that  alcoholic  inheritance  dif- 
fers from  inherited  plumbism,  and  these  again  from  the 
indirect   inheritances  of    syphilis  and   tuberculosis?     A 
priori  if  these  toxic  substances,  circulating  in  the  paren- 
tal system  and  gaining  entrance  into  the   germ  cells, 
forming    different    combinations   with   tlie    idioplasmic 
molecules,  combine  with,  that  is,  or  alter  difl'erent  side 
chains,  we  must  conclude  that  it  is  possible.     As  a  mat- 
ter of  fact,  children  of  syphilitic  parentage  not  the  ^■ictims. 
of  iutra-uterine  syphilis,  tend  to  show  parasyphilitic  le- 
sions which  are  of  a  somewhat  different  order  from  the 
paratuberculous  lesions  of  the  progeny  of  tuberculous 
parentage.     Here,  however,  it  has  to  be  admitted  that 
fuller  statistics  are   necessary  regarding  the   lesions  of 
those  whose  fathers  and  mothers  respectiveh-  have  suf- 
fered intoxication;   for  in  maternal  intoxication  of  any 
order,  placental  absorption  of  the  circulating  toxic  sub- 
stance must  tell  upon  the  foetal  existence.     Nevertheless, 
taking  the  germ  cells  as,  from  their  potentialities,  appar- 
ently representative  of  the  body  cells  in  general,  the  abun- 
dant studies  upon  immunity  made  during  recent  years 
give  us  the  strongest  grounds  for  believing  that  the  differ- 
ent toxins  act  specifically  and  affect  the  idioplasm  in  one 
particular  direction.     A"t  this  point  it  will  be  seen  that 
our  theory  falls  into  line  with  Ehrlich's  side-chain  theory 
of  immunity. 

In  short,  the  facts  gained  from  the  study  of  immunity 
point  to  three  possibilities: 

(a.)  Where  through  disease  or  through  introduction  of 
toxins  the  cells  of  the  body  become  immunized  to  one 
special  infection,  those  cells  are  so  modified  that  the\-  now 
produce  substances  antagonizing  the  toxins  of  that  in- 
fection. We  might  therefore  expect  specific  parental 
immunity  to  be  accompanied  by  specific  immunity  of  the 
germ  cells  and  a  condition  of  relative  immunity  of  the 
offspring.  ■' 

(b)  When  through  disease  immunity  is  not  attained 
but  on  the  contrary  the  parental  tissues— as  in  progres- 
sive tuberculosis— bcc<imc  progressi\-eh'  weakened  and 
susceptible  to  the  deleterious  action  of  the  toxin  the- 
germinal  idiojilasm  may  also  be  weakened  and  an  off- 
spring be  developed  more  susceptible  to  the  particular 
infcctKiii.  ' 

^'llj^^'^  ■'^•'"Pl'isi"  of  the  germ  cells,  being  relatively 
undifferentiated  while  within  the  reproductive  glands 
might  not  in  this  state  possess  .side  chains  capable  of 
being  acted  upon  by  the  circulating  toxins:  so  that 
while  the  parental  organism  in  generaris  affected  thereby 
in  one  or  other  direction,  the  germ  cells  may  be  uninflu- 
enced, and  the  offspring  in  consequence  maj'  present 
neither  increased  susceptibility  nor  increased  powers  of 
resistance  to  the  specific  disease. 

Here  it  will  be  seen  that  we  are  in  a  region  of  hypoth- 
esis pure  and  simple;  indeed,  our  researches  into  the  in- 
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}ieritanci' of  siiccitic  morbid  constitutional  states  Ijavc  not 
been  sufficient  to  indicate  positively  wliieli,  if  any,  of 
these  possibilities  accords  witlt  tlie  ascertained  facts. 
Even  grantinj--  that  the  first  of  these  possibilities  is  cor- 
rect, it  has  to  bo  noted  tliat  according  to  tlie  principle 
already  mentioned— that  conditions  last  acquired  are 
those  soonest  lost, — we  should  expect  that  a((|uircd  ini 
munity  of  the  germ  cells,  if  obtained,  would  tend  to  be 
of  slight  duration,  not  strongly  impressed.  Jh-nce  for 
the  develojimeut  of  acquired  immunity  as  of  accjuired 
susceptibility,  not  a  single  act  of  imnumization  of  the 
parent  but  repeated  immunizations  through  .several  gen- 
erations might  be  requisite  before  any  marked  and  per- 
manent influence  showed  itself.  As  amatter  of  fact,  the 
various  attempts  to  confer  immunity  by  imnmnizing  the 
male  parent  have  in  the  main  given  negative  results. 
Gley  and  Charrin  alone  have  detected  such;  Bhrlich 
strenuot/sly  denies  that  it  is  obtainable. 

Nevertheless  I  think  it  is  useful  to  call  attention  to 
these  possibilities  in  order  that  more  exact  studies  be 
made  which  shall  prove  or  disprove  them.  Thus  far  the 
importance  of  determining  the  part  played  by  acquired 
disease,  more  especially  in  the  father,  in  the  develop- 
ment of  morbid  ci^nstitutional  states  of  the  offspring  has 
not  been  sufficiently  recognized.  It  has  not  been  grasped 
by  our  profession  that  in  the  study  of  these  states  we 
have  a  more  subtle  means  of  determining  this  question  of 
the  inheritance  of  acquired  states  than  can  possibly  pre- 
sent itself  to  the  morphologists,  dependent  as  they  are 
upon  the  more  extensive  gross  anatomical  changes  before 
thej'  can  determine  Avliether  any  alteration  has  been  im- 
pressed upon  the  offspring. 

We  have,  as  I  have  pointed  out,  definite  evidence  that 
constitutional  disturbance  in  the  parent  affects  the  germ 
plasm,  and  having  this,  it  is  for  us  sedulously  to  collect 
all  the  evidence  which  presents  itself  in  order  that  we 
may  determine  the  limitations  of  this  affection  of  the 
germinal  idiojjlasm  within  the  parental  organism.* 

The  views  here  enunciated  are,  I  know,  contrary  to  the 
generally  expressed  opinions  of  morphologists.  It  is 
well  to  point  out  once  again  that  the  conception  of  the 
existence  of  micelli,  ids,  gemmules,  etc.,  can  only  lead  to 
the  view  that  acquii-ed  characters,  not  being  able  to  tell 
on  these  ancestral  bodies,  cannot  possibly  be  inherited. 
Save  in  the  matter  of  spontaneous  variation  I  do  not  sug- 
gest that  visible  anatomical  changes  can  be  expected  in 
the  course  of  one  generation ;  but  this  physico-chemical 
theory,  by  realizing  the  possibility  of  progres.sive  modifi- 
cation in  the  constitution  of  the  idioplasm  while  within 
the  parental  organism,  is  fitted  to  explain  not  only  what 
we  observe  in  connection  with  the  effects  of  di.sease,  but 
also  the  development  of  familial  and  lacial  characters, 
and  to  aid  materially  our  comprehension  of  the  nature  of 
evolution  in  general.  •/.  Qeoryc  Adaiid. 
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HERMOPHENOL,  mercury  phenol-di.sulphonate  of  so- 
dium, is  a  white,  amorphous  powder  soluble  in  five  to 
seven  partsof  water.  It  is  said  tocontain  forty  per  cent, 
of  mercury,  and  to  be  strongly  bactericidal  without  caus- 
tic effect  on  the  tissues.  It  can  stand  a  heat  of  120°  C. 
without  decomposition.  Berard  uses  it  as  a  disinfectant 
for  the  hands,  and  in  three-per-cent.  solution  for  ophthal- 
mia neonatorum,  and  Reynes  injects  4  c.c.  (  3  i.)  of  a  half- 
per-ceut.  solution,  every  two  or  three  days,  for  syphilis. 

W.  A.  Basiedo. 

HERNIA. — This  term,  derived  from  the  Greek  c/wof  (a 
spout),  is  employed  for  denoting  the  protrusion  of  a  vis- 
cus  from  the  cavity  in  which  it  is  normally  contained. 
Although  it  may  be  used  to  denote  the  escape  of  organs 
from  other  cavities,  yet  when  unqualified  it  signifies,  as 
does  the  vulgar  Icriu  "rupture,"  a  protrusion  from  the 
abdominal  cavity.  As  usually  employed  it  implies  a 
pouching  of  the  containing  wall  forming  a  continuous 
sac  for  the  displaced  contents.  An  escape  of  the  viscera 
through  a  wound  in  the  wall  is  better  termed  a  "protru- 
sion." The  term  "internal  hernia"  is  employed  to  de- 
note cither  the  protrusion  of  tlie  abdominal  contents  into 
the  thoracic  cavity — i.e.,  lUiiphniriiiKitic  hernia — -or  the 
introsusception  of  the  intestine  into  one  of  the  peritoneal 
fossse.  Tiie  latter  condition  is,  however,  more  properly 
classified  as  one  of  the  forms  of  intestinal  obstruction. 

A  hernia  may  occur  at  one  of  the  openings  of  the  ab- 
dominal wall  normally  present  in  foetal  life,  which  has 
not  become  closed  at  the  time  of  birth,  and  is  then  termed 
a  coagenitnl  hernia;  i.e.,  a  congenital  inguinal  hernia  is 
one  in  which  the  abdominal  contents  push  their  way 
into  the  unobliterated  processus  vaginalis.  All  hernise 
developed  subsequently  to  birth  are  termed  acquired. 
They  occur  at  the  points  where  the  abdominal  wall  is 
relatively  weak.  Hence  arises  the  anatomical  classifica- 
tion of  hernise ;  inguinal,  femoral,  umbilical,  lumbar,  dia- 
phragmatic, obturator,  etc.  The  parts  constituting  a. 
hernia  are,  first,  the  sac  and,  second,  the  contents.  The 
sac  consists  of  peritoneum  continuous  with  the  parietal 
peritoneum  of  the  abdominal  cavity.  The  coverings  of 
the  sac  vary  with  the  anatomical  variety  of  the  hernia, 
and  are  as  a  rule  fascial  with  the  exception  of  the  skin. 
The  shape  of  the  sac  depends  upon  the  nature  of  the 
opening  in  the  abdominal  wall  and  the  degree  of  re- 
straint afforded  by  the  fascial  coverings.  If  the  opening 
be  circular  with  more  or  less  sharp  margins  the  sac  as  a 
rule  is  globular,  as  in  umbilical  and  femoral  hernise. 

In  inguinal  hernia  the  sac  is  elongated,  owing  to  the 
fact  that  the  fascial  coverings  are  tubular.  If  the  her- 
nia is  incomplete  the  sac  is  sausage-shaped.  On  the 
other  hand,  it  is  pyriform  in  shape  when  the  hernia  be- 
comes scrotal.  Bands  of  the  investing  fasciae  may  con- 
strict the  sac  in  such  a  manner  as  to  produce  hour-glass- 
forms;  or  from  the  same  cause  diverticula  may  result, 
the  pressure  being  unequally  exerted.  The  parts  of  a 
sac  are  termed  the  mouth,  the  neck,  and  the  fundus  or 
body.  The  contents  of  the  sac  usually  consist  of  small 
intestine  or  omentum,  or  both ;  more  rarely  they  consist 
of  the  colon,  csecum,  or  appendix,  sigmoid  flexure,  blad- 
der, or  uterine  adnexa.  When  the  contents  consist  of 
intestine  alone  the  hernia  is  called  an  enterocele;  when 
of  omentum  alone  an  epiplocele ;  when  of  both,  an  entero- 
epiplocele.  Fluid  may  be  found  in  the  sac  either  free  or 
encysted  bj'  adhesions — liydrocele  of  the  hernial  sae. 

Etiology. — Causes  predisposing  to  hernia  are; 

1st.  Heredity. — Weaknesses  in  the  abdominal  wall 
predisposing    to    hernia    are    undoubtedly    inherited. 
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Macready  '  estimates  that  tweiity-fl  ve  per  cent,  of  patients 
■with  liernia  give  an  ancesti-al  history. 

2d.  &('.— About  six  males  suffer  from  hernia  to  one 
female.  This  is  to  be  explained  both  by  the  much 
greater  frequency  of  inguinal  hernia  in  males,  due  to  the 
necessary  enlargement  of  the  inguinal  canal,  and  by 
the  nature  of  their  occupation. 

3d.  Age.— Except  in  the  period  of  infancy,  when  the 
influence  of  congenital  u'eakness  upon  the  development 
of  hernia  is  most  marked,  the  greater  number  of  herni;c 
occur  in  the  active  period  of  life,  between  fifteen  and 
fifty. 

4tli.  Ehiiifidtinii  of  the  Mesentery,  although  generally 
given  as  an  etiological  factor  in  tlie  production  of  hernia, 
is  nitlier  a  concomitant  result — witli  hernia — of  causes 
such  as  weakness  and  laxity  of  the  abdominal  wall. 

E.rcitiag  Causes  of  liernia  axe:  1st.  Occupations  neces- 
sitating violent  muscular  efforts.  2d.  Strains,  as  lifting, 
•coughing,  sneezing,  and  parturition.  3d.  Conditions  pro- 
ducing stretching  of  the  abdominal  wall,  as  pregnane}', 
ascites,  obesity.  4th.  Atrophic  changes,  as  senility.  5tli. 
Traumatism  restilting  in  the  replacement  of  normal  by 
cicatricial  tissue,  or  in  tlie  destruction  of  nerves,  thus 
causing  paralj'sis  and  atrophy  of  muscle. 

Clinic-vl  Varieties  op  Hbrni.\. 

The  clinical  classification  of  hei'niie  is  based  upon  the 
■condition  of  the  contents  and  the  relation  of  the  contents 
to  the  sac.  Thus  we  have:  ((0  Reducible;  (h)  irredu- 
cible; (c)  inflamed;  (rf)  obstructed;  and  (e)  strangulated 
hernioB. 

(a)  Reducii^.e  Hekni.\.— A  reducible  hernia  is  one  in 
which  the  entire  conlents  can  be  wholly  reduced  to  the 
abdoiiTinal  cavity,  witliout  recourse  to  a  cutting  opera- 
tion. Reduction  is  often  effected  by  posture,  but  mav 
be  accnniplished  only  by  taxis.  It  is  the  most  commoia 
■class  of  hernia. 

Kiliiiptoni.'i.—Thti  earliest  subjective  symptom  in  an 
aciiuired  hernia  is  usually  pain  (ninety  per  cent,  of 
■cases). 

In  a  hernia  caused  by  a  strain  the  pain  may  be  sharp 
and  accompanied  by  a  sense  of  something  giving  way. 
Usually  it  is  dull  and  dragging  and,  after  a  varying 
period  of  time,  is  replaced  by  a  sense  of  fulness  which  is 
marked  on  standing  or  straining  and  disappears  in  the 
reclining  position.  Large  hernire  are  not  infreriuently 
accompanied  by  gastric  or  intestinal  symptoms,  which 
are  probal^ly  reflex  in  character. 

The  objective  symptoms  depend  upon  the  size  of  the 
hernia  and  the  nature  of  its  contents.  A  small  hernia  ex- 
hibits a  tumor  as  a  rule  only  on  standing  or  coughing, 
and  the  latter  disappears  when  the  patient  lies  down.  A 
large  liernia  is  often  not  spontaneously  reducible  •  but  it 
increases  in  size  in  the  erect  position  or  on  cougliing  and 
It  inguinal  it  may  then  be  seen  to  descend  into  the  scro- 
tum or  labium. 

_  In  both  small  and  large  hernias  a  characteristic  imijulse 
IS  te  t  on  coughing.  In  an  enterocele  there  may  be  a 
gurgling  felt  or  heard  either  at  the  moment  when  the 
bowel  descends  into  the  sac  or  on  reduction  of  the  hernia 
and  at  the  same  tune  the  tumor  is  more  or  less  Xympa- 
W  „n.i  ^  'P'l^K'^''^ '«  dull  or  flat  and  feels  more  irregu- 
lai  and  does  not  give  so  marked  an  impulse 

Ihariiwxis  —See  Anatomical  Varieties 

1  reMnient.--Voy  taxis,  see  Strangulated  Hernia      F,n- 

adhesions  of  omentum  to  the  sac  oi  betwe,     H,,       ' .     f  ' 

.igmoidherni.);  and,  thirdly,  the  bulk  oTttSiei-nla  nlaj 
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be  so  great  that  the  contents  cannot  be  received  into  the 
abdominal  cavity. 

Irreducible  hernia  is  more  frequently  observed  in  mid- 
dle life  and  in  the  umbilical  variety.  It  is  uncommon 
in  children.  It  may  be  permanent  or  transitory.  It  is 
said  that  it  seldom  persists  throughout  life. 

Symptoms. — The  symptoms  depend  upon  whether  the 
hernia  is  large  or  small  and  upon  the  nature  of  the  con- 
tents. Small  epiploceles  usually  give  no  especial  symp- 
toms, while  larger  ones,  from  dragging  upon  the  omen- 
tum, are  liable  to  cause  digestive  disturbances  and  are 
prone  to  intlammatiou.  In  irreducible  enterocele  the  con- 
dition is  more  serious.  The  imprisoned  bonel  is  apt  to 
become  obstructed,  which  condition  may  be  evanescent 
or  may  persist,  and  furthermore  strangulation  may  su- 
pervene. Hence  the  symptoms  vary  from  occasional  at- 
tacks of  colicky  pain  and  flatulence,  with  more  or  less 
constipation,  to  those  of  complete  obstruction  and  stran- 
gulation. 

Treatment. — Herniffi  which  have  only  recently  become 
irreducible  are,  as  a  rule,  more  or  less  inflamed  or  at  least 
congested  ;  so  that  rest  in  bed  and  the  application  of  cold 
with  moderate  pressure  are  indicated.  Prolonged  efforts 
at  reduction  under  such  circumstances  are  more  than 
likely  to  aggravate  the  condition,  and  hence  considerable 
judgment  has  to  be  exercised  in  the  employment  of 
taxis.  In  old  cases  or  those  in  which  the  above  treat- 
ment does  not  suffice,  operation  is  indicated.  The  con- 
traindications to  operation  do  not  exist  to  the  same  ex- 
tent as  in  reducible  hernia,  since  the  condition  per  se  is 
more  dangerous.  In  eases  in  which  operation  is  distinctlv 
contraindicated,  as  in  the  aged  or  diseased,  or  in  which 
the  hernia  is  so  large  that  the  return  of  the  contents  to 
tlie  abdomen  would  not  be  feasible,  the  employment  of 
some  device  for  supporting  the  hernia  and  preventing  its 
increase  is  indicated. 

For  umbilical  hernia  some  form  of  abdominal  support 
is  useful.  lu  large  scrotal  hernise  a  stout  canvas  bag, 
supported  from  the  shoulders,  has  been  found  advan- 
tageous. 

The  employment  of  special  trusses,  as  the  "  hinged-cup 
truss"  for  inguinal  hernia,  can  be  recommended  only 
when  operation  is  out  of  the  question,  although  Macready 
clainis  sixty -eight  per  cent,  of  reductions  by  its  use.  But 
even  then  a  cure  of  the  hernia  is  seldom  attained. 

(c)  Inflamed  Hernia.— ^Vlien  a  local  peritonitis  occurs 
in  the  hernial  sac  the  hernia  is  said  to  be  inflamed.  It  is 
usually  the  result  of  trauma,  either  from  a  truss  or  from 
prolonged  ta\is,  but  it  also  occurs  from  disturbance  of 
the  contents  as  from  obstruction  or  possiblv  enteritis  A 
strangulated  hernia  always  becomes  inflamed  if  the  con- 
dition persists  for  any  length  of  time.  Irreducible  hernia' 
are  most  prone  to  inflammation,  especially  the  femoral 
and  umbilical  varieties.  The  process  results  in  'the  pro- 
duction of  lymph  and  fresh  adhesions.  The  sac  may 
become  distended  with  fluid,  and  obstruction  and  stran- 
gulation may  supervene. 

»ympttms.~K  sense  of  increased  fulness,  pain  and  ten- 
derness are  present.  There  is  usually  a  slight  rise  of 
temperature.  There  may  be  vomiting  and  constipation 
It  obstruction  or  strangulation  occurs  the  symptoms  of 
this  condition  supervene.  On  palpation  there  are  tender- 
ness and  Icical  heat,  and  the  mass  may  be  tense  or  semi- 
fluctuating.  Inflamed  omentum  usually  feels  hard  and 
nodular. 

Tre,itment.—]Xesi  iu  the  recumbent  position  and  the  ap- 
plication of  heat  or  cold.  Enemata,  but  not  cathartics 
siiould  be  used.     The  pain  may  be  relieved  by  anodynes' 

((/)  Ohstructed  Hernia.— An  obstructed 'or  incarcer- 
ated hernia  is  one  in  which  the  passage  of  the  contents 
ot  the  intestine  is  inhibited,  but  iu  which  the  circulation 
ot  blood  is  not  interfered  with. 

Obstruction  is  more  common  in  irreducible  than  in  re- 
ducible hernifp.  As  it  is  usually  due  to  constipation  it 
occurs  more  often  in  hernife  containing  the  large  intes- 
tine. Hence  we  find  it  more  often  in  umbilical  hei'nite 
and  in  large  inguinal  hernite  in  which  the  contents  are 
the  sigmoid  flexure  or  c:ecuni.    As  large  hernia  are  more 
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common  and  as  there  is  a  lack  of  intestinal  tone  in  the  el- 
derly, obstruction  occui-s  most  frequently  during  the 
period  from  middle  life  on, 

The  determining  causes  are  usually  neglected  consti- 
pation, and  the  ingestion  of  indigestible  food  or  food 
that  leaves  a  large  residue. 

'Symptoms.— The  symptoms  vary  considerably,  but  are 
distinguished  from  those  of  strangulation  by  their  grad- 
ual development.  Constipation  at  first  is  not  generally 
absolute.  The  tongue  is  coated,  the  breath  is  foul,  and 
there  is  complete  anorexia  followed  by  vomiting,  which 
is  not  usually  persistent  and  seldom  stercoraceous.  There 
is  colicky  pain  which  may  be  severe,  but  there  is  no  col- 
lapse. Distention  is  more  or  less  marked.  The  hernia. 
if  befo)-e  reducible,  becomes  irreducible  and  increases  in 
size.  Impulse,  however,  is  obtainable,  which  serves  to 
eliminate  strangulation.  The  tumor  is  often  doughy  and 
may  be  dull  on  percussion,  although  imprisoned  gas  may 
give  a  tympanitic  note.     The  prognosis  is  usually  gooil. 

Trent nieiit. — The  emptying  of  the  bowel  is  the  first 
consideration,  and  this  should  be  accomplished  by  high 
cnemata  and  by  massage  of  the  hernia.  Cathartics  should 
not  be  given  until  the  tumor  has  decreased  in  size. 

If  there  be  no  response  to  treatment,  and  if  strangula- 
tion be  suspected,  operative  interference  sliould  be  at 
once  instituted,  as  delay  may  be  fatal.  Recurrence  of 
obstruction  may  be  to  a  large  degree  averted  by  proper 
-attention  to  the  food  and  bowels. 

(e)  SxRANetiLATED  Hernia.— A  strangulated  heruia  is 
one  containing  intestine  in  which  both  the  passage  of 
bowel  contents  and  the  circulation  of  blood  are  interfered 
with.  For  the  time  being  it  is  not  spontaneous!}'  redu- 
cible. 

This  condition  is  rai'e  in  infancy  and  is  most  common 
in  middle  life  and  old  age.  It  occurs  more  often  in  small 
than  in  large,  and  in  old  than  in  recent  hernia; ;  although 
rarely  a  hernia  may  become  strangulated  on  its  fii-st 
appearance.  Narrowness  of  the  neck  of  the  sac  conduces 
to  it.  Hence  it  is  more  common  in  femoral  than  in  other 
varieties,  and  in  irreducible  hernise  when  the  neck  is 
partiall.v  occluded  by  adherent  omentum,  as  in  some 
umbilical  herniae.  According  to  Berger,  the  risk  of  an 
inguinal  hernia  undergoing  accident  is  3,16  per  cent.,  of 
.a  femoral  9  03  ]ier  cent. 

Deteriiiininri  ('mixes. — Among  the  more  common  causes 
may  be  mentioned  straining,  such  as  occurs  in  lifting, 
sneezing,  coughing,  etc.,  in  all  of  which  acts  there  is  an 
increase  in  the  intra-abdominal  pressure.  Consequently 
all  conditions  predisposing  to  such  strain,  as  certain  oc- 
cupations, pulmonary  disease,  constipation,  and  obstruc- 
tion to  urination,  are  all  predisposing  causes.  Trauma 
from  ill-applied  trusses,  inflammation,  and  bands  in  the 
sac  all  may  produce  it.  Volvulus  of  the  contained  loop 
may  occur. 

Mecluuiisiw. — Several  theories  have  been  advanced  as  to 
the  manner  in  which  the  pressure  is  brought  about  and 
exerted  upon  the  contained  bowel.  Undoubtedly  the 
exact  mechanism  varies  in  ditierent  cases,  and  it  is  a 
combination  of  factors  rather  than  any  single  one  that 
produces  the  result.  Among  the  various  theories  ad- 
vanced, the  following  are  the  more  important:  1st.  Elas- 
ticity of  the  ring  (Richter).  2d.  Compression  of  the  ef- 
ferent by  the  distended  afferent  end  of  the  loop  (Lossen). 
3d.  Angulation  of  the  distal  end  at  the  margin  of  the 
■orifice  (Scarpa).  4th.  Ftecal  impaction.  5th.  Torsion  or 
volvulus  of  the  loop  (de  Roubai).  Whatever  the  cause 
it  must  first  interfere  with  the  return  circulation,  pro- 
ducing congestion  which  increases  the  bulk  of  the  con- 
tained gut  and  thus  augments  the  pressure.  The  condi- 
tion thus  tends  always  to  increase  itself. 

Violent  peristaltic  efforts  of  the  intestine  to  foi-ce  its 
contents  onward  increase  the  pressure  at  the  point  of 
constriction.  The  mesentery  becomes  swollen  with  the 
intestine  and  at  the  same  time  is  put  upon  the  stretch  by 
the  excessive  peristalsis.  This  stretching  of  the  mesen- 
tery may  produce  interference  with  the  circulation  in 
the  mesentery  and  gut  on  the  abdominal  side  of  the  con- 
striction, which  accounts  for  the  not  infrequent  circula- 


tory disturbances  observed  proximal  to  the  .site  of  con- 
striction. The  latter  may  also  be  due  to  the  nipping  of 
the  mesenteric  ve.s.sels  supplying  gut  which  is  not  in  the 
hernial  sac.  Furthermore,  volvulus  of  intestine  lying  in 
the  abdominal  cavity  may  be  caused  by  the  anchoring  of 
a  loop  in  the  hernial  sac.  The  intestine  in  the  sac  then 
represents  only  a  portion  of  that  involved. 

A)Uitiiiiiic(il  aiiiiiiiien. — The  strangulated  intestine  passes 
tlirough  stages  which  can  be  conveniently  stated  as  (1st) 
congestion;  (2d)  inflammation;  (8d)  gangrene.  The  ra- 
])idity  of  sequence  of  these  stages  depends  upon  the  de- 
gree to  which  the  circulation  is  interfered  with.  As  the 
return  circulatitm  is  the  first  to  be  interfered  Avitli,  the 
first  change  is  an  engorgement  of  the  vcs,sels.  The  walls 
of  the  intestine  become  (edematous  and  change  in  color, 
becoming  dark  led  or  purple,  and  black  or  grayish-black 
as  gangrene  supervenes. 

The  iieritoneum  loses  its  glistening  appearance  and 
becomes  dull  and  granular  as  its  vitality  disappears.  At 
the  site  of  constriction,  usuallj^  the  neck  of  the  sac,  there 
is  a  deep  furrow  which  is  as  a  rule  grayish  in  color.  The 
intestine  becomes  cold,  loses  its  power  of  contractility, 
and  is  distended  Avith  gas.  As  these  changes  progress 
there  is  an  exudate  of  serum,  later  becoming  bloodj',  into 
the  sac ;  and  a  migration  of  pathogenic  germs,  notably 
the  B.  coli  conununis  and  varieties  of  streptococci  and 
staphylococci,  takes  place  thi-ough  the  walls  of  the  gut. 
Tlie  local  peritonitis  in  the  sac  may  extend  to  the  general 
cavitj'  and  produce  a  spreading  peritonitis,  or  it  may  be 
shut  off  by  adhesions.  On  the  other  hand,  if  the  vitalit}- 
of  the  bowel  within  the  abdomen  be  impaired,  from  the 
causes  already  stated  or  from  a  progressive  thrombosis  of 
the  vessels,  peritonitis  maybe  primarily  instituted  within  ■ 
the  abdomen  itself.  It  the  strangulation  be  due  to  in- 
flammation of  an  ii'reducible  hernia,  the  sequence  of  events 
is  slightly  changed  in  that  the  stage  of  inflammation  pre- 
cedes that  of  congestion.  When  gangrene  ensues  it  maj" 
occiu'  locally  in  small  patches  at  the  seat  of  constriction 
or  at  the  convexity  of  the  loop,  or  the  whole  loop  maj^ 
slough.  With  the  gangrene  there  is  an  escape  of  the 
contents  of  the  bowel.  The  skin  over  the  sac  at  first  is 
not  invoh'ed,  but  later  the  tissues  covering  the  sac  be- 
come infiltrated  and  cedematous.  Finally,  an  abscess 
may  form  and  burst  and  a  spontaneous  artifical  anus 
result.  This  is  more  likely  to  be  the  outcome  in  cases  of 
partial  enteroccle  (Richter's  hernia),  when  only  a  portion 
of  the  circumference  of  the  gut  is  nipped,  and  explains 
the  manner  in  which  spontaneous  cures  may  sometimes 

0CCU1-. 

The  extent  of  gangrene  varies  from  a  portion  of  the 
circumference  of  the  bowel  to  several  feet. 

The  jieriod  elapsing  between  the  onset  of  strangulation 
and  the  occurrence  of  gangrene  varies  considerably,  from 
four  lioui's  to  several  days,  but  is  rarely  less  than  twenty- 
four  hours.  The  presence  of  omentum  in  the  sac  delays 
the  onset  of  gangrene. 

Syiiiiitiiiiix. — The  symptoms  of  a  strangulated  hernia  are 
conveniently  divided  into  the  general  and  the  local.  The 
general  symptoms  are  practically  those  of  acute  intesti- 
nal obstruction  in  contradistinction  to  those  of  an  ob- 
structed hernia,  which  are  rather  those  of  chronic  intes- 
tinal obstruction.  They  are  pain,  vomiting,  complete 
constipation,  and  collapse.  To  these  may  be  added  those 
of  general  jjeritonitis. 

Pain  is  of  two  varieties:  a  severe  colicky  pain  felt  in 
theregion  of  the  umbilicus,  which  may  be  constant  but 
more  often  i-emittent,  and  an  aching  pain  at  the  hernial 
site.  After  the  onset  of  gangrene  the  pain  may  disap- 
pear. 

Vomiting  is  an  important  symptom.  It  is  as  a  rule 
persistent  from  the  moment  of  strangulation.  The  con- 
tents of  the  stomach  are  first  expelled,  then  those  of  the 
upper  part  of  the  small  intestine,  and  finally  the  vomi- 
tus  becomes  stercoraceous.  It  is  not  accompanied  by 
marked  nausea,  and  is  remarkable  on  account  of  the 
quantities  expelled.  In  later  stages  it  becomes  regurgi- 
tant and  there  may  be  hiccough.  It  may  be  absent  in 
Richter's  hernia,  and  it  may  cease  on  the  advent  of  gan- 


Hernia. 
Hernia. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


ijrr.R'.  C;onstipation  is  complrte,  uo  gas  or  te^^f  J^"°f 
wassed  However,  the  bowel  may  be  emptied  below  tlie 
^XV strangulation,  and  if  the  strangulataon  :s  high  up 
in  the  small  intestine  a  considerable  quantity  ot  taces 
may  be  expelled.  Also  in  Richter's  hernia,  constipatio 
is  not  the  rule  and  there  may  even  be  diarrlMa.  Jlc 
degree  of  abdominal  distention  is  likewise  dependent 
upon  the  site  of  strangulation  If  this  is  located  higli  up 
in  the  small  intestine  it  is  relatively  slight,  whle  it  the 
large  intestine  is  implicated  it  is  great  it  is  at  nrst  ac- 
companied by  excessive  peiistalsis,  but  later  the  paralytic 
meteorism  of  peritonitis  may  be  present      ^ 

Collapse  is  usually  profound,  although  it  may  be  de- 
layed for  several  hours.  The  pulse  becomes  weak  and 
thready,  the  temperature  is  subnormal,  the  extremities 
are  cold  and  moist,  and  the  fades  abdoimms  is  marked. 
When  inflammation  sets  in,  the  temperature  usually  rises, 
but  it  seldom  reaches  a  high  level.  The  duration  oi  lite 
averages  from  five  to  seven  days.  In  the  aged  the  symp- 
toms often  are  not  marked,  the  course  presenting  an  as- 
thenic type  in  which  some  of  the  classic  symptoms  may 
be  wholly  absent.  The  symptoms  at  the  site  of  the  her- 
nia are  pain,  irreducibility,  loss  of  impulse,  tenderness, 
diihiess,  and  the  absence  of  gurgling.  The  hernia!  pro- 
trusion may  be  so  small  as  readily  to  escape  notice,  and 
it  must  be  remembered  that  tlie  absence  of  a  history  of 
hernia  does  not  exclude,  inasmuch  as  a  hernia  may  be- 
come strangulateil  on  its  first  appearance.  The  attention 
of  the  patient  is  usually  attracted  to  the  hernia  by  the 
presence  of  pain.  The  local  pain  may  be  masked,  how- 
ever, by  the  general  abdominal  pains. 

Tlie  chief  value  of  irreducibility  as  a  sign  of  strangu- 
lation is  in  herniiie  that  have  previously  been  reducible. 
It  may  be  absolute  or  relative.  Tenseness,  dulness,  loss 
of  impulse  and  the  absence  of  gurgling  are  all  due  to 
the  same  causes,  i.e.,  fixation  and  swelling  of  the  con- 
tents of  the  sac  and  the  exudation  of  fluid  within  it. 

In  certain  forms  of  strangulated  hernia  the  character- 
istic symptoms  may  be  masked  or  modified. 

The  following  classification,  slightly  modified  from  that 
of  Eccles,''  will  serve  to  indicate  the  sources  of  ambiguity. 
I.  Cases  in  which  the  peculiarities  are  dependent  upon 
the  contents  of  the  sac. 

1.  Strangulation  of  a  portion  of  the  bowel. 
(1)  Partial  enterocele  (Richter's  hernia). 

(3)  Strangulation  of  the  vermiform  appendix. 
(3)  Strangulation  of    Meckel's  diverticulum  (Littre's 
hernia). 

2.  Strangulation  within  the  body  of  the  sac. 

(1)  By  bands,  adhesions,  apertures  in  omentum,  etc. 

(2)  By  kinking  or  volvulus. 

II.  Cases  in  which  the  peculiarities  are  dependent 
upon  the  sac. 

1.  Strangulation  within  a  loculus  or  pouch  of  the  sac. 

In  cases  of  strangulation  of  a  portion  of  the  bowel  the 
general  symptoms  as  a  rule  aie  not  marked,  while  tlie 
local  symptoms  may  be  characteristic.  On  the  other 
hand,  the  remainder  of  the  classified  cases  present  the 
usual  general  symptoms,  while  the  local  symptoms  may 
be  markedly  modified.  The  differences  in  the  local 
symptoms  are  due  to  the  fact  that  the  entire  liernia  is 
not  necessarily  irreducible,  and  there  may  be  impulse, 
tympany,  and  gurgiing  at  a  portion  of  the  protrusion. 

In  the  following  groups  of  cases  errors  of  diagnosis  as 
to  the  site  of  strangulation,  or  as  to  whether  it  is  present 
or  not,  may  arise  (modified  from  Eccles'). 

I.  Cases  with  multiple  hernioe. 

1.  Two  (or  more)  hernisB,  one  irreducible  and  the  otlier 
strangulated. 

2.  Two  hernia;,  one  concealing  the  other. 

3.  An  inguinal  and  a  femoral  hernia  on  the  same  side 
one  strangulated  and  the  other  not. 

II.  Cases  with  irreducible  hernia  in  which  the  obstruc- 
tion or  strangulation  is  within  the  abdomen  and  not  at 
the  site  of  the  hernia. 

In  cases  of  multiple  lierniaj  the  local  symptoms  as  a, 
rule  are  sufficient  to  determine  the  site  of  strau-Milatiou 
In  infants,  inasmuch  as  they  are  unable  to  dir<'^rt  atteii 


tion  to  the  local  condition  and  as  they  are  frequently 
subiect  to  attacks  of  vomiting  and  colic,  the  diagnosia 
may  be  delayed.  In  them  continued  vomiting  should 
lead  to  a  thorough  examination  of  all  hernial  sites.  The 
difterential  diagnosis  lies  chiefly  between  strangulated 
and  obstructed  or  inflamed  hernia.  Other  conditions, 
which  may  simulate  strangulated  hernia  arc  inguinal 
adenitis,  acute  epididymitis  or  orchitis,  and  severe  colic, 
peritonitis,  or  the  uncontrollable  vomiting  of  pregnancy 
in  eoniunction  with  a  hernia. 

PraniioHn  —The  prognosis  in  untreated  cases  is  uni- 
formly bad,  with  tlie  exception  of  the  exceedingly  few 
cases  that  end  in  recovery  with  the  spontaneous  formation 
of  an  artificial  anus.  The  mortality  following  taxis  and 
that  associated  with  herniotomy  manifestly  cannot  be 
compared  inasmuch  as  the  conditions  found  in  many  cases, 
successfully  operated  upon  would  absolutely  contramdi- 
cate  the  employment  of  taxis,  and  also  becau,se  cases  in 
which  taxis  proves  successful  would  in  all  probabihty  be 
successfully  treated  by  operation. 

The  statistics  of  Frickhoffer '  in  regard  to  cases  m 
which  taxis  has  been  apparently  successful  give  in  80a 
cases  of  femoral  hernia  a  mortality  of  14.9  per  cent.,  and 
in  ."518  eases  of  inguinal  hernia  one  of  7.8  per  cent.  The 
statistics  of  herniotomy  show  a  mortality  that  varies  from 
10  per  cent,  to  12  per  cent,  in  cases  in  which  the  .strangu- 
lation has  existed  twenty-four  hours  or  less,  to  50  per 
cent,  in  cases  in  which  it  has  existed  over  three  days. 
The  risk  of  herniotomy  when  the  gut  is  still  returnable 
is  comparatively  slight.  In  gangrenous  hernia  the  mor- 
tality depends  largely  upon  the  method  of  treatment  of 
the  intestine  (see  Treatment). 

In  a  total  of  354  ca.ses  of  gangrenous  hernia,  collected 
by  Gibson,"  120  were  fatiil,  a  mortality  of  34  percent.  Of 
these  3.54  cases,  96  were  of  the  inguinal  variety,  with  25- 
deaths  (mortalitv;  26  per  cent.)  ;  188  were  of  the  fem- 
oral variety,  with  69  deaths  (mortality;  37  per  cent.);. 
22  were  of  the  umbilical  and  2  of  the  ventral  variety, 
Avith  16  deaths  (mortality:  67  per  cent.);  and  7  belonged 
to  the  obturator  variety,  with  6  deaths  (mortality ;  86  per 
cent.).  By  these  statistics  it  will  be  seen  that  the  mor- 
tality of  femoral  hernia  is  greater  than  that  of  the  in- 
guinal form,  and  the  mortalitj'  of  umbilical  hernia  is- 
greater  than  that  of  femoral  hernia. 

Tri:<itiiieiit. — The  treatment  of  strangulated  hernia  is 
by  means  either  of  taxis  or  of  herniotniny. 

Taxis  is  the  reduction  of  the  protrusion  b.y  manipula- 
tion. It  is  best  performed  with  the  aid  of  a  general 
anaesthetic,  and  the  operator  should  be  prepared  to  resort 
at  once  to  herniotomy  if  his  efforts  at  reduction  fail.  In 
inguinal  and  femoral  hernia  the  parts  are  relaxed  by 
flexing  the  thigh  on  the  pelvis  and  rotating  it  in  an  inward 
direction.  Placing  the  patient  in  a  position  of  slight  in- 
version, i.e.,  with  the  head  lower  than  the  pelvis,  is  per- 
missible. 

The  neck  of  the  sac  is  then  grasped  aa  ith  the  left  hand 
and  gentle  eifoits  are  made  with  the  right  hand  to  press- 
the  contents  back.  Pressure  should  be  exerted  in  the 
direction  of  the  canal ;  upward,  outward,  and  backward 
in  inguinal  and  backward  and  upward  in  femoral  hernia. 
The  efforts  should  never  be  prolonged  for  more  than  five 
minutes  and  roughness  Is  distinctly  contraindicated. 

Success  is  determined  by  the  complete  disappearance 
of  the  hernia,  and  by  the  fact  that  the  surgeon  can  pass 
his  finger  through  the  ring. 

Taxis  is  contraindicated  in  the  following  conditions: 

1.   When  it  has  already  failed. 

3.   When  the  superficial  tissues  are  inflamed. 

3.  Wlien  there  is  reason  to  suppose  that  the  intestine 
may  be  gangrenous. 

4.  When  slrangulafion  has  existed  for  twenty-four 
hours. 

5.  When  the  hernia  has  been  previously  irreducible. 

6.  When  I  here  is  great  prostration. 
The  dangers  of  taxis  are  : 

1.  Injury  m-  rupture  of  the  intestine. 

2.  Tlie  return  of  gangrenous  intestine  to  the  abdom- 
inal cavity. 
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3.  The  transference  of  septic  fluid  from  tlie  sac  into 
the  general  peritoneal  cavity. 

4.  "  Reduction  en  masise. " 

Reductions?)   )»(/.<.»■  is  rare,  is  more  frequent  in  ingui- 
nal hernia,  and  is  practicall}'  the  conversion  of  the  lier- 
nia  into  a  form  of  interstitial  hernia;  the  sac  and  its 
contents  being  forced  into  a  position  between  the  traus- 
versalis  fascia  and  tlie  remain- 
der  of     the    abdominal    wall, 
while  the  constriction  still  re- 
mains at  the  neclv  (Fig.  2623). 
Tlie  sac  may  be  ruptured  and 
its  contents  escape  into  its  new 
position ;    or  only  part  of  the 
sac  may  be  reduced. 

In  modern  surgerj-  taxis   is 
;      resorted  to  with  constantly  di- 
minishing frequency,  most  sur- 
geons  now    performing  herni- 
otomy at  once. 

Ilentiotiiiiii/  and  ],-el<itoiiiy  are 
the  terras  applied  to  the  oper- 
ation for  the  relief  of  strangu- 
FiG  3023  lated   hernia.     Tliis   operation 

possesses  the  advantage  over 
taxis  of  avoiding  its  dangers,  of  permitting  inspection  of 
the  intestine,  and  of  affording  an  opportunity  for  the 
radical  cure  of  the  hernia. 

The  steps  in  the  operation  are: 

1.  The  exposure  of  the  sac. 

2.  Opening  of  the  sac  and  relief  of  the  constriction. 

3.  Treatment  of  the  contents. 

4.  Closure  of  the  wound. 

The  sac  is  exposed  by  an  incision  similar  to  that  which 
would  be  employed  iii  an  operation  for  radical  cure. 
The  incision  shou'ld  be  made  in  sucli  a  manner  as  to  ex- 
pose well  the  neck  of  the  sac,  and  it  may  liave  to  be 
prolonged  in  order  to  afford  room  for  resection  of  the 
bowel.  Tlie  sac  is  recognized  by  its  dark  color  and  its 
gliding  over  the  contents.  It  is  opened  by  pinching  it 
up  with  forceps  so  as  to  form  a  fold  which  can  be  incised 
without  injury  to  the  contents.  "When  an  opening  has 
been  made,  the  fluid  which  escapes  will  be  clear  and  odor- 
less, although  it  may  be  bloody,  if  the  gut  is  sound ;  or 
it  will  be  cloudy,  purulent,  or  feculent,  if  the  vitality  of 
the  gut  has  become  impaired.  Tlie  interior  of  the  sac 
and  the  contents  are  then  thoroughly  washed  with  nor- 
mal salt  solution  to  lessen  the  chances  of  contamination 
and  the  constriction  is  sought  for  and  divided. 

Inasmuch  as  the  constriction  is  usually  caused  by 
bands  of  fascia  which  lie  outside  the  sac,  division  is  best 
done  from  without,  and  not  from  witliin,  as  was  for- 
merly taught  by  the  old  school.  It  may  be  necessarj-. 
however,  in  some  femoral  herniie  to  divide  it  from  withm, 
which  is  done  by  cutting  upward  witli  the  herniotorae  or 
blunt-pointed  bistoury  or  by  use  of  a  director.  Tlie  con- 
striction having  been  freely  divided  the  gut  must  be 
gently  drawn  out  to  expose  the  efferent  and  afferent  por- 
tions, especially  the  latter,  in  order  to  observe  theii-  con- 
dition, since  changes  in  their  nutrition  may  have  oc-^ 
curred  for  a  considerable  distance  within  the  abdomen 
If  the  condition  of  the  gut  is  satisfactor)-  it  is  returned 
to  the  abdomen  and  the  ^\-ound  is  closed  as  in  the 
operation    for    radical    cure  of    a    hernia  of    the   same 

variety.  ,  .  ^i        j 

The'  gut  is  returned  if  its  peritoneal  coat  is  smooth  and 
glistening  if  its  color  is  not  black  or  gray,  even  though 
ft  may  be  dark  red  or  purple,  if  the  fluid  in  the  sac  is 
odorless  and  clear,  and  especially  if  it  has  retained  the 
power  of  contractility  in  all  its  parts.  It  must  not  be 
returned  if  the  peritoneum  has  a  granular  aspect,  it  the 
fluid  is  cloudy  and  foul,  or  if  the  gut  is  cold  and  flabby 
and  has  lost  its  contractility.  If  there  is  doubt,  the  con- 
striction having  been  freely  relieved,  the  bowel  may  be 
surrounded  with  compresses  wet  in  warm  normal  salt 
solution,  for  several  minutes,  and  its  condition  agaui 
noted  In  cases  of  exceptional  doubt  it  may  be  thus  left 
for  twenty-four  hours.     Very  small  areas  of  gangrene 


may  lie  excised  and  the  edges  of  the  resulting  perforation 
turned  in  with  Lembert  sutures. 

If  the  gut  is  not  in  a  returnable  condition,  there  are 
two  methods  of  treatment  applicable:  1.  Resection  and 
immediate  reunion.  2.  Formation  of  an  artificial  anus. 
In  the  performance  of  the  latter  the  gut  is  either  fixed 
by  a  few  sutures  to  the  margins  of  the  wound  and  opened 
t(i  relieve  the  obstruetiim.  or  it  is  resected  and  the  ends 
are  sutured  to  the  wound. 

In  the  choice  between  resection  and  immediate  reun- 
ion, and  the  formation  of  an  artificial  anus,  the  operator 
must  talie  into  consideration  the  condition  of  the  patient 
and  his  own  skill  as  an  intestinal  surgeon.  According  to 
Hofnieister,^  the  decision  to  form  an  artificial  anus  is 
tantamount  to  the  expression  that  the  case  is  otherwise 
hopeless. 

As  the  following  statistics  in  regard  to  gangrenous 
hernia  show,  the  treatment  by  priiiiaiy  resection  and  im- 
mediate reunion  is  the  most  successful. 
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PRDtARY  EESECTION 
AND  EEUNION. 

Compiler  or  operator. 

i 

0 

P 
go. 

1 

.d 

Zeldler  *  (1KH3) 

38T 
94 

187 

17 

5 

23 

101 

313 
72 

101 

10 

5 

15 

53 

7i.22 
76.6 
60.5 
57.0 
100.0 
68.3 
.53.5 

389 
68 

314 
16 
12 
38 

326 

142 

33 

99 

8 

1 

9 

58 

49.13 

Mikulicz  5 

Holmeiaters  (1900) 

Petersen  (up  to  1898) 

Petersen  (since  1898)  — 

Petersen '  (total) 

tfibson"  flOOO) 

47.1 
46.0 
.50.0 
8.3 
33.14 
26.0 

Of  these  series  Gibson's  are  the  most  comprehensive 
and  argue  strongl}'  in  favor  of  resection  and  reunion. 
His  statistics  in  regard  to  the  formation  of  an  artificial 
anus  with  and  -.vithdut  resection  of  the  gangrenous  intes- 
tine show  a  very  slight  advantage  in  favor  of  resection. 
In  twenty  cases  collected  by  him  in  which  the  gangren- 
ous portion  was  invaginated,  three  patients  died — a  mor- 
tality of  fourteen  per  cent. 

The  large  mortality  following  the  formation  of  an  arti- 
ficial anus  is  due  not  only  to  the  immediate  condition, 
but  also  to  asthenia  if  the  anus  is  situated  higli  up  in  the 
tract,  and  to  the  subsequent  measures  taken  to  cure  the 
artificial  anus.  Tlie  mortality  of  the  operation  for  relief 
of  artificial  anus  following  herniotomy  is  in  the  neighbor- 
hood of  twenty-five  per  cent. 

The  chief  considerations  to  be  observed  in  regard  to 
the  treatment  of  gangrenous  hernia  are:  the  use  of  local 
anaesthesia  if  feasible;  the  employment  of  a  large  wound 
(bernio-laparotomy),  enabling  the  operator  to  return  the 
intestine  easily  and  visibly,  thus  avoiding  kinking;  the 
emptying  of  the  intestine  so  far  as  possible;  wide  resec- 
tion, the  amount  removed  depending  largely  on  the  con- 
dition of  the  mucous  membrane :  open  treatment  of  the 
wound  by  tamponade  when  peritonitis  is  present,  or  if 
the  condition  of  the  returned  bowel  is  still  suspicious. 

Fi>r  the  technique  of  intestinal  resection  the  reader  is 
referred  to  special  articles  on  that  subject.  A  fatal  out- 
come in  herniotomy  is  due  to  one  or  more  of  the  following 
causes:  1.  Shock.  3.  Return  of  damaged  intestine  (in- 
suflScient  resection).  3.  Extension  of  an  existing  peri- 
tonitis, or  one  due  to  leakage  (faulty  suture).  4.  Kinking 
or  twisting  of  the  returned  loop.  5.  Exhaustion  (arti- 
ficial anus). 

The  after-treatment  does  not  differ  from  that  employed 
after  other  operations  upon  tlie  intestinal  tract.  For  the 
first  few  days  the  bowels  are  best  opened  by  enemata. 

Anatomical  Vauietibs  of  Hernia. 

iNoriNAi,  Hernia.— This  term  includes  all  hernia? 
into  or  through  the  inguinal  canal. 

Ahatoiiiy.—FoT  the  detailed  anatomy  of  this  region  the 
reader  is  referred  to  special  treatises.  There  are,  how- 
ever, certain  considerations  which  are  not  generally 
made  clear,  and  which  have  considerable  bearing  espe- 
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cially  upon  the  methods  of  radical  cure.  In  tlie  seeond 
month  of  foetal  life  a  process  ^^  J":"'''^'''".;'^'"^'iZ, 
tonei,  is  found  evaginate.lfrom  1^  Pe;r-~lt 


tonei,  is  found  evagmateu  iruiu  u.^  t'"^'  ,"'.,:'     to      cord 
body  cavity  and  accompanying  the  gubernaculum  to   1  corn 


these  structures.  Its  conuiiencement,  the  internal  ab- 
dominal ring,  is  an  aperture  in  the  transversahs  fascia 
normally  just  large  enough  to  permit  the  passage  of  the 
,      A  J. !.,?ti,.n   fhp  PYternfll  abdominal  nng,  IS  a 


IIV  lUSl  large  BUUUgii    ^^  t^w^..»  "-.-  r — --q .- 

Its  termination,  the  external  abdominal  ring,  is  a 


extern,  oblique  (re- ) 
fleeted)  ) 


transversalis  muscle 


internal  oblique  (re- 1 
fleeted)  i 


transversalis  fascia 


extern,  oblique  (re- ) 
fleeted)  ( 


( fhtemal  oblique  ( re- 
'l     fleeted) 


( Internal    oblique 
1     (deep  fibres) 
epigastric  vessels 

J  transversalis    a  p  o  - 
(     neurosis 


( Poupart's  ligament 
<  (attachment  to 
(     spine  of  pubis) 


FIG.  2623. 


that  part  of  the  skin  of  the  inguinal  region  which  be- 
comes the  scrotum  in  the  male  and  the  labium  majus  in 
the  female. 

Later  the  testicle  descends  alongside  of  this  pi-ocess  to 
the  scrotum,  and  the  distal  portion  of  the  process  forms 
the  tunica  vaginalis  testis.  The  proximal  portion  ordi- 
narily becomes  obliterated,  but  if  it  remains  open  the  tu- 
nica vaginalis  continues  in  communication  witli  the  ijeri- 
toneum,  and  a  portion  of  the  abdominal  contents  may 
descend  through  it.  Such  a  protrusion  is  known  as  a 
congenital  hernia,  even  if  it  does  not  descend  until  adult 
life.  If  the  process  remains  open  in  the  female  it  is 
known  as  the  canal  of  Nuck. 

Incomplete  or  partial  obliteration  of  the  pre  icesS  gives 
rise  to  cystic  swellings,  known  as  hydroceles  of  the  cord 
or  of  the  round  ligaments,  as  may  be. 

The  abdominal  wall  in  this  region,  omitting  tlie  su- 
perficial structures,  consists  of  the  following  muscular 
and  aponeurotic  layers  from  without  in;  the  aponeu- 
rosis of  the  external  obhque,  the  internal  oblique  and 
transversalis  nniscles,  and  the  transversalis  fascia.  At  the 
mesal  part  of  this  region  the  rectus  abdominis  is  inserted 
into  the  pubis  on  a  plane  dorsad  to  the  structures  enu- 
merated, with  the  exception  of  the  transversalis  fascia, 
which  sends  a  prolongation  over  the  dorsal  surface  of  the 
muscle. 

The  general  arrangement  of  tlie.sc  structures  is  shown 
in  the  accompaning  figures  (Figs.  3633  and  3634).  The 
inguinal  canal,  which  contains  the  gubernaculum  and 
processus  vaginalis  peritonei  in  the  foitus  and  the  sper- 
matic cord  or  round  ligament  in  the  adult,  and  through 
which  the  testicle  passes  in  its  descent,  is  found  between 


slit-like  aperture  in  the  aponeurosis  of  the  extemat 
oblique  muscle.  The  internal  ring  is  situated  about  4 
cm.  Jaterad  to  the  spine  of  the  pubis  aud  about  1  to  1.5 
cm.  above  Poupart's  ligament,  being  suspended  as  it 
were  in  the  transversalis  fascia  (Fig.  2624),  which  is 
developed  incurving  fibres  on  its  mesal  and  lower  aspect, 
forming  the  inguinal  ligaments  of  Henle.  It  lies  thus 
about  half-way  between  the  anterior  superior  spine  of 
the  ilium  and  the  spine  of  tlie  pubis,  and  a  finger's 
breadth  above  Poupart's  ligament.  The  deep  epigastric 
artery  passes  upward  at  the  mesal  border  of  the  ring  be- 
tween the  tiansversalis  fascia  and  the  peritoneum.  The 
external  ring  lies  just  above  and  laterad  to  the  spine  of 
the  pubis. 

The  inguinal  canal  is  about  3. 5  cm.  long  and  is  slightly 
longer  in  the  female  than  in  the  male.  At  its  commence- 
ment its  ventral  wall  is  formed  by  the  tliick  fleshy  fibres 
of  the  internal  oblique  and  the  transversalis  muscles,  and 
its  doi'sal  wall  by  the  transversalis  fascia.  At  about  its 
middle  its  dorsal  wall  is  still  the  transversalis  fascia,  but 
tlie  internal  oblique  and  transversalis  muscles  are  above 
it  and  its  ventral  wall  is  formed  by  the  aponeurosis  of  the 
exlernal  oblique.  At  its  termination  it  escapes  through 
the  external  oblique,  and  its  dorsal  wall  is  here  formed 
by  transversalis  fascia,  which  for  the  last  centimetre  is 
strengthened  by  the  conjoined  tendon  and  the  triangular 
ligament.  In  the  final  two-thirds  of  its  course  its  floor  is 
formed  by  the  shelf  of  Poupart's  as  it  broadens  into  Gim- 
bernat's  ligament.  The  greater  part  of  the  dorsal  wall  is 
thus  seen  to  be  formed  by  the  transversalis  fascia,  and 
the  importance  of  this  as  a  safeguard  cannot  be  overesti- 
mated.    It  is  in  fact  a  special  development  of  the  trans- 
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versalis  fascia,  and  by  some  it  lias  been  (Icscribc'd  us  a 
part  of  the  conjoined  tendon,  altliougli  it  is  entirely  dis 
tinct  from  this  structure.  Its  niesal  portion  cc  insists  of 
strong  vertical  fibres,  its  latei-al  of  the  flbres  before  men- 
tioned as  curving  about  the  internal  ring.  Between  these 
stronger  portions  is  a  weaker  one,  lying  as  a  rule  on  the 
mesal  side  of  the  deep  epigastric  artery,  and  at  lliis  part 
direct  inguinal  hernia;  occur  (Fig.  2(i34).  Tiie  transver- 
salis  muscle  is  very  poorly  developed  in  this  region,  and 
consists  chiefly  of  an  aponeui'osis,  the  fibres  of  wliich  pass 
horizontally  across  to  their  insertion  in  the  ventral  rectus 
sheath,  and  as  a  rule  are  wanting  for  some  distance  above 
Pou part's  ligament  (Fig.  2623).  The  internal  oblique 
muscle,  on  the  other  hand,  consists  of  a  thick,  fleshy  mass 
of  fibres  which,  unless  displaced  by  a  hernia  or  ill  devel- 
oped, completely  protect  the  internal  ring  and  pass  to 
their  insertion  with  a  general  direction  parallel  to  Pou- 
part's  ligament,  only  rising  sufiiciently  to  allow  the  cord 
to  pass  below  them.  The  conjoined  tendon  consists  of 
a  few  fasciculi  derived  from  the  opposed  surfaces  of 
the  internal  oblique  and  transversalis  muscles,  and  passes 
on  the  deep  surface  of  the  former  muscle  to  be  inserted 
by  tendinous  fibres  to  the  crest  and  ilio-pectineal  line. 
This  structure  is  wholly  concealed  by  the  internal  oblique, 
and  its  insertion  seldom  extends  for  more  than  a  centi- 
metre laterad  to  the  spine  of  the  pubis.'  Although 
given  considerable  prominence  in  most  text-books,  it  is 
a  negligible  factor  in  procedures  for  the  radical  cure  of 
hernia. 

An  oblique  inguinal  hernia  is  enclosed  in  the  same 
layers  of  fascia  as  the  spermatic  cord..  These  layers 
from  within  out  are:  the  infundibuliform  fascia  derived 


same,  with  the  exception  that  the  transversalis  fascia  it- 
self is  substituted  for  its  infundibuliform  process. 

The  relations  of  the  spermatic  cord  to  the  sac  arc  im- 
portant. The  structures  of  the  cord  are  usually.some- 
wliat  spread  out  on  the  surface  of  the  hernia  unless  the 
latter  is  small  or  a  direct  one.  The  vessels  lie  on  the  lat- 
eral and  the  vas  deferens  on  the  latere  dorsal  aspect  of 
the  sac.  In  a  direct  hernia  the  entire  cord  is  on  the  lat- 
eral aspect  of  tlie  sac.  In  congenital  hernia  the  cord 
is  more  closely  adherent  to  the  sac  than  in  ac(iuired  her- 
nife.  The  importance  of  the  peritoneal  fossne  on  the  in- 
ternal abdominal  wall  as  etiological  factors  in  the  pro- 
duction of  hernia  seems  to  the  writer  to  be  exaggerated. 
The  presence  of  muscidar  or  fascial  weaknesses  or  dim- 
ples is  of  far  greater  importance,  inasmuch  as  the  perito- 
neum is  a  highly  elastic  and  distensible  membrane,  and 
when  unsupported  by  other  structures  offers  little  resis- 
tance to  pressure  from  within.  For  the  same  reason  the 
treatment  of  the  neck  of  the  sac  is  of  minor  importance 
in  the  operation  for  radical  cure. 

Varieties  of  liigiiiiiiil  Ileniin. — Inguinal  hernise  are  di- 
vided into  direct,  which  is  always  acquired,  and  indirect 
or  oblique,  which  may  be  congenital  or  acquired  (see 
Anatomy).  In  a  direct  hernia  the  protrusion  is  mesal, 
while  in  an  indirect  hernia  it  is  lateral  to  the  deep  epi- 
gastric vessels.  If  the  protrusion  passes  through  the 
external  abdominal  ring  into  the  scrotum  or  labium  ma- 
jus  it  is  termed  a  complete  or  scrotal  hernia;  if  not,  an 
incomplete  hernia  or  bubonocele. 

Direct  Inguinal  He7-ni(.i.— Direct  inguinal  hernias  con- 
stitute seven  per  cent,  of  all  inguinal  hernise.  They  are 
more  common  in  men  than  in  women  and  are  seldom 


internal  oblique   (re- 1 
fleeted)  f 


transversalis  (reflected) 


trans,  fascia  dig.  in- 1. 
guinale  mediale)       ( 

dig.  inguinale  laterale) 


Poupart's  ligament 
genito-crural  nerve 


spermatic    cord    (cut  I 
and  reflected)  ) 


1  external  oblique  (re- 
1     fleeted) 


( internal  oblique  Cre- 
I     fleeted) 


trans,  (reflected) 


J  trans,  fascia  (inner 
I     vertical  flbres) 
Cthlnner  portion) 


conjoined  tendon 


FIG.  2624. 


from  the  transversalis  fascia;  the  cremasteric  fascia  and 
muscle  derived  from  the  internal  oblique;  and  tlie  inter- 
columnar  fascia  derived  from  the  external  oblique.  1  hese 
layers  must  be  divided  in  separating  the  sac  from  the 
cord      The  fascial  coverings  of  a  direct  hernia  are  the 


seen  in  children.     They  are  always  acquired.     They  are 
seldom  complete   and  may  usually  be  recognized  by 
their  globular  shape  and  by  the  fact  that  they  appear  to 
bulge  directly  through  the  abdominal  wall. 
Indirect  Inguinal  Hernia  constitutes  the  greater  part 
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(ninety-three  per  cent.)  of  inguinal  hernia?.  The  hernia 
may  descend  into  tlie  unobliterated  processus  vaginahs 
either  in  the  male  or  in  the  female,  being  then  called  con- 
genital hernia  (Fig.  2635,  A):  or  its  sac  may  be  formed 


FIG.  2625.-Formation  of  Sac  iQ  Congenital  and  Infanttle  Hernia 
A,  Congenital  hernia;  B  and  C,  infantile  hernia;  F,  funicular 
process ;  S,  sac ;  T,  testicle. 

by  the  protruded  peritoneum  of  the  abdomen— acquired 
hernia.  The  proportion  of  congenital  to  acquired  herniK 
is  difficult  to  state,  as  the  diagnosis  is  made  only  by  opera- 
tion. A  study  by  Bull  and  Coley  '»  of  five  hundred  cases 
of  inguinal  hernia  operated  upon  in  childi-en  under  four 
teen  years  of  age  showed  that  less  than  fifty  per  cent, 
■were  congenital. 

A  form  of  hernia  known  as  infiodile  hernia,  although 
always  acquired,  is  sometimes  confounded  with  con- 
genital hernia.  The  hernial  sac  in  these  cases  is  formed 
from  the  parietal  peritoneum  and  is  pushed  down  along- 
side of  an  open  or  partially  obliterated  funicular  process ; 
the  different  varieties  of  this  form  depend  upon  the  ex- 
tent and  the  site  of  the  obliteration  (Fig.  363.5,  B  and  C). 
Since  the  unobliterated  funicular  process  is  often  sprea<l 
out  over  the  hernial  sac,  the  latter  appears  as  a  sac 
within  a  sac:  hence  the  term  encysted  hernia. 

Iiiterxtitidl  IliTiiid  isa  form  of  inguinal  hernia  in  which 
the  protrusion  insinuates  itself  between  the  layers  of  tin.' 
abdominal  wall.  According  to  Langdon,"  the  frequency 
of  interstitial  hernia  is  1  in  1,100.  It  is  relatively  more 
common  in  females  tlian  in  males,  forming  0.13  per  cent, 
of  all  inguinal  hernice  in  males  and  0.61  per  cent,  in 
females. ' 

Three  varieties  are  recognized.  In  order  of  freciuency 
they  are:  (1)  Between  the  internal  oblique  and  the  apo- 
neurosis of  the  external  oblique;  (3)  between  the  apo- 
neurosis of  the  external  oblique  and  the  skin;  and  (3) 
iDetween  the  peritoneum  and  the  transversalis  fascia 
(properitoneal  hernia).  The  first  two  varieties  present 
an  external  swelling,  while  no  visible  or  palpable  tumor 
is  found  in  the  hist  variety.  In  the  majority  of  the  cases 
of  the  last  variety  there  is  also  a  scrotal  or  laljial  hernia. 
Such  an  accompaniment  is  seldom  observed  in  the  first 
two  varieties.  In  fact  the  sac  of  a  properitoneal  hernia 
is  usually  a  diverticulum  of  the  sac  of  a  complete  hernia; 
and  herein  lies  its  danger,  since  a  false  idea  of  security 
may  follow  reduction  of  the  complete  portion. 

The  causes  contributing  to  tlie  production  of  intersti- 
tial hernia  are  efforts  at  reduction,  giving  rise  generall_y 
to  the  properitoneal  form;  and  errors  in  development, 
namely,  non-descent  of  the  testicle  or  incomplete  closure 
of  the  canal  of  Nuck.  Macready  stales  that  in  67  per 
cent,  of  the  cases  in  males  the  testicle  was  wholly  retained 
or  only  partially  descended.  According  to  Langdon," 
in  43  cases  of  interstitial  herniiie  in  males  in  only  3  were 
the  testicles  in  normal  position  in  the  scrotum. 

The  second  and  third  varieties  may  acquire  very  large 
dimensions.  Inasmuch  as  it  is  difficult  to  prevent  the 
return  of  an  interstitial  hernia  by  a  truss,  operation  is  as 
a  rule  indicated. 

Diagiiraltof  Lifjiiiiiiil  Ileriiiii.— The  subjective  syiu]!- 
toms  are  pain,  which  is  present  in  ninety -six  per  cent  of 
all  cases  in  the  early  stages,  and  later  a  .sense  of  fulness 
and  discomfort.  The  chief  objective  sign  is  a  tumor 
which  as  a  rule  disappears  when  the  patient  lies  down 
but  returns  upon  his  standing,  coughing,  or  crying.    Im- 
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niilse  is  present  in  reducible  forms,  and  in  complete  her- 
nia the  contents  may  be  felt  to  descend  liy  the  finger  in- 
introduced  into  the  canal.  ,  ,     i-™        ,.•  ^   i 

Incomplete  hernia  or  bubonocele  must  be  diflferentiaterl 
from  femoral  hernia,  hydrocele  of  the  cord  or  canal  of 
Nuck  inflammatory  conditions  and  new  growths  ot  the 
inguinal  glands  and  cord,  psoas  abscess,  and  undescended 
testicle  It  is  distinguished  from  femoral  hernia  by  its 
relation  to  Poupart's  ligament  and  the  spine  of  the 
Dubis-  from  hy(lro(;ele  by  the  irreducibility,  circum- 
scription and  fluctuation  of  the  latter;  and  from  psoas 
abscess  by  the  presence  in  the  latter  condition  of  a  deep- 
seated  swelling  al>ove  Poupart's  ligament,  between  which 
and  the  visible  protrusion  fluctuation  can  be  obtamec. 

The  conditions  most  comraonb'  confounded  with  com- 
plete inguinal  hernia  are  hydrocele,  luematocele,  varico- 
cele and  tumors  or  inflammatory  conditions  of  the  tes- 
ticle or  epididymis.  The  statements  of  the  patient  as  to 
the  position  and  growth  of  the  swelling  at  its  incidence, 
taken  with  the  characteristic  signs  of  the  several  condi- 
tions will  serve,  as  a  rule,  to  make  the  diagnosis  evident. 

Trentiiinit  i>f  Tnnuiital  Ilerniv.  (For  treatment  by 
truss  see  "Mechanical  Treatment  of  Hernia.")' 

Riididd  Cure  <>f  Inguinal  Hernia.— The  operative 
methods  devised  for  tlie  cure  of  inguinal  hernia  are  so 
numerous,  and  so  many  have  become  obsolete,  that  the 
reader  must  be  referred  to  special  treatises  for  the  details 
of  those  operations  which  have  a  historical  interest  only. 

The  success  with  which  radical  cure  is  performed  at 
the  present  time  is  due  primarily  to  the  almost  uniform 
aseptic  heahng  obtained,  and,  secondly,  to  the  improve- 
ments in  technique  and  method.  The  aim  of  pre.sent 
methods  is  to  secure  the  least  possible  scar  formation, 
and  the  production  of  a  muscular  contractile  barrier 
against  future  relapse. 

Methods  depending  upon  the  use  of  foreign  materials 
to  form  an  obturator  have  been  advanced  in  the  last  few 
years  but  have  not  become  popular,  largely  on  account 
of  the  inherent  difficulties  in  getting  such  substances  to 
remain  within  the  tissues  of  the  body  without  giving  rise 
to  trouble. 

The  methods  most  comnionlj-  in  use  at  the  present 
time  and  which  have  given  the  best  results  are  the  fol- 
lowing; Bassini's  (1888),  Halsted's  (1890).  Kocher's 
(1893),  and  Macewen's  (1886). 

Tlie  Bassini  operation  is  the  favorite  one  at  present. 
According  t<i  a  recent  writer,''  about  ninety-five  per 
cent,  of  all  operations  for  inguinal  hernia  are  Ijeing  done 
by  this  method  or  slight  modifications  of  it.  The  steps 
of  the  operation  are  as  follows;  The  incision  is  made 
parallel  with  Poupart's  ligament  and  2  cm.  above  it, 
from  a  point  latcrad  to  the  internal  ring  to  a  point  corre- 
sponding to  the  centre  of  the  external  ring.  The  length 
of  the  incision  is  7  to  9  cm.  in  adults  and  shorter  in 
children. 

The  incision  is  carried  directly  to  the  aponeurosis  of 
the  external  oblique,  and  if  properly  planned  should 
strike  it  in  the  line  of  divergence  of  the  pillars  of  the 
external  ring.  The  superficial  structures  should  not  be 
striii)ied  from  the  aponeurosis  since  its  vitality  is  thereliy 
impaired.  The  aponeurosis  is  then  slit  in  the  direction 
of  its  fibres  for  a  clistance  of  5  or  6  cm.  from  the  external 
ring,  care  being  taken  not  to  wound  the  underl}'ing  struct- 
ures. The  upper  lip  of  the  aponeurosis  is  then  stripped 
from  the  surface  of  the  internal  oblique  and  the  sheath 
of  the  rectus  for  ;»  distance  upN\ard  of  about  3  cm.  This 
separation  is  im])ortant,  as  it  facilitates  the  bringing 
down  of  the  fibres  of  the  internal  oblique  in  the  final 
steps  of  the  o]ieiiition.  The  tissues  covering  the  cord 
and  sac  are  siuiihtrly  stripped  from  the  lower  lip  of  the 
ajioneurosis  until  the  di'cp  surface  of  Poupart's  ligament 
is  well  I'xjioscil  as  far  us  its  inserti<m  to  the  pubic  spine. 
This  clearing  of  the  dee])  surface  of  the  external  oblique 
is  best  done  by  blunt  dissection,  the  instrument  being 
swept  toward  the  middle  line  in  the  direction  of  the 
aponeurotic  fibres. 

The  sac  and  cord  enclosed  in  their  coverings  now  lie 
freely  exposeil,  and  the  second  step  of  the  operation,  the 
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isolation  of  the  sac,  is  commeuctd.  A  longitudinal  in- 
cision is  made  through  the  cremasteric  and  transver- 
salis  fascia,  exposing  the  sac  at  its  uppermost  part  (Pig. 
2626).  The  assistant  now  catches  the  sac  with  two 
toothed  forceps,  one  at  each  extremity  of  the  incision, 
and  lifts  it  upward,  while  the  operator  seizing  the  margin 
of  the  fascia  nearest  to  him,  i.e.,  on  the  outer  aspect  of 
the  sac,  draws  it  away  from  the  sac.  The  vessels  of  the 
cord  now  appear  and  must  be  freed  from  the  sac  by  a  few 
light  touches  of  the  knife.  Just  beneath  the  vessels  on 
the  outer  side  of  the  sac  the  vas  deferens  is  recognized 
and  is  to  be  freed  in  a  similar  manner.  The  operator  in 
grasping  these  structures  should  use  smooth  forceps  and 
make  very  light  pressure.  As  the  dissection  is  carried 
around  the  sac  the  assistant  shifts  his  hold,  so  that  at  all 
times  the  sac  is  kept  tense.  If  any  vessel  is  divided  in 
this  dissection  it  should  be  immediately  caught  and  tied 
so  that  the  field  may  not  be  obscured. 

The  cord  now  being  isolated  from  the  neck  of  the  sac, 
the  finger  is  inserted  between  it  and  the  sac  from  without 
inward,  and  curved  about  the  latter ;  in  this  way  the  re- 
maining attachments  of  the  fascia  on  the  inner  aspect 
of  the  sac  are  easily  stripped  off  over  the  point  of  the 
finger  and  the  neck  is  complete- 
ly circumscribed.  The  direction 
of  the  encircling  finger  may  now 
be  reversed,  and  the  stripping  of 
the  sac  can  be  readily  accom- 
plished by  pushing  the  cord  away 
from  it  with  gauze,  this  being 
aided  by  a  few  touches  of  tlic 
knife. 

If  this  procedure  is  carried  out 
with  extreme  gentleness  subse- 
quent swelling  of  the  cord  rarelj' 
ensues. 

The  fundus  of  the  sac  having 
been  freed,  it  is  lifted  up,  and 
the  internal  oblique  having  been 
retracted  to  expose  the  internal 
ring,  the  freeing  of  the  sac  is  car- 
ried upward  beyond  its  neck  to 
the  point  where  it  flares  out  into 
the  parietal  peritoneum.  On  the 
inner  aspect  of  the  neck  consid- 
erable subperitoneal  fat  will  be 
found,  and  in  large  indirect  as 
well  as  in  direct  herniEe  this  maj' 
contain  the  bladder.  In  congeni- 
tal hernia  the  sac  is  cut  in  two, 
the  lower  portion  being  of  suffi- 
cient size  to  cover  the  testicle, 
over  which  it  is  sutured. 

The  third  step  of  the  operation 
comprises  opening  of  the  sac,  re- 
duction of  its  contents,  and  liga- 
tion of  the  neck.  Adherent  masses 
of  omentum  are  treated  in  the 
usual  manner  by  chain  ligation. 
Ligation  of  the  sac  is  done  by 
drawing  it  down  as  far  as  possi- 
ble, its  mouth  being  kept  open, 
and  then  transfixing  its  neck  as 
high  as  possible  with  a  needle 
carrying  heavy  catgut.  The  lig- 
ature is  tied  around  each  half  of 
the  neck  separately  and  then 
around  the  entire  neck,  and  the 
sac  is  cut  off.  If  the  neck  is  too 
large  for  ligation  it  must  be  su- 
tured (Fig.  2627).  ^  ^      .     ,. 

The  fourth  step  is  the  most  important,  and  herein  lies 
the  peculiarity  of  the  Bassini  operation,  namely,  the  trans- 
plantation of  the  cord  and  the  suture  of  the  interna 
oblique  *  to  Poupart's  ligament.     The  cord  is  first  freed 


from  its  bed  and  retracted  to  the  outer  part  of  the  inci- 
sion against  the  point  of  origin  of  the  internal  oblique 
from  Poupart's  ligament. 

The  first  stitch  is  taken  on  the  inner  side  of  the  cord, 
the  needle  passing  through  the  whole  thickness  of  the  in- 
ternal oblique  1.5  to  2  cm.  from  its  margin,  and  then 
picking  up  the  deep  shelving  portion  of  Poupart's  liga- 
ment. This  suture  should  just  touch  the  cord  when  it  is 
held  at  right  angles  to  the  wound.  Three  or  four  similar 
sutures  are  then  taken  until  the  spine  of  the  pubis  is 
reached.  The  last  suture  takes  in  the  conjoined  tendon, 
and  it  is  often  better  to  include  also  in  it  the  margin  of 
the  rectus,  especially  when  the  insertion  of  the  internal 
oblique  does  not  extend  down  to  the  pubic  spine  (Figs. 
2628  and  2629). 

The  writer,  following  the  example  of  W.  B.  Coley,  al- 
ways puts  a  suture  on  the  outer  side  of  the  cord,  but  he 
differs  from  Coley  in  that  he  inserts  and  ties  it  before 
the  other  sutures  are  introduced,  while  Coley  puts  it  in 
last.  This  suture  subserves  two  purposes:  it  gives  the 
muscular  fibres  a  lower  plane  at  their  origin  and  it  places 
the  point  of  emergence  of  the  cord  at  a  greater  distance 
from  the  internal  abdominal  ring,  thus  giving  the  latter 


*  The  Internal  oblique  muscle  is  alone  mentioned,  since  it  is  practi- 
cally the  only  structure  sutured  to  the  ligament.  See  the  section  on 
Anatomy. 

Vol.  IV.— 43 


FIG  3626.— Operation  for  the  Radical  Cure  of  Inguinal  Hernia,  Bassini's  Method.  External 
oblique  divided  and  retracted.  Sac  in  place.  Line  indicates  incision  preliminary  to  separa- 
tion of  cord  from  sac. 


additional  protection.     The  sutures  should  be  tied  with- 
out tension  to  avoid  strangulation  of  the  muscle  fibres. 

The  best  suture  material  is  one  that  will  be  absorbed  in 
about  thirty  days.  Kangaroo  tendon  fulfils  this  condi- 
tion best,  then  chromicized  catgut.  Non-absorbable  su- 
ture material  should  not  be  used,  for  the  tissues  some- 
times resent  its  presence  and  extrude  it. 
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The  next  step  is  the  suturing  of  the  external  oblique, 
which  is  done  so  as  to  include  the  cord  between  it  and 
the  internal  oblique.  A  continuous  suture  is  sufficient 
(Fig.  2630). 

The  cutaneous  incision  is  then  closed  with  or  without 
drainage,  according  to  the  operator's  technique. 

In  the  female  the  steps  of  the  Bassini  operation  are 
carried  out  as  in  the  male,  with  the  exception  that  in  the 


^'"•^fort^fa^^rurSs^i^^^fre'Ste'rSiri^^  'J-^-l''  ""'bod.    The  mar- 

temal  obUque  upward,  e^o^ng  Ste  of  S^atZ  nf  ^»^'t,'^^^^^^^        horizontaUy,  the  in- 
Iies  on  the  transTersalis  lascia.  ligature  ol  sac  at  the  Internal  ring.    The  cord 


description  of  the  procedures  the  round  ligament  is  to 
be  understood  whenever  the  cord  is  mentionfd 

The  writer,  however,  believes  it  to  be  a  mistake  to 
transplant  the  round  ligs^ment-vide  infm 

Suture  of  the  muscles  without  tmnsplantation  of  the  cord 
has  been  practised  with  success  by  Bull  and  Colev  '^    t.p 

wht'ww^''°  "'"P>°y'='l  this^modiflcadon  in^'casesin 

which  the  transversalis  fascia  forming  the  doreal  w«n  of 

the  canal  was  well  developed  °^ 

Transplantation  of  the  Rectus  Mvscle.-To  meet  the 

superior  to  WOlfler's  "in  thot  iho  i  **  ^  method  is 

ventral  sheath,  Z:  ae'^^^LTtt't^ZVTt 
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ternal  oblique  and  transversalis  at  that  point.  Blood- 
good's  operation  is  done  in  conjunction  with  the  Halsted 
operation  (Fig.  3633).  The  writer  has  used  his  method 
of  opening  the  sheath,  but  has  stitched  the  rectus  to  Pou- 
part's  ligament  first  and  brought  the  internal  oblique 
down  in  front  of  it  as  in  the  Bassini  operation.  This 
procedure  is  also  of  value  in  direct  hernias  and  when  the 
internal  oblique  is  deficient. 

I-lalsted's  MetJiod.^'—Tho  cutane- 
ous incision,  slightly  more  vertical 
than  the  Bassini,  having  been  made, 
the  knife  is  carried  down  from  the 
outermost  part  of  the  external  ring 
through  the  aponeurcsis  of  the  ex- 
ternal oblique,  the  internal  oblique 
and  transversalis  muscles,  and  the 
transversalis  fascia  to  a  point  2  cm. 
above  and  slightly  lateral  to  the  in- 
ternal ring.  The  sac  is  isolated  as 
high  as  possible  and  resected,  and 
the  peritoneum  is  sutured. 

The  veins  of  tlie  cord  are  excised 
with  the  exception  of  one  or  two. 
Mattress   sutures    are    then    intro- 
duced through  the  entire  thickness 
of  the  abdominal  wall  above,  with 
the  exception  of  the  skin  and  peri- 
toneum, and  through  the  transver- 
salis fascia,  Poupart's  ligament,  and 
the    aponeurosis    of    the    external 
oblique  below,  the  sutures  passing 
beneath  the  cord,  so  that  when  they 
are  tightened  the  cord  lies  directly 
beneath  the  skin.    The  sutures  are 
passed  so  that  the  distal  cut  ends 
of  the  internal  oblique  are  sutured 
to  Poupart's  ligament;  thus,  as  it 
were,    rotating    the    muscle.     Hal- 
sted  usually  employs    silver   wire- 
(Pigs.  2631  and  2633).    It  is  at  once 
seen  that  there  are  marked  differ- 
ences   between    this     method    and 
Bassini's.     These  are:  1.  The  divis- 
ion of  the  internal  oblique  muscle. 
2.  The  transplantation  of  the  cord 
to  a  position  between  cut  ends  of 
muscle  fibres.     3.  The  bringing  of 
the  cord  in  a  direct  line  through  the 
entire  muscular  wall.     4    The  ex- 
cision of  the  veins.     5.  The  suture 
en  ma^e  of  the  muscle.     These  dif- 
ferences are  considered  by  some  to 
be  objections. 

In  fact,  in  the  relapses  after  Hal- 
sted's  operation  the  descent  usually 
occurs  along  the  cord,  and  in  order 
to  obviate  this  he  has  lately  trans- 
planted the  vas  deferens  alone.  The 
failures  of  tiie  opei-ation  may  be  at- 
.  .,     ,  tributable  to  the  first  three  of  the 

points  above  enumerated.     The  excision  of  the  veins  has 
"  WW  ■■'  '^'1  to  afophy  of  the  testicle  in  some  cZs 

Shodffoods  Met?wd'^  is  the  same  as  Halsted's,  with  the 
addition,  already  mentioned,  of  including  the  rectus 
?F^g'!'°633)         "  '"''""'  '"  '^"'  ^''''■''  '"aftress  smures 

mcThoH'!!  n'"^•''i'^'°S/'''^*"'''^^  °^  Kocher's  and  Macewen's 
methods  consist  chiefly  in  their  treatment  of  the  sac 
Jiochn-  s  Met?wd.~The  aponeurosis  of  the  external  ob- 

frnm  J?  ^""^"T"^  ^i"  ,"°*  '^'''''^^'^-  '^^"'  ^^'^  ^^  Separated 
iiom  the  cord  and  the  separation  is  carried  up  to  the 

}h  ITl,""^  I^T  ""^  *^^  '"  "sated.  A  forceps  is  now 
Uuust  through  the  external  oblique  aponeurosis  above 
i-oupart  s  ligament  and  the  sac  is  caught  and  drawn  out 
ot  this  opening.  It  is  then  laid  on  the  surface  of  the  ano- 
neurosis,  which  is  plaited  over  It  with  a  sort  of  Lembert 
suture.  These  sutures  also  narrow  the  canal  (Fie-s  2fi<U 
and  2635).  ^     ° 
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yiaceicen'a  Method.— In  this  method  the  sue  is  foldoil 
with  a  sort  of  accordion  plait  by  means  of  a  suture, 
passed  from  its  extremity  back  and  forth  tlirough  botli 
its  walls ;  the  suture  is  then  continued  through  the  trans- 
versalis  fascia  and  the  muscles  above  the  internal  ring 
in  a  direction  from  within  outward.  The  sac  thus  forms 
a  pad  at  the  ring.  .  The  internal  ring  is  then  narrowed  by 
suturing  the  transversalis  fascia  above  it  to  Poupart's 
ligament  with  a  mattress  suture.  Several  stitches  may 
be  inserted. 

The  objection  to  these  last  two  methods  is  that  the 
sac,  when  stripped,  and  especially  when  ligated,  is  prac- 
tically effete  material,  and  it  is  unsurgical  to  retain  it  in 
the  body. 

FoiDler's  Method. — The  posterior  wall  of  the  canal,  con- 
sisting of  the  transversalis  fascia  and  peritoneum,  is  di- 
vided from  the  internal  ring  inward  to  the  border  of  the 
rectus,  and  the  cord  is  displaced  to  this  point.  The  inter- 
nal ring  and  the  transverse  incision  are  then  closed.  The 
incision  divides  the  deep  epigastric  vessels.  The  canal 
may  be  closed  by  suture  of  the  internal  oblique  to  Pou- 
part's ligament.  This  procedure  is  of  particular  value 
in  cases  associated  with  undescend- 
ed testicle,  in  order  to  obtain  ad- 
ditional length  of  cord. 

Ijicas  Ghampionniere's  Metliod. — 
The  peculiarity  of  this  method  lies 
in  the  manner  of  closing  the  canal. 
The  muscles  and  aponeurosis  of  the 
upper  lip  of  the  wound  are  brought 
down  over  the  aponeurosis  of  the 
lower  lip  and  retained  by  mattress 
sutures,  thus  producing  an  overlap. 

Remarks. — The  chief  accidents 
happening  from  operations  for  radi- 
cal cure  are  injury  of  the  vas  def- 
erens, hemorrhage  from  omental 
stumps,  to  be  avoided  by  including 
only  small  masses,  pneumonia  fol- 
lowing the  anjBsthesia,  and  sepsis. 
The  occurrence  of  sepsis  largely  in- 
creases the  percentage  of  relapses. 

The  mortality  is  slight.  Bull  and 
Coley  "  have  found  it  to  be  0.9  per 
cent,  in  10,000  operations  performed 
between  1886  and  1897.  In  2,000 
later  operations  the  mortality  was 
less  than  0.3  per  cent.  No  opera- 
tions for  strangulated  hernia  are  in- 
cluded in  these  lists. 

As  a  rule  children  under  four 
}-ears  of  age  and  adults  over  fifty 
should  not  be  operated  upon,  in- 
asmuch as  many  children  are  cured 
by  the  wearing  of  a  truss,  and  in 
the  aged  the  hernia  can  be  con- 
trolled by  truss  with  less  inconveni- 
ence than  in  the  younger  and  more 
active,  while  the  dangers  of  opera- 
tion are  greater.  Patients  with 
bronchitis  should  defer  operation ; 
but  in  cases  of  chronic  respiratory 
diseases,  and  when  the  necessity 
presses,  it  may  be  done  under  local 
anaesthesia  after  Cushing's  method. 
As  before  stated,  large  irreducible 
hernise  are  not  suitable  for  opera- 
tion. The  best  results  are  obtained 
in  children  and  young  adults. 

C'lioiee  of  Methods.— The  most  de- 
sirable operation  is  one  that  com- 
bines simplicity  with  the  best  re- 
sults in  the  hands  of  a  large  number 
of  operators.  . 

The  Bassini  operation  seems  to  meet  these  requu-ements 
better  than  any  other.  The  percentage  of  relapses  after 
this  operation  is  probably  not  greater  than  5  m  good 
hands      Coley  "  reports  500  cases  traced  with  6  relapses 


only.  Galeazzi '»  has  collected  1,334  cases  operated 
upon  by  surgeons  out  of  Italy,  with  only  3.16  per 
cent,  of  relapses.  The  Halsted  method  has  given  6.5 
per  cent,  relapses,  but  better  results  are  reported  since 
the  veins  of  the  cord  have  been  excised  as  a  routine 
measure. 

The  methods  of  JIacowen,  Kocher,  and  Champion- 
nii're,  although  each  gives  as  good  results  in  the  hands  of 
its  originator,  have  in  other  hands  given  much  poorer 
results  than  the  Bassini. 

Heridii  Associated  -inth  Undescended  Testicle. — The  treat- 
ment of  this  condition  is  still  the  subject  of  considerable 
controversy.  The  weight  of  opinion  seems  to  be  that 
children  under  ten  or  twelve  years  of  age  should  have 
mechanical  treatment  if  possible,  as  the  truss  can  be 
constructed  so  as  to  crowd  the  testicle  down.  In  all 
cases  of  operation  the  testicle  should  be  preserved  if 
possible. 

Anchoring  of  the  testicle  to  the  bottom  of  the  scrotum 
is  useless,  it  should  rather  be  crowded  down  by  passing 
deep  sutures  thi'ough  the  deep  fascia. 

The  cord  should  not  be  transplanted,  as  length  can  be 


Fir  ai28  — Oneratlon  for  the  Radical  Cure  ol  Inguinal  Hernia,  Bassini's  Method.  Sac  removed, 
cord 'drawn  aside,  and  lower  fibres  ot  the  internal  oblique  and  transversalis  muscles 
stitched  to  Poupart's  ligament  trom  without  inward.  The  transversaUs  fascia  appears  at 
the  deepest  part  of  the  field  of  operation. 


gained  otherwise.     Possibly  Fowler's  method  would  give 
still  greater  length. 

Operations  in  children  under  fourteen  years  as  a  rule 
give  the  best  results,  as  the  testicle  is  more  likely  to  be- 
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come  scrotal  if  retained  outside  the  external  ring  before 
the  changes  incident  to  puberty  have  taken  place. 
Post-Operative  Treatment. — The  patient  remains  in  bed 


FIG.  3639. 


tery  is  given  off  from  the  deep  epigastric  and  then  is  in 
relation  with  the  crural  canal;  although  it  generally 
passes  dovi^nvi'ard  to  the  obturator  canal  on  the  lateral 

aspect  of  the  crural  ca- 
nal, yet  in  three  percent, 
of  all  cases  it  passes 
down  on  its  mesal  as- 
pect and  is  then  subject 
to  injury  in  herniotomy. 
A  hernia  descending 
through  the  crural  ring 
acquires  as  coverings 
the  peritoneum,  the  sub- 
peritoneal fat  which  is 
usually  very  thick,  the 
septum  c  r  u  r  a  1  e,  the 
transversalis  fascia  de- 
rived from  the  femoral 
sheath,  the  cribriform 
fascia,  and  the  superfi- 
cial fascia  and  skin. 

The  protrusion  ap- 
pears in  the  thigh  below 
the  fold  formed  by  Pou- 
part's  ligament  and  be- 
low" and  laterad  to  the 
pubic  spine.  It  is  usu- 
ally small  and  globular 
or  hemispherical  in 
shape.  It  may  extend 
down  the  thigh  as  far  as 


Fie.  2630. 


Fig.  3639.— Operation  for  the  Radical  Cure  of  Inguinal  Hernia,  Basslnl's  Method.    Arched  muscular  fibres 
X.    *5S,S'"'J?'°^<l'*'"i™  "')  sewed  to  Poupart's  ligament  (a),    c,  Aponeurosis  of  external  oblique  muscle. 
FIG.  3f)d0.— Operation  for  the  Radical  Cure  of  Inguinal  Hernia,  Basslnl's  Method.    Aponeurosis  of  external 

oblique  (a)   sewed  with  continuous  sutures  to 

Poupart's  ligament  (6).    (Both  from  "Bryant's 

Surgery."   Copyright,  1901,  by  D.  Appleton  k  Co.)  ^^\  » 

in  the  reclining  position  for  eighteen  days, 
but  is  usually  able  to  be  up  and  around  on 
the  twenty-first  day.  This  may  be  stated 
as  the  time  necessary  after  operation  for 
any  variety  of  hernia,  although  sometimes 
for  especial  reasons  a  longer  period  may  be 
desirable. 

Trusses  After  Operation.—la  children  and 
young  adults  in  whom  there  is  good  mus- 
cular development  and  the  hernia  has  not 
been  very  large,  a  truss  is  unnecessary. 
Each  case  has  to  be  judged  by  itself. 

Femoral  Hernia.— A  femoral  hernia  is 
one  that  descends  in  or  alongside  the  femoral 
sheath.'  The  most  common  form  is  that  in 
which  the  gut  or  omentum  descends  through 
the  crural  or  femoral  canal,  which  lies  at 
the  mesal  side  of  the  femoral  vein.  In  rare 
cases  the  hernia  may  descend  in  front  of  the 
vessels  or  even  on  their  lateral  aspect 

Anatomy.— The  femoral  sheath  is  formed 
by  the  funnel-shaped  process  of  the  trans- 
versahs  fascia,  which  is  prolonged  from  the 
abdominal  cavity  downward  dorsad  to  Pou- 
part's ligament  into  the  thigh  to  form  the 
sheath  of  the  femoral  vessels.  The  sheath 
IS  too  large  for  the  vessels  at  its  commence- 
ment but  contracts  at  the  saphenous  open- 
mg  to  enclose  them  snugly.  Thus  a  space 
not  occupied  by  the  vessels  is  left  on  the 
mesal  side  of  the  vein,  and  is  known  as  the 
crural  canal.  Its  ventral  boundary  is  Pou- 
parts  ligament;  its  mesal  Gimbernat's liga- 
ment:  its  dorsal  the  ilio-pectineal  line,  Coon- 
er  s  ligament,  and  the  pectineus  muscle ;  and 
Its  lateral  the  femoral  vein  from  which  it  is 
separated  by  a  septum  of  fascia.  The  space 
IS  filled  with  loose  areolar  tissue,  the  'sep- 
tum^crurale,  and  a  small  lymph  node  (Pig, 

y  per  cent,  of  cases  the  obturator  ar-        riirtey'awonA  c^^'r  ""  '""*'    *"*"■"  "'"'"*"'''  Surger™-'X?! 
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its  middle  or  even  farther.  Occasionally  it  turns  up- 
ward, and  passing  above  Poupart's  ligament  may  be  mis- 
taken for  an  inguinal  hernia.  Very  rarely  it  may  become 
scrotal  or  labial.     The  contents  of  the  sac  are  more  com- 


FiG    2632.— Operation   lor  the  Radical  Cure  of   Inguinal   Hernia 
Halsted's  Metbod.    Aponeurosis  or  external  oblique  closed  ^ 
wire   mattress    sutures,    ends    bent  ^ 

down  and  buried.  (From  "Bryant's 
Surgery."  Copyright,  1901,  by  D.  Ap- 
pleton  &  Co.) 


monly  entirely  omental  than  in 
inguinal  hernia.  The  omentum 
usually  becomes  adherent  early, 
especially  at  the  neck  of  the  sac. 
The  intestine  is  more  apt  to  be- 
come strangulate<l  than  in  in- 
guinal hernia,  and  gangrene  su- 
pervenes more  quickly. 

Occiin-ence  of  Femoral  Hernia. 
— Pemoral  hernia  occurs  more 
commonly  in  women  than  in 
men,  the  ratio  being  about  3  to 
1  in  persons  under  fifty  years  of 
age.  After  this  age  the  pro- 
portion of  women  i-uptured  de- 
creases so  rapidly  that  the  rel- 
ative frequency  in  the  two  sexes 
is  nearly  the  same.  As  com- 
pared with  inguinal  hernia  the 
frequency  is  1  to  17  according 
to  tlie  statistics  of  the  Hospital 
for  Ruptured  and  Crippled  ,'*  ac- 
cording to  Macready  '  the  ratio 
is  8  to  93.  According  to  the 
same  author,  of  100  men  rup- 
tured. 97.5  per  cent,  have  in- 
guinal and  3.5  per  cent,  femoral 
hernia.  Of  100  women  ruptured 
60.3  have  inguinal  and  39.7  per 
cent,  femoral  hernia. 

As  to  the  period  of  incidence, 
it  is  uncommon  in  early  life,  but 
occurs  with  greatest  frequency 
in  persons  between  sixteen  and 
fifty  years  of  age. 


Causes  predisposing  to  it  are  weakening  of  fascia  re- 
sulting from  stretching  of  the  abdominal  wall  in  preg- 
nancy, and  the  greater  size  of  the  crural  canal  in  women. 

Diagnosis. — Psoas  abscess,  inguinal  hernia,  and  saphe- 
nous varix  may  be  confounded  with  reducible  femoral 
hernia,  intlammation  and  new  growths  of  the  lymph 
nodes  with  the  irreducible  form.  In  fat  females  the  diag- 
nosis between  femoral  and  small  inguinal  hernia:  is  not 
always  easy. 

Treittiiient. — Unless  contraindicated  b}'  general  consid- 
erations, all  femoral  hernias  sliould  lie  operated  upon  for 
the  following  reasons:  They  are  more  dangerous  than 
inguinal  hernise,  they  are  practically  incurable  by  me- 
chanical means,  the  operation  is  simple,  and  by  it  perma- 
nent cure  is  nearly  always  obtained. 

Bassini's  Method.  The  sac  is  exposed  by  an  incision 
parallel  with  and  slightly  below  Poupart's  ligament. 
Having  been  cleared  of  fat  and  separated  from  the  canal, 
the  sac  is  drawn  down  as  far  as  possiljle,  transfixed,  and 
ligated,  after  reduction  of  its  contents,  and  the  stump  is 
allowed  to  recede  into  the  abdominal  cavity.  Poupart's 
ligament,  the  pubic  portion  of  the  fascia  lata,  and  the 
canal  having  been  well  cleared  of  fat,  interrupted  sutures 
are  now  introduced  so  as  to  unite  Poupart's  ligament  with 
the  pubic  portion  of  the  fascia  lata  covering  the  pecti- 
neus  muscle,  care  being  taken  to  avoid  the  femoral  vein. 

The  xipper  sutures  are  inserted  parallel  with  Poupart's 
ligament  and  pass  into  the  pectineus  muscle.  The  lower 
sutures  unite  the  falciform  process  to  the  pubic  portion 
of  the  fascia  lata.     The  canal  is  thus  closed   (Fig.   3637). 


ATTACHMENT  OF  RECTUS/ 
TO  SYM.PUB 

SPINE  pub: 


Frr  2633  -Operation  (or  the  Radical  Cure  of  Inguinal  Hernia.  Bloodgood's  modincation  of  Hal- 
sS'  Method  cord  removed  so  as  not  to  obscure  demonstration,  a,  a  Divided  bordera  of 
"nternal  oblique  muscle;  /-,  b'.  ends  of  resected  cord.  (From  "Bryant's  Surgery."  Copynght, 
1901,  by  D.  Appleton  &  Co.) 
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Purse-string  Method.  The  procedure  in  this  method  is 
the  same  as  in  the  Bassini  operation,  with  the  exception 
that  the  canal  is  closed  with  a  single  purse-strmg  suture 
passed  in  the  following  manner:  A  curved  needle  is  in- 
troduced through  Poupart's  ligament  and  picks  up  the 
superficial  fibres  of  the  pectineus  and  its  fascia^  the  tal- 
eiform  process,  and  finally  emerges  through  Poupart  s 
ligament  a  short  distance  from  its  point  ot  entrance 
(Fig.  3638).  When  the  canal  is  very  large  Bassim  s 
method  is  preferable.  ,      ,     ,  j 

Gordon's  Method.  This  method  has  lately  been  ad- 
vocated by  Bacon.™  The  incision  commences  3  cm. 
above  Poupart's  ligament  and  5  cm.  from  the  pubic 
spine;  it  then  passes  parallel  with  tlie  ligament  to 
a  point  opposite  the  canal,  where  it  turns  down  over 
the  sac,  thus  exposing  the  aponeurosis  of  the  external 
oblique  and  the  sac.  The  sac  is  isolated,  its  contents 
are  reduced,  and  then  the  sac  is  resected  and  sutured  or 
ligated  flush  with  the  peritoneum.  The  aponeurosis  of 
the  external  oblique  is  split  along  its  fibres,  thus  open- 
ing the  inguinal  canal,  the  contents  of  which  are  then 
sepaicited  fiom  its  lower  sur- 
face (\posiiig  the  deep  part 
ot  Piuii)Ut  s  ligament. 

Thi  1i.ui->\ersalis  fascia 
toiiuui!;  thr  ti  moral  sheath  is 
tlieii  sepiMtcd  from  the  liga- 
niLiit  thus  opening  the  fem- 
oidraii.il  All  the  subperi- 
tont.il  tu  <uid  connective  tis- 


FiG.  A,U  -()i)iiati0D    tor  the    Radieal    Cure  of    Ing-uinal    Hernia. 
Kochei  !>  JlLttiod.    Sac  separated  and  end  seizcil  bv  f(ii(eps  passed 
through  the  transverse  incision  (n)  down  the  inguinal  canal.     (From 
Bryant's  Surgery."    Copyright,  1001,  by  D.  Appleton  &  Co.) 

sue  are  removed  from  this  region,  and  llie  internal  ob- 
lique is  united  with  mattress  sutures  to  the  ligamentiim 
Cooperi  and  the  pectineus  muscle  in  such  n  manner  as  to 
cause  its  lower  margin  to  be  everted. 

The  canal  is  thus  closed  by  muscular  tissue.  The 
wound  in  the  external  oblique  is  then  sutured  and  this  is 
followed  by  closure  of  the  superficial  wound. 

liexKlt.^  of  Operation  for  Femoral  /Ac//m.— Gordon's 
operation  is  so  recent  that  sufficient  time  for  obsci-vation 
has  not  elapsed  and  too  few  cases  have  l)een  ticaled  to 
enable  one  to  pass  judgment  upon  il.  The  far  simpler 
method  ot  Bassini  and  the  pui-se-string  suture  have 
however,  been  so  efficacious  that  it  seems  unnecessary 
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to  resort  to  any  other.  Bassini  reports  54  cases,  41  traced, 
with  no  deaths  and  no  relapses.  Coley  has  operated  in 
the  same  number  of  cases  (by  Bassini's  and  the  purse- 


FiG.  2635.— Operation  for  the  Radical  Cure  of  Inguinal  Hernia. 
Kocher's  Method.  Sac  drawn  downward  on  aponeurosis  and  sewed 
in  place.  (From  "Bryant's  Surgery."  Copyright,  1901,  by  D. 
Appleton  &  Co.) 

string  methods),  most  of  which  have  been  traced,  with  no 
deaths  and  but  one  relapse  in  a  Bassini  operation  in  which 
suppuration  occurred. 

Umbilic-vl  Herni.\. — Umbilical  hernite  are  divided 
into  three  classes;  1.  Congenital  umbilical  hernia.  2. 
Infantile  umbilical  hernia.     3.  Adult  umbilical  hernia. 

Congeniial  L'mhiliral  Hernia  or  Hernia  of  the  Card. — 
This  condition  is  very  rare,  oec'urrinn'  according  to  Lin- 


FIG.  2li:!(i.— Transverse  Section  below  Poupart's  Ligament,  n,  An- 
teridf  superior  spine  ot  the  ilium  ;  h,  iliac  fascia;  c,  anterior  crural 
nerve ;  rf,  femoral  arterv ;  c,  femoral  vein ;  /,  septum  crurale ;  r/, 
Gimbernat's  ligament ;  /i ,  spine  of  pubis ;  »,  pectineal  fascia ;  j, 
ilio-pectineal  eminence ;  /i,  iliac  bursa;  J,  rectus  femoris  muscle ; 
m,  sartorius  muscle ;  )?,  transversalls  fascia.  (From  "  Bryant's 
Surgery."    Copyright,  IfKU,  by  D.  Appleton  &  Co.) 
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fors'^'  once  in  5,184  cases.  In  embrj'os  of  10  mm.,  and 
that  have  not  reached  beyond  the  tenth  week  of  develop- 
ment, a  portion  of  the  intestine  is  found  in  the  cavity  of 
the  umbilical  cord  whicli  is  continuous  with  the  body 
cavity.  After  that  period  the  intestine  usually  recedes 
into  the  body  cavity  proper  and  the  umbilicus  is  formed 
by  the  union  of  the  visceral  plates.  However,  if  develop- 
ment of  the  abdominal  wall  be  arrested,  a  varying  amount 
of  the  viscera  may  be  found  in  the  cord  at  birth.  The 
term  congenital  umbilical  hernia  is  erroneous,  since  no 
umbilicus  has  been  formed. 

The  wall  of  the  hernia  consists  of  membrane  derived 
fi"om  the  same  layers  that  form  the  amnion.  The  con- 
tents may  be  a  varying  amount  of  intestine  alone,  the 
liver  alone,  or  the  liver,  stomach,  spleen,  and  intestine, 
i.e.,  complete  eventration.  In  the  latter  variety  the  wall 
nearly  always  ruptures  at  birth  and  death  rapidly  ensues. 
In  cases  in  which  the  contents  can  be  reduced  into  the 
abdominal  cavity  and  the  cavity  closed,  operation  gives 
better  results  than  palliative  measures.  Of  90  cases  col- 
lected by  H.  E.  Safford,'''  64  were  treated  by  laparotomy 
and  suture  with  65.6  per  cent,  recoveries;  1  case  by 
simple  ligature,  with  recovery ;  3  cases  by  percutaneous 
ligature,  with  1  recover}- ;  5  cases  by  Olshausen's  method, 
with  100  per  cent,  of  i-ecoveries.  Of  15  cases  treated 
expectantly,  47  per  cent,  recovered. 

Olshausen's  method  consists  in  separation  of  the  skin 
around  the  sac,  removal  of  Wharton's  jelly,  reduction 
of  the  hernia  en  masse  without  opening  the  sac,  and  suture 
of  the  skin. 

Infantile  Umbilical  Hernia. — This  form  occurs  in  in- 
fancy and  childhood  and  is  due  to  weakness  in  the  um- 
bilical cicatrix.  Berger  '^  places  the  limit  between  it  and 
adult  umbilical  hernia  at  fifteen  years.  It  is  about 
equally  common  in  males  and  females,  the  ratio  being 
1  to  l.h  according  to  the  statistics  of  the  Hospital  for  the 


Fig.  2837 


-Operation   for  the   Radical   Cure   of    Femoral   Hernia, 

--    ■     ■         -.-.-•« 3.  /,,  pubic  portion  c' ra"™" 

'Bryant's  Surgery.'' 


Bassini's  Method,    a.  Falciform  process ;  /),  pubic  portion  of  fascia 
lata:  c,  Poupart's  ligament.    (From  "Bryant's  Surgery.      Copy- 


right, 1901,  by  D.  Appleton  &  Co.) 

Ruptured  and  Crippled.  According  to  Berger  "  it  forms 
33  42  per  cent,  of  all  herniai  occurring  m  male  children 
and  65.34  per  cent,  of  all  herniEein  female  children  under 
fifteen  years  of  age.  This  variety  is  always  reducible 
and  is  quite  amenable  to  treatment  by  a  simple  pad  or 
truss  and  does  not  require  operation. 

Adult  Umbilical  Heniia.— This  variety  is  much  more 
common  in  females  than  in  males,  constituting,  accord- 


ing to  Berger,  9'2.16  per  cent,  of  all  herniic  in  females  and 
2.5  per  cent,  of  all  hernia;  in  males  over  fifteen  years  of 
age. 

Its  greatest  frequency  is  during  the  child-bearing  pe- 
riod, and  it  is  the  most  common  of  all  liernise  in  women 
at  the  age  of  forty  years. 

Two  sub-varieties  may  be  recognized,  namelJ^  those 
occurring  without  diastasis  and  those  accompanied  by 
diastasis  of  the  recti.     The  first  form  embraces  the  greater 


Fig.  2638.— Operation  tor  the  Radical  Cure  of  Femoral  Hernia. 
Purse-string  suture,  Cushing's  Method.  (From  "  Bryant's  Surgery." 
Copyright,  1901,  by  D.  Appleton  &  Co.) 

number  of  cases  occurring  in  males:  the  hernia  in  this 
case  is  usually  small.  Tlie  second  variety  is  more  com- 
mon in  women,  and  the  -tumor  may  reach  an  enormous 
size. 

The  first  form,  that  occurring  without  diastasis  of  the 
recti,  resembles  infantile  hernia  in  both  symptoms  and 
treatment  and  rarely  requires  operation. 

Hernia  with  diastasis  is  more  serious  and  the  symp- 
toms are  often  most  distressing.  The  hernia  is  appar- 
ently due  to  the  progressive  stretching  of  the  abdominal 
wall  from  internal  pressure  or  from  strains.  The  umbili- 
cus being  the  weakest  point  gives  way  and  the  most 
marked  protrusion  occurs  at  this  point,  although  the 
protrusion  may  he  diffuse  and  take  in  a  varying  amount 
of  the  linea  alba. 

The  coivrings  of  the  sac  consist  of  skin  and  peritoneum, 
little  or  none  of  the  intervening  fibrous  tissue  remaining 
between  thetn. 

The  contents  of  the  sac  consist  at  first  usually  only  of 
omentum  which  soon  becomes  adherent  and  irreducible. 
The  transverse  colon  is  found  in  the  sac  more  commonly 
than  any  other  part  of  the  intestine. 

Symptoms  are  due  to  the  size  of  the  hernia  and  to  com- 
plications, such  as  adhesions,  obstruction,  etc.  The  size 
of  the  hernia  is  an  inconvenience  and  it  may  ulcerate  on 
account  of  the  poor  nutrition  of  its  coverings.  It  may 
cause  gastric  or  intestinal  symptoms  from  the  inclusion 
of  large  amounts  of  viscera  and  from  the  dragging  of  ad- 
hesions. Being  cdmraonly  associated  with  loose  and  pen- 
dulous abdominal  walls,  it  is  often  accompanied  by  the 
symptoms  of  enteroptosis.  Pain  from  adhesions  and  at- 
tacks of  local  peritonitis  are  common.  Strangulation  oc- 
curs about  as  frequently  in  umbilical  as  in  other  hernise, 
but  the  mortality  from  strangulated  umbilical  hernia  is 
greater.     In  gangrenous  hernia,  according  to  Gibson, « 
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the  mortality  of  umbilical  hernia  is  67  per  cent.,  of  in- 
guinal hernia  36  per  cent.,  and  of  femoral  hernia  37  per 
cent. 

Treatment.— Sm&\\  reducible  umbilical  hernioe  are  best 
treated  by  truss.  Many  of  the  larger  ones  can  be  helped 
by  a  well-fitting  abdominal  support  when  a  pad  cannot 
be  worn  on  account  of  the  irreducibility  of  the  contents. 

Many  cases  of  hernia  in  adults  are  not  suitable  for 
operation  inasmuch  as  this  is  difficult  and  of  ten, prolonged 
by  adhesions,  etc.,  and  because  the  patients,  who  are, 
as  a  rule,  obese  women  in  middle  life,  bear  operations 
poorly. 

In  younger  women  of  good  fibre,  although  fat,  espe- 
cially if  the  protrusion  is  not  too  large,  operation  should 
be  performed,  because  the  hernia  tends  to  increase  in  size 
and  with  the  increase  in  size  come  the  distressing  symp- 
toms and  complications,  and  the  chance  for  complete 
radical  cure  diminishes.  Aside  from  the  risk  of  opera- 
tion (the  mortality  is  about  5  per  cent,  in  irreducible 
cases),  the  success  in  regard  to  permanent  cures  has  not 
been  great.  According  to  Berger,'*^  in  30  per  cent,  of 
large  hernia;  and  15  to  20  per  cent,  of  hernias  of  moderate 
size  relapse  occurs,  while  in  small  herniae  the  relapses 
are  practically  nil.  In  cases  in  which  suppuration  oc- 
curred, the  percentage  of  relapses  was  60. 

As  would  be  expected  from  such  poor  results,  a  num- 
ber of  methods  of  )-adical  cure  have  been  devised.  These 
methods  may  be  classified  according  to  the  method  of 
repairing  the  defect  in  the  abdominal  wall.  In  consider- 
ing operative  methods  it  must  be  remembered  that  in 
cases  of  diastasis  of  the  recti  the  entire  abdominal  wall 
becomes  thinned  and  stretched  as  well  as  the  linea  alba, 
so  that  the  recti  muscles  may  become  more  than  twice 
their  normal  width  and  less  than  half  their  normal  thick- 
ness. 

Lineal  Approximatimi  of  Fascia  or  Ftmeia  mid  Muscle 
(Condamin,"  Socin,  Sanger,"  Gersuny  ™).  After  exci- 
sion of  the  sac  and  reduction  of  its  contents,  the  abdom 


inal  wall  is  sutured  layer  by  layer.     In  small  hernia^  tbo 
sheaths  of  the  recti  mky  be  split  and  the  nn,scles  Uiem 
Sanlerf'^Thf  ""^.'l'/?  ^•^" -"^^  ""«"■  ^^eaths  (Socn 
tesifoVthe  recti        °^  ''  ™'"''^''^  '°  ^'^'•'''^  ^'th  dias! 
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Interlacing  of  tlie  Recti  (Bacon,"  Dauriac'^').  In  order 
to  fill  up  the  hiatus  present  after  excision  of  the  sac,  the 
inner  portions  of  the  recti  are  split  off,  and  having  been 
cut  free  at  one  end  are  transplanted  to  the  opposite  side, 
thus  producing  an  interchange  of  portions  of  the  recti 
following  the  figure  of  a  cross  (Fig.  2639).  The  chief 
objection  to  this  method  is  the  impairment  of  innervation 
and  nutrition  in  the  transplanted  muscle. 

liitolution  of  Abdominal  Wall  (Lucas  Championnifire  "). 
The  margins  of  the  wound  are  turned  in,  thus  bringing 
in  apposition  the  ventral  surfaces  of  the  aponeurosis,  and 
retained  by  means  of  a  series  of  sutures  resembling  the 
Lembert  suture.  This  method  is  applicable  only  to  cases 
in  which  the  abdominal  walls  are  very  lax. 

Fkq)  Operation  (Noble, ^^  Diakonoff  and  Starkoff,^' 
Heinrich,^'  Hagen,^^  Ferguson ''').  A  flap  is  cut  from  the 
ventral  sheath  of  one  rectus  muscle  and  is  carried  across 
and  united  to  the  sheath  of  the  opposite  muscle ;  or  a  flap 
is  taken  from  each  sheath,  the  two  being  joined  so  as  to 
close  the  hernial  opening.  The  margins  of  the  flaps  may 
be  united  or  the  flaps  may  be  lapped.  The  flaps  are  cut 
so  that  their  attached  borders  ai-e  at  the  inesal  borders  of 
the  recti,  and  when  turned  in  and  united  their  ventral  sur- 
faces become  dorsal.  The  chief  objection  is  the  lack  of 
nutrition  of  these  flaps. 

Lapping  of  tlis  Abdmninal  Wall  (Mayo,™  Piccoli,"*  Sa- 
piejko,"  Blake  ^*).  This  method  is  particularly  adapted 
to  cases  with  diastasis  of  the  recti  and  pendulous  ab- 
dominal walls.  It  is  also  suitable  to  protrusions  in  the 
linea  alba  elsewhere  than  at  the  umbilicus. 

It  consists  in  the  excision  of  a  large  elliptical  area  of 
skin  and  fat  in  either  a  vertical  or  a  transverse  direction, 
down  to  and  exposing,  on  one  side  at  least;  very  com- 
pletely, the  sheaths  of  the  recti.  In  typical  operations 
done  by  the  writer  the  incision  has  included  an  area  from 
35  to  40  cm.  in  length  and  15  to  20  cm.  in  width.  The 
sac  is  partially  or  wholly  excised  and  the  linea  alba  is 
divided  for  the  whole  length  of  the  skin  incision.  The 
peritoneum  is  separated  if  possible  from  the  dorsal  sur- 
face of  one  rectus.  It  is  not  necessarily  opened  except 
at  the  hernial  sac.  One  musculo-aponeurotic  wall  is 
then  lapped  over  the  other,  as  seen  in  Fig.  2640. 

In  the  writer's  cases  the  amount  of  lapping  has  varied 
from  4  to  10  cm.  according  to  the  laxitv  of  the  abdominal 
wall.  In  one  case  the  greater  part  of  the  sac  with  adher- 
ent intestine  and  omentum  was  lapped  under  the  opposite 
rectus.  The  margin  of  the  underlapping  side  is  sutured 
to  the  deep  surface  of  the  overlapping  side  by  mattress 
sutures  of  chromicized  gut  which  are  tied  on  the  super- 
ficial surface  of  the  latter.  The  margin  of  the  overlap- 
pmg  side  is  tacked  with  interrupted  sutures  of  the 
same  material  to  the  superficial  surface  of  the  underlap- 
ping side.  The  skin  wound  is  then  closed  without 
drainage.  The  results  by  this  method  in  the  hands  of  the 
writer  and  as  reported  by  others  have  been  excellent 
i<ew  cases  have  been  under  observation,  however  for 
more  than  two  years.  Mayo  has  lapped  the  walls  trans- 
versely in  some  of  his  cases. 

Ventral  Hernia.— Ventral  hernia  is  the  general  term 
applied  to  all  hernia;  of  the  abdominal  wall  excepting 
umbilical  and  groin  hernia;.  The  hernia;  may  occur  at 
any  part  of  the  abdominal  wall.  The  term  therefore  in- 
cludes: (1)  Hernia  in  the  linea  alba  elsewhere  than  at  the 
umbilicus;  (3)  diastasis  of  the  recti;  (3)  hernia  in  the 
linea;  semilunares;  (4)  hernia  in  the  lincfe  transversfB  • 
(o)  lumbar  hernia;  (6)  traumatic  hernia. 

Ilenjia  in  the  Lima  -Irtrt.— These  herniii?,  leaving  out 
umbilical  hernia;  and  those  due  to  diastasis  of  the  recti 
occur  four  times  as  frequently  in  males  as  in  females 
(Macread}).     They  are  rare  in  early  life,  and  most  fre- 
quent at  middle  age. 

Two  varieties  occur:  1,  Hernia3  above  the  umbilicus- 
epigastric  hernia.     2.  Hernia'  below  the  umbilicus. 

Epign-stnc  hernia'  are  usually  small  and  may  be  multi- 
ple and  are  situated  at  any  point  between  the  xiphoid 
and  umbilicus.  They  are  protrusions  through  the  gaps 
which  are  not  uncommon  between  the  decussating  fibres 
of  the  linea  alba  in  this  region.     They  may  consist  only 
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of  propentoneal  fat  or  there  may  be  a  well-deflned  sac 
with  omental  or  intestinal  contents.  Symptoms  are 
rarely  present.  Treatment  is  indicated  when  there  is  im- 
pulse or  increase  in  size.  They  may  be  retained  by  truss, 
but  operation  is  better.  The  aper- 
ture may  be  closed  transversely  or 
vertically. 

Herniffi  of  the  linea  alba  below 
the  umbilicus  are  often  confused 
with  diastasis  of  the  recti.  They 
occur  within  5  cm,  of  the  umbilicus, 
as  a  rule.  They  may  acquire  con- 
siderable size.  They  are  best  treat- 
ed by  a  truss  such  as  is  used  for 
umbilical  hernia  or  by  operation. 

Diit^asis  of  the  Recti. —This,  oc- 
curs in  childhood  and  at  middle 
life.  In  children  it  occurs  as  a 
bulging  of  the  linea  alba  above  the 
umbilicus,  and  disappears  with  the 
growth  of  the  child. 

In  adults  it  occurs  practically 
only  in  women  who  have  borne 
children,  at  or  before  middle  life. 
It  is  usually  most  pronounced  be- 
lovc  the  umbilicus  although  the 
whole  linea  alba  suffers.  It  may 
be  so  pronounced  that  there  remains 
only  a  thin  pendulous  bag  enclosing 
a  large  part  of  the  intestines  and 
sometimes  the  gravid  uterus. 

The  treatment  is  by  means  of  an 
abdominal  support.  If  operation 
is  feasible,  that  of  lapping  the  ab- 
dominal wall  (see  Umbilical  Hernia) 
will  be  found  peculiarly  adapted 
to  these  cases. 

Hernia  in  the  Linem  Semihtnares. 
— This  is  a  rare  form  occurring 
usually  at  the  level  of  the  semilunar 
fold  of  Douglas.  About  twenty- 
three  cases  have  been  observed. 
The  protruding  mass  occasionally 
penetrates  only  a  part  of  the  ab- 
dominal wall,  resulting  in  a 
"  masked  hernia. " 

According  to  some  writers  direct 
inguinal  hernife  are  hernise  of  the 
linea  semilunaris,  but  the  writer 
cannot  concur  in  this,  since  in  these 
cases  the  contents  of  the  hernia  push 
forward  the  transversalis  fascia  and 
below  the   insertion  of  the 


IS  responsible  for  many.  More  careful  methods  of  mak- 
ing and  closing  abdominal  wounds  have  lessened  to  a 
marked  degree  the  frequency  of  this  distressing  condi- 
tion which  is  a  blot  upon  the  page  of  abdominal  surgery 


escape 

transversalis   and   internal  obli(jue 

muscles. 

Hernia  in  tlie  lAnem  Tninntence. 
— This  is  very  rare,  only  seven  cases  having  been  oberved 
at  the  London  Truss  Society  in  sixteen  years  (Macread}'). 

Lumbar  Hernia. — Twenty-six  cases  of  this  variety 
have  been  collected  by  Macready,  and  one  has  been  ob- 
served at  the  Hospital  for  the  Ruptured  and  Crippled. 
They  occur  at  or  near  the  tips  of  the  eleventh  and  twelfth 
ribs,  or  at  Petit's  triangle,  between  the  origin  of  the  la- 
tissimus  dorsi  and  that  of  the  external  oblique  from  the 
crest  of  the  ilium.  They  occur  more  frequently  in  adults 
than  in  children  and  are  usually  reducible.  In  six  of 
Macready's  cases  there  was  strangulation. 

Traumatic  Ventral  Hernia. — This  term  includes  hernia 
occurring  through  scars  of  accidental  or  laparotomy 
wounds.  Not  infrequently  bulgings  of  the  abdominal 
wall  occur  at  a  distance  from  a  wound,  which  are  due 
to  destruction  of  tlie  innervation  of  the  muscle.  Those 
following  laparotomy  are  more  frequent  after  lateral 
wounds  than  after  wounds  in  the  median  line.  They 
follow  most  frequently  wounds  that  have  healed  by 
granulation,  as  for  instance  suppurating  appendicitis 
wounds.  Long  wounds  are  more  apt  to  be  weak  than 
short  ones.     The  so-called  "  through-and-through  suture  " 


FIG.  2640. -Operation  for  the  Radical  Cure  of  Umbilical  Hernia.    Method  by  overlapplnK  of 
abdominal  wall.    The  right  rectus  muscle  is  lapped  in  front  of  the  left. 


The  treatment  is  largely  prophylactic  and  consists  in 
fitting  an  abdominal  support  to  all  weak  laparotomy 
wounds.  Most  hernise  of  this  variety  are  best  treated  by 
operation.  The  muscular  and  aponeurotic  layers  should 
be  carefully  isolated  and  separately  sutured.  The  sac 
may  be  resected  and  the  peritoneum  sutured,  or  in  some 
cases  the  peritoneum  may  not  have  to  be  opened. 
Troublesome  adhesions  are  usually  present  in  those  cases 
in  which  there  has  been  intra-abdominal  drainage  for  sup- 
purative conditions. 

In  cases  in  which  the  gap  was  very  large,  obturators 
of  silver  wire  netting  have  been  introduced  (Phelps^'). 

Oetdkatoe  Hernia.— This  rare  form  of  hernia  passes 
through  the  obturator  canal,  which  opens  at  the  mesal 
and  anterior  part  of  the  obturator  membrane  for  the 
passage  of  the  obturator  vessels  and  nerve.  The  vessels 
and  nerve  as  a  rule  lie  on  the  dorso-lateral  aspect  of  the 
sac. 

The  protrusion  has  for  its  coverings  the  peritoneum  of 
the  upper  part  of  the  pelvis  or  the  broad  ligament,  the 
subperitoneal  fat,  and  the  deep  pelvic  fascia  covering  the 
obturator  internus  muscle.     It  may  pass  beneath  the 
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fibres  of  the  obturator  externus  or  take  a  more  superficial 
course  beneath  the  adductor  brevis  and  pectineus  mus- 
cles. It  is  accessible  to  palpation  from  the  inner  aspect 
of  the  thigh  behind  the  adductor  longus.  The  contents 
of  the  sac  are  always  intestine. 

This  form  of  hernia  occurs  more  frequently  in  women 
than  in  men,  in  the  proportion  of  ninety-three  to  seven. 
It  occurs  in  advanced  life,  the  average  age  being  over 
sixty  (Macread}'). 

Symptoms  are  not  as  a  rule  marked  until  strangulation 
supervenes.  Many  lierniEe  probably  become  strangulated 
as  soon  as  protruded.  Pain  in  the  course  of  the  obtura 
tor  nerve  has  been  noticed  in  forty-two  per  cent,  of  the 
cases.  After  strangulation  tenderness  and  pain  on 
movement  of  the  thigh  become  marked.  The  tumor  is 
not  so  easily  seen  as  palpated.  The  neck  can  often  be  felt 
by  means  of  vaginal  or  rectal  examination.  The  size 
is  usually  small,  although  cases  have  been  seen  in  which 
the  hernia  was  the  size  of  an  orange. 

2'ri'atiiient. — As  mechanical  treatmentis  impossible,  all 
cases  should  be  operated  on  unless  age  or  disease  centra- 
indicates.  Most  cases  are  not  recognized  until  strangu- 
lation has  occurred.  The  mortality  in  strangulated  cases 
is  high — 84.4  per  cent.  (Macready). 

The  protrusion  can  be  reached  from  without  by  an  in- 
cision along  the  border  of  the  adductor  longus  and  be- 
tween it  and  the  femoral  vein.  The  pectineus  and  ad- 
ductor brevis  are  thus  separated,  exposing  the  sac.  Or 
better,  especially  in  strangulated  cases,  it  can  be  ap- 
proached by  the  abdominal  route.  This  allows  of  better 
treatment  of  the  intestine,  which  is  important  since  the 
average  duration  of  strangulation  before  operation  is 
long  (seven  days,  according  to  Macready). 

IscHiATic  Hernl^.— The  few  instances  of  this  hernia 
have  been  imperfectly  described.  The  protrusion  es- 
capes at  the  great  sacro-sciatic  foramen  either  above  or 
below  the  pyriformis  muscle.  Of  seventeen  cases  col- 
lected by  Macready  the  hernia  appeared  in  seven  in  in- 
fancy or  at  birtli.  Tlie  sexes  seem  to  be  equally  affected. 
The  contents  may  consist  of  intestine,  omentum,  or  some 
of  the  pelvic  organs  as  the  ovary  or  bladder.  The  her- 
nia is  usually  small,  but  may  extend  into  the  thigh  be- 
low the  glutei  or  pass  over  the  trochanter  toward  the 
groin. 

It  may  be  confounded  with  cysts,  abscesses,  new 
growths,  or  hsematoma. 

Treatment.— The  abdominal  route  or  a  combined  opera- 
tion would  probably  be  the  best  way  of  attacking  this 
variety. 

Heeni-A.  op  the  Pelvic  Outlet.— This  group  com- 
prises several  varieties  in  which  the  abdominal  contents 
escape  through  the  floor  of  the  pelvis.  They  are  much 
niore  common  in  the  female.  In  the  male  the  hernia  is 
into  the  ischio-rectal  fossa  or  the  perineum  In  the  fe 
male  it  may  be  into  tlie  ischio-rectal  fossa,  the  vagina  or 
the  abium  majus.  They  ai-e  named  from  their  sup'er- 
Ucial  location,  uchio-rectnl,  peniieal.  mginal,  and  miden- 
dal^  or  labial  her, -dm.  Very  few  have  been  dissected  so 
their  deep  relations  are  not  understood.  In  some  cases 
the  protrusion  has  occurred  at  the  recto-vesical  pouclj 
and  in  others  at  the  pouch  of  Douglas.  These  leniife 
are  usually  small,  but  may  reach  enormous  proportions 

As1'rr^«fr''-'''''''^'rl'  °^  "''=  abdominal  contents 
As  a  lule  they  are  easy  of  diagnosis,  but  a  vaginal  hernia 

.sccss.  They  seldom  become  strangulated.  Jlany  cases 
can  be  treated  witlj  a  pessary  or  special  truss  Stlioudi 
some  surgeons  advise  operation  in  \\\  cases  ^""^"J'" 
Varieties  Dependinr  upon  Nature  op  Contents 
~\eueal  Ilerrna.  The  bladder  may  be  mo  r^uwi 
through  a  hernial  opening.     Tlie  condition  i«  tv,,?,  ." 


It  is  most 


observed  in   ventral  and  in  nelvic  he 
common  in  elderly  males.  '"■ 

Laxity  of  the  ti.ssues,  the  pull  of  tlie  hi-rnia  nn  ti 
to„^nddistentionofth^bladd:!'ll^;Z^^^,P- 
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Three  anatomical  varieties  are  recognized :  1.  Extra- 
peritoneal, in  which  the  bladder  protrudes  alongside  of 
the  sac  of  an  ordinary  hernia  or  independent  of  anj'  sac. 
3.  Intraperitoneal,  in  which  the  bladder  appears  in  the 
sac  covered  with  peritoneum.  8.  Paraperitoneal,  in 
which  a  portion  of  bladder  only  is  covered  with  the  peri- 
toneum of  the  sac.  The  latter  form  is  tlie  most  common. 
Of  193  cases  collected  by  Clieesman'"'  up  to  1901, 
symptoms  were  noted  in  30.  The  most  con.stant  symp- 
tom is  the  presence  of  a  hernial  tumor  which  disappears 
on  micturition,  or  pressure  upon  which  causes  a  desire 
to  urinate  or  even  expels  urine  from  the  urethra. 

The  chief  importance  of  the  condition  lies  in  the  danger 
of  wounding  the  bladder  in  an  operation  for  radical  cure. 
Of  the  193  cases  quoted,  in  47  the  bladder  was  recognized 
during  operation  and  avoided,  and  in  93  cases  it  was 
wounded,  chiefly  unintentionally.  The  presence  of  the 
bladder  may  be  suspected  if  there  be  an  undue  amount 
of  fat  at  the  ueclc  of  the  sac,  or  if  muscle  fibres  are  seen. 
It  may  be  identified  bj'  the  passage  of  a  sound  in  the 
bladder  or  l)y  a  feeling  as  of  two  surfaces  rubbing  t(j- 
gether  produced  b_y  grasping  the  mass. 

Treatment. — If  the  bladder  is  wounded  it  should  be 
sutured  with  catgut,  preferably  in  two  rows.  Catheter- 
ization should  be  frequently  performed  or  a  catheter  ma_y 
be  left  in  the  urethra  for  two  or  three  days.  The  wound 
should  be  drained,  and  if  no  leakage  occurs,  the  final 
steps  of  the  radical  cure  can  be  completed  in  a  few  days. 
Fifty-five  of  the  ninetv-tliree  cases  collected  by  Chees- 
man  were  treated  by  suture,  with  a  mortality  of  2ll  per 
cent.  There  was  a  total  mortality  of  25  in  the  93  cases. 
but  Cheesman  attributes  the  fatal  result  in  9  cases  only 
to  the  bladder  injury  per  se,  a  mortalitv  of  about  10  pe"r 
cent. 

Hernia  of  the  Large  Intestine. —The  sigmoid  flexure, 
Cfecum,  or  a  portion  of  the  transverse  colon  ma\-  be 
found  in  the  sac  of  a  hernia. 

Especial  interest  is  centred  in  the  cases  in  which  the 
sigmoid  or  cecum  is  found  in  the  sac  of  an  inguinal  or 
femoral  hernia.  Wlien  the  protruded  part  has  a  free 
mesentery  the  cases  do  not  differ  materially  from  other 
enteroceles,  but  in  a  certain  number  the  bowel  is  only  par- 
tially co\ered  with  peritoneum,  so  that  a  portion  of  gut 
IS  outside  of  the  sac.  This  condition  is  known  as  slijyped 
or  alidniri  liernia  ;  hernies par  ;/li.^.'<enient  of  the  French 

Aeeordiug  to  Coley,'^  sliding  herni;e  occur  as  often  in 
children  as  in  adults,  although  the  general  belief  is  that 
they  are  more  common  in  middle-aged  or  elderly  males 
However,  statistics  on  this  point  as  yet  are  insufficient 
Ihe  sliding  form  is  more  common  in  inguinal  hernia  and 
when  the  protrusion  is  on  the  right  side. 

Unless  the  condition  is  recognized  during  the  opera- 
tion the  intestine  is  \ery  liable  to  be  injured  Further- 
more reduction  is  ofteu  difficult.  The  writer  has  found 
in  hi.s  experience  that  the  gut  is  generally  loosely  at- 
taclied  to  the  alidominal  wall  and  can  be  pushed  "back 
ei,  masse  Attempts  to  fashion  a  peritoneal  coat  for  the 
bowel  should  not  be  made.  The  redundant  sac  should 
be  sutured.  It  will  rarely  or  never  be  necessary  to  resect 
tJie  bowel  as  has  been  done  by  some. 

Relapses  are  more  common  "in  these  Hum  in  other  forms 
ot  inguuial  hernia,  for  the  reasons  that  the  neck  of  the 
protrusinn  is  generally  vei-y  large,  and  that  it  cannot  be 
tied  off  flush  with  the  abdominal  wall.  Transplantation 
ot  the  rectus  should  help  in  these  cases. 

Hernia  of  the  Appendi.r  Verniiforinis  —Tlie  appendix  is 
not  uncomiiKmly  found  in  right  iimuinal  or  femoral  her- 
nia. It  may  occur  alone  in  the  sac,  more  commonly  in 
temoral  hei-nia.  The  cases  of  especial  interest  are  those 
in  which  the  appendix  becomes  inflamed  (appendicitis 
in  a  hernial  sac).  These  cases  simulate  strangulation 
and  can  be  dilfercntiated  only  by  the  absence  of  the  sio-ns 
ot  obstruction.  The  condition  is  probably  more  comnion 
than  the  number  of  reported  cases,  sixteeu  only  ■"  would 
indicate 

Hernia  of  the  Orari/.—On  account  of  error  in  develop- 
ment the  ovary  may  descend  alongside  the  canal  of  Nuck 
into  the  inguinal  canal  or  even  the  labium.     This  condi- 
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tion,  ectopia  of  the  inviry.  is  found  more  commonly  in 
young  children,  and  tliere  is  reason  to  believe  that  in 
many  cases  the  organ  returns  at  or  before  puberty  to  its 
normal  position.  According  to  Macready,'  hernia  of  the 
ovary  occurs  in  1.3  per  cent,  of  inguinal  hernite  in  the 
female.  When  there  is  double  ectopia  the  uterus  and 
tubes  are  as  a  rule  defective  in  development,  and  they 
may  be  so  in  single  ectopia.  In  some  cases  the  tube  and 
even  the  uterus  may  be  drawn  into  the  sac.  Associated 
with  this  condition  there  may  or  may  not  lie  a  hernia  of 
the  intestine,  either  congenital  into  the  open  canal  of 
Nuck,  or  into  another  sac.  In  most  cases  the  canal  of 
Nuck  is  open. 

In  some  cases  the  ovarj-  is  redticible  and  the  hernia  can 
then  be  treated  by  truss.  Other  cases  shouUl  lie  treated 
by  operation,  the  ovary  being  excised  or,  if  its  connec- 
tions can  be  preserved,  returned  to  the  abdomen. 

Cases  in  which  the  ovary  is  found  with  other  visceiu 
in  otherwise  ordinary  hernire  are  of  no  particular  in- 
terest. 

DiujiJimgtixitic  lierniu. — A  protrusion  of  the  abdomi- 
nal viscera  may  take  place  through  a  ^vound  or  through 
portions  of  the  diaphragm  that  are  deficient.  The  places 
where  the  muscular  fibres  of  the  diaphragm  are  normallj' 
deficient  are  "Larrey's  space"  between  the  costal  and 
sternal  attachments,  and  on  either  side  at  the  lateral  por- 
tions of  the  external  arched  ligaments.  A  hernia  may 
occur  through  the  oesophageal  opening.  Finallj'  there 
may  be  a  congenital  defect  in  the  diaphragm.  These 
hernife  are  classed  as  true  when  the  peritoneal  sac  is  pi'es- 
ent  and  as  false  when  the  viscera  lie  free  in  the  pleural 
cavit)'.  The  latter  form  is  more  common,  since  the  her- 
nia is  generally  due  to  trauma. 

The  protrusion  usually  occurs  on  the  left  side  on  ac- 
count of  the  position  of  the  liver.  Varying  amounts  of 
the  abdominal  contents  may  escape  into  the  thorax.  The 
stomach  is  the  most  commonly  protruded,  although  any  of 
the  \iscera  with  the  exception  of  the  genito-urinary  or- 
gans may  be  displaced  into  the  thorax. 

The  symptoms  may  be  those  of  pneumothorax,  the 
heart  may  be  displaced,  there  may  be  marked  interfer- 
ence with  respiration,  and  there  may  be  symptoms  of 
strangulation. 

Meciianic-VL  Tre.\tment.— The  mechanical  treatment 
of  hernia  consists  in  the  application  of  a  truss  or  appa- 
ratus to  the  protrusion.  With  few  exceptions  this  treat- 
ment can  be  applied  only  to  reducilile  hernia.  Special 
forms  of  apparatus  have  been  devised  for  some  forms  of 


Fig.  2641,— Single  and  Double  Knight  Trusses. 

irreducible  hernia  in  which  operation  is  contraindicated ; 
such,  for  instance,  is  the  hinged  cup  truss  for  irreducible 
Inguinal  hernia.  .     .     , 

For  inguinal  and  femoral  hernia  three  principal  vai'ie- 
ties  of  truss  are  used,  namely  the  "  cross  body  "  or  Kmglit 
truss  (Fig.  3641),  the  frame  or  Hood  truss  (Fig.  2643),  and 
the  "  same  side "  or  French  truss.  ^       .^        ^,    . 

The  chief  desiderata  in  a  truss  are  perfect  tit,  so  that 


pressure  is  evenly  made  on  all  parts  of  the  pelvis  which 
it  comes  in  contact  with ;  a  good  spring,  the  best  mate- 
rial being  steel,  as  it  combines  hghtness  and  durability; 


Fig.  2642.— Frame  Truss. 

and  a  pad  so  arranged  as  to  make  pressure  at  the  point 
of  exit  of  the  hernia,  i.e.,  over  the  internal  ring  in  in- 
guinal hernia,  and  not  on  the  pubic  bone. 

The  pad  is  best  made  of  some  smooth  non-absorbent 
material  as  celluloid,  hard-rubber,  or  wood.  Sometimes  a 
l>ad  of  wood  covered  with  leather  is  serviceable. 

\Vlicn  the  pi-essure  of  a  hard  pad  is  unbearable,  as  it 
sometimes  is  in  large  herni;e,  the  elastic  water  pad  can  be 
used. 

In  adults  trusses  maybe  removed  at  night,  as  a  cure  is 
rarely  attainable,  but  in  children,  in  whom  the  descent  of 
the  hernia  would  preclude  all  chance  for  a  cure,  the  truss 
should  be  worn  day  and  night. 

It  is  im]iossible  in  so  brief  an  article  to  give  the  indi- 
cations for  the  use  of  different  trusses,  and  the  methods 
of  application.  These  pointsare  largely  learned  bj'  prac- 
tical experience. 

For  umbilical  liernia  special  forms  of  truss  have  been 
devised,  but  for  most  cases  the  best  apparatus  is  a  well- 
fitting  abdominal  support  with  a  pad  of  suitable  size  to 
control  the  protrusion  and  of  a  lliickness  equal  to  that  of 
the  subcutaneous  fat. 

For  umbilical  hernia  in  children  a  broad  strap  of  zinc 
oxide  rubber  plastei  with  a  wooden  button  over  the  her- 
nia makes  a  very  efllcient  apparatus. 

liesiiltx  iif  Meehi Iliad  Tvedtment.—Incjiiiniil  Hernia. 
According 'ti5  Coley  by  far  the  greater  majority  of  cures 
are  obtained  in  the  first  year  of  life.  The  best  results 
are  obtained  with  the  sp'ring  truss  in  infancy,  it  being 
far  superior  to  the  "  worsted  "  or  "  skein  "  truss. 

In  children  cures  are  more  often  obtained  in  girls  than 
in  boys,  the  reverse  being  true  in  adults.  About  two- 
thirds  of  the  cases  of  inguinal  hernia  can  be  cured  in  child- 
hood. Cures  are  seldom  attained  in  patients  over  twenty 
years  of  age. 

Feiiionil  Ileniiii  is  practically  incurable  by  mechanical 
means. 

rmbilical  Hernia.  In  the  infantile  form  a  cure  is  nearly 
always  obtained.  In  adults  the  most  that  can  be  hoped 
for  is"  limitation  of  the  size  of  the  protrusion. 

Jvxejifi  A.  Blake, 
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HEROIN,  diacetyl-morphine  [C,,Hn.(CHsCO)2.N03], 
is  one  of  the  group  of  morphine  compounds  to  which 
belong  codeine,  dionin,  and  peronin.  It  occurs  as  an 
odorless  and  slightly  bitter,  white,  crystalline  powder,  in- 
soluble in  water,  and  soluble  in  dilute  acids.  The  hydro- 
chloride, the  salt  generally  used,  is  freely  soluble  in 
water  and  alcohol,  insoluble  in  ether,  and  incompatible 
with  alkalies. 

Experiments  show  that  heroin  is  not  absorbed  by  the 
unbroken  skin,  and  has  but  shglit  effect  on  raucous  mem- 
branes. It  tends  to  cause  dryness  of  the  throat  and  slight 
irritation  of  the  gastro-intestinal  tract  as  manifested  by 
nausea,  vomiting,  and  diarrhiEa.  Tliese  effects  are,  how- 
ever, uncommon.  In  therapeutic  doses  the  circulation 
is  unaffected,  though  heart  failure  may  follow  a  large 
dose.  The  main  action  of  the  drug  is  upon  the  respira- 
tory organs,  as  it  tends  to  diminish  bronchial  secretion, 
while  it  slows  and  increases  the  depth  and  strength  of 
respiration.  Dreser  demonstrated  that  a  smaller  amount 
of  oxygen  was  used  by  the  system  and  less  carbon  diox- 
ide eliminated ;  in  other  words,  that  metabolic  processes 
were  retarded.  On  account  of  this  diminished  tissue- 
activity  there  is  a  slight  temporary  lowei'ing  of  body- 
temperature.  In  very  few  cases  has  any  hypnotic  or 
analgesic  effect  been  noted.  Heroin  is  a  very  powerful 
remed}',  the  maximum  dose  being  one-twentieth  that  of 
codeine.  Observers  agree  that  the  dose  of  0.01  gm.  (gr, 
J)  should  not  be  exceeded.  Thougli  not  very  conunon, 
cases  with  unpleasant  sequelae  are  met  with  by  every 
user  of  the  drug.  Therapeutic  doses  have  been  followed 
by  dryness  and  irritation  of  the  pharynx,  nausea,  vomit- 
ing, constipation,  diarrhoea,  languor,  and,  rarely,  excite- 
ment or  delirium.  A  case  of  the  writer's  always  became 
greatly  excited  after  a  dose  of  morphine  or  heroin,  but 
never  after  codeine.  Some  writers  advise  adding  potas- 
sium iodide  to  prevent  dryness  of  the  throat,  and  cascara 
or  calomel  for  the  constipation.  A  dose  of  0.01.5  gm  (gr. 
})  given  by  mistake  to  an  asthmatic  patient  was  followed 
by  prostration,  cyanosis,  amaurosis,  restlessness,  pulse  of 
40,  feeble  heart  action,  spasm  of  the  legs,  persistent  nau- 
sea, subnormal  temperature,  and  a  semi-comatose  condi- 
tion. 

Among-  the  large  number  of  published  reports  most 
autliorities  agree  that  hei-oin  is  valuable  in  the  treatment 
of  bronchitis,  bronchial  asthma,  pulmonary  tuberculosis, 
and  vyhoo ping-cough,  while  opinions  differ  as  to  its  effi- 
cacy in  neuralgia,  angina  pectoris,  cardiac  dyspnoea,  etc. 
The  writer  used  it  in  over  one  hundred  cases  of  tubercu- 
losis, and  found  it  of  distinct  use,  but  inferior  to  codeine 
in  allaying  the  cough,  irritability,  and  pain,  and  in  pro- 
moting sleep.  Heroin  had  little,  if  any,  effect  on  the 
pain  dyspnrea,  or  night  sweats.  Loeweiithal  employs  it 
in  infantile  diarrh(ea  and  colic,  the  maximum  dose  for  a 
child  of  one  month  being  0.0002  gm.  (gr.  -ji,)  of  six 
months  0  00027  gm.  (gr.  ^^l  and  of  five  y'lrs  0.0034 
gm  (gr,  ^V).  Heroin  has  not  proven  of  any  special  value 
in  diabetes,  and  so  far  as  known  does  not  create  a  drug 
habit  _  Indeed  it  is  recommended  as  a  substitute  for 
morphine  on  the  withdrawal  of  the  latter  druir  for  mor- 
P'""'^"^-  IF.  A.Jln.tedo 

HERPES.— The  term  herpes  (from  epveiv,  to  crcenl 
formerly  employed  to  designate  a  laige  number  of  dis- 
eases of  the  skin  of  varying  etiology,  is  restricted  at  the 
present  time  to  a  class  of  affections  whose  dltinguishSg 
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clinical  feature  is  a  grouped  vesicular  eruption  seated 
upon  an  inflamed  and  slightly  swollen  base.  If  the  term 
is  used  in  this  restricted  sense  there  are  practically  but 
two  varieties  of  the  disease,  viz.,  simple  herpes,  of  which 
there  are  a  number  of  regional  forms  which  differ  but 
little  from  one  another  in  their  clinical  cliaracters ;  and 
herpes  zoster,  which  clinically  and  etiologically  is  quite 
distinct  from  tlie  first-named  variety.  The  herpes  iris  of 
some  authors  properly  belongs  to  erythema  multiforme; 
herpes  gestationis  is  one  of  the  forms  of  the  dermatitis 
herpetiformis  of  Duhring ;  while  the  herpes  circinatiis  and 
herpes  tonsurans  of  some  continental  authors  are  para- 
sitic affections,  mucli  more  frequently  characterized  by 
erythematous  and  squamous  eruptions  than  by  vesicular 
lesions. 

The  appearance  of  tlie  herpetic  eruption  is  preceded 
for  a  variable  period,  usually  short,  by  a  sensation  of 
burning,  pricking,  or  sliglit  itcliing;  after  a  few  hours 
an  erythematous,  slightly  swollen  patch  appears  upon 
which  small  papules  arise  which  are  speedily  transformed 
into  a  group  of  vesicles  with  clear  serous  contents,  each 
group  containing  from  three  or  four  to  a  dozen  or  more 
lesions.  The  vesicles,  at  first  discrete,  later  become  more 
or  less  confluent  through  increase  in  size,  often  forming 
small  blebs.  After  from  twenty-lour  to  forty-eight  hours 
the  contents  of  the  vesicles  become  cloudy,  then  purulent, 
and  yellow  or  brown  crusts  form,  which  after  a  week  or 
ten  days  fall  off,  leaving  a  slightly  reddened  patch  which 
lasts  but  a  few  days  and  disappears  without  leaving  any 
trace  of  its  existence. 

Herpes  Simplex.  — la  the  great  ma.iority  of  cases  the 
eruption  of  simple  herpes  is  situated  upon  the  face,  usu- 
ally the  lower  half:  hence  it  is  also  spoken  of  as  facial 
herpes.  The  ])arts  of  the  face  most  frequently  attacked 
are,  in  the  order  of  frequency,  the  lips,  the  lower  oftener 
than  the  upper  lip,  the  cheeks,  and  the  alai  of  the  nose. 
It  sometimes  occurs  upon  the  external  ear  and  still  less 
frequently  upon  other  parts  of  the  cutaneous  surface. 
It  usually-  begins  quite  abruptly  with  a  sensation  of  heat 
or  itching ;  the  skin  over  a  limited  area  becomes  red  and 
slightly  swollen,  and  upon  this  area  a  group  of  small 
papules  appear  which  in  a  short  lime  become  clear  ves- 
icles. The  vesicles,  discrete  in  the  beginning,  enlarge 
slightly  for  a  short  time  after  their  appearance  and  fre- 
quently coalesce,  forming  blebs  that  vary  in  size  from 
that  of  a  pea  tn  that  of  a  dime;  but  when  "the  lesions  are 
very  small  and  few  in  number,  they  usually  remain  dis- 
crete. At  the  end  of  a  day  or  two  the  contents  of  the 
vesicles  become  purulent;  they  then  dry  up,  forming 
yellow  or  brown  crusts,  which  fall  off  "in  a  few  days 
more,  leaving  slightly  red,  or  occasionally  transiently 
pigmented  stains,  the  entire  attack  lasting  "from  four  or 
five  days  to  two  weeks. 

The  eruption  is  not  always  limited  to  the  skin,  but  may 
appear  upon  the  adjoining  mucous  membranes,  even  tlie 
larynx  in  rare  instances  being  invaded.  When  the  erup- 
tion occurs  upon  mucous  surfaces  it  presents  marked 
differences  from  tliat  upon  the  skin;  Owing  to  the 
moisture  with  which  the  affected  parts  are  constantly 
bathed,  the  vesicles  appear  as  white  opa(iuc  elevations 
which  are  soon  transformed  into  shallow  erosions  through 
spontaneous  rupture.  Herpes  of  the  mucous  membranes 
IS,  in  the  great  majority  of  cases,  associated  with  similar 
lesions  upon  the  skin,  although  pharyngeal  herpes  may 
occur  alone;  the  mucous  membranes  attacked  being  usu- 
ally those  of  the  lips,  the  cheeks,  and  the  pharynx. 

In  a  considerable  proportion  of  cases  the  appearance  of 
the  eruption  is  preceded  or  accompanied  by  sensations  of 
chilliness  and  some  elevation  of  temperature;  hence  the 
popular  terms  "cold  sore,"  "fever  blister,"  applied  to 
these  eruptions. 

In  many  individuals  there  is  a  marked  tendency  to  re- 
currences, and  this  continues  for  years,  the  eruption  ap- 
pearing with  the  slightest  derangement  of  the  general 
health,  or  following  slight  irritations  of  the  skin. 

Although,  as  a  rule,  there  are  usually  but  two  or  three 
groups  of  vesicles,  and  often  but  one,  each  containing  a 
moderate  number  of  lesions,  it  happens  in  rare  instances 
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that  the  eruption  is  much  more  extensive,  covering,  it 
may  be,  almost  the  entire  cutaneous  surface.  Such  ex- 
tensive cases  have  been  most  frequently  reported  by 
French  observers,  Rendu  having  only  recently  described 
a  case  of  generalized  herpes  produced  by  the  ingestion  of 
uncooked  shell-flsh.  It  seems  to  me,  however,  that  such 
eruptions  are  very  closely  allied  to,  if  not  actually  exam- 
ples of,  bullous  erj'thema  multiforme,  rather  than  true 
herpes. 

Facial  herpes  frequently  occurs  in  febrile  diseases  of 
various  kinds,  such  as  pneumonia,  in  which  it  is  quite 
common,  in  typhoid  fever,  in  the  malarial  fevers,  and  in 
■cerebro-spinal  meningitis,  a  favorable  prognostic  signifi- 
cance being  attributed  to  it.  In  the  malarial  fevers  it 
may  occur  with  each  febrile  paroxysm,  or  in  exceptional 
cases  it  may  replace  it,  as  has  been  noted  by  several 
writers. 

Under  the  name  .herpetic  fever,  various  authors  have 
from  time  to  time  described  an  endemic  affection  in 
which,  after  marked  constitutional  disturbances,  such  as 
chills  and  elevation  of  temperature,  an  herpetic  eruption 
appears  upon  the  face  or  other  parts  of  the  cutaneous 
surface.  A  remarkable  endemic  of  this  kind  has  been 
reported  by  Savage  in  which,  in  an  institution  for  boys, 
thirty-nine  cases  of  herpes  occurred.  In  this  outbreak 
the  eruption  was  preceded  by  chills,  nausea,  and  eleva- 
tion of  temperature  varying  from  102°  to  104.5°  F.,  and 
was  accompanied  by  sore  throat  and  swollen  glands,  the 
attack  lasting  four  days. 

Herpes  Oenitalis. — The  genital  organs  of  both  sexes 
are  frequently  the  seat  of  herpes,  the  eruption  occurring, 
in  men,  upon  the  margin  of  the  prepuce  or  upon  its  inner 
mucous  surface  (herpes  prseputialis,  herpes  progenitalis), 
upon  the  glans,  and,  much  less  frequently,  upon  the  skin 
of  the  shaft  of  the  penis ;  in  women  the  parts  affected  are 
the  vulva,  the  mucous  surfaces  of  the  labia  majora,  the 
labia  minora,  the  clitoris  and  the  prepuce,  and  the  mu- 
cous membrane  about  the  meatus  urinarius.  The  ap- 
pearance of  the  eruption  is  preceded  by  more  or  less 
burning  or  stinging,  which  is  shortly  followed  by  red- 
ness, oedema,  and  the  formation  of  groups  of  vesicles 
which  are  usually  quite  small.  When  the  skin  surfaces 
are  attacked  the  vesicles  after  a  day  or  two  dry  up  into 
brownish  crusts  which  fall  at  the  end  of  a  week,  leaving 
a  'slightly  reddened,  or,  it  may  be,  pigmented  patch. 
When  the  eruption  occurs  upon  the  mucotis  surfaces, 
as  the  inner  side  of  the  prepuce,  the  glans,  or  the  labia 
minora,  the  vesicles  rupture  almost  immediately,  form- 
ing shallow  erosions,  the  bottoms  of  which  are  often  cov- 
ered with  a  whitish  or  gray  membrane.  Occasionally 
the  eruption  appears  in  successive  crops  separated  hy 
intervals  of  some  hours  or  a  day  or  two,  thus  prolong- 
ing the  attack  greatly.  Fournier  has  observed  a  case  in 
which  the  disease  was  thus  prolonged  for  five  weeks; 
but  this  is  altogether  exceptional.  When  the  affected 
parts  are  irritated  by  violence  or  by  the  application  of 
caustics,  as  not  infrequently  happens,  the  inflammation 
may  be  considerable  and  may  be  attended  by  marked  in- 
duration of  the  base  of  the  vesicles;  this  induration  be 
ing  especially  apt  to  occur  upon  the  glans  in  the  region 
■of  the  sulcus.  In  such  cases  the  glands  in  the  groin  may 
be  noticeably  swollen.  In  rare  cases  the  eruption  occurs 
upon  the  urethral  mucous  membrane,  giving  rise  to  ar- 
dor urinse  and,  in  the  male,  to  a  serous  discharge.  Al- 
though, as  a  rule,  subjective  symptoms  are  limited  to 
slight  burning  or  itching,  it  occasionally  happens  that 
the  pain  is  severe,  even  neuralgic  in  character. 

In  women  the  eruption  is  sometimes  quite  extensive, 
covering  the  cutaneous  surface  of  the  vulva,  and  the  labia 
majora  and  minora  with  numerous  groups  of  vesicles  and 
erosions,  and  at  times  extending  down  upon  the  inner  sur- 
face of  the  thighs.  The  pain  and  burning  in  such  cases  are 
■severe,  and  with  the  marked  swelling  which  is  commonly 
present  walking  is  difficult  and  at  times  impossible. 
Superficial  ulceration  may  occur  with  the  formation  of 
vegetations,  producing  an  appearance  much  like  that  of 
a  syphilitic  mucous  patch;  indeed,  according  to  Four- 
nier, it  is  sometimes  impossible  to  make  a  positive  differ- 


ential diagnosis  until  after  the  lapse  of  a  considerable 
period  of  time. 

Of  all  the  forms  of  herpes  the  genital  is  most  apt  to 
recur,  the  interval  between  the  attacks  varying  from  a 
few  weeks  to  .seveial  months.  In  a  considerable  propor- 
tion of  cases  each  coitus  in  the  male  and  each  menstrual 
period  in  the  female  is  followed  by  an  attack,  the  recur- 
rences continuing  for  years.  On  the  other  hand  there 
may  be  but  a  single  attack. 

Simple  herpes  is  in  many  cases,  no  doubt,  a  local  mani- 
festation of  a  general  toxaemia.  Its  frequent  association 
with  such  general  diseases  as  pneumonia,  typhoid  and 
the  malarial  fevers,  epidemic  cerebro-spinal  meningitis, 
and  other  maladies  of  an  infectious  nature,  lends  strong 
support  to  such  a  view  of  its  etiology.  In  a  consider- 
able proportion  of  cases,  however,  it  must  be  regarded 
as  due  to  local  conditions  associated  with  a  special  pre- 
disposition. In  genital  herpes  excessive  irritations  and 
congestions,  physiological  or  pathological,  such  as  coitus 
and  the  menstrual  period,  play  important  roles  in  the 
production  of  the  affection.  Uncleanliness  and  pi-evious 
venereal  disease  are  potent  etiological  factors.  As  Unna 
and  Fournier  have  pointed  out.  prostitutes  are  especially 
liable  to  suffer  from  herpes  of  the  genitalia. 

The  herpetic  eruption  is  the  result  of  a  peripheral  neu- 
ritis of  an  acute  transitory  character,  the  consequence  of 
a  direct  or  reflex  irritation  of  the  terminal  nerve  branches 
distributed  to  the  skin.  Unna,  who  had  the  opportunity 
to  examine  lesions  from  three  cases  of  genital  herpes, 
foimd  a  fibrinous  inflammation  of  the  epidermis,  the  pri- 
mary changes  affecting  the  more  superficial  prickle  cells. 
The  entire  epidermis  was  lifted  from  the  papillary  layer 
of  the  corium,  forming  a  blister  whose  walls  and  contents 
had  undergone  coagulation  necrosis.  Beneath  the  vesi- 
cle the  entire  cutis  was  cedematous  and  the  blood  and 
lymph  vessels  were  markedly  dilated.  A  striking  histo- 
pathological  difference,  between  the  vesicle  of  simple 
herpes  and  that  of  herpes  zoster  is  the  absence  of  the 
so-called  "ballooning"  of  the  epithelial  cells  in  the 
former. 

The  diagnosis  of  -simple  herpes  is  usually  made  without 
the  slightest  difficulty.  The  purely  vesicular  character 
of  the  lesions,  the  grouped  arrangement  of  the  eruption, 
its  localization  upon  the  face,  in  most  cases  about  the 
mouth,  or  upon  the  genitalia,  and  the  acute  course  of 
the  disease  are  features  so  characteristic  that  there  is  little 
chance  for  error.  When,  however,  the  eruption  is  seated 
upon  the  mucous  membranes,  particularly  those  of  the 
genitalia,  the  erosions  which  follow  the  vesicles  may  be 
mistaken  for  venereal  ulcers  or  the  initial  lesion  of  syph- 
ilis. The  herpetic  lesion  is  superficial  and  does  not  tend 
to  extend  like  the  chancroid ;  it  exudes  an  abundance  of 
serum  instead  of  pus,  which,  as  Leloir  has  pointed  out, 
may  be  much  increased  by  squeezing  the  lesion  between 
the  thumb  and  finger ;  its  borders  are  apt  to  present  a  fes- 
tooned or  polycyclic  outline ;  and  lastly,  there  are  often 
groups  of  well-defined  vesicles  in  the  neighborhood.  It 
is  to  be  distinguished  from  the  initial  lesion  of  syphilis 
by  its  brief  duration  and  the  absence  of  the  peculiar  in- 
duration characteristic  of  the  chancre.  It  should  not  be 
forgotten,  however,  that  the  herpetic  lesion,  under  the 
influence  of  irritants,  may  present  an  indurated  base 
much  like  that  seen  in  the  chancre,  and  that  in  such 
cases  there  may  be  swelling  of  the  inguinal  glands. 
Fournier  has  called  attention  to  the  fact  that  the  chancre 
may  be  preceded  by  herpes ;  and  it  is  always  wise,  in 
view  of  the  very  serious  results  which  may  follow  an 
error  in  diagnosis,  to  be  very  guarded  in  expressing  an 
opinion  in  doubtful  cases  until  sufficient  time  has  elapsed 
to  make  the  diagnosis  certain. 

In  the  treatment  of  simple  herpes  all  irritant  appli- 
cations should  be  avoided.  Frequent  applications  of 
ninety-five-per-cent.  alcohol  in  the  early  stages  of  the 
eruption  will  sometimes  partially  abort  it.  If  there  is 
marked  burning,  a  saturated  aqueous  solution  of  boric 
acid  will  be  found  very  useful  in  relieving  this  symptom ; 
or  a  solution  of  resorein,  from  eight  to  ten  grains  to  the 
ounce  of  water,  may  be  even  more  effective.     A  lotion 
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containing  twenty  grains  each  of  ^"IP'ft^  "^^^^l^-^fi^ 
sulphide  of  potassium,  as  recommended  by  Duhnng,  is 

^^rg^nlt^eiTesSie  parts  should  be  l^ept  scrupulously 
clean  and  nothing  better  for  this  purpose  can  be  used  than 
fsXmted'solutfon  of  boric  acid,  which  should  be  fre  y 
and  freauentlv  mopped  upon  the  affected  paits  vvncu 
the  mucous  s'urfac'e^  are  The  seat  of  tUe  er>^  ion  hey 
shouldbekeptapartbypiecesof  gauzewet  w  th  the  boric 
add  solution;  or,  after  careful  cleansing,  they  may  be 
covered  with  a  dusting  powder  of  talc  and  ox.de  ot  zinc 
to  which,  if  there  is  annoying  pain  from  ten  to  twenty 
per  cent,  of  acetanilid  may  be  added,  or  the  acetan  1  d 
may  be  used  alone.  The  resorcin  lotion  above  referred  to 
will  often  be  found  a  very  soothing  and  cleansing  app  - 
cation.  Lotio  nigra  may  be  employed  m  many  cases  wi 
good  results.  If  suppuration  occurs,  weak  solutions  ot 
bichloride  of  mercury  should  be  applied  several  times  a 
day  but  this  remedy  must  be  used  cautiously  as  it  some- 
times proves  irritating.  As  a  preventive  measure,  cir- 
cumcision has  been  recommended  in  recurrent  herpes 
genitalis;  it  is,  however,  an  uncertain  remedy.  Arsenic 
given  internally  for  a  considerable  period  exercises  a  de- 
cided influence  in  preventing  recurrences  in  many  cases, 
and  should  always  be  tried  when  other  remedies  have 
fjjj]g£l^  Milton  B.  Hartzell. 

HERPES  ZOSTER.— Herpes  zoster,  also  known  as  zo- 
na, zoster,  shingles,— this  last  probably  being  a  corrup- 
tion of  the  Latin  einguhmi,—na.mei  all  having  reference 
to  the  girdle-like  arrangement  whicli  the  eruption  often 
exhibits,  usually  begins  with  pain,  commonly  of  a  neu- 
ralgic character,  varying  in  degree  from  mere  discomfort 
and  soreness  to  the  severest  neuralgia,  and  situated  in  the 
regions  presently  to  be  the  seat  of  the  herpetic  eruption. 
E.xceptionally  in  the  beginning  of  the  attack  there  is 
some  elevation  of  temperature  with  slight  malaise. 
After  a  prodromal  period,  varying  from  a  few  hours  to 
several  days,  groups  of  papules  seated  upon  a  reddened 
and  shghtly  swollen  base  appear  in  the  painful  areas, 
and  in  the  course  of  a  few  hours  they  become  vesicles  with 
transparent  contents.  With  the  appearance  of  the  erup- 
tion the  pain  may  diminish,  but  there  are  frequent  excep- 
tions to  this  rule.  The  vesicles,  for  the  most  part  dis- 
crete, tense,  and  showing  no  tendency  to  spontaneous 
rupture,  vary  in  size  from  a  hemp  seed  to  a  large  pea, 
and  are  arranged  in  variously-sized  groups  from  one  or 
two  to  a  dozen  or  more  in  number,  separated  by  areas  of 
normal  skin,  and  situated  over  the  distribution  of  some 
nerve  usually  at  points  where  branches  are  given  off  to  the 
skin.  The  several  groups  of  vesicles  do  not  appear  simul- 
taneously, but  new  ones  continue  to  form  for  some  days, 
the  last-formed  groups  often  containing  many  papules 
which  do  not  develop  into  vesicles,  and  imperfectly  de- 
veloped vesicles.  After  a  day  or  two  the  vesicular  con- 
tents become  turbid,  then  purulent,  and  later  brown  or 
black  crusts  form  which  fall  off  at  the  end  of  from 
ten  days  to  two  weeks,  leaving  transiently  hyperaimic 
patches,  or  slight  pigmentation,  and  frequently  perma- 
nent sears.  The  duration  of  the  entire  attack  is  from  ten 
days  to  three  weeks ;  but  when  the  inflammation  is  un- 
usually severe,  or  when  complications,  such  as  suppura- 
tion and  gangrene,  occur,  it  may  last  much  longer. 

The  amount  of  pain  present  varies  within  wide  limits. 
In  children  and  young  adults  it  is  often  entirely  absent, 
or  so  slight  as  to  cause  little  or  no  complaint;  but  in 
elderly  subjects  it  is  commonly  severe,  often  demanding 
large  doses  of  powerful  narcotics  for  its  relief,  and  some- 
times continuing  for  weeks  or  even  months  and  years. 

In  an  overwhelming  majority  of  the  cases  the  eruption 
is  limited  to  one  side  of  the  body,  although  it  is  not  at 
all  uncommon  to  see  a  group  of  vesicles  extend  some  dis- 
tance beyond  the  middle  line.  While  it  may  occur  over 
the  course  of  any  peripheral  nerve,  it  is  much  more  fre- 
quently situated  upon  the  trunk  than  upon  the  extremi- 
ties. In  one  hundred  cases  in  which  the  location  of  the 
eruption  was  specially  noted  by  Crocker,  it  was  observed 
to  occur  upon  the  trunk  fifty-four  times. 
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Variations  from  the  ordinary  type  of  zoster  occur 
in  a  small  proportion  of  cases.  The  vesicles  may  be 
filled  w  til  blood  instead  of  serum,  giving  the  eruption 
a  blur  or  black  appearance.  In  this  variety,  known 
l^zoL  h^MwrrluwU'i^^  t'^e  pain  is  as  a  rue  extreme- 
ly severe,  and  ulceration  more  or  less  deep  is  prone  to 

""in' cases  of  unusual  severity  suppuration  may  take 
place  and  in  rare  instances  gangreneof  the  skin  occurs, 
either  after  the  appearance  of  the  vesicles  or  before  these 
have  had  iimeto'^develop.  As  the  result  of  the  severe 
and  at  times  deep-seated  inflammation,  extensive  and 
indelible  scarring  follows,  which  later  may  become  the 

'''''^lfzm,'rmuigr,'no,,,s  %«<«■*«;«  Kaposi  has  described  an 
atypical  form  of  zoster  that  occurs  in  hysterical  womem 
Tills  variety  of  the  malady  is  characterized  by  repeated 
attacks  separated  by  intervals  of  a  few  weeks  or  some 
months,  the  eruption  being  unilateral  or  bilateral,  tran- 
grene  of  the  skin  at  the  base  of  the  vesicles  occurs,  and 
keloid-like  cicatrices  follow.  This  disease  is  certainly 
closely  related  to,  if  not  identical  with,  the  multiple  hys- 
terical >ningrene  of  the  skin  of  other  authors;  and  while 
it  is  mentioned  here,  I  think  it  is  doubtful  if  it  properly 
belongs  to  herpes  zoster.  ■^       s-  ^, 

While  almost  invariably  hmited  to  one  side  ot  the 
body  the  eruption  may  be  bilateral.  According  to 
Hyde,  bilateral  zcister  is  most  apt  to  be  seen  m  those  suf- 
fering from  syphilis  or  in  those  taking  arsenic. 

Colombini  has  reported  a  case  in  which  the  eruption 
was  universal,  groups  of  vesicles  occurring  over  the 
branches  of  all  the  cutaneous  nerves.  The  disease  in  this 
instance  was  most  likely  of  malarial  origin,  as  the  patient 
had  had  repeated  attacks  of  malarial  fever,  and  the  erup- 
tion appeared  shortly  after  one  of  them. 

Second  attacks  of  zoster  are  rare,  although  not  so  in- 
frequent as  formerly  supposed.  In  recurrent  zoster  the 
same  region  may  be  affected  several  times,  or  new  re- 
gions may  be  invaded  with  each  new  attack.  Recur- 
rences are  most  likely  to  be  observed  in  those  cases  In 
which  the  disease  is  of  traumatic  origin ;  as  in  one  under 
my  observation  some  years  ago  in  which  the  sciatic  nerve 
was  injured  by  a  fracture  of  the  femur.  In  this  case 
there  were  many  attacks  preceded  and  accompanied  by 
severe  pain,  most  of  them  in  the  region  of  the  distribu- 
tion of  the  sciatic  nerve  and  its  branches.  While  the 
pain  usually  diminishes  with  the  appearance  of  the  erup- 
tion and  ceases  entirely  with  its  complete  involution,  it 
may  persist  for  a  considerable  period,  especially  in  elderly 
subjects,  after  all  other  evidences  of  the  disease  have  dis- 
appeared. Other  sequelae  are  local  paralyses,  and  various 
disturbances  of  sensation,  either  alone  or  associated  with 
trophic  changes. 

The  principal  local  varieties  of  herpes  zoster,  named 
according  to  the  region  in  which  the  eruption  is  situated, 
are  Z.  capillitii,  Z.  frontalis,  Z.  facialis,  Z.  ophthalmicus, 
Z.  colli,  Z.  brachialis,  Z.  pectoralis,  Z.  abdominalis,  Z. 
femoralis.  In  these  several  local  varieties  the  disease 
presents  practically  the  same  clinical  features,  particu- 
larly so  far  as  the  eruption  is  concerned,  but  it  may  vary 
considerably  as  to  extent  and  the  severity  of  the  inflam- 
mation and  pain  which  accompany'  it. 

In  Z.  frontalis  the  eruption  follows  the  distribution  of 
the  supraorbital  branch  of  the  fifth  pair,  extending  over 
the  lid,  one-half  tlie  forehead,  and  up  into  the  scalp. 
Tills  form  is  sometimes  followed  by  marked  scarring  re- 
sembling the  pits  produced  by  variola. 

In  Z.  ophthalmicus,  in  which  the  branches  of  the  fifth 
pair  distributetl  to  the  eye  are  affected,  the  pain  is  often 
of  the  severest  character,  and  the  various  structures  of 
the  eye  may  be  inflamed,  the  inflammation  being  in  rare 
cases  so  severe  as  to  cause  destruction  of  this  organ. 
Fatal  meningitis  has  been  known  to  result  in  this  variety 
of  zoster. 

In  Z.  facialis  the  second  branch  of  the  fifth  pair  is  con- 
cerned, the  eruption  occurring  on  the  cheek,  the  side  of 
the  nose,  and  one-half  of  the  upper  lip.  In  exceptional 
cases  it  also  occurs  upon  the  mucous  membranes  of  the 
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cheek  and  pharynx.     Loss  of  the  teeth  and  necrosis  of 
the  jaw  have  been  noted  as  rare  complications. 

The  supraspinous  portion  of  the  scapula  and  the  upper 
arm  are  the  regions  affected  in  Z.  brachialis.  The  fore- 
arm and  the  fingers  are  not  often  involved.  This  is  usu- 
ally a  mild  form  of  the  malady. 

Z.  pectoralis  is  the  variety  oftenest  seen,  and  the  one 
from  which  the  disease  gets  its  various  names  signifying 
a  girdle.  Groups  of  vesicles  extend  from  the  spine  for- 
ward to  the  sternum.  In  many  cases  the  eruption  con- 
sists of  but  two  or  three  groups,  one  close  to  the  spine, 
a  second  in  the  axillary  line,  and  a  third,  often  composed 
of  imperfectly  developed  lesions,  near  the  anterior  middle 
line.  In  severe  cases  the  groups  of  vesicles  may  coalesce, 
forming  a  continuous  half -girdle.  In  this  variety  of  zos- 
ter the  pain  which  sometimes  precedes  the  appearance  of 
the  eruption  may  be  mistaken  for  a  pleurisy. 

In  Z.  femoralis  the  eruption  is  situated  upon  the  ante- 
rior surface  of  the  thighs,  the  external  genitalia,  and  upon 
the  buttocks.     The  legs  and  feet  are  only  rarely  attacked. 

Etiology. — Zoster  occurs  much  more  frequently  in  the 
young  tlian  in  the  old,  but  old  age  is  by  no  means  exempt. 
In  three-fourths  of  the  cases  observed  by  Crocker  the  pa- 
tients were  under  twenty  years  of  age.  Although  infre- 
quent in  infancy  cases  have  been  reported  in  infants  from 
four  days  to  several  months  old.  The  sexes  appear  to  be 
equally  liable.  Cold,  damp,  and  other  climatic  influences 
seem  to  play  some  part  in  its  production  since  it  occurs 
most  frequently  in  winter  and  spring. 

It  sometimes  occurs  in  connection  with  such  diseases 
as  influenza,  malaria,  and  tuberculosis.  Winfleld  has  re- 
ported a  number  of  cases  in  which  the  presence  of  the 
Plasmodium  malarise  was  demonstrated ;  and  it  has  been 
observed  often  enough  in  the  subjects  of  tuberculosis  to 
suggest  the  possibility  of  a  causal  relationship  between 
the  two  maladies. 

As  was  first  pointed  out  by  Hutchinson,  and  afterward 
confirmed  by  other  observers,  arsenic  when  given  in  large 
quantities  for  a  prolonged  period  may  produce  zoster  by 
setting  up  a  neuritis.  Other  toxic  substances,  such  as 
carbonic  oxide  gas,  have  also  produced  the  disease.  In 
a  considerable  number  of  instances  the  eruption  has 
been  observed  to  follow  injui-ies  to  nerves.     Occasional- 


T?m  2ft«  —W("Acle  of  Zoster.    Upon  the  tottom  of  the  vesicle  are 
^nuSus  cet  Ui=h  hive  undWgone  alteration  like  that  shown 
in  Fig.  2644.    (Author's  own  ease.) 

ly  it  seems  to  be  of  reflex  origin,  as  is  shownby  a  case 
reported  by  Jewel  in  which  a  crural  zoster  resulted  tront^ 
disease  of  the  uterus;  and  in  other  cases  it  has  seemed 
to  be  due  to  irritation  in  the  alimentary  canal  caused  by 


the  presence  of  tapeworm.  Lastly,  it  is  very  probable 
that  in  a  considerable  proportion  of  cases  it  is  the  result 
of  a  specific  infection,  although  the  infectious  agent  is  as 
yet  unknown.     Its  occurence  in  epidemics,  its  undoubted 


Fig.   2644.  —  Epithelial   Degeneration ;    Large   Protozo6n-like   Cell. 
(From  author's  own  case  of  herpes  zoster.) 

occasional  contagiousness,  its  self-limited  course,  and  the 
rarity  of  second  attacks  are  features  of  the  malady  which 
are  strongly  in  favor  of  such  a  view.  From  the  fore- 
going brief  summary  it  is  evident  that  there  is  no  one 
cause  of  herpes  zoster,  but  that  it  may  be  produced  by 
any  agent  capable  of  setting  up  a  neuritis. 

'PatIwlo(jy  and  Patliologicul  Anatomy. — Proof  of  the 
neuritic  character  of  the  disease  was  first  furnished  by 
Baerensprung,  who  found  that  there  was  inflammation  of 
the  ganglia  and  the  nerves  distributed  to  the  area  oc- 
cupied by  the  eruption.  The  ganglia  do  not  always 
share  in  the  inflammatory  process,  as  Baerensprung  sup- 
posed, but  the  inflammation  is  sometimes  limited  to  the 
peripheral  parts  of  the  nerve.  The  pathological  altera- 
tion of  the  nerve  is  not  always  of  an  inflammatory  char- 
acter, but  may  be  the  result  of  hemorrhage,  the  pressure 
of  new  growths,  or  traumatism. 

The  zoster  vesicle  lies  deeply  within  the  epidermis,  the 
bottom  being  formed  by  the  papillary  layer  of  the  corium 
upon  which  lie  masses  of  altered  epithelium.  The  most 
striking  feature  is  the  peculiar  alteration  which  many  of 
the  epithelial  cells  have  undergone,  by  which  they  have 
been  transformed  into  bodies  resembling  more  or  less 
closely  protozoa.  These  bodies  were  regarded  by  Pfeif- 
fer,  who  was  one  of  the  first  to  describe  them,  as  para- 
sites, and  were  believed  by  him  to  be  the  cause  of  the  dis- 
ease; but  the  later  investigations  of  Unna,  Torok,  myself, 
and  others  have  clearly  demonstrated  their  epitheUal 
character.  These  altered  cells  are  often  enormous  in  size, 
round,  oval,  or  balloon-shaped,  with  a  double-contoured 
wall  or  capsule  within  which  are  from  two  to  a  dozen  or 
more  large  round  and  oval  nuclei  which  often  present  a 
peculiar  beaded  limiting  membrane.  The  cavity  of  the 
vesicle  contains  a  few  free  epithelial  cells,  a  small  num- 
ber of  leucocytes,  and  fibrin.  The  papillae  and  that  part 
of  the  corium  immediately  beneath  the  papillary  layer 
are  abundantly  infiltrated  with  leucocytes,  and  there  is 
dilatation  of  the  blood-vessels. 

Diagnosis.— T:he  clinical  features  of  zoster  are,  in  the 
great  majority  of  cases,  so  well  defined  that  the  diagnosis 
is  usually  easily  made.  The  two  diseases  with  which  it 
is  most  likely  to  be  confounded  are  vesicular  eczema  and 
simple  herpes. 

It  may  be  distinguished  from  eczema  by  the  groupmg 
of  the  vesicles  over  the  course  of  known  nerves,  by  the 
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accompanying  neuralgia,  bj^  the  absence  of  itching  and 
discharge,  and  by  tlie  vesicles,  unlike  those  of  eczema, 
showing  no  tendency  to  spontaneous  rupture. 

It  differs  from  simple  herpes  by  its  unilateral  distribu- 
tion, by  the  pain  which  precedes  and  accompanies  the 
eruption,  and  by  the  infrequency  of  second ,  attacks. 
Simple  herpes  is  most  apt  to  occur  about  the  mouth  and 
upon  the  genitalia,  regions  seldom  invaded  by  zoster. 

Prognosis. — The  prognosis  is  in  most  case  favorable, 
the  disease  usually  terminating  in  from  ten  days  to  three 
weeks.  In  severe  attacks,  however,  or  when  ulceration 
deep-seated  inflammation,  or  gangrene  occurs,  the  dura 
tion  may  be  greatly  prolonged  beyond  the  usual  period 
In  elderly  subjects,  less  frequently  in  the  young,  per 
sistent  neuralgia  of  a  severe  type  may  follow,  lasting  for 
months  or  years.  In  exceptionally  severe  cases  of  oph- 
thalmic zoster  disfiguring,  scarring,  loss  of  an  eye,  and 
even  death  may  result. 

Treatment. — In  mild  cases  of  herpes  zoster  only  the 
simplest  treatment  is  required.     The  vesicles  should  be 
protected  from  the  friction  of  the  clothing  by  covering 
them  with  two  or  three  thicknesses  of  gauze  or  a  thin 
layer  of  absorbent  cotton,  having  first  freely  applied  a 
simple  dusting  powder,  such  as  equal  parts  of  starch  and 
oxide  of  zinc,  to  which,  if  there  is  burning  or  pain,  cam- 
phor or  morphine  may  be  added.     Internal  remedies  ad- 
ministered with  the  view  of  aborting  or  controlling  the 
eruption  are  of  more  than  doubtful  efficacy.     Phosphide 
of  zinc,  in  doses  of  from  one-sixth  to  one-third  of  a  grain 
given  every  three  hours,  is  recommended  by  Thompson 
and  Bulkley  for  the  relief  of  the  pain  and  the  control  of 
the  eruption,  but  other  observers  have  not  found  it  reli- 
able.   In  cases  in  which  the  pain  is  severe,  antipyrin, 
phenacetin,  or  acetanilid  may  be  given  in  doses  of  from 
ti  ve  to  eight  grains  every  three  or  four  hours ;  when  these 
fail  to  afford  relief  morphine,  given  hypodermatically, 
may  be   employed.     Locally  frequent   application   of 
ninety -flve-per-cent.  alcohol  is  often  very  useful;  or,  in- 
stead of  simple  alcohol,  alcoholic  solutions  of  resorcin 
fifteen  grains  to  the  ounce,  or  a  solution  of  carbolic  acid 
five  to  ten  grains  to  the  ounce,  or  of  menthol  ten  grains 
to  the  ounce,  may  be  used.     Such  lotions  should   be 
mopped  on  gently  every  three  or  four  hours  with  a  soft 
cloth,  care  being  taken   not  to    rupture   the  vesicles, 
Duhring  specially  recommends  a  lotion  containing  from 
twenty  to  sixty  grains  each  of  sulphate  of  zinc  and  sul- 
phide of  potassium  to  the  ounce  of  water ;  he  finds  it  very 
useful  in  relieving  pain  and  drying  up  the  eruption.    Col- 
lodion, either  alone  or  with  one  or  two  grains  of  morphine 
to  the  ounce  added,  may  be  painted  over  the  eruption  for 
the  purpose  of  favoring  its  absorption  and  alleviating  the 
pam.     For  the  relief  of  persistent  neuralgia,  galvanism  is 
perhaps  the  most  useful  remedy,  mild  currents  being  more 
useful  than  strong  ones.     Crocker  finds  repeated  blister- 
mg  over  the  root  of  the  affected  nerve  very  efficacious  in 
some  cases.    An  abundance  of  easily  digested,  nutritious 
rood,  and  cod-hver  oil  are  also  indicated. 

Milton  B.  liartzell. 
HESPERIDIN.    See  Citrus. 

Tr^./ufr  "f  ^"'l"'?  cmnamate  are  remedies  introduced 
for  the  treatment  of  tuberculosis.  W.  A.  Bastedo 
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HIGHLAND  SPRINGS.-Lake  County,  California 

Therexc'elCt  ~'^'^'^''°'^  f  P""^^.  /o'tel  audio  tages. 
Ihese  excellent  spnngs  are  found  within  the  edge  of  the 
mountams,  about  four  miles  from  KelseyviUe  and  sev  n 
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elevation  of  8,300  feet  is  gained.     Here  a  grand  pano- 
rama is  revealed.     As  far  as  the  eye  can  reach  in  every 
direction  are  mountains  and  valleys,  peaks  upon  peaks, 
mountain    streams  and    brooks,  forest  and   shrubbery. 
The  most  picturesque  of  all  is  the  view  northward  over 
Clear  Lake  and  Lake  County.     This  is  a  magnificent 
sheet  of  water  twenty -five  miles  long  and  six  to  eight 
miles  wide.     It  has  an  elevation  of  1,200  feet  above  the 
Pacific  Ocean,  and  lies  peacefully  smiling  in  the  embrace 
of  the  mountains  on  every  side,  with  the  towering  head 
of  "  Uncle  Sam  "  above  them  all.     The  bright,  cultivated 
fields  appear  like  a  checker-board  in  the  valley  below. 
The  gigantic  oaks,  the  largest  in  the  State,  are  scattered 
heie  and  there  to  lend  variety  to  the  enchanting  picture. 
The  descent  to  the  springs  is  made  in  much  less  than  half 
the  time  it  takes  to  make  the  ascent,  and  the  resort  is 
soon  seen  l.ying  in  a  level  sequestered  spot  surrounded  by 
hills  and  by  trees  of  many  years'  growth.     At  Highland 
we  find  a  commodious  hotel  and  many  elegant  cottages 
built  with  a  view  to  health  and  pleasure  combined.     A 
large,  pure  mountain  stream  which  is  well  supplied  witli 
fish  runs  past  the  hotel.    The  usual  mild,  genial  climate 
of  Lake  County   prevails  here.     The  altitude  is  about 
1,700  feet,  and  it  is  claimed  to  be  an  excellent  place  for 
consumptives.    There  are  about  twenty  springs  at  High- 
land, five  of  the  most  important  having  been  examined 
by  Anderson  in  1888.     These  analyses  show  results  prac- 
tically identical  with  those  of  Professor  Rising  in  1882, 
except  in  the  case  of  the  "  Neptune  "  spring,  which  seems 
to  have  lost  greatly,  especially  in  calcium  salt,  in  the 
course  of   six    years.     The    principal   springs  are   the 
"Magic,"  the  " Neptune, "  the  "Seltzer,"  the  "Dutch"  or 
" Eras,"  and  the  " Diana  "  spring.    The  waters  are  chiefly 
of  the  alkaline-saline  type,  most  of  them  containing  a 
well-marked  proportion  of  iron.    Following  are  the  anal- 
yses of  two  of  the  representative  springs: 

The  Seltzer  Sphikg. 
One  United  States  Gallon-  Co.vtains: 

Solids.  Grains. 

Sodium  chloride o.67 

Sodium  carbonate 206 

Sodium  bicarbonate 15' 72 

Potassium  bicarbonate 50 

Magnesium  bicarbonate 33*95 

Calcium  bicarbopale 5225 

Mansanese  bicarbonate Trace 

Ferrous  carbonate j  43 

Silica g'j3 

Alumina 175 

Organic  matter Trace. 

Total '.  110.46 

Free  carbonic  acid  gas,  98.41  grains 
Temperature  of  water,  60.4°  F. 

The  water  is  antacid,  laxative,  and  diuretic,  and  has 
been  used  with  much  satisfaction  in  dyspepsia,  neural- 
gia, kidney  and  bladder  troubles,  calculi,  etc  ,  and  in 
rheumatism,  gout,  and  skin  diseases. 

The  "Dutch"  or  "Ems"  Springs. 
OiVE  United  States  Gallon  Contains: 
Solids.  (jrains. 

Sodium  chloride 1  70 

Sodium  bicarbonate ir'sn 

Sodium  carbonate 2*45 

Potassium  bicarbonate .' .'    70 

Magnesium  bicarbonate 6655 

Magnesium  carbonate I'gs 

Calcium  bicarbonate 57*32 

Manganese  bicarbonate .'.".' Trace 

Ferrous  carbonate 1  cq 

Silica 7-25 

Alumina '.'.'.V.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 12 

Organic  matter .......[........... . ,' , . .' ' .'  Trace. 

Total riseise 

Free  carbonic  acid  gas,  .W.QO  grains. 
Temperature  of  waterTT"  F. 

This  water  is  more  diuretic  and  laxative  than  the  Selt- 
zer.    The  Highland  bathing  water  is  artificially  heated. 
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It  is  also  an  alkaline-saline  fluid  with  considerable  car- 
bonic acid  gas  and  some  iron.  The  baths  are  used  for 
rheumatism  and  joint  affections.  James  K.  Grook. 

HIGHLAND  SPRINGS.— Androscoggin  County,  Maine. 

Post-Ofpice. — Lewiston.     Cottages. 

Highland  Spring  is  located  in  Highland  Park,  compris- 
ing over  sixty  acres  of  elevated  and  wooded  land,  about 
two  miles  from  Lewiston  station.  The  spot  offers  ex- 
ceptional advantages  to  persons  wishing  to  camp  during 
the  summer.  The  waters  of  this  spring  have  enjoyed  a 
considerable  reputation  for  a  long  time  past.  They  are 
bottled  and  sold  extensively  for  table  purposes.  The  fol- 
lowing analysis  was  made  by  Richard  C.  Stanley,  Ph.D., 
State  assayer  of  Maine: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Iron  carbonate 1.10 

Iron  oxide 31 

Potassium  and  sodium  carbonate 83 

Magnesium  carbonate 1.33 

Potassium  and  sodium  sulphate 31 

Sodium  chloride 1.00 

Total 4.78 

This  is  an  excellent,  palatable  water  and  possesses  the 
properties  of  a  mild  ferruginous  tonic. 

James  K.  Crook. 

HIP-JOINT.— The  development  of  the  pelvic  limbs 
into  organs  for  support  and  propulsion  has  given  to  the 
joints  by  which  they  are  articulated  with  the  trunk  a 
peculiar  character  of  strength  and  solidity.  While 
movement  is  free  in  every  direction,  and  the  femur  can 
be  circumducted  as  well  as  rotated,  yet  these  movements 
are  much  less  extensive  than  at  the  shoulder.  The  head 
of  the  distal  bone  is  more  completely  enclosed,  and  the 
capsular  ligament  is  stronger  and  narrower  at  its  distal 
insertion,  so  as  tooflfer  a  resistance  to  luxations.  Besides 
this,  certain  modifications  have  been  caused  by  the  strain 
and' pressure  occasioned  by  the  erect  position.  It  would 
naturally  be  supposed  that  in  a  ball-and-socket  joint  the 
surfaces  of  contact  would  be  perfectly  spherical,  and, 
indeed,  the  head  of  the  femur  is  usually  described  as  pre- 
senting from  two-thirds  to  three-fourths  of  the  surface  of 
:  a  sphere  fitting  closely  the  acetabular  cavity.  Aeby '  and 
Schmid^  have,  however,  shown  that  this  is  not  quite 

■  correct,  as  there  is  a  slight  flattening  of  the  surfaces  and 
a  thickening  of  their  encrusting  cartilages  where  they  are 
subjected  to  the  greatest  pressure.     This  is  more  marked 

in  the  adult.  ,.  ,  .    ■ 

The  liability  of  the  articulation  to  disease  and  injury 
is  considerable,  both  on  account  of  its  size  and  of  the 
pressure  upon  the  surfaces.  It  is  therefore  important  to 
determine  its  precise  position  and  relations— and  this  is 
bv  no  means  easy,  as  it  lies  buried  under  thick  masses  of 
muscle  In  front  is  the  reflected  tendon  of  the  ilio-psoas, 
a  bursa  (B.  subiliaca),  which  sometimes  communicates 
with  the  joint  cavity,  intervening.  Above,  the  reflected 
tendon  of  the  rectus  femoris  and  the  gluteus  minimus  are 
firmly  united  with  the  capsule  (see  Fig.  2645).  Internally 
lies  the  pectineus  above,  also  united  with  the  capsule,  and 
the  obturator  externus  below.  The  tendon  of  this  latter 
muscle  also  lies  posteriorly,  together  with  the  obturator 
internus,  the  gemelli,  the  pyriformis,  and  the  quadratus 

*^A11  tliese  form  an  immediate  investment  for  the  joint, 
and  are  themselves  partially  covered  bjr  a  second  mass 

■  composed  of  the  tensor  vaginae  femoris  the  gluteus 
maximus  and  medius  behind  and  externally,  the  biceps 
group  behind,  and  the  adductor  group  mteriially.        _ 

Over  these  muscles  there  stretches  the  fascia  belonging 
to  the  different  groups,  and  in  several  situations  this  not^ 
ably  strengthens  the  joint  capsule,  especially  where  the 
mac  fascia  comes  do^vn  from  the  il'^-P^o^^;  jhe>-e  t'^e 
pectineal  fascia  passes  outward  upon  the  capsule  from 
the  pectineus,  and,  externally,  where  a  strong  process 
Vol.  IV.— 44 


passes  inward  between  the  tensor  vaginse  femoris  and  the 
rectus  femoris. 

The  depth  at  which  the  articulation  lies  makes  it  diffi- 
cult to  obtain  any  positive  knowledge  as  to  the  condition 
of  the  joint  by  direct  manipulation,  but  a  fairly  accurate 
notion  of  its  situation  may  be  had  by  noting  the  surface 


Fig.  2645.— Front  View  of  the  Hip-Joint.  (From  Sappey.)  1,  Tendon 
of  rectus  femoris,  cut ;  3,  its  attachment  to  the  antero-inlerior  iliac 
spine ;  3,  reflected  portion  of  the  tendon  ;  4,  tubercle  of  the  tro- 
chanter major;  5,  tendon  of  the  gluteus  minimus ;  6,  the  attachment 
of  the  ilio-femoral  ligaments  to  the  antero-inferior  iliac  spine ;  7, 
nbrous  union  of  the  capsule  with  the  tendon  of  the  gluteus  minimus ; 
8,  superior  ilio-femoral  ligament ;  9,  section  of  a  very  thin  fibrous 
lamella  which  covers  over  and  crosses  the  ligament  obliquely ;  10, 
10,  thinner  portion  of  the  capsule  between  the  two  ilio-femoral 
bands  ;  11,  anterior  ilio-femoral  ligament ;  12, 13,  thin  portion  of  the 
capsule  arising  from  the  ilio-peetineal  eminence,  and  from  the  hori- 
zontal ramus ;  14,  orifice  in  the  capsule  communicating  with  the 
bursa  beneath  the  tendon  of  the  ilio-psoas ;  15,  pubo-femoral  liga- 
ment; 16, 17, 18, 19,  fibrous  bands  relating  to  the  obturator  mem- 
brane ;  20,  the  obturator  foramen  or  subpubic  canal ;  ai,  lesser  tro- 
chanter; 23,  antero-superior  Mac  spine;  23,  postero-superior  lilac 
spine :  24,  postero-inferior  iliac  spine ;  25,  illo-peciineal  line ;  2b, 
illo-pectineal  eminence. 

forms  and  bony  points  of  the  region.  As  to  the  bones, 
note  first  the  anterior  superior  spine  of  the  ilium,  always 
marked  even  in  the  fattest  subjects ;  then  the  spine  of  the 
pubis,  which  can  easily  be  found  by  abducting  the  thigh 
and  then  running  the  finger  along  the  strong  tendon  of 
the  adductor  longus  which  starts  up.  Joining  these  two 
points  is  Poupart's  ligament,  which  may  easily  be  felt. 
The  muscular  prominence  on  the  outer  side  of  the  leg  is 
caused  by  the  tensor  vaginte  femoris,  on  the  inner  by  the 
abductor  muscles,  and  the  triangular  interval  between, 
which  reminds  one  distantly  of  the  axillary  space,  is  the 
fossa  subinguinnlis,  or  Scarpa's  triangle.  It  is  through 
the  middle  of  this  that  the  great  vessels  pass  down  the 
thigh  and  the  beating  of  the  femoral  artery,  which  lies 
nearest  the  joint,  may  be  felt  by  pressing  just  below 
Poupart's  ligament.  The  joint  is  about  half  an  inch  ex- 
ternal to  this,  and  in  a  very  lean  person  (easier  in  cada- 
ver) the  head  of  the  femur  may  be  felt  rolling  un,der  the 
fingers  by  pressing  deeply  here  while  an  assistant  ex- 
teuds  and  rotates  the  limb.  This  is  impossible,  however 
when  the  subject  is  even  moderately  fat.  A  fulness  and 
tenderness  here  are  noted  in  the  early  stages  of  hip  dis- 
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ease,  when  there  is  effusion  into  the  joint.  Pus  forming 
around  the  joint  is  always  confined,  and  burrows  exten- 
sively along  the  lines  of  fascia  above  mentioned.  An 
abscess  pointing  below  Poupart's  ligament,  and  external 
to  the  vessels,  usually  comes  from  the  joint. 

Two  other  bony  points  should  be  noted.     J<irst  the 
tuberosity  of  the  ischium,  which  is  the  part  upon  which 


FIG.  2646.— The  Hip-Joint  Opened.  (From  Sappey.)  1,  1,  Transverse  section  of  the 
capsular  ligament,  showing  Its  variations  in  thickness :  2,  section  at  the  situation 
where  it  is  strengthened  by  the  ilio-f emoral  bands ;  3,  3,  free  edge  of  the  cotyloid 
ligament ;  4,  .5,  6,  semilunar  interspaces  which  separate  that  ligament  from  the 
capsule;  7,  7,  pad  of  fat  at  the  bottom  of  the  acetabulum:  8,  9,  the  llgamentum 
teres;  10,  the  umbo,  or  depression  on  the  head  of  the  femur;  11, 11,  head  of  the 
femur ;  12,  farthest  extent  of  the  articular  surface  behind ;  13, 13,  that  portion  of  the 
neck  behind  that  is  invested  with  synovial  membrane ;  14, 14,  oblique  line  where 
the  synovial  memhrane  is  reflected ;  15,  that  portion  of  the  neck  behind  that  re- 
mains without  the  capsule :  16,  great  trochanter ;  17,  digital  fossa ;  18,  lesser  tro- 
chanter ;  19,  posterior  intertrochanteric  line. 


the  weight  of  the  body  rests  in  sitting.  In  the  erect  post- 
ure it  is  concealed  by  the  gluteal  fold  behind,  but  may 
readily  be  made  out  by  palpation.  Second,  the  great  tro- 
chanter, which  is  situated  on  the  outer  part  of  the  upper 
thigh,  about  four  inches  below  and  beliind  the  anterior 
superior  iliac  spine.  The  top  of  it  is  on  a  level  with  the 
pubic  spine,  and  about  three-fourths  of  an  inch  below 
the  head  of  the  femur.  When  the  leg  is  abducted  the 
trochanter  will  be  found'  at  the  bottom  of  a  depression ; 
when  adducted  and  rotated  inward  it  makes  a  promi- 
nence. The  anterior  superior  iliac  spine,  the  tuberosity 
of  the  ischium,  and  the  pubic  spine  are  all  about  equally 
distant  from  the  bottom  of  the  acetabulum.  A  line  con- 
necting the  first  two  is  known  as  Nelaton's  line.  It 
grazes  the  great  trochanter  and  passes  directly  over  the 
middle  of  the  acetabulum  when  the  thigh  is  slightly 
flexed.  By  noting  the  extent  of  displacement  of  the 
trochanter  with  reference  to  this  line,  much  can  be  made 
out  as  to  dislocation  or  fracture.  Upon  rotating  the 
femur  the  trochanter  will  be  seen  to  describe  the  arc  of 
a  circle,  with  a  radius  equal  to  the  length  of  the  head  and 
neck ;  in  case  of  frapture  the  arc  is  much  less,  the  bone 
rotating  merely  upon  the  axis  of  the  shaft.  The  patient 
being  in  the  recumbent  position,  a  fracture  of  the  neck 
may  also  be  detected  by  noting  the  displacement  of  the 
trochanter  toward  a  line  dropped  vertically  from  the  an- 
terior superior  spine  of  the  ilium  (Bryant). 

Of  the  articular  surfaces  the  acetabulum  is  the  more 
liable  to  disease,  because  it  is  composed  of  a  greater 
variety  of  elements.  The  three  primitive  bones,  the 
Uium,  ischium,  and  pubis,  which  unite  to  make  the  in- 
nominate bone,  all  participate  in  the  formation  of  tlic 
cavity.  Up  to  the  age  of  puberty  the  component  bones 
are  separated  by  a  Y-shaped  strip  of  cartilage  It  is 
probably  on  account  of  the  unusual  activity  required  by 
the  osteogenic  process  here  that  the  joint  is  so  prone  to 
disease  in  childhood,  hip  disease  rarely  occurring  after 
ossification  is  completed.     The  primitive  divisions  of  the 


cavity  are  still  indicated  in  the  adult  by  notches  on  the 
edge  of  the  acetabulum.  The  lower  part  of  the  cavity 
is  not  covered  with  cartilage,  but  offers  a  rough  depres- 
sion filled  in  with  fat  and  processes  from  the  synovial 
membrane,  in  which  vessels  pass  to  supply  the  joint 
(Haversian  gland)  (Fig-  2646).  It  results  from  this  that 
the  part  of  the  joint  covered  with  cartilage  has  somewhat 
of  a  horseshoe  shape.  The  lower  part,  both  because  of 
its  vascularity  and  on  account  of  its  want  of  protection 
by  cartilage,  is  usually  the  first  attacked  by  inflammatory 
processes.  It  is  also  in  this  situation  that  the  walls  are 
thinnest,  as  it  is  necessary  to  buttress  above  against  the 
thrust  of  the  femur  in  the  erect  position.  The  thinness 
here  explains  the  ease  with  which  inflam- 
matory processes  may  be  propagated,  an 
arthritis  giving  rise  to  a  pelvic  cellulitis, 
and  a  pelvic  abscess  occasioning  inflam- 
mation of  the  joint.  Perforation  of  the 
acetabulum  is  not  very  common,  as  the 
pressure  is  but  slight. 

Within  the  pelvic  cavity  the  situation 
corresponding  to  the  acetabulum  is  cov- 
ered in  part  by  the  obturator  internus. 
When  the  perforation  occurs  it  must  there- 
fore be  in  one  of  three  positions' — either 
upon  the  muscle,  behind  it,  or  in  front  of 
it.  In  the  first  instance  the  pus  passes 
out  with  the  tendon  of  the  muscle  at  the 
lesser  sciatic  notch,  and  points  upon  the 
nates.  When  the  perforation  occurs  be- 
hind, the  pus  goes  into  the  ischio-rectal 
fossa,  and  discharges  through  the  perine- 
um or  into  the  rectum.  When  it  occurs 
in  front,  the  pus  passes  upward  along  the 
sheath  of  the  obturator  vessels  and  makes 
its  appearance  in  the  groin.  ^ 

The  acetabular  cavity  is  not  quite  an 
inch  in  diameter  and  does  not  comprise 
an  entire  hemisphere.  This  deficiency  is 
made  up  by  fitting  to  the  rim  an  elastic 
structure  of  fibro -cartilage  called  the  cotyloid  ligament. 
This  is  triangular  on  section  and  spans  over  the  notch  at 
the  bottom  of  the  cavity,  being  there  known  as  the  trans- 
verse ligament.  The  cavity  thus  deepened,  is  somewhat 
more  than  a  hemisphere.  The  cotyloid  ligament  is  applied 
closely  to  the  surface  of  the  femur,  and  helps  to  retain  it 
in  position — acting,  however,  as  a  valve,  as  it  is  easily 
stretched  sufiiciently  to  disarticulate  the  bones.  Both 
the  head  and  the  neck  of  the  femur  should  be  regarded 
as  taking  part  in  the  articulation,  the  first  by  actual  con- 
tact, the  second  by  its  inclusion  in  the  capsule.     The 


hip-hone 


capsule 


no.  ai47.— Section  through  the  Lett  Hip-Joint. 

articulating  surface  of  the  head  has  been  estimated  at 
nine  and  a  half  square  inches,  and  when  to  this  is  added 
the  surface  of  the  acetabulum  and  capsule,  there  are 
about  twenty  square  inches  of  synovial  surface  subject 
to  inflammation.'    It  is  not,  therefore,  surprising  that 
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the  joint  shovild  be  susceptible  to  injury.  The  cartilag- 
inous covering  extends  farther  from  front  to  hack  than 
from  side  to  side,  indicating  the  direction  of  the  greatest 
excursion  of  the  articular  surface.  A  short  distance  be- 
low the  summit  of  the  head,  and  a  little  nearer  the  pos- 
terior than  the  anterior  surface,  there  is  a  slight  depres- 
sion, termed  the  umbo,  for  the  insertion  of  the  ligamentum 
teres  (see  Pigs.  2646  and  2647).  The  neck  is  obliquely 
set  upon  the  shaft  at  an  angle  which  varies  according  to 
the  age  of  the  individual,  but  not  so  much  as  is  generally 
supposed,  being  about  an  average  of  131°  for  the  child 
and  adult,  and  128°  for  the  aged.''  Individual  variations 
are  more  pronounced,  lying  between  121°  and  144°,  or 
more.  The  angle  is  less  in  females  than  in  males.  These 
facts  explain  the  greater  frequency  in  women  and  aged 
people  of  fracture  from  shocks  delivered  upon  the  neck 
in  a  vertical  direction,  as  the  nearer  the  angle  between 
the  neck  and  the  shaft  is  to  a  right  angle  the  greater 
would  be  the  shearing  stress  under  such  circumstances. 
The  compact  tissue  is  mainly  at  the  lower  part,  where 
the  most  bracing  is  required.  Caries,  therefore,  works 
much  more  rapidly  upon  tlie  upper  surface. = 

An  apparatus  connected  with  the  synovial  membrane 
of  the  joint  is  the  so-called  ligamentum  teres,  or  round 
ligament — which  is  not  round,  nor,  properly  speaking,  a 
ligament,  being  a  flattened  band  quite  similar  to  the 
synovial  processes  with  which  it  is  united  at  both  ends 
(see  Fig.  2646).  It  passes  from  the  fossa  at  the  bottom 
of  the  acetabulum  to  the  umbo  upon  the  head  of  the 
femur.  It  does  not,  like  interosseous  ligaments,  extend 
in  the  shortest  direction  from  one  bone  to  the  other,  but 
is  in  a  manner  rolled  around  the  lower  part  of  the  head 
(Fig.  2647).  It  is  composed  of  loose  connective  tissue 
and  contains  vessels. 

Various  surmises  have  been  made  as  to  its  use.  It  was 
formerly  held  to  be  for  the  purpose  of  limiting  outward 
rotation  and  adduction  during  flexion  *,  ',  '.  It  has  been 
shown,  however,  that  if  the  capsule  is  left  intact,  these 
motion's  are  more  closely  Umited  than  when  it  is  severed, 
and  the  strain  comes  alone  upon  the  ligamentum  teres. 
Tillaux  ■*  thinks  that  it  tends  to  break  shocks  delivered 
by  the  femur  upon  the  top  of  the  acetabular  cavity  in 
jumping,  etc.  Sappey » supposes  that  its  principal  func 
tion  is  the  protection  and  conveyance  of  vessels  to  nour 
ish  the  head  of  the  femur;  but  HyrtP  finds  that,  upon 
careful  injection  of  the  arteries,  only  the  round  ligament 
and  the  fatty  cushion  at  the  bottom  of  the  acetabulum 
become  reddened,  and  that  at  the  insertion  of  the  round 
ligament  upon  the  femoral  head  the  capillary  arteries 
loop  back  and  unite  with  veins.  An  injection  of  the 
superior  nutrient  artery,  on  the  contrary,  fills  the  capil 
laries  of  the  cancellous  tissue  of  the  head.  This  explams 
the  well-known  pathological  fact  that  an  intracapsular 
fracture  of  the  femoral  neck  is  likely  to  be  followed  by 
non-union  of  the  fragments,  notwithstandmg  that  the 
ligamentum  teres  may  be  left  intact.  Langer,'"  how- 
ever finds  that,  in  young  subjects,  vessels  of  consider- 
able size  pass  through  directly  into  the  proximal  epiphy- 
sis of  the  femur,  and  suggests  that  its  function  is 
connected  with  the  nourishment  of  that  epiphysis. 
When  this  becomes  united,  its  vascular  system  is  con- 
nected with  that  of  the  nutrient  artery,  and  the  branches 
received  through  the  ligament  gradually  atrophy,  until 
in  old  age  they  are  almost  entirely  wanting. 

Welcker"  has  made  a  careful  examination  ot  tins  liga- 
ment in  the  animal  series,  as  well  as  in  human  embryos, 
and  considers  it  a  process  of  synovial  membrane  origi- 
nating as  a  fold  at  the  side  of  the  articular  surface,  and 
gradually  detached  by  the  twisting  of  the  hmbs.  In 
lome  animals  quite  near  man,  as  the  orang  (occasionally 
also  in  man),  it  is  wanting,  but  it  may  be  said  to  be  gen- 
erally present  when  there  is  much  differentiation  ot  the 
hind  limbs.  In  the  tapir  it  is  reduced  to  a  process  at- 
tached only  at  the  side,  a  condition  occasionally  found  in 
the  human  shoulder- joint.  _ 

One  of  the  most  interesting  views  as  to  the  nature  ot 
this  puzzling  structure  is  that  of  Sutton,''  who  thinks  it 
a  vestige  of  a  tendon,  probably  a  former  attachment  of 


the  pectineus.  The  ambiens  muscle  of  ostriches,  homol- 
ogous with  the  pectineus,  carries  its  tendon  into  the  joint 
to  the  head  of  the  femur.  In  the  lizard  i^plicnodon,  the 
pectineus  has  two  heads,  one  going  to  the  femur,  the 
other  to  the  pubic  bone,  reminding  one  of  the  biceps 
brachialis.  In  the  horse  the  ligamentum  teres  has  two 
parts,  one  of  which  is  continuous  with  the  pectineus. 

The  capsule  of  the  joint  is  much  stronger  and  thicker 
than  that  at  the  shoulder,  and  confines  the  bones  more 
closely.  It  is  united  above  just  beyond  the  base  of  the 
outer  edge  of  the  cotyloid  ligament,  and  to  the  transverse 
ligament.  Upon  the  femur  it  passes  considerably  beyond 
the  articular  surface,  taking  in  a  portion  of  the  neck. 
In  front  it  reaches  to  the  anterior  intertrochanteric  line, 
while  behind,  because  of  the  numerous  muscles  coming 
to  be  inserted  into  the  trochanter,  it  does  not  reach  the 
posterior  line,  but  covers  only  about  the  inner  two-thirds 
of  the  neck.  It  follows  from  this  that  all  fractures  of  the 
neck  are  intracapsular  in  front,  that  they  are  intracapsu- 
lar in  front  and  behind  when  situated  at  the  internal  half, 
but  when  at  the  external  half  they  may  be  intracapsular 
in  front  and  extracapsular  behind.  Tillaux  "i  notes  that 
the  synovial  membrane  is  reflected  within  the  capsule 
somewhat  in  advance  of  the  fibres  of  the  capsule,  and 
shows  that  a  fracture  might  be  intracapsular  and  still  not 
involve  the  synovial  membrane.  He  therefore  proposes 
that  the  fi'actures  of  the  neck  be  divided  into  intra-  and 
extra-articular. 

The  innermost  layer  of  the  capsule,  not  including  the 
synovial  membrane,  is  a  thin  layer  of  circular  fibres. 
These  become  more  apparent  behind  and  at  the  lower 
part,  where  they  are  known  as  the  zona  orbicularis. 
This  is  the  weakest  part  of  the  capsule,  and,  conse- 
quently, the  point  where  pus  usually  bursts  through, 
and  where  spontaneous  dislocation  takes  place  in  hip 
disease.  A  blow  on  the  great  trochanter  forcing  the 
head  of  the  bone  downward  and  backward  is  apt  to  occa- 
sion dislocation,  especially  when  the  thigh  is  flexed  so 
as  to  make  the  head  of  the  femur  press  against  this  weak 
part.  The  circular  fibres  are  not  confined  to  this  spot, 
but  are  found  intermingling  with  others  in  all  parts  of 
the  capsule.  They  undoubtedly  exercise  a  restraining 
influence  against  dislocation  of  the  bone  by  constricting 
the  capsule  at  its  femoral  insertion. 

In  those  situations  where  special  stress  occurs,  longi- 
tudinal bundles  of  considerable  strength  have  been 
formed  upon  the  surface  of  the  capsule.  These  form 
four  tolerably  distinct  bands.  Two  of  these  are  caused 
by  the  necessity  of  supporting  the  trunk  in  the  erect 
position.  They  pass  from  the  anterior  inferior  spine  of 
the  ilium  downward,  diverging  from  each  other  like  the 
branches  of  an  inverted  Y  (A),  one  going  to  the  base  of 
the  trochanter  major,  the  other  to  just  above  the  tro- 
chanter minor.  They  have  usually  been  described  col- 
lectively as  the  ilio-fcmoral  ligament,  ligament  of  Bertin, 
or  Y  hgament  of  Bigelow.  Welcker"  has,  however, 
suggested  that,  as  the  two  bands  are  distinct  and  perform 
different  physiological  functions,  they  should  receive 
separate  names,  and  proposes  to  call  them  the  superior 
and  anterior  ilio-femoral  ligaments.  They  are  both  ex- 
ceedingly strong.  It  is  because  of  this  that,  in  the  bar- 
barous punishment  of  "  drawing  "  a  criminal,  by  means 
of  four  horses  attached  to  his  limbs  and  proceeding  in 
opposite  directions,  the  separation  at  the  hip-joint  had 
usually  to  be  completed  with  a  knife,  the  ligaments  re- 
sisting after  several  hours  of  trial— as  was  the  case  at  the 
execution  of  Ravaillac,  the  assassin  of  Henry  IV.,  and  of 
Damiens,  who  attempted  the  life  of  Louis  XV. 

The  superior  ligament  is  perhaps  the  strongest  liga- 
ment in  the  body,  being  from  one-fourth  to  one-half  an 
inch  thick  (7  to  14  mm.  Welcker),  and  stronger  than  the 
tendo  Achillis.  Its  action  is  to  limit  the  extension  of  the 
femur  upon  the  pelvis.  In  the  erect  position  the  weight 
of  the  body  falls  behind  the  hip,  and  the  pelvis  is  accord- 
ingly tilted  backward,  putting  this  band  on  the  stretch, 
and  it  then  sustains  the  whole  weight  of  the  trunk,  head, 
and  arms,  a  great  economy  of  muscular  force  being  thus 
effected.     It  also  limits  outward  rotation  and  adduction. 
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The  anterior  ligament  is  also  very  strong,  being  nearly 
one-fourth  of  an  inch  thick  (4  to  5  ram.),  and  the  longest 
strengthening  band  of  the  capsule.  It  assists  the  supe- 
rior ligament  in  limiting  extension,  but  not  in  the  same 
plane,  the  plane  of  limitation  for  the  superior  ligament 
being  nearly  parallel  to  the  axis  of  the  femoral  neck,  that 
of  the  anterior  with  the  axis  of  the  shaft. 

The  two  ligaments  are  but  slightly  developed  before 
the  erect  position  is  attained.  Indications  of  them  are 
found  early,  but  they  increase  with  the  growth.  In  ani- 
mals that  can  stand  partially  erect,  such  as  apes  and  some 
marsupials  (kangaroo),  the  ligaments  are  strong ;  in  others 
slight.'* 

They  have  an  important  influence  in  determining  the 
deformity  which  results  from  dislocations  of  the  femur, 
and  may  be  used  as  a  fulcrum  in  reducing  them.  "*  Thus, 
it  is  the  superior  ligament  which  holds  the  neck  fixed, 
and  hence  causes  the  inward  turning  of  the  toes  in 
dislocation  backward.  In  thyroid  dislocation  the  ante- 
rior ligament  causes  in  a  similar  way  an  eversion  of  the 
toes. 

Another  strengthening  band  of  the  capsule  is  the  pubo- 
femoral ligament,  which  stretches  from  the  pectineal 
eminence  of  the  pubic  bone  to  the  lesser  trochanter.  It 
is  from  3  to  3  mm.  thick,  and  limits  abduction.  The 
ischio-femoral  band  is  of  about  the  same  size,  and 
stretches  in  a  similar  way  from  the  tuberosity  of  the 
ischium  to  the  digital  fossa  of  the  great  trochanter,  along 
the  line  of  the  tendon  of  the  obturator  internus,  with 
which  it  is  somewhat  blended.  It  limits  rotation  in- 
ward. It  is  sometimes  described  as  ending  upon  the 
capsule,  and  therefore  called  ischio-capsular  (Henle) ;  but 
"Welcker  and  others  find  the  arrangement  described  the 
usual  one. 

The  action  of  these  four  bands  is  such  that  in  passing 
from  the  flexed  to  the  extended  position  they  wind 
around  the  neck  in  such  a  way  as  to  shorten  the  capsule, 
which,  being  closely  united  with  the  zona  orbicularis,  is 
drawn  up  against  the  edge  of  the  acetabular  cavity  and 
surrounds  the  lower  part  of  the  head  as  with  a  ring.  It 
may  be  said  that  the  contraction  is  such  that  dislocation 
is  impossible  in  the  extended  position. 

The  brothers  Weber  made  the  discovery  that  the  head 
of  the  femur  is  held  in  position  by  atmospheric  pressure, 
the  amount  of  weight  thus  lifted  being  somewhat  greater 
than  that  of  the  limb.  This  greatly  economizes  the  mus- 
cular force  required  for  walking.'  The  closely  fitting 
cotyloid  ligament  assists  this  greatly,  and  dislocation  is 
very  unusual,  if  not  entirely  impossible,  without  injury 
to  it.  Men  and  animals  that  ascend  mountains  to  a 
lieight  where  the  air  becomes  sufliciently  rarefled  to  be 
of  less  effect  in  upholding  the  weight  of  the  limbs 
suffer  from  weakness  in  the  joints.  HyrtP  states  also 
tliat  mountameers,  who  have  trained  their  muscles  by 
long  use  m  a  rarefied  atmosphere,  are  somewhat  in- 
expert m  the  use  of  their  legs  when  they  descend  to 
the  vallej's. 

The  arterial  supply  to  the  joint  is,  as  has  been  stated 
through  the  notch  m  the  lower  part  of  the  acetabulum 
some  collateral  cu-culation  being  imperfectly  effected  bv 
means  of  capillary  branches  from  the  nutrient  artery  of 
nnmh!?).'"i  '^,  capsular  ligament  is  remarkable  for  the 
number  of  vessels  and  nerves  which  ramify  in  it 

Ihe  ]omt  IS  usually  said  to  be  supplied  with  nerves 
cenHvJh  '"'"'  a>^d  from  the  obturator  trunks  but  7e 
/n^pf  wpf  "Z'  ^"PPlyl'as  been  carefully  reinvesti- 
gated by  Chandelux,  who  finds  it  to  be  as  follows    In 

int'  inr*'''^  ^r^  "^'^  musculo-cutanoous  branch  of' the 
anterior  crural  is  given  off  a  short  distance  from  t  , 
point  where  the  nerve  is  lost  in  the  Dectfneus  Tl  = 
passes  behind  the  sheath  of  the  fenj.af  ve    els    and 

iS|5=^^i/^r:r^;-r[S-3 
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terior  portion.     No  nerve  was  found  from  the  obturator 
trunk. 

It  is  believed  that  this  distribution  explains  certain 
phenomena  connected  with  coxalgia.  In  certain  forms 
the  propulsion  of  the  head  against  the  acetabular  cavity 
by  percussion  upon  the  knee  is  hardly  felt,  although  a 
direct  pressure  upon  the  internal  part  of  the  femoral  head 
in  front  is  very  painful,  as  are  also  forced  movements  of 
outward  rotation.  In  this  case  it  is  supposed  that  there 
is  a  coxalgia  of  capsular  origin. 

Again,  the  characteristic  attitude  is  also  explained. 
Often  adduction  of  the  leg  is  accompanied  by  inward  ro- 
tation, but  in  some  patients  outward  rotation  occurs.  As 
the  anterior  articular  nerve  is  only  a  bifurcation  of  the 
branch  going  to  supply  the  pectineus,  it  may  easily  be 
imagined  that  a  neuritis,  arising  perhaps  from  the  syno- 
vial membrane,  affects  the  pectineal  branch  and  causes 
the  muscle  to  act. 

The  pain  in  the  knee,  which  is  an  almost  constant 
symptom  in  hip  disease,  has  usually  been  considered  to  be 
caused  by  the  reflex  action  through  the  articular  branch 
from  the  obturator  nerve.  It  may,  however,  be  caused 
by  a  neuritis  extending  to  the  internal  saphenous  nerve, 
or,  as  is  more  likely,  by  the  pressure  which  the  effusion 
into  the  joint  makes  upon  the  obturator  nerve  where  it 
lies  upon  the  anterior  part  of  the  capsule.' 

Frank  Baker. 
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HIP-JOINT,  CONGENITAL  DISLOCATION  OF  THE 

—Congenital  dislocation  of  the  hip-joint,  or  perhaps 
more  properiy  misplacement,  is  by  far  the  most  common 
and  the  most  important  of  this  class  of  disability. 

It  is  much  more  common  in  females  than  in  males  as  is 
Illustrated  by  the  following  statistics:  In  671  cases  col- 
lected from  different  sources  by  Lorenz  589  (87  8  per 
^i'M^^^''''  >°  females  and  83(12.2  per  cent.)  in  males. 
Ut  l,Ud9  cases  seen  at  the  Polyclinic  in  Milan  867  (83  4 
per  cent.)  were  in  females,  172  (16.6  per  cent.)  in  males, 
in  500  cases  recorded  at  the  Hospital  for  Ruptured  and 
Crippled,  413  (82.6  per  cent.)  were  in  females  and  87 
(17.47  per  cent.)  in  males. 

The  dislocation  is  more  often  unilateral  than  bilateral 
In  Lorenz  s  series  of  671  cases,  431  (64.4  per  cent  )  were 
single;  325  of  the  right,  196  of  the  left  side.  In  345 
cases  (36.6  per  cent.)  the  displacement  was  bilateral  In 
Q^o  ^t^t^lftics  of  the  Hospital  for  Ruptured  and  Crippled 
656  (71.3  per  cent.)  were  unilateral;  135  of  the  right  and 
318  of  the  left  side;  136  (37.87  per  cent.)  were  bilateral. 

The  dislocation  at  the   time  when  the  patients  are 
brought  lor  treatment  is  usually  posterior,  upon  the  dor- 
sum of  the  ilium.     In  other  instances  it  is  anterior,  the 
head  of  the  bone  lying  below  the  anterior  superior  spine 
Occa.sionally  the  displacement  appears  to  be  a  subluxa- 
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tion  due  to  laxity  of  the  capsule;  in  such  cases  it  may 
be  directly  upward,  supiacotyloid.  This  form  is  more 
otten  seen  m  infancy,  and  it  represents  possibly  the  pri- 
mary displacement  of  a  much  larger  proportion  of  the 
total  number,  which  changes  to  the  ordinary  form  under 
lunctional  use. 

Pathology.— The  degree  of  abnormality  of  the  joint 
and  of  the  surrounding  parts  varies  with  the  age  of  the 
patient  and  with  the  strain  and  friction  to  which  the 
displaced  parts  have  been  subjected.  At  birth  it  may 
be  assumed  that  the  head  of  the  bone  lies  in  close  prox-- 
iraity  to  a  somewhat  rudimentary  actetabulum.  At  a 
later  time,  when  the  joint  is  exposed  at  operation  at  the 
age  of  four  years  or  more,  the  rudimentary  acetabulum 
may  be  partly  filled  with  cartilage,  fat,  and  fibrous  tissue. 
As  a  rule,  however,  a  well-marked  ridge  indicating  its 
posterior  and  upper  margin  can  be  made  out  and  in  many 
instances  it  appears  to  be  of  fair  size  and  depth,  but  al- 
ways misshaped  to  a  greater  or  less  degree,  smaller  and 
shallower  than  normal,  and  in  ohk-r  subjects  contracted 
at  its  upper  margin  to  a  somewhat  triangular  form. 

The  capsule  is  elongated  to  accommodate  the  upward 
dislocation  of  the  femur.  It  is  hypertrophied,  especially 
where  it  covers  the  upper  part  of  the  head  of  the  bone, 
and  it  is  often  drawn  into  a  shape  like  an  hourglass;  the 
upper  part  contains  the  head  of  the  bone ;  the  anterior 
wall  is  drawn  tightly  across  the  acetabulum,  forming 
at  its  upper  border  a  narrow,  slit-like  communication, 
through  which  the  ligameutum  teres  passes,  if  it  be  pres- 
ent. The  inteiior  of  the  capsule  is  in  part  lined  with 
synovial  membrane,  and  it  often  contains  more  synovial 
fluid  than  is  found  in  the  normal  joint. 

The  ligamentum  teres,  although  probably  present  at 
birth  in  a  large  proportion  of  the  cases,  becomes  attenu- 
ated and  ribbon-like  with  the  increasing  elongation  of 
the  capsule,  and  after  the  age  of  five  years  it  is  usually 
absent  or  very  rudimentary. 

A  sliallow  depression  formed  in  part  by  the  direct 
pressure  of  the  head  of  the  bone  through  the  adherent 
capsule,  and  in  part  the  result  of  irritation  of  the  peri- 
osteum is  usually  found  upon  the  ilium,  but  as  it  is  not 
often  of  sufficient  depth  to  assure  a  secure  support  for 
the  head  of  the  femur  its  upper  margin  gradually  recedes 
or  two  distinct  depressions  may  be  formed  one  above  the 
other.  The  upper  extremity  of  the  femur  is  usually 
somewhat  atrophied.  The  neck  is  often  shorter  than 
normal,  its  angle  may  be  lessened  and  in  many  instances 
its  forward  inclination  is  increased  (anteversion).  The 
head  of  the  bone  may  be  nearly  normal,  although  usually 
it  is  somewhat  flattened  on  its  inner  and  under  surface, 
or  it  may  be  somewhat  conical,  or  again  compressed  from 
side  to  side  to  an  almond  shape  or  otherwise  distorted. 

There  are  also  secondary  changes  in  the  bones  of  the 
pelvis.  In  unilateral  dislocation  the  pelvis  is  usually 
somewhat  atrophied  on  the  affected  side,  and  a  lateral  in- 
clination of  the  spine  may  be  present.  The  final  changes 
in  the  pelvis  caused  by  the  bilateral  dislocation  are  more 
important;  its  inclination  is  increased,  the  lumbar  lor- 
dosis is  exaggerated,  the  sacrum  is  forced  forward  and 
downward  so  that  the  antero-posterior  diameter  is  less- 
ened ;  the  tuberosities  of  the  ischia  are  everted  and  the 
transverse  diameter  of  the  pelvic  outlet  is  increased. 

The  long  muscles  of  the  thigh  are  shortened,  while  those 
attached  about  the  trochanter  are  changed  in  direction 
and  are  usually  lengthened.  There  is  also  a  slight  gen- 
eral muscular  atrophy  that  is  particularly  marked  on  the 
gluteal  group.  The  changes  become  more  marked  with 
increasing  age,  and  in  some  of  the  adult  specimens  but 
little  resemblance  to  the  normal  parts  remains. 

As  a  rule,  congenital  dislocation  of  the  hip  is  not  ac- 
companied by  defective  development  or  deformity  else- 
where; although  cases  are  sometimes  seen  in  which  a 
general  laxity  of  ligaments  is  present  or  in  which  the 
dislocation  may  be  one  of  a  series  of  deformities  and  mal- 
formations. 

Etiology. — Nothing  positive  is  known  of  the  etiology 
of  the  dislocation.  In  a  small  proportion  of  the  uni- 
lateral cases  it  may  be  due  to  violence  at  birth,  but  the 


fact  that  nearly  eighty-flve  per  cent,  of  the  patients  are 
temales  indicates  that  the  primary  cause  can  be  neither 
injury  nor  disease. 

Hereditary  influence  can  be  established  in  a  few  in- 
stances and  the  displacement  may  be  present  in  more 
than  one  of  the  same  family.  The  writer  has  examined 
three  female  chihlren, 
in  a  family  of  nine,  in 
each  of  whom  there 
was  dislocation  of  the 
left  hip,  the  order  be- 
ing the  tiiird,  eighth, 
and  ninth  child;  also 
twins,  one  having 
single  and  the  other 
double  dislocation.  In 
but  two  instances  in  a 
large  number  of  obser- 
vations, was  it  certain 
that  congenital  dis- 
placement was  present 
in  the  mothers  of  the 
patients. 

Of  the  various  theo- 
ries that  have  been  ad- 
vanced to  account  for 
the  condition,  the  most 
reasonable  seems  to  be 
defective  development 
eitlier  of  the  entire 
acetabulum  or  of  its 
posterior  margin.  This 
defective  development 
may  be  primary  or  it 
ma}'  be  secondary  to  a 
fixed  position  of  the 
limb  in  adduction  and 
fiexion. 

Heusner  has  endeav- 
ored to  explain  the 
greater  liability  of  fe- 
males to  the  dislocation 
by  disproportionate 
laxity  of  the  capsule 
which  he  thinks  is 
characteristic  of  the 
sex.  It  is  probable 
that  the  dislocation  in 
many  instances  is  at 
birth  a  subluxation 
only  and  becomes  com- 
plete through  muscu- 
lar action  and  by  the 
use  of  the  limb  in 
standing  and  walking. 

Symptoms. — The  displacement  does  not  as  a  rule  at- 
tract attention  until  the  child  begins  to  walk ;  although 
in  some  cases  the  mother  may  have  noticed  a  peculiar 
breadth  of  pelvis,  or  a  "lump"  on  the  buttock,  or  a 
"  snapping  "  about  the  hip-joint,  or  a  peculiar  attitude  of 
the  limb  before  this  time. 

Unilateral  Dislocation. — If  the  displacement  is  of  one 
side,  a  limp  is  immediately  apparent,  and  this  becomes 
more  noticeable  as  the  child  grows  older.  The  limp  is 
characteristic  of  the  affection,  for  the  limb  is  not  only 
shorter  than  its  fellow  but  owing  to  the  elasticitj'  of  the 
capsule  it  becomes  still  shorter  when  weight  falls  upon  it. 
Thus  in  walking  there  is  a  peculiar  lunge  of  the  body  tow- 
ard the  affected  side.  In  most  instances  the  dislocation 
is  upon  the  dorsum  of  the  ilium,  the  head  of  the  femur 
being  displaced  upward  and  backward.  In  compensa- 
tion the  pelvis  is  tilted  toward  tlie  short  leg  and  its  in- 
clination is  increased.  It  is  also  rotated  forward  so  that 
the  anterior  superior  spine  lies  on  a  lower  plane,  and  in 
advance  of  that  of  the  opposite  side. 

When  the  child  begins  to  walk  the  shortening  of  the 
limb  is  from  one-half  to  three-quarters  of  an  inch.  In 
adolescence  it  is  from  one  and  a  half  to  three  inches  or 


Fig.  2648.  —  Unilateral  Dislocation 
Showing  the  Inclination  of  the  Body 
Toward  the  Shorter  Limb. 
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even  more,  tlie  shortening  increasing  as  the  capsule  elon- 
gates under  pressure. 

Other  signs  are  the  flattening  of  the  buttock  and  the 
elevated  and  prominent  trochanter  vehich  may  be  seen 


FIG.  2649— Bilateral  Bislocatlon  Showing  the  Relative  Shorteuins  of 
the  Lower  Limbs  and  the  Apparent  Broadening  of  the  Pelvis. 

or  felt  as  an  abnormal  lateral  projection,  on  a  level  with 
the  anterior  superior  spine,  which  is,  as  has  been  stated 
somewhat  tilted  downward.  ' 

In  childhood  the  attitude  of  the  limb  is  practically 
normal  and  motion  is  unrestricted.  There  is,  in  fact  an 
abnormal  mobility  that  maybe  demonstrated  by  alternate 
traction  and  upward  pressure  on  the  limb.  As  the  femur 
becomes  larger  and  the  upward  displacement  increases 
the  mobility  is  restricted;  the  range  of  abduction  in  par- 
ticular IS  much  diminished  and  not  infrequently  the  limb 
becomes  permanently  adducted  and  flexed,  thus  addino- 

th^  dXation  '°'*"'*°^  "*  "^'^"'^**°'^  *°  *^^*  '^'''"^  ^y 
Bilateral  Dulocation.-AmKn  tlie   dislocation  is  bilat- 
eral the  shortening  of  the  limbs  is,  as  a  rule   eoual  or 

pelv  I  •,°'tib^'f ''°"'  'rr  ■'''"  '^'^Pl-^^-'^d  backus  th 
fh!  Kc  ?    •   "■  ■"  f^'^^ard.     In  compensation  the  hollow  of 
tocks  at  flVT.?''f';'  •  "^^ -Women  protrudes,  the  but 
wide  aid  H^pt'  *"  P'='^i«  appears  to  be  abnormally 

val    '  T  e  lSr''.''^f'^^^^^^  by  acon,siderable  intei^ 
vai.     iiie  limp  characteristic  of  the,  single  disnlacempnt 
is  replaced  by  an  exaggerated  waddle,  a  "sa   or  » a  t^' 
thnn  ,7'''y^^'l^'  flliood  there  may  be  no  symptom    other 
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placement,  because  in  the  latter  case  the  normal  joint  is 
capable  of  bearing  more  than  its  share  of  the  strain.  The 
symptoms  often  increase  during  adolescence,  but  they 
may  become  less  troublesome  in  adult  life  if  a  permanent 
resting-place  on  the  pelvis  is  secured.  This  security  is 
often  assured,  however,  by  a  corresponding  limitation  of 
the  range  of  motion.  The  physical  signs  of  course  per- 
sist and  the  individual  is,  as  compared  with  the  normal 
standard,  more  or  less  disabled  and  deformed.  Fortu- 
nately the  great  majority  of  the  patients  are  females,  and 
because  of  the  less  laborious  occupations  and  the  dis- 
tinctive dress,  the  disability  and  its  effects  are  less  serious 
than  if  the  displacement  were  more  equally  divided  be- 
tween the  sexes. 

The  symptoms  of  the  anterior  dislocation  in  which  the 
head  of  the  bone  lies  beneath  the  anterior  superior  spine, 
are  less  marked  because  the  relation  of  the  pelvis  to  the 
femur  is  nearly  normal,  so  that  secondary  deformity  is 
slight.  The  shortening  is  less  and  the  resistance  of  the 
tissues  attached  to  the  anterior  superior  spinels  sufficient 
to  assure  a  more  secure  support  than  in  the  ordinary  form 
so  that  the  limp  is  less  noticeable.  In  bilateral  anterior 
dislocation  there  is  a  swa3'ing  backward  of  the  body,  but 
the  exaggerated  lordosis  is  absent. 

Diagnosis. — The  diagnosis  offers  no  difl^culty.     The 
history  of  the  limp,  at  once  apparent  when  the  child 
began   to  walk,   yet 
not  accompanied  by 
pain  or  preceded  by 
injury  or  disease,  is 
in    itself  sufficiently 
distinctive.      If    the 
displacement    is     of 
one     side     measure- 
ment   demonstrates 
the  shortening  as 
compared    with    the 
other  limb,  a  shorten- 
ing that  is  explained 
by    the    prominence 
and  the  elevation  of 
the  trochanter  above 
Nelaton's  line.  Trac- 
tion   and    upward 
pressure  on  the  leg 
will  demonstrate  the 
abnormal  mobility  of 
the  displaced    head; 
and    finally    if    the 
thigh  be  flexed  and 
adducted   to   its   ex- 
treme limit,  the  neck 
and  head  of  the  fe- 
mur   can    be    easily 
distinguished     mov- 
ing under  the  gluteal 
muscles     when     the 
limb  is  rotated.   Thus 
it  may  be  differenti- 
ated from  depression 
of    the  neck  of  the 
femur  (coxa  vara),  in 
which   although  the 
trochanter  is  elevat- 
ed, the  neck  and  head 
of    the   bone  cannot 
be  felt,  and  in  which 
the  abnormal  mobil- 
ity, characteristic  of 
the  dislocation,  is  ab- 
sent.     Again,    coxa 
vara  is  almost  never  a 
congenital   affection, 
therefore  the  history  itself  would  practically  exclude  it 

Upwar^  displacement  of  the  femur  not  infrequently 
follows  infectious  epiphysitis  in  infancy  or  early  child- 
hood.^ In  such  cases  a  part  of  the  upper  extremity  of  the 
bone  is  usually  destroyed  so  that  the  head  cannot  be  dis- 


FiG.  ai.''i«.— Bilateral  Dislocation  Show- 
ing the  Separation  of  the  Thighs. 
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tinguished  on  palpa- 
tion. Although  the 
other  physical  signs 
are  similar  to  those  of 
the  congenital  dis- 
placement, the  scars 
about  the  joint  show 
the  evidence  of  former 
disease  and  the  history 
Is  almost  always  avail- 
able for  diagnosis,  so 
that  as  a  rule  such  dis- 
abilities as  well  as  trau- 
matic dislocations  or 
other  results  of  injury 
or  disease  are  readily 
excluded. 

Certain  of  the  minor 
symptoms  of  congen- 
ital dislocation  may  be 
simulated  by  other  af- 
fections, but  these  may 
be  excluded  readily  by 
the  physical  examina- 
tion. 

In  doubtful  cases  a 
Roentgen  picture  will 
demonstrate  the  char- 
acter of  the  disability. 
Tre.\tmbnt.  —  The 
principles  of  the  treat- 
ment are  simple,  since 
it  is  evident  that  the 
only  cure  of  a  disloca- 
tion must  be  replace- 
ment of  ■  the  displaced 
part.  The  application 
of  these  principles  is 
difficult,  however,  be- 
cause of  the  congenital 
or  acquired  abnormal- 
ities that  may  inter- 
fere with  reduction  or 
with  the  functional 
ability  of  the  limb 
after  treatment. 
There  are  two  methods  of  treatment  by  which  cure  or 
palliation  may  be  attained.  The 
first  is  forcible  reduction  without 
cutting,  of  which  the  most  prac- 
ticable method  is  that  advocated  by 
Lorenz,  although  this  treatment 
was  first  advocated  by  Paci. 

The  Lorenz  treatment  is  based 
upon  the  theory  that  if  parts 
about  the  joint  can  be  sufflcientl}' 
stretched  to  allow  the  head  of  the 
bone  to  be  brought  into  direct  con- 
tact with  the  rudimentary  acetabu- 
lum, and  if  it  can.  be  held  for  a 
sufficient  time  in  this  position,  the 
weight  of  the  body  in  walking, 
constantly  forcing  the  bone  against 
the  substance  that  partly  fills  it, 
will  gradually  enlarge  it  to  its 
normal  capacity.  Thus  he  calls  it 
the  "functional  weighting"  meth- 
od, and  this  is  its  essential  and  vital 
distinction  from  the  forcible  correc- 
tion of  Paci,  with  which  it  is  often 
confounded. 

The  steps  of  the  operation  are: 
1.  Elongation  of  the  Limb.  The 
trochanter  must  be  brought  down 
to  the  level  of  Nelaton's  line  or 
lower.  This  may  be  accomplished 
by  preliminary  traction  in  bed  with 
heavy  weights  or  by  manual  force  fig.  2653. 


FIG.  2651.— Bilateral  Dislocation  Show- 
ing Habitual  Flexion  of  the  Thigbs 
and  the  Increased  Inclination  of  the 
Pelvis. 


at  the  time  of  operation,  the  latter  means  being  efficient 
in  young  subjects.  The  child  having  been  aniesthet- 
ized,  a  folded  sheet  is  passed  between  the  legs,  the 
two  ends  of  which  are  held  by  the  assistant  above 
the  shoulder  of  the  side  to  be  operated  on,  or  the  assist- 
ant may  clasp  his  hands  about  the  perineum  and  thus 
fix  the  pelvis.  In  most  instances  counter-traction  on 
the  sheet  bj'  one  assistant  and  fixation  of  the  pelvis 
by  another  will  be  necessary.  One  then  seizes  the  thigh 
and  begins  a  series  of  alternate  stretchings  and  relaxa- 
tions, using  gradually  increasing  force  for  from  ten  to 
twenty  minutes,  or  until  the  resistance  of  the  tissues  is 
entirely  overcome.  The  leg  is  theu  as  long  or  longer 
than  its  follow  and  lies  limp  in  an  attitude  of  abduction. 

For  this  preliminary  extension  Lorenz  often  uses  a 
powerful  machine  attached  to  the  leg  by  means  of  a 
baud  about  the  ankle,  but  I  am  inclined  to  think  that  the 
manual  metliod  is  to  be  preferred  if  one  does  not  object 
to  the  labor  that  it  involves. 

2.  Reposition.  One  now  attempts  to  force  the  head 
of  the  femur  over  the  ridge  that  represents  the  posterior 
margin  of  the  acetabulum  and  through  the  opening  in 
the  contracted  capsule. 

The  thigh  is  flexed  to  about  ninety  degrees  in  order  to 
relax  the  capsule,  and  while  the  pelvis  is  fixed  by  an 
assistant,  the  limb  is  gradually  and  forcibly  abducted ; 
the  resistance  of  the  muscles  being  overcome  by  forcibly 
kneading  the  tense  adductors  with  the  ulnar  border  of 
the  hand,  as  well  as  by  the  direct  traction.  During  this 
manoeuvre  reduction  often  takes  place,  but  in  most  in- 
stances this  is  facilitated  by  upward  traction  of  the  flexed 
limb  with  one  hand,  direct  pressure  being  exerted  on 
the  trochanter  with  the  thumb  of  the  other  hand.  The 
limb  is  at  the  same  time  abducted,  and  the  head  of  the 
bone  is  drawn  and  lifted  over  the  posterior  rim  of  the 
acetabulum.  This  partial  reduction  is  accompanied  as  a 
rule  by  a  distinct  thud  and  shock,  the  limb  remaining 
fixed;  a  position  from  which  it  may  easily  be  displaced 
by  reducing  the  abduction  or  flexion. 

One  now  endeavors  to  make  the  reduction  more  stable 
by  enlarging  tlie  capacity  of  the  articulation.  The  forci- 
ble abduction  is  continued,  the  limb  being  forced  out- 
ward until  it  is  parallel  with  the  table,  or  even  behind 
the  plane  of  the  body.  It  is  then  forcibly  rotated  out- 
ward and  inward.  Finally,  the  patient  is  turned  upon 
the  sound  side  and  the  limb  is  moved  up  and  down  (Kke 
a  pump  handle),  while  strong  pressure  is  exerted  on  the 


The  Typical  Position  in  which  to  Fix  the  Limb  Alter  Eeductlon. 
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trochanter,  the  aim  being  to  drive  the  head  of  the  bone 
forward  and  inward  completely  within  the  capsule  and 
to  stretch  its  anterior  wall  which  was  drawn  over,  ana 
was  partly  adherent  to  the  acetabulum.  The  next  step 
is  to  fix  the  limb  in  a  position  in  which  reluxation  is  im- 
possible, the  typical  position  being  that  already  described 
of  over-abduction  from  the  original  attitude  of  right- 
angled  flexion  of  the  thigh  on  the  body.  This  position 
Lorenz  describes  as  one  of  extreme  abduction,  extension 
and  outward  rotation,  a  description  which  is  somewhat 
less  intelligible  to  most  readers  than  that  adopted.  In 
this  attitude  the  head  of  the  bone  should  be  felt  directly 
under  the  femoral  artery,  and  it  often  forms  a  distinct 
prominence  beneath  Poupart's  ligament.  A  short  plas- 
ter spica  bandage  is  then  applied  reaching  to  the_  knee 
where  it  is  cut  out  sufficiently  behind  to  allow  flexion  of 
the  leg  on  the  thigh.  The  body  part  of  the  spica  may 
be  of  the  usual  form  or  made  after  the  Lorenz  method  by 
figure-of-eight  turns  about  the  pelvis  so  that  the  iliac 
crests  are  firmly  fixed.  This  pelvic  portion,  which  is 
made  at  least  one-half  inch  in  thickness,  is  then  cut  out 
as  in  the  illustration  so  that  it  does  not  restrict  greatly 
the  movements  of  the  trunk.  If  greater  fixation  is  re- 
quired, as  when  it  is  difiicult  to  hold  the  head  of  the 
femur  in  the  acetabulum,  the  bandage  may  be  extended 
below  the  knee,  and  as  the  neck  of  the  bone  is  usually 
somewhat  anteverted  it  is  well  at  the  same  time  to  rotate 
the  thigh  slightly  inward.  When  the  reduction  can  be 
made  easily  and  when  the  joint  is  evidently  fairly  secure, 
as  in  certain  cases  treated  at  an  early  age,  it  is  unneces- 
sary to  exaggerate  the  normal  range  of  motion,  but  it  is 
better  to  fix  the  limb  in  an  attitude  of  moderate  flexion 
and  abduction. 

In  the  ordinary  class  of  cases  or  up  to  the  age  of  about 
four  years,  the  reduction  in  the  manner  described  is  not 
especially  difiicult.  In  older  subjects  preliminary  trac- 
tion in  bed  until  the  muscular  shortening  is  in  great  part 
overcome  is  indicated.  In  certain  cases  of  this  class 
preliminary  tenotomy  of  the  hamstrings,  of  the  adduc- 
tors, and  of  the  muscles  attached  to  the  anterior  superior 
spine  is  advocated  by  Lorenz,  and  when  reduction  is 
difiicult  he  places  a  padded  block  under  the  trochanter 
in  order  to  increase  the  leverage.  In  this  older  class,  in 
which  great  force  is  necessary  to  accomplish  reduction. 


'  which  no  complaint  is  made  by  the  patient,  who  soon  at- 
tempts to  walk.  If  the  limb  is  fixed  in  the  ordinary  posi- 
tion, that  is  drawn  up  to  about  a  right  angle  with  the 
trunk ;  a  shoe  with  a  cork  sole  two  or  three  inches  in 
height  should  be  worn  on  the  operated  side.  This  first 
bandage  should  be  kept  in  place  for  several  months ;  in 
younger  subjects  as  long  as  it  is  reasonably  clean  and 
efficient.  When  the  second  bandage  is  applied,  if  it  is 
evident  that  the  femur  is  still  in  place,  the  forced  atti- 
tude is  somewhat  lessened,  the  limb  is  advanced  slightly 
in  front  of  the  plane  of  the  body  and  at  the  same  time 
lowered  to  a  moderate  degree,  the  height  of  the  shoe 
being  correspondingly  reduced. 

In  certain  of  the  cases  in  which  the  foot  can  be  brought 
to  the  floor,  the  high  shoe  may  be  removed,  the  pelvis 
being  tilted  downward  to  accommodate  the  attitude; 
thus  more  direct  pressure  is  exerted  upon  the  rudimen- 
tary acetabulum. 

The  second  period  of  fixation  corresponds  to  the  first 
in  time.  Practically  speaking,  the  limb  is  to  be  fixed  in 
an  attitude  to  guard  against  reluxation  for  from  eight 
months  to  a  year  according  to  the  character  of  the  case. 
The  fixation  bandage  is  then  removed.  In  successful 
cases  the  attitude  of  abduction  and  outward  rotation 
often  persists  for  a  time.  Massage  and  exercises,  with 
the  aim  of  strengthening  the  extensors  and  abductors  of 
the  thigh,  are  of  service  in  the  after-treatment. 

By  this  method  of  treatment  applied  in  a  proper  man- 
ner, a  certain  number  of  absolute  cures  may  be  attained 
(in  nearly  fifty  per  cent,  of  the  cases  Lorenz  claims). 
This  proportion  is  according  to  general  experience  far 
too  large,  and  perfect  cure  in  twenty-five  per  cent,  of 
selected  cases — that  is,  in  patients  five  years  of  age  or  less 
— is  perhaps  nearer  the  true  proportion. 

In  most  instances  what  is  really  accomplished  is  a  trans- 
position, the  head  of  the  femur  being  forced  forward  to 
a  position  below  the  anterior  superior  spine.  In  many 
instances  this  failure  is  not  apparent  until  the  limb  is 
brought  to  an  approximately  normal  position,  in  others 
it  is  evident  on  removal  of  the  first  bandage.  The  rea- 
sons for  failure,  even  when  all  the  details  of  the  treatment 
are  carried  out,  are  apparent : 

1st.  Failure  to  force  the  head  of  the  bone  through  the 
constricted  capsule. 


Fig.  26D3.-TUe  Lorenz  Spica  Bandage  lUustratlng  the  Typical  Position  During  the  Second  Stage  of  the  Treatment. 


a  number  of  accidents  have  been  recorded;  for  example 
fracture  of  the  neck  of  the  femur,  paralysis  due  to 
toicible  stretching  of  the  nerves,  necrosis  of  soft  parts 
and  several  deaths  from  shock.  As  a  rule,  however  in 
the  cases  operated  on  within  a  reasonable  limit  of  a'a-p 
surpnsmgly  little  discomfort  is  experienced.  There  is 
usually  some  discoloration  and  swelling  of  the  adductor 
region  and  discomfort  lasting  for  several  days    after 
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2d.  The  very  common  ante  version  of  the  neck  of  the 
femur  that  is  practically  always  present  in  anterior  dis- 
placements and  in  a  large  proportion  of  the  other  forms. 
Thus  in  the  normal  attitude  the  head  of  the  bone  cannot 
be  retained  in  the  acetabulum. 

3d.  Such  deformity  or  non-development  that  adapta- 
tion of  the  parts  is  impossible. 

The  limit  of  age  within  which  this  operation  may  be 
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successful  cannot  be  stated  ■with  certainty.  It  is  evi- 
dent, liowever,  that  the  earlier  it  is  undertaken  the 
greater  the  chance  of  success.  After  the  age  of  five 
j-ears  the  difficulty  of  the  manipulation  is  greatly  in- 
creased and  the  chances  .of  success  are  correspondingly 
lessened.  It  may  be  performed,  hovsrever,  as  a  prelimi- 
nary to  the  open  operation,  even  if  the  chance  of  success 
is  small  or  with  the  aim  of  transposing  the  head  of  the 
femur  and  thus  improving  the  condition  of  the  patient. 
For  such  transposition  which  lessens  the  shortening  and 
replaces  the  head  of  the  femur  in  a  relatively  normal  posi- 
tion, may  be  classed  as  a  half  cure. 

The  bilateral  dislocation  is  far  less  favorable  for  treat- 
ment than  the  unilateral,  because  the  chance  of  success 
is  in  any  event  lessened  by  half  and  because  the  congeni- 
tal abnormalities  appear  to  be  more  inarked  than  in  the 
unilateral  class  of  cases.  In  young  subjects  both  hips 
may  be  operated  on  at  one  time,  although  the  resulting 
attitude  is  very  awkward  and  walking  is  practically  im- 
possible. In  older  subjects  on  this  account  it  is  better 
to  treat  one  hip  at  a  time. 

As  has  been  stated,  anterior  displacements  are  practi- 
cally always  accompanied  by  a  forward  twist  of  the 
neck  of  the  femur,  anteversion.  In  such  cases  the  limb 
must  be  fixed  in  an  attitude  of  abduction  and  inward 
rotation,  the  distortion  to  be  corrected  later  by  osteo- 
tomy. 

The  Opbn  Opekation. — As  has  been  stated,  one  of  the 
chief  obstacles  to  successful  reposition  is  the  interposition 
of  the  capsule  between  the  head  of  the  femur  and  thf 
acetabulum,  the  failure  in  other  words  to  force  the  head 
through  the  constriction  of  the  capsule. 

In  such  cases  or  whenever  the  simple  reposition  has 
been  unsuccessful  the  next  step  must  be  the  open  opera- 
tion. 

If  the  details  of  the  Lorenz  operation  have  been  fol- 
lowed no  preliminary  treatment  is  required,  but  if  the 
open  operation  is  the  primary  procedure,  all  shortening 
of  tissues  must  be  overcome  either  by  traction  in  bed 
or  by  forcible  manipulation  before  the  parts  are  ex- 
posed. 

An  incision  is  made  from  a  point  about  half  an  mch  to 
the  outer  side  of  the  anterior  superior  spine,  and  is  ex- 
tended downward  and  shghtly  backward  for  about  four 
inches;  the  fascia  is  divided  and  the  line  of  junction  be- 
tween the  tensor  vagina;  femoris  and  the  gluteus  medius 
muscles  Is  found.  These  muscles  are  then  separated  and 
are  drawn  to  either  side  by  retractors,  exposing  the  cap- 
sule of  the  joint.  The  ilio-psoas  muscle  which  often 
covers  its  anterior  surface  is  separated  from  it,  and  the 
capsule  is  caught  with  a  sharp  hook  and  it  is  freely 
opened  by  an  incision  parallel  to  the  neck  of  the  bone. 
The  finger  is  then  passed  through  the  opening  down 
upon  the  rudimentary  acetabulum.  A  strong  cervix 
dilator  is  then  inserted  and  the  contracted  capsule  is 
thoroughly  stretched.  If  the  ligamentum  teres  is  pres- 
ent it  is  removed.  If  on  examination  the  acetabulum 
appears  to  be  of  sufficient  size,  the  head  of  the  bone  is 
placed  within  it,  the  capsule  is  united,  and  the  wound  is 
closed  with  catgut  sutures.  A  long  plaster  bandage  is 
then  applied  and  the  further  details  of  the  ordinary  non- 
cutting  method  are  carried  out,  except  that  if  antever- 
sion of  the  neck  is  present  the  limb  must  be  rotated  in- 
ward as  well  as  abducted.  In  such  cases  when  the  first 
dressing  is  changed,  or  at  a  later  time,  an  osteotomy  ot  the 
shaft  of  the  femur  must  precede  the  return  of  the  hmb 
to  the  normal  attitude.  ,    ,     ,      -,       j        i,  „* 

Osteotomy.— In  order  to  control  the  head  and  neck  ot 
the  femur  a  long  drill  is  inserted  through  the  trochanter 
and  to  a  sufficient  distance  in  the  neck  to  fix  it  hmly- 
The  child  is  turned  upon  the  sound  side  and  a  sand  bag 
is  placed  between  the  thighs.  A  small  sharp  osteotome 
is  then  inserted  on  the  outer  aspect  of  the  thigh  at  a  point 
iust  below  the  trochanter  minor,  and  the  femur  is  divided. 
The  upper  fragment  being  fixed  in  its  place  by  the  drill, 
the  shaft  of  the  femur  is  rotated  outward  until  the  nor- 
mal relation  is  restored.  In  this  attitude  the  plaster 
bandage  is  applied  about  the  projecting  drill.    This  is 


drawn  out  when  the  new  position  is  assured,  that  is,  at 
the  expiration  of  a  week  or  more. 

Tlie  Ope7i  Operation  with  Enlarrjement  of  the  Acetabulum 
(the  Holla-Lorenz  operation). — This  operation  is  in  prin- 
ciple that  originally  devised  by  HofEa  and  modified  by 
Lorenz,  as  the  operation  of  routine  for  congenital  dislo- 
cation, but  which  is  now  reserved  for  cases  in  which  the' 


Fig.  2654.— Bilateral  Dislocation,  Showing  the  Less  Extreme  Attitude 
of  the  Limbs. 

simple  reposition  has  failed  or   in  which  arthrotomy 
seems  unlikelv  to  be  successful. 

If  when  the"  joint  is  opened  in  the  manner  described  the 
acetabulum  is  manifestly  inadequate,  it  may  be  enlarged 
by  removing  with  a  strong  sharp  spoon  the  contents  of 
the  rudimentary  acetabulum  and  deepening  it  to  the  nor- 
mal size. 

The  head  of  the  bone  is  then  replaced  and  the  stabihty 
of  the  articulation  is  tested  by  moving  the  limb  in  various 
directions.  The  wound  is  then  closed  or  it  may  be  tem- 
porarily packed  with  gauze  according  to  Hoffa's  method. 
A  long  plaster  bandage  is  then  applied,  the  limb  being 
extended  and  shghtly  abducted.  If  anteversion  of  the 
neck  is  present  the  femur  should  be  rotated  inward  and 
secondary  osteotomy  must  be  performed  at  a  later  time 
in  the  manner  described.  At  the  end  of  eight  weeks  a 
short  spica  bandage  is  substituted  on  which  the  child  is 
■allowed  to  walkabout.  .      .     ^       j,  „        ^ 

As  might  be  expected,  this  operation  is  often  followed 
by  limitation  of  motion  and  by  pain  on  manipulation, 
symptoms  explained  by  the  traumatism  of  the  operation. 
In  such  cases,  and  in  fact  in  the  majority  of  cases,  there  is 
a  strong  tendency  to  distortion  of  the  limb  toward  flexion 
and  adduction.  It  is  therefore  in  this  class  far  safer  to 
fix  the  limb  in  a  proper  attitude  by  means  of  the  plaster 
bandage  or  other  appliance  until  this  tendency  is  over- 
come in  some  cases  for  a  year.  In  other  instances  the 
support  may  be  dispensed  with  in  a  much  shorter  time. 
A  removable  apparatus  which  will  allow  massage,  the 
use  of  hot  air,  and  the  like,  is  of  course  preferable. 

When  all  the  symptoms  of  discomfort  have  disap- 
peared forcible  movements  under  anaesthesia  are  some- 
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times  of  service  in  breaking  up  adhesions  and  increasing 
the  range  of  motion.  Special  exercises  to  strengthen  tlie 
weak  extensors  and  abductors  are  of  course  indicated  in 

fill  C&SGS, 

The  advantages  of  this  operation  are  that  immediate 
replacement  with  comparatively  small  danger  of  reluxa- 
tion  is  assured,  while  the  limb  remains  in  the  normal  at- 
titude. The  disadvantages  are  the  limitation  of  motion 
or  even  ankylosis  that  may  result. 

Ankylosis  following  the  operation  m  unilateral  dis- 
placement, provided  there  is  no  distortion  of  the  limb,  is 
a  marked  improvement  on  the  original  dislocation,  but 
bilateral  ankylosis  would  practically  disable  the  patient. 
For  this  reason  one  should  await  the  result  of  the  opera- 
tion on  one  side  before  treating  the  other. 

Ankylosis  is,  however,  the  exception,  and  in  many  in- 
stances practically  normal,  or  at  all  events  a  sufficient 
range  of  motion  remains.  The  degree  of  final  disability 
depends  in  great  part  upon  the  after-treatment.  If  de- 
formity is  prevented,  and  if  the  muscles  are  strengthened 
by  massage  and  by  exercises,  a  practical  cure  may  be  at- 
tained, although  in  most  instances  a  slight  limp  will  per- 
sist even  in  favorable  cases. 

The  danger  of  the  open  operation  is  slight  in  the  hands 
of  competent  surgeons,  less  even  than  it  is  in  the  other 
method  when  great  force  is  required  to  reduce  the  dis- 
placement, as  in  the  treatment  of  older  children. 

In  conclusion  it  may  be  said  that  the  prospect  of  suc- 
cess in  the  treatment  of  congenital  dislocation  of  the  hip 
stands  in  direct  relation  to  the  age  of  the  patient,  since 
the  extent  of  the  pathological  changes  that  make  cure 
difBcult  or  impossible  depends  in  great  degree,  as  in 
acquired  dislocations,  upon  the  duration  of  the  disability. 
Consequently  treatment  should  be  aj^plied  as  soon  as  the 
displacement  is  discovered,  and  there  is  little  excuse  for 
not  making  the  correct  diagnosis  as  soon  as  the  child 
begins  to  walk.  The  treatment  of  selection  before  the 
age  of  six  j'ears  is  the  functional  weighting  method  of 
Loreuz.  By  this  means  a  certain  proportion  of  the  cases 
may  be  cured,  and  in  all  instances  the  posterior  may  be 
changed  into  an  anterior  displacement,  which  makes  the 
after-treatment  much  easier.  If  this  treatment  is  ineffec- 
tive it  should  be  followed  by  the  open  method.  In  the 
younger  patients  simple  incision  and  forcible  stretching 
of  the  capsule  may  be  sufficient,  if  the  acetabulum  is 
well  formed ;  if  not,  it  will  be  necessary  to  enlarge  it  to  a 
sufficient  size.  Osteotomy  may  be  necessary  to  correct 
anteversiou  of  the  neck  of  the  femur  whichever  method 
is  employed  to  reduce  the  displacement. 

The  treatment  of  congenital  dislocation  of  the  hip  is 
not  likely  to  be  successful  bej'ond  the  age  of  ten  years, 
although  in  favorable  cases  it  may  be  attempted.  In  ex- 
ceptional cases  at  the  age  of  adolescence  or  in  adult  life, 
the  discomfort  attending  the  dislocation  may  necessitate 
excision  of  the  hip.  In  other  instances  adduction  and 
flexion  deformity  may  require  osteotomy  to  correct  prac- 
tical shortening. 

Other  Congenital  Dislocations.— Congenital  mis- 
placements at  other  joints  are  quite  insignificant  when 
compared  with  that  at  the  hip,  and  in  only  two  situations 
is  the  disability  of  sufficient  importance  to  require  es- 
pecial consideration.  These  are  the  shoulder  and  the 
knee. 

.  Congenital  dislocation  at  the  shoulder  may  occur  in 
two  forms,  one  in  which  there  is  actual  misplacement 
before  birth,  and  the  other  in  which  a  dislocation  is 
caused  by  violence  at  birth.  In  either  case  the  displace- 
ment is  almost  alwavs  backw.ard  upon  the  dorsum  of  the 
scapula_  (subspinous).  Thus  the  arm  is  abducted  and 
rotated  inward  and  there  is  the  characteristic  limitation  of 
motion. 

True  primary  displacement  of  either  variety  is  rare 
Many  of  the  reported  cases  were  apparently  subluxa- 
tions, secondary  to  the  relaxation  of  the  capsule  of  the 
joint  and  to  the  muscular  atrophy  caused  by  anterior 
poliomyelitis  or  to  the  habitual  malposition  due  to  ob- 
stetrical paralysis. 

Treatme7it.-The  only  treatment  of  a  dislocation  is  re- 
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placement  of  the  displaced  bone  if  it  be  possible.  If  the 
displacement  were  discovered  in  infancy  it  might  be  pos- 
sible to  reduce  it  by  manipulation  and,  unless  the  glenoid 
cavity  were  unde- 
veloped, it  might 
be  retained  in 
proper  position. 
As  a  rule,  however, 
the  cases  are  not 
seen  until  later 
childhood  when 
the  accommoda- 
tive changes  are 
marked. 

Phelps,  of  New 
York,  has  reported 
several  cases  of  con- 
genital dislocation 
of  the  shoulder, 
caused  apparently 
by  injury  at  birth, 
as  they  were  accom- 
panied by  paralysis. 
In  one  case,  that  of 
a  boy  eight  years 
of  age,  the  joint 
was  opened  by  a 
posterior  incision 
along  the  border  of 
the  deltoid  muscle. 
The  head  of  the 
scapula  was  found 
to  be  atrophied,  and 
the  posterior  mar- 
gin of  the  glenoid 
cavity  broken 
away.  This,  to- 
gether with  the 
contraction  of  the 
tissues  on  the  an- 
terior aspect  of  the 
joint,  made  it  nec- 
essary to  cut  away 
a  part  of  the  head 
of  the  bone  in  order 
to  replace  it.  The  secondary  depression  on  the  scapula 
was  excised  and  the  redundant  capsule  was  removed. 
The  immediate  result  of  the  operation  was  very  favor- 
able. Phelps  states  that  he  has  operated  in  two  similar 
cases,  but  a  final  report  of  the  results  has  not  been  pre- 
sented. 

It  would  seem,  however,  that  as  in  a  posterior  dis- 
placement the  contracted  tissues  must  be  those  in  front 
of  the  joint,  an  anterior  rather  than  a  posterior  Incision 
would  be  preferable.  lu  all  cases  the  open  opera- 
tion should  be  deferred  until  after  the  contracted  parts 
have  been  stretched  by  manual  force  in  the  manner  de- 
scribed in  the  treatment  of  congenital  displacement  of 
the  hip. 

Cases  of  congenital  displacement  in  other  directions  are 
recorded,  but  these  are  so  rare  as  to  be  of  little  practical 
importance. 

Ciingeiiitid  Genu  Recurvatiim,  or  Anterim'  Displacement 
of  the  Tihiii. — The  most  common  of  the  congenital  de- 
formities at  the  knee  is  the  so-called  genu  recurvatum, 
in  which  the  knee  is  bent  somewhat  backward,  or,  in  other 
words,  the  leg  is  h.ypcrextcuded  on  the  thigh.  The  de- 
formity is  often  classed  as  an  anterior  dislocation,  but 
there  is  no  actual  displacement,  except  in  the  extreme 
cases  in  which  the  tibia  may  be  turned  directly  for- 
wai-d  on  the  femur,  even  to  a  right  angle  or  less.  In 
the  ordinary  cases  the  range  of  extensionis  merely  ex- 
aggerated, while  flexion  is  limited  or  checked,  princip- 
ally by  adaptive  shortening  of  the  quadriceps  extensor 
muscle. 

The  appearance  in  well-marked  genu  recurvatum  is 
very  peculiar;  it  is  as  if  the  patient's  limb  were  reversed, 
the  popliteal  depression  having  become  a  prominence. 


FIG.  3655.- 


Congenital  Dislocation  of  the 
Right  Shoulder. 
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the  range  of  overextension  representing  apparently 
normal  flexion.  In  such  cases  the  leg  may  be  brought 
to  the  straight  line,  but  greater  flexion  is  resisted  by 
the  retracted  tissues,  and  when  the  pressure  of  the 
hand  is  removed  the  leg  is  drawn  back  to  the  deformed 
position  by  the  contraction  of  the  quadriceps  extensor 
muscle, 

Genu  recurvatum  is  not  infrequently  accompanied  by 
varus  or  valgus  deformity  at  the  knee,  more  often  by  the 
latter,  and  by  laxity  of  the  ligaments.  In  many  instances 
the  patella  is  absent  or  is  rudimentary  and  not  infre- 
quently deformity  is  accompanied  by  malformations  or 
defective  development  of  other  parts. 

Etiology. — The  deformity  in  cases  of  simple  recurvatum 
may  be  explained  by  an  abnormal  and  fixed  position  in 
utero,  and  in  cases  seen  soon  after  birth  the  mechanism  is 
clearly  shown  by  the  habitual  attitude.  The  thighs  are 
sharply  flexed  on  the  body,  the  dorsal  surfaces  of  the 
hyijerextended  knees  are  in  relation  to  the  abdomen, 
while  the  feet  may  be  brought  into  contact  with  tlie  face 
or  trunk  according  to  the  degree  of  deformity.  The  re- 
tarded development  of  the  quadriceps  extensor  muscle 
explains  the  rudimentary  patella  which  is  often  an  ac- 
companiment of  the  deformity. 

Treatment. — The  treatment  of  the  hyperextended  knee 
is  very  simple.  It  consists  in  massage  of  the  atrophied 
and  contracted  muscle,  combined  with  more  or  less  forci- 
ble manipulation  in  the  direction  of  flexion.  It,  as  is 
often  the  case,  the  leg  seems  to  be  drawn  forward  by 
spasmodic  muscular  action,  the  methodical  massage 
should  be  combined  with  the  use  of  a  simple  posterior 
splint. 

In  the  more  extreme  cases  manual  force  maybe  applied 
under  anaesthesia,  and  the  deformity  may  be  overcome  at 
one  or  several  sittings  according  to  the  resistance  of  the 
contracted  parts.  The  leg  is  then  fixed  in  a  flexed  posi- 
tion until  the  tendency  to  recurrence  has  been  overcome. 
When  the  child  begins  to  walk  a  light  lateral  brace  may 
be  necessary  to  insure  perfect  functional  use  of  the  joint, 
as  in  many  instances  laxity  of  ligaments  and  muscular 
weakness  may  persist  for  a  time. 

Rudimentary  or  Absent  Patella. — ^As  has  been  stated,  a 
rudimentary  patella  is  a  frequent  complication  of  genu 
recurvatum,  or  of  any  congenital  defect  or  deformity  of 
the  knee  or  limb  that  involves  imperfect  development  of 
the  quadriceps  extensor  muscle.  In  many  cases  of  this 
type  it  is  impossible  to  distinguish  the  patella  during  the 
early  months  of  infancy,  but  later  a  minute  patella  ap- 
pears that  slowly  increases  to  an  approximately  normal 
size. 

Absence  of  patella  under  the  same  conditions  is  less 
frequent,  although  Potel  collected  one  hundred  cases 
from  literature. 

Treatment.— The  treatment  of  i-udimentary  patella  is 
included  in  the  massage  and  stimulation  of  the  atrophied 
or  rudimentary  muscle  with  which  it  is  usually  associ- 
ated, and  the  support  that  the  weak  or  deformed  knee 
may  require.  -Rot/a^  Whitman. 

HIPPOCRATIC  OATH.— The  ancient  Greek  writings 
commonly  called  "  The  Works  of  Hippocrates  of  Cos  " 
were  judged  even  by  ancient  Greek  critics  to  be  really  by 
various  authors.  The  truth  of  this  conclusion  is  plain  to 
modern  scholars.  These  writings  have  probably  existed  as 
in  some  sort  a  collection  since  the  early  days  of  the  Alexan- 
drine library  near  the  beginning  of  the  third  century  B.C. ; 
and  the  composition  of  the  several  writings  may  safely 
be  referred  to  the  fifth  or  fourth  century.  Which  of 
them  are  truly  works  of  the  famous  physician  whose 
name  they  bear  is  quite  uncertain,  as  no  direct  contempo- 
rary testimony  exists.  Modern  critics  can  only  sift  inter- 
nal evidence,  and  compare  the  views  of  earlier  critics, 
ancient,  perhaps,  but  often  naive  or  biassed.  Many  writ- 
ings in  the  collection,  however,  are  plainly  as  old  as 
Hippocrates,  if  not  older.  He  was  born  in  460 B.C. ;  died, 
probably,  in  377  B.C. ;  and  was  a  worthy  of  the  great 
period  often  styled  that  of  Pericles.  There  is  no  proof 
however,  that  Hippocrates  was  ever  at  Athens,  though 


he  was  known  there ;  and  scarcely  anything  is  known  of 
his  life  with  certainty. 

One  of  the  most  famous  writings  of  the  Hippocratic 
collection  is  that  entitled  "The  Oath."  It  is  probably  at 
least  as  ancient  as  Plippocrates,  but  that  he  composed  it 
can  neither  be  affirmed  nor  denied.  Traces  of  its  wide- 
spread influence  occur  in  history ;  and  by  means  of  it 
modern  physicians  still  hand  down  the  traditions  of  their 
calling  to  those  about  to  receive  a  medical  degree.  The 
ancient  words  do  not  accord  with  the  changes  wrought 
by  twenty-two  centuries  in  men,  beliefs,  and  manners; 
but  no  modern  words  can  be  nobler,  and  the  ancient 
thoughts  are  vital  to  the  modem  oath.  The  following 
translation  of  the  Greek  original  into  English  is  by  the 
present  writer : 

The  Oath. 

I  swear  by  Apollo  the  Physician,  and  ^sculapius,  and 
Hygeia,  and  Panacea,  and  all  the  gods  and  all  the  god- 
desses— and  I  make  them  my  judges — that  this  mine 
oath  and  this  my  written  engagement  I  will  fulfil  so  far 
as  power  and  discernment  shall  be  mine. 

Him  who  taught  me  this  art  I  will  esteem  even  as  I  do 
my  parents;  he  shall  partake  of  my  livelihood,  and,  if  in 
want,  shall  share  my  goods.  I  will  regard  his  issue  as 
my  brothers,  and  will  teach  them  this  art  without  fee  or 
written  engagement  if  they  shall  wish  to  learn  it. 

I  will  give  instruction  by  precept,  by  discourse,  and  in 
all  other  ways,  to  my  own  sons,  to  those  of  him  who 
taught  me,  to  disciples  bound  by  written  engagement 
and  sworn  according  to  medical  law,  and  to  no  other  per- 
son. 

So  far  as  power  and  discernment  shall  be  mine,  I  will 
carry  out  regimen  for  the  benefit  of  the  sick,  and  will 
keep  them  from  harm  and  wrong.  To  none  will  I  give  a 
deadly  drug,  even  if  solicited,  nor  offer  counsel  to  such 
an  end ;  likewise  to  no  woman  will  I  give  a  destructive 
suppository ;  but  guiltless  and  hallowed  will  I  keep  my 
life  and  mine  art.  I  will  cut  no  one  whatever  for  the 
stone,  but  will  give  way  to  those  who  work  at  this 
practice. 

Into  whatsoever  houses  I  shall  enter  I  will  go  for  the 
benefit  of  the  sick,  holding  aloof  from  all  voluntary 
wrong  and  corruption,  including  venereal  acts  upon  the 
bodies  of  females  and  males  whether  free  or  slaves. 
Whatsoever  in  my  practice  or  not  in  my  practice  I  shall 
see  or  hear,  amid  the  lives  of  men,  which  ought  not  to 
be  noised  abroad — as  to  this  I  will  keep  silence,  holding 
such  things  unfitting  to  be  spoken. 

And  now  if  I  shall  fulfil  this  oath  and  break  it  not,  may 
the  fruits  of  life  and  of  art  be  mine,  may  I  be  honored  of 
all  men  for  all  time ;  the  opposite,  if  I  shall  transgress 
and  be  forsworn. 

The  best  Greek  text  (from  which  the  foregoing  trans- 
lation was  made)  is  that  of  E.  Littre,  "  (Euvres  completes 
d'Hippocrate  "  etc.,  tome  4,  Paris,  1844,  pp.  638  to  633. 

Many  commentaries  have  been  published  upon  the 
oath.  Among  these,  special  mention  is  deserved  by  Lit- 
tre's  Argument,  I.  c,  pp.  610  to  635;  and  by  the  notes  of 
C.  Daremberg,  "ffiuvres  choisies d'Hippocrate,"  seconde 
edition,  Paris  1855,  pp.  1  to  11. 

The  following  matters  require  discussion,  more  or  less 
brief: 

Hygeia  and  Panacea  were  daughters  of  Jilsculapius. 

.The  distinction  between  "precept"  and  "discourse" 
(irapayyeXiiig  re  /cat  aKpo^aing)  has  not  been  explained  satis- 

factorilv. 

"  Suppository  "  is  perhaps  as  nearly  equivalent  as  pos- 
sible to  the  Greek  word  irEuaSg,  which  doubtless  means, 
in  the  oath,  a  sort  of  medicated  pledget  to  be  withdrawn 
after  a  longer  or  shorter  time.  Many  formulae  for  mak- 
ing such,  for  various  purposes,  are  given  in  the  Hip- 
pocratic collection. 

The  words  "  destructive  suppository  "  (neaabv  (pBdpiov) 
refer  to  abortion.  A  parallel  and  fully  developed  phrase, 
viz.,  "a  wme  destructive  to  embryos"  {(jiddpioc  e/il3piiuv 
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oho;)  occurs 


„„  in  the  Materia  Medica  of  tlie  later  Greeli 
physician  Dioscorides,  of  the  tirst  century  a. d.  (Lib  v., 
?ap.  77,  ed.  Sprengel,  vol.  i.,  p.  734).,  A  though  abor- 
tion is  abiured  without  qualification  m  the  oath,  theie 
were  probably  Greek  practitioners  of  the  time  of  Hippoc- 
rates who  made  a  distinction  similar  to  the  modern  one 
between  iustitiable  and  criminal  abortion;  for  methods 
of  emptying  the  uterus  are  frequently  and  quite  simply 
referred  to  in  the  Hippocratic  collection  though  of  ten 
expressly  aimed  at  embryos  styled  "dead  'or  livid  or 
"  motionless  "  or  "  stricken  "  or  "  apoplectic,        _ 

But  there  is  also  good  reason  to  beheve  that,  m  Hellas, 
the  accepted  line  between  guilt  and  innocence  in  the  mat- 
ter of  abortion  did  not  always  coincide  with  that  drawn 
nowadays.  The  clear  recognition  of  the  fact  that  the 
early  embryo  is  from  the  instant  of  conception  a  human 
being,  truly  alive  and  possessing  the  right  to  live,  even 
before  the  "quickening,"— thiS'doctrine  is  entrenched  in 
a  maturer  knowledge  of  physiology  than  the  ancients 
could  command.  In  the  ideal  State  discussed  in  Plato's 
dialogue  of  "The  Republic,"  certain  embryos  irregulai'ly 
begotten  were  to  be  made  away  with  before  birth  (Ed. 
Stephanus,  p.  461c).  Plato  was  a  younger  contemporary 
of  Hippocrates,  and  Plato's  pupil,  Aristotle,  was  born  a 
few  years  before  the  death  of  the  great  physician,  and 
was  himself  an  Asclepiad,  i.e.,  a  pliysician's  son.  Aris- 
totle, in  his  "Politica,"  expressly  recommends  abortion 
in  order  to  limit  the  numher  of  children,  but  enjoins  the 
procuring  of  it  "before  the  advent  of  sensation  and  life," 
The  presence  of  these  he  formally  makes  the  criterion  of 
"  the  hallowed  "  and  the  reverse  in  this  matter  (Politica, 
vii.,  cap.  16,  ed.  Ac.  Boruss.,  p.  1335,  b  19  to  26). 

In  the  embryological  treatise  "  On  the  Nature  of  the 
Child"  in  the  Hippocratic  collection,  the  author,  who 
may  not  have  been  of  Cos,  but  possibly  an  adherent  of 
the  rival  school  of  Cnidos,  describes  a  certain  case  as  one 
of  abortion  at  the  sixth  day  deliberately  procured  by 
himself.  The  circumstances  are  given  in  detail,  and 
plainly  stamp  the  case  as  criminal  according  to  modern 
ideas;  but  the  author  relates  it  without  a  trace  of  guilty 
consciousness,  adhering,  one  may  conjecture,  to  the  doc- 
trine of  morals  set  forth  by  Aristotle  ("  Hippocrates  de 
Nat.  Pueri,"  §  13,  Ed.  Littre,  vii.,  p.  488).  The  follow- 
ing striking  passage  both  shows  us  "  strict  construction- 
ists "  of  the  Hippocratic  oath  nearly  five  hundred  years 
after  the  death  of  Hippocrates,  and  sets  forth  explicitly, 
as  current  eighteen  centuries  ago,  a  view  of  the  morals  of 
abortion  closely  akin  to  that  of  modern  physicians.  The 
Greek  gynecologist,  Soranus  of  Ephesus,  was  a  practi- 
tioner at  Rome  under  the  emperors,  not  far  from  the 
time  when  Juvenal  was  scourging  its  vices  with  his 
satires,  in  the  earlier  years  of  the  second  century  a,d. 
Referring  to  abortion,  Soranus  writes : 

There  is  a  disagreement ;  for  some  reject  destructive 
practices,  calling  to  witness  Hippocrates,  who  says,  "  I 
will  give  nothing  whatever  destructive,"  and  deeming  it 
the  special  province  of  Medicine  to  guard  and  preserve 
what  Nature  generates.  Another  party  maintains  the 
same  view,  but  makes  this  distinction,  viz. :  that  the 
fruit  of  conception  is  not  to  be  destroyed  at  will  because 
of  adultery  or  of  care  for  beauty,  but  is  to  be  destroyed 
to  avert  danger  impending  at  parturition,  if  the  uterus 
be  small  and  cannot  subserve  the  perfecting  of  the  fruit, 
or  have  hard  swellings  and  cracks  at  its  mouth,  or  if 
some  similar  condition  prevail.  This  party  says  the 
same  thing  about  preventing  conception,  and  with  it  I 
agree.  (Translated  by  the  present  writer  from  the  Greek 
of  Soranus,  Gynseciorum  Lib.  i.,  cap.  19,  ed.  Rose,  p. 

•The  abjuration  of  lithotomy  in  the  oath  contains  the 
only  mention  thereof  made  in  the  Hippocratic  collection 
The  ancient  practitioners  of  medicine  freely  practised 
operative  surgery;  and  no  certain  cause  can  be  assigned 
for  their  refusal  to  cut  for  the  stone.  It  has  been 
shrewdly  guessed,  however,  that  the  cause  lay  simply  in 
the  formidable  dangers  of  a  rude  and  uncertain  proce 
dure.  ^ 

As  the  Hippocratic  oath  still  plays  a  part  in  medicine 
YOO 


worthy  of  Its  character  and  history,  it  has  been  thought 
proper  to  end  this  article  with  one  of  the  modern  adapta- 
tions At  the  annual  commencement  of  Columbia  Uni- 
versity in  the  City  of  New  York,  the  following  oath  is 
administered  to  the  graduating  class  of  its  College  of 
Physicians  and  Surgeons: 

Candidates  for  the  Degree  of  Doctor  of  Medicine  : 

You  do  solemnly  swear,  each  man  by  whatever  he 
holds  most  sacred:  .         j,  ,,   ,.  . 

That  you  will  be  loyal  to  the  Profession  of  Medicine 
and  just  and  generous  to  its  members ; 

That  you  will  lead  your  lives  and  practise  your  art  m 
uprightness  and  honor ; 

That  into  whatsoever  house  you  shall  enter,  it  shall  be 
for  the  good  of  the  sick  to  the  utmost  of  your  power,  you 
holding  yourselves  far  aloof  from  wrong,  from  corrup- 
tion, from  the  tempting  of  others  to  vice; 

That  you  will  exercise  your  art  solely  for  the  cure  of 
your  patients,  and  will  give  no  drug,  perform  no  opera- 
tion, for  a  criminal  purpose,  even  if  solicited;  far  less 
suggest  it ; 

That  whatsoever  you  shall  see  or  hear  of  the  lives  ot 
men  which  is  not  fitting  to  be  spoken,  you  will  keep  in- 
violably secret. 

These  things  do  you  swear?  Let  each  man  bow  the 
head  in  sign  of  acquiescence. 

And  now,  if  you  shall  be  true  to  this,  your  oath,  may 
prosperity  and  good  repute  be  ever  yours ;  the  opposite, 
if  you  shall  prove  yourselves  forsworn. 

In  this  oath,  the  words  "  that  you  will  be  loyal  to  the 
Profession  of  Medicine,  and  just  and  generous  to  its  mem- 
bers," are  from  a  formula  at  one  time  in  use  at  the  above- 
named  medical  school;  for  the  rest  of  the  foregoing 
adaptation  the  present  writer  is  responsible, 

John  G.  Curtis. 

HIRUDINEA. — Among  the  Annelida  or  segmented 
worms  the  leeches  form  a  well-marked  order.  The  body 
of  the  leech  is  elongated,  usually  flattened  dorso-ven- 
trally,  and  provided  with  a  prominent  terminal  or  sub- 
anal  sucker,  while  many  forms  possess  also  an  anterior 
or  oral  sucker.  The  bristles  all  but  universally  present 
in  annelids  are  here  wanting  save  in  a  single  genus,  and 
the  metamerism  of  the  body  presents  a  poorly  marked 
external  aspect  although  actually  highly  developed.  The 
rings  which  appear  in  external  view  are  mere  surface 
markings,  and  are  variably  related  to  the  true  somites.  Of 
the  latter  there  are  alwa3's  thirty-four  (thirty -five),  of 
which  those  in  the  central  portion  of  the  body  possess 
the  typical  number  of  annuli,  while  the  first  few  and  last 
few  manifest  ordinarily 
a  reduction  from  that 
number.  Prominent 
papillae  may  usually  be 
observed  on  the  dorsal 
surface  in  the  form  of 
six  or  eight  longitud- 
inal rows;  these  are 
metameric  sense  organs 
known  as  sensillic,  and 
the  eyes  which  vary 
in  number  in  different 
forms  are  anterior  units 
in  certain  of  the  rows. 
The  annulus  bearing 
the  sensillffi  is  now  gen- 
erally regarded  as  the 
central  one  of  the  typi- 
cal three-  or  five-ringed 
somites,  and  is  the  only 
one  present  in  case  of 
those  somites  manifesting  the  extreme  of  reduction.  The 
leeches  are  hermaphroditic  and  the  two  sexual  pores  lie 
in  the  midventral  line,  the  male  in  front  of  the  female 
orifice. 


ft 

Fig.  2658.— iTinido  mcdicinalis,  or 
European  Leech,  o,  Ventral  aspect 
ot  anterior  end,  showing  an  open 
mouth  at  the  bottom  of  which  the 
.laws,  K,  are  visible;  b,  one  of  the 
jaws  Isolated,  showing  marginal  den- 
ticles and  muscles.    (After  Clans.) 
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The  family  of  the  Gnathobdellidse,  or  Round-jawed 
Leeches,  is  characterized  by  three  saw-toothed  iaws  in 
a  simple  pharynx  (Fig.  2656) ;  the  typical  somite  has  five 
annuh.  Among  the  fresh-water  leeches  (Natantia) 
which  have  an  eyeless  ring  between  the  third  and  fourth 
pairs  of  eyes,  only  the  monostichodont  forms  {i.e.,  those 
with  a  single  row  of  teeth  in  each  jaw)  are  important, 
and  of  these  only  two  genera  need  be  noticed  here. 

Hirudij  L. — Either  one  hundred  and  one  or  one  hun- 
dred and  two  rings  with  twenty-six  metameres  between 
the  first  pair  of  eyes  and  the  sucker  of  which  the  first  six 
and  the  last  four  are  abbreviated.  Buccal  and  post-buc- 
cal  rings  fused  below ;  only  three  annuli  in  somite  XXIII 
Each  jaw  lias  from  fifty  to  one  hundred  sharp-pointed 
teeth.  Male  genital  pore  between  annuli  30  and  31, 
female  between  35  and  36.  First  pair  of  nephridial  pores 
ventral  in  ring  13,  last  in  ring  93 ;  seventeen  in  all. 

Hirndo  medicinalis  L.—Scuiguisuga  medicinalis  Savigny 
1820,  <S.  officinalis  Savigny  1820,  H.  officinalis  Derhoims 
1825.  Length  100  to  200  mm. ;  breadth  10  to  30  mm. 
Jaws  large,  each  with  80  to  90  teeth.  Color  variable, 
darker  above  than  below,  dirty 
yellowish-brown  in  tone  with 
tendency  to  gray  or  green;  at 
the  margin  a  bright  yellow  or 
brown  band  with  black  mar- 
gins ;  on  the  back  three  more  or 
less  prominent  red  longitudinal 
bands  spotted  with  black  (Pig. 
2657). 

This  species  is  native  in 
Europe,  northern  Africa  and 
southwestern  Asia,  but  at  pres- 
ent is  extinct  in  many  regions 
and  obtained  by  artificial  cult- 
ure or  tlu'ough  importation 
only.  Among  the  very  numer- 
ous color  varieties,  as  many  as 
sixty-four  being  recorded  by 
Diesing,  two  have  been  recog- 
nized as  sub-species  or  varieties : 
The  Gray  Leech,  var.  medi- 
cinalis s.  sir.,  back  greenish- 
gray  with  three  russet-red  lines 
on  each  side,  of  which  the  mid- 
dle one,  and  often  the  inner 
also,  shows  a  black  spot  on 
each  metamere.  Ventral  sur- 
face greenish-yellow  and  spot- 
ted with  black. 

The  Green  Leech,  var.  offix;i- 
nalis,  back  darker  green,  often 
with  black  pigment  more  prom- 
inent, though  red  specimens  also 
occur.  Ventral  surface  almost 
.  series  of  intermediate  forms 
between  these  two  varieties 


Fig.  2&i7.—Hirudo  medv- 
cincUis,  or  European 
Leech.  A.,  Dorsal  as- 
pect; B,  ventral  aspect. 
(Alter  Rallllet.) 


entirely  unspotted, 
makes  a  distinction  even 
difllcult  in  many  cases. 

The  leech  sucks  from  four  times  its  volume  of  blood 
for  the  j'oung  to  three  times  in  an  adult,  or  from  6  to  15 
gm.  If,  however,  the  sucking  leech  be  cut  in  two  by  the 
shears  close  behind  the  pharynx,  the  blood  streams  out 
in  pronounced  pulsations  and,  as  the  sucking  action  is 
not  interfered  with,  a  stronger  or  rather  longer-continued 
blood  extraction  is  caused.  During  the  ordinary  opera- 
tion of  sucking  a  leech  gives  off  a  large  quantity  of  clear 
fluid  which  exudes  from  the  skin  in  drops.  It  is  not 
I)lood  serum,  as  often  supposed,  but  the  secretion  of  the 
nephridial  canals.  While  this  exudation  ceases  at  the 
end  of  ten  days,  the  assimilation  of  the  stomach  contents 
of  the  leech  demands  from  twelve  to  eighteen  months. 
At  the  end  of  two  months,  however,  the  animal  mani- 
fests willingness  to  bite,  but  its  full  appetite  is  not  yet 
restored.  On  the  other  hand,  the  leech  can  fast  for  two 
years  or  more  and  may  be  kept  indefinitely  without  food 
in  suitable  leech  jars.  A  fast  of  from  six  to  eight  months 
is  necessary  before  re-employment ;  but  the  latter  is  not 
advisable.     Before  the  third  year  of  their  growth  leeches 


are  not  used  for  medicinal  purposes,  and  from  eighteen 
to  twenty  years  has  been  put  as  the  probable  length 
of  life.  For  the  method  of  using  leeches,  see  Blood- 
letting. 

At  one  time  the  enormous  demand  for  leeches  reached 
for  example,  7,000,000  per  year  in  London  alone,  but  in 
recent  years  their  use  for  therapeutic  purposes  has  greatly 
diminished,  no  doubt  largely  as  the  result  of  occasional 
fatal  cases  and  in  spite  of  certain  evident  advantages  for 
local  affections.  Fatal  bleeding  has  been  known  where 
the  bite  opened  a  large  vessel  (vena  cruralis  or  jt/gularis), 
or^  in  internal  organs  where  the  leech,  by  careless  ap- 
plication at  the  nasal  fossai,  vagina,  or  rectum,  has  pene- 
trated or  been  drawn  too  deeply  into  the  organ;  In  order 
to  guard  against  this  leeches  should  be  fastened  in  such 
cases  by  a  tliread  passed  through  the  middle  of  the  pos- 
terior sucker.  Several  authors  have  investigated  the  re- 
puted transmission  of  disease,  particularly  bacterial,  by 
leeches,  but  uniformly  with  negative  results.  So  far  as 
bacteria  are  concerned,  the  species  studied  were  rapidly 
digested  in  the  stomach  of  the  leech,  and  the  entrance 
into  the  wound  of  such  as  may  be  upon  the  lips  at  the 
start  appears  difficult  under  the  circumstances  of  the 
blood  flow. 

Where  native,  these,  like  other  large  leeches,  attack 
men  and  animals  invading  swamps  and  pools,  and  in  re- 
corded instances  with  fatal  results  to  children  or  young 
animals. 

Hirudo  troctina  Johnson  1816,  often  confused  with  the 
medicinal  leech,  is  distinguishable  by  its  smaller  size,  80 
to  100  mm.  in  length  by  12  to  18  mm.  in  breadth,  and 
especially  by  the  scantier  number  of  teeth,  about  sev- 
enty, in  each  jaw.  It  is  native  in  northern  Africa  and 
Spain,  perhaps  also  Italy  and  Sicily,  and  is  exported  in 
large  numbers  to  Prance,  England,  and  America.  In 
power  to  extract  blood  it  is  much  inferior  to  H.  medi- 
cinalis. 

Hirudo  nipponica  Whitman  1886,  also  smaller  in  size 
than  Id.  medicinalis,  is  common  about  Tokyo,  Japan,  and 
in  other  parts  of  the  island.  Its  habits  and  use  conform 
closely  to  those  of  the  continental  species.  Other  species 
of  similar  habit  are  reported  from  different  regions  of  the 
Orient ;  they  are,  however,  only  poorly  known. 

The  genus  Limnatis  ma,y  be  distinguished  from  Hirudo 
by  the  papillee  on  the  jaws  and  by  the  ventral  furrow 
traversing  the  entire  length  of  the  anterior  lip  of  the  oral 
sucker.  One  species,  Limnatis  nilotica  Sav.,  demands 
brief  notice.  It  is  native  in  the  circummediterranean 
region,  and  in  some  places  is  so  abundant  as  to  become  a 
veritable  pest.  Especially  the  young,  described  by  Mo- 
quin-Tandon  as  Sanguisuga  cegyptiaca,  are  often  swal- 
lowed accidentally  in  drinking  and  may  remain  for  a  long 
time  fixed  in  pharynx,  choanse,  oesophagus,  trachea,  or 
even  stomach.  The  species  plays  accordingly  an  impor- 
tant role  in  diseases  of  man  and  domestic  animals  in  north- 
ern Africa  during  the  hot  season.  European  soldiers  in 
garrison,  and  even  natives,  in  spite  of  their  precautions, 
suffer  from  the  leech,  which  evokes  by  its  presence  both 
local  and  general  symptoms  of  serious  character  if  assist- 
ance is  not  speedily  afforded.  With  the  removal  of  the 
worms  rapid  and  complete  healing  of  the  wounds  and 
disappearance  of  secondary  symptoms  occur  almost  im- 
mediately and  without  exception.  The  removal  may  be 
accomplished  by  instruments  from  those  organs  where 
the  leech  can  be  seen ;  in  deeper  locations  copious  appli- 
cation of  salt  water  is  said  to  be  efficacious.  This  leech 
can  pierce  only  the  mucous  membranes  of  higher  ani- 
mals, and  its  inability  to  penetrate  the  external  skin, 
even  of  children,  has  often  been  demonstrated.  Other 
species  of  this  genus  have  a  more  powerful  bite,  and  are 
used  especially  in  the  East  for  medicinal  purposes,  even 
though  they  take  up  less  than  half  as  much  blood  as 
Hirudo  medicinalis.  In  this  country  Maerobdella  decora, 
one  of  the  large  native  leeches,  is  employed  in  some 
places  for  blood-letting;  it  may  be  recognized  by  the 
following  description: 

Maerobdella  Verrill  1872.  Cephalic  lobe  smaller  than 
in  Hirudo.     Annuli  103 ;  at  least  four  in  somite  XXIII. 
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Neither  buccal  nor  post-buccal  annuli  united  on  the  ven^ 
tral  side.  Both  genital  orifices  in  somite  XI  ,  and  behind 
them  a  group  of  prominent  copulatory  glands. 

Macrobdella  decora  Yerrill-Hirudo  decora  Say  1824, 
H  decora  Leidy  1868.  Jaws  with  about  sixty -five  teeth, 
copulatory  glands  opening  by  four  pores  ma  quadrate 
figure  on  the  last  annulus  of  XIH.  and  the  first  two  of 
XIV  The  first  annulus  of  XXVI.  is  divided  marginally 
and  sometimes  also  dorsally  into  two  annuli. 

This  species  is  widely  diffused  m  fresh  waters  of  the 
United  States,  having  been  reported  from  Maine  to  Min- 
nesota and  from  Pennsylvania  to  Kansas.  It  is  Ire- 
Quently  used  instead  of  imported  leeches  by  physicians 
and  is  said  to  be  equally  efficacious,  although  its  capac- 
ity is  somewhat  smaller,  only  about  5  gm.  It  is  so 
powerful  however,  that  serious  results  have  followed 
its  attacks  upon   the  legs  of    children  wading   m  its 

haunts.  „  ■  i       j.- 

Among  the  land  leeches  which  form  a  special  section, 
Reptantia,  of  this  family,  and  are  distinguished  by  the 
absence  of  an  eyeless  ring  between  the  third  and  fourth 
pair  of  eyes,  a  few  forms  deserve  brief  mention. 

Scemadipsa  Tennent.  Body  almost  round,  sucker  sep- 
arated only  by  a  slight  constriction.  Near  the  sucker 
auriculfe  with  the  pores  of  the  last  pairs  of  nephridia. 
Typical  metamere  with  five  annuli. 

'Hmmadipsa  zeylanica  Moq.-Tand.— fl".  jfispomica  Whit- 
man. Length  20  mm.,  or  in  extended  form  60  mm.,  di- 
ameter of  body  behind  6  mm. ,  in  front  3  mm. ;  sucker  5  to 
7  mm.  in  diameter.  Annuli  ninety-seven ;  male  genital 
pore  between  annuli  30  and  31,  female  between  35  and 
36.     In  each  jaw  ninety  incurved  teeth. 

The  animal,  when  gorged,  has  the  form  of  a  flask  of 
about  10  mm.  in  diameter  at  its  largest  part,  while  the 
neck  measures  only  3  or  3  mm.  in  thickness.  The  color 
is  exceedingly  variable,  and  yet  five  or  six  varieties  may 
be  recognized,  one  of  whicii,  var.  japonica  Whitman, 
known  in  Japan  as  the  mountain  leech,  is  common  in  the 
entire  Indomalayan  region,  China,  and  Japan.  It  has 
long  been  known  on  the  island  of  Ceylon,  where  it  forms 
a  veritable  pest  to  natives  and  Europeans  alike.  The 
leeches  appear  in  immense  swarms,  particularly  in  moist 
regions  and  during  the  rainy  season,  and  at  all  levels 
from  the  coast  up  to  4,000  feet,  although  they  occur  even 
as  high  as  15,000  feet  in  the  Himalayas.  During  the  dry 
season  they  hibernate  in  the  earth ;  at  other  times  they 
live  in  moss  among  stones  and  on  shrubs  and  trees.  The 
approach  of  lai'ge  animals  brings  them  out  in  myriads ; 
they  move  with  surprising  activity,  and  springing  on  the 
unfortunate  passer-by  they  suck  often  for  hours  before 
falling  off.  No  clothing  is  close  enough  to  protect  man 
from  their  attacks,  and  during  army  manceuvres  they  have 
inflicted  large  losses  on  European  troops,  attacking  the 
soldiers  even  when  asleep.  Accounts  of  travel  in  Ceylon 
abound  in  narratives  of  the  ferocity  of  these  pests,  and 
recent  writers  from  the  Philippines  comment  on  their 
activity  in  that  country  in  equally  forcible  terms.  It  is 
probably  this  species,  and  very  likely  the  variety  Japcre- 
ica,  which  is  reported  by  Blanchard  as  abundant  in  the 
Philippines,  to  which  tlie  trouble  is  due,  although  other 
species  of  E(2modipsa  manifest,  no  doubt,  similar  habits  of 
life. 

The  bite  is  not  poisonous,  as  often  maintained,  but  the 
large  number  of  wounds  and  careless  treatment  afford 
abundant  opportunity  for  secondary  infection  of  a  seri- 
ous character.  Among  the  natives  of  Ceylon  one  may 
see  many  deformities  induced  by  these  leeches,  which  are 
accordingly  feared  more  than  serpents  and  carnivores. 

An  allied  form,  Phytobdella  Meyeri  R.  Bl.,  is  also  re- 
corded from  Luzon. 

The  family  of  the  Rhynchobdellidse,  or  proboscis 
leeches,  is  characterized  by  a  protrusiblo  pharynx,  while 
the  typical  metamere  consists  of  three  annuli  and  iaws 
are  lacking.  Few  of  these  forms  are  able  to  penetrate 
the  human  skin,  but  among  those  of  suflicient  power  are 
especially  American  forms,  which  appear  as  occasional 
parasites  of  man  and  in  some  regions  are  used  for  thera- 
peutic purposes.    The  two  species  of  importance  are  both 
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members  of  the  following  genus,  which  is  restricted  to 
the  warmer  regions  of  the  American  continent : 

Liostoma  Wagler  mi—Hmmenteria  de  Fil.  1849. 
Body  broad  and  flattened;  back  covered  w-ith  many 
prominent  papillae;  the  first  and  third  ring  of  each  so- 
mite from  VI.  to  XXII.  inclusive,  split  on  the  ventral 
surface  so  that  on  the  ventral  surface  the  space  occupied 
by  five  pseudo-anuuli  corresponds  to  that  occupied  by  the 
three  adioining  dorsal  annuli.  Male  genital  pore  between 
annuli  36  and  27,  female  between  38  and  39.  Two  pairs 
of  eyes  so  closely  set  that  they  appear  as  a  single  pair. 

Liostoma  Ghilianii  R.  ^l.—Hcementeria  Qhtlianii  de 
Fil  1849  Length  of  alcoholic  specimen  190  mm., 
breadth  100  mm.,  corresponding  to  a  probable  length 
while  living  of  350  to  400  mm.  Annuli  seventy,  together 
with  three  preocular ;  the  first  seven  annuli  form  the  oral 

This  giant  form  inhabits  the  basin  of  the  Amazon  and 
the  swampy  regions  of  Guiana.  Blanchard  reports  that 
it  attacks  horses  and  cattle,  and  a  few  individuals  are 
sufiBcient  to  kill  even  a  full-grown  animal. 

Liostoma  coccineum,  Wagler  \%il—Harmnteria  officiiui- 
lis  de  Fil.   1849,  II.  mexiaina  de  Fil.  1849,  Glossiplwma 
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Fig.  2658.  — I/ios<oma  coccineum^  or  Mexican  Leech.  Diagram- 
matic view  of  anterior  somites,  .4,  from  dorsal  surface  witli  eyes 
and  sensillEe,  U,  from  ventral  witli  nephridial  and  sexual  pores. 
(Modified  from  Blancliard.) 

granulosa  Jimenez  1865.  Length  80  mm.,  breadth  23 
mm.  Annuli  seventy,  with  two  preocular ;  the  first  six 
annuli  form  the  oral  sucker  (Fig.  3658). 

The  range  of  this  species  extends  from  Mexico  to  Para- 
guay through  Central  and  South  America.  In  ^Mexico 
it  is  universally  used  as  the  medicinal  leech.  In  some 
instances,  however,  its  bite  appears  to  be  accompanied 
by  serious  results.  There  are  noted  almost  immediateh' 
a  feeling  of  general  lassitude  and  an  unpleasant  itching 
and  twitching,  succeeded  soon  by  general  urticaria,  and 
in  a  short  time  apoplectic  symptoms  are  manifested ;  but 
cases  occur  in  which  the  cerebral  congestion  or  the  urti- 
caria is  wanting.  IMost  authors  incline  now  to  the  be- 
lief that  these  symptoms  are  due  to  the  salivary  secretion 
poured  into  tlie  bite  by  the  leech,  and  yet  it  seems  also 
clear  that  some  predisposition  on  the  part  of  the  indi- 
vidual is  also  a  prerequisite.  Brandes  suggests  that  the 
symptoms  of  poisoning  are  manifested  only  in  persons 
exhibiting  hyperesthesia,  aud  attributes  the  rare  cases  of 
serious  illness  following  the  application  of  Hirudo  medi- 
riiKtUs  in  Europe  to  the  same  sensitive  constitution. 
(CVjmpare  in  this  connection  the  effects  produced  by  the 
bite  of  Arr/ds,  as  reported  by  Brandes  and  noted  in  the 
article  Arachiiida,  Vol.  I.,  p.  437.) 

In  spite  of  these  accidents  this  is  actually  the  only 
species  used  for  medicinal  purposes  in  Mexico,  sufficient 
evidence  of  its  generally  satisfactory  character.  In  some 
provinces  (Guadalajara)  the  leech  is  regularly  cut  in  two 
after  it  has  taken  hold  in  order  to  measure  definitely  the 
quantity  of  blood  extracted.  Henry  B.  Ward. 
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HISTOLOGICAL  TECHNIQUE.— Methods  op  Study 
ING  Living  and  Fkesh  Tissue. — For  observations  on 
living  tissue,  we  now  make  use  of  the  cold-blooded  ani- 
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Fig.  2659.— Schulzer's  Larva  Holder. 

mals  almost  exclusivelj" ;  and,  on  account  of  the  conve- 
nience, use  the  tails  of  amphibian  larvse,  and  small  fishes 
and  frogs.  For  holding  these  small  animals,  while  undei- 
observation,  the  larva  holder  of  Schulzer  (Fig.  2659)  will 
be  found  very  convenient.  The  head  of  the  animal  is 
placed  under  the  edge,  a,  the  tail  is  spread  out  on  the 
bevelled  plate,  b,  and  covered  with  a  cover-glass.  The 
cell  holds  sufficient  water  to  cover  the  animal.  To  keep 
the  animal  quiet,  we  wrap  it  loosely  in  a  piece  of  cloth, 
leaving  the  gills  free,  or  add  a  few  drops  of  ether  to  the 
water.  If  the  observations  are  to  be  continued  for  any 
length  of  time,  provision  must  be  made  for  the  renewal 
of  the  water.  This  can  be  accomplished  by  any  of  the 
usual  methods  of  irrigation. 

For  observations  on  the  frog,  it  is  necessary  to  paralyze 
the  animal  with  curare.  A  slight  nick  is  made  in  the 
skin  over  the  posterior  part  of  the  head,  and  two  or  three 
drops  of  a  one-twentieth-per-cent.  solution  of  curare*  is 
injected  into  the  dorsal  lymph  sac  by  means  of  a  long, 
slender  pipette  introduced  through  the  above  nick.  The 
exact  amount  of  curare  to  be  used  will  depend  upon  its 
quality  and  the  size  of  the  animal,  and  can  be  determined 
only  by  experiment.  In  the  course  of  a  few  hours  the 
animal  will  become  completely  paralyzed,  while  the  vege- 
tative functions  continue,  the  necessary  amount 
of  oxygen  being  supplied  by  cutaneous  respira- 
tion. 

We  utilize  for  these  observations : 

1.  The  TFcS.— The  advantage  of  this  part  of  the 
animal  is  that 
we  do  not  inflict 
any  injury,  con- 
sequently we 
are  not  likely  to 
meet  with  any 
disturbances  of 
the  vital  proc- 
esses ;  but,  on 
account  of  it 
not  being  very 
transparent,  it  is 
inferior  to  other 
parts.  A  frog 
poor  in  pigment 
should  be  select- 
ed, and  after  be- 
ing wrapped  in 

a  moist  cloth  it  ,       ,     .  j     c  „,i,i„v, 

is  laid  on  an  oblong  sheet  of  cork,  m  one  end  of  which 
a  hole,  at  least  15  mm.  in  diameter,  is  made ;  at  the  edges 
of  this  hole  four  or  five  pins  are  stuck,  to  which  bits  ol 

*S  H.  Gage  recommends  the  following  solution :  Curare,  0.2  gm.; 
ninetv-flVe-per-cent.  alcohol,  20  c.c:  water,  20  cc.  Gnnd  up  the 
cirare  in  a  mortar  with  the  water  and  alcohol.    Do  not  Alter. 


soft  string  attached  to  the  toes  are  tied,  spreading  the 
web  out  over  the  hole.  The  cork  is  now  placed  on  the 
stage  of  the  microscope,  and  the  web  is  moistened  at  in- 
tervals to  prevent  its  drying. 

2.  The  Tongue. — For  observations  on  this  and  other 
organs  of  tlie  animal,  Professor  Thoma  has  invented  a 
series  of  frog  plates,  whicli  are  shown  in  Fig.  2660.  The 
one  in  the  centre  of  the  figure  is  for  the  tongue ;  that  on  the 
left  for  the  mesentery ;  that  on  tlie  right  tor  the  lung  and 
bladder.  These  plates  consist  of  a  bed  plate,  a,  of  brass, 
covered  by  a  thin  sheet  of  hard  rubber.  At  B  is  an  open- 
ing, which  varies  in  the  diilerent  plates,  covered  with  a 
thick  glass  plate  on  which  the  organ  to  be  examined  is 
placed.  At  some  distance  from  this  glass  plate  runs  the 
brass  rim,  c,  c,  c,  7  mm.  high,  which  by  a  proper  incli- 
nation conveys  the  irrigating  fluid,  as  it  flows  off  the 
organ,  to  the  tubes,  d,  d,  to  which  are  attached  rubber 
tubes  leading  to  a  vessel  for  receiving  the  waste  fluid. 
The  supports,  t,  are  for  holding  the  irrigating  cannula, 
ff.  They  are  pivoted  to  the  plate,  and  movis  on  a  perpen- 
dicular axis ;  to  the  upper  end  is  attached  a  short  split 
tube,  which  is  tightened  by  a  small  screw ;  this  is  con- 
nected with  the  support  by  a  hinged  joint,  allowing  it 
to  be  moved  on  a  horizontal  axis.  In  this  tube  is  placed 
the  glass  irrigation  cannula,  g.  It  will  be  noticed  that 
in  the  tongue  and  mesentery  plates  two  supports  are  pro- 
vided. This  is  to  allow  of  the  use  of  two  cannula,  one 
for  irrigating  the  upper,  and  the  other  the  under,  surface 
of  the  organ.  At  e  is  a  perpendicular  rod  for  supporting 
the  ring  holding  the  cover-glass.  At  each  side  of  the 
plates  (in  the  tongue  plate  it  is  at  the  end)  is  a  notched 
support,  k,  for  holding  the  rubber  tube  attached  to  the 
cannulas  introduced  into  the  different  organs  for  inflation, 
etc.  Between  the  rim,  c,  c,  c,  and  the  plate,  B,  bits  of 
cork  are  wedged  for  pinning  out  the  organs. 

For  examining  the  tongue,  the  animal  is  placed  on  the 
plate  belly  down,  and  the  nose  is  brought  close  to  the 
edge  of  the  glass  plate;  the  tongue  is  drawn  out  over  the 
plate,  and  fastened  to  the  bits  of  cork  by  pins  which  are 
cut  off  short. 

3.  TJie  Mesentery.— Ishde  frogs  are  to  be  used,  so  that 
the  examiner  may  not  be  embarrassed  with  the  ovaries. 
An  incision  is  made  through  the  skin,  on  the  side,  from 
the  pelvis  nearly  to  the  axilla.  After  all  hemorrhage  has 
ceased,  the  abdominal  cavity  is  opened  by  an  incision  of 
10  to  20  mm.  in  length ;  a  coil  of  intestine  is  drawn  out 
carefully  over  the  glass  plate  so  that  it  will  fall  upon  the 
bits  of  cork,  to  which  it  is  pinned,  leaving  the  mesentery 

spread  out  in  a  thin  layer  on  the  glass  plate. 

4.   TJie  Bladder.— A  glass  cannula  (B,  Fig. 

2661)  is  filled  with  a  three-fourths-pcr-ceut. 

salt  solution,  and  the  rubber  tube  closed  with 

a  bit  of  glass  rod.     The  cannula  is  now  in- 


Thoma's  Frog  Plates. 


serted  into  the  cloaca,  and  directed  forward  into  the 
bladder ;  it  is  held  in  place  by  a  thread  passed  through 
the  skin  over  the  sacrum  and  tied  around  the  cannula. 
An  incision,  similar  to  the  one  for  the  mesentery,  is  made 
in  the  side  of  the  animal.  The  glass  rod  is  removed 
from  the  rubber  tube,  and  the  latter  is  raised  slightly  so 
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as  to  cause  the  fluid  to  flow  into  the  bladder,  distending 
it.  The  animal  is  now  placed  on  the  frog  plate,  and  by 
gentle  manipulation  with  the  handle  of  a  scalpel  the  dis- 
tended organ  is  brought  upon  the  glass  plate  and  fur- 


sary, 


Fig.  2661.— Inflation  Cannula. 

ther  distended  if  necessary ;  the  glass  rod  is  now  replaced 
in  the  rubber  tube,  and  the  latter  fixed  in  the  support 
(k.  Fig.  2660).  The  animal  is  covered  with  a  bit  of 
moistened  filter  paper,  and  the  frog  plate  is  placed  on 
the  microscope. 

5.  The  Lung.— The  cannula  (A,  Fig.  2661)  is  intro- 
duced through  the  epiglottis,  and  held  in  place  by  a 
thread  passed  through  the  nose  and  tied  around  the  con- 
striction of  the  cannula.  An  incision,  carried  well  into 
the  axilla,  is  made  through  the  skin  on  the  side  of  the 
animal,  and  when  all  hemon-hage  has  ceased  the  thoracic 
cavity  is  opened.  The  operator  should  now  remove  the 
bit  of  glass  rod  from  the  end  of  the  rubber  tube  attached 
to  the  cannula,  and  gently  blow  into  the  same,  when  the 
distended  lung  will  be  forced  through  the  incision.  The 
animal  is  placed  on  the  frog  plate,  and  the  distended  lung 
brought  upon  the  plate  B.  In  Fig.  2662  is  shown  the 
arrangement  of  the  frog  plate  on  the  microscope,  and  the 
irrigating  bottle.  The  stage  of  the  microscope  is  to  be 
inclined  so  as  to  cause  the 
irrigating  fluid  to  flow 
away.  The  bottle  attached 
to_  the  ring  stand,  filled 
with  a  three-fourths-per- 
cent, salt  solution,  is  closed 
tightly  with  a  rubber  cork, 


PIS.  2663.-Frog  Plate  and  Irrigating  Apparatus. 

through  which  pass  two  glass  tubes.  To  one  is  attached 
a  rubber  tube  which  is  connected  with  the  glass  cannula 
(g,  ifig.  -ibbO)  and  conveys  the  irrigating  fluid  The 
other  is  for  regulating  the  pressure,  which  can  be'varied 
by  raising  or  lowering  the  tube.    The  flow  from  the  end  of 
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the  irrigating  cannula  should  be  by  drops,  at  short  inter- 
vals, and  is  regulated  by  the  pressure  m  the  bottle,  the  size 
of  the  opening  in  the  point  of  the  cannula,  and,  if  neces- 
bv  a  spring  clip  placed  on  the  rubber  supply-tube 
Fresh  tissues  are  to  be  examined 
in  the  fluid  that  bathes  them  during 
life,  or  in  a  fluid  that  will  change 
them  but  little  if  at  all.  Such  fluids 
are  known  as  indifferent  fluids,  and 
resemble  in  composition  the  natural 
fluids  of  the  body.  They  are  as  fol- 
lows: 

Aqueous  Eumor  of  the  Eye. — Ob- 
tained by  puncturing  the  cornea  of 
a  recently  killed  animal,  and  allow- 
ing the  aqueous  humor  to  escape. 

Blood  Serum. — The  blood  of  a 
recently  killed  animal  is  poured 
into  a  tall  glass  cylinder  and  al- 
lowed to  coagulate.  After  coagulation  has  taken  place, 
the  upper  margin  of  the  clot  is  separated  from  the  sides 
of  the  vessel,  to  permit  it  to  sink ;  the  vessel  is  allowed 
to  stand  for  twenty-four  hours,  and  the  clear  serum  is 
then  drawn  off  with  a  siphon,  care  being  taken  not  to  dis- 
turb the  clot. 

Iodized  Serum. — Prepared  by  adding  to  every  1,000 
c.c.  of  blood  serum,  obtained  as  above,  10  c.c.  of  tincture 
of  iodine.  This  fluid  alters  the  tissues  slightly  and  stains 
them  yellow.  Instead  of  blood  serum,  amniotic  or  peri- 
cardial fluid  may  be  used,  but  it  must  be  absolutely  fresh. 
Artificial  Serum. — This  is  to  be  used  only  when  the 
natural  serous  fluids  cannot  be  obtained.  It  is  prepared 
by  dissolving  2  gm.  of  sodium  chloride  and  28  gm.  of 
egg  albumen  in  250  c.c.  of  distilled  water,  and  adding 
2.3  c.c.  of  tincture  of  iodine ;  the  solution  is  then  filtered. 
Salt  Solution  (three-fourths  per  cent.). — Made  by  dis- 
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Fig.  2663.— Moist  Chamber. 

solving  7.5  gm.  of  perfectly  dry,  chemically  pure  sodium 
chloride  in  1,000  c.c.  of  distilled  water.  This  solution 
alters  fresh  tissues  but  slightly. 

Fresh,  thin  membranes  can  be  examined  in  one  of  the 
above  solutions  without  any  previous  preparation.  Bits 
of  organs,  fibres,  etc.,  are  to  be  teased  on  a  slide,  in  a 
drop  of  one  of  the  indifferent  solutions,  or  sections  can  be 
made  by  the  freezing  microtome. 

In  observations  on  fresh  tissue  it  is  necessary  to  pre- 
vent evaporation,  and  in  most  cases  pressure.  The  first 
can  be  prevented  by  painting  a  ring  around  the  cover 
with  oil  or  vaseline;  the  latter  by  placing  a  hair  between 
the  cover  and  slide ;  or  we  may  use  the  moist  chamber. 

in  i<ig  Jbb3  18  shown  a  moist  chamber.  In  the  centre 
of  a  thick  glass  slide  is  cut  a  cavity,  around  the  circum- 
terence  of  which  is  a  groove  {rr).  The  latter  is  filled  with 
water;  the  specimen  is  placed  on  the  cover-glass  (o),  or 
in  the  middle  of  the  cavity 

F^r?'''  T-  ^PP"i^«  'R^KOKT.Ts.-Application  of 
fholfLiy  TT-^?'°'^  °f  "le  '•e^gent  is  placed  on 
the  slide  m  contact  with  the  edge  of  the  cover-glass,  and 
on  the  opposite  side  of  the  cover  a  bit  of  filter  pkper. 

^~ifl''"'^'''-°''*  *^^  fi^'"^'  ^Wch  is  replaced  by  the 
reagent  flowing  in  on  the  other  side.     This  process  of  ii- 
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rigatlon  can  be  continued  for  any  length  of  time,  if  the 
reagent  be  renewed  as  it  becomes  exhausted,  and  the 
filter  paper  as  it  becomes  saturated. 

Application  of  Vapors  and  Gases, — A  simple  way  of  ap- 
plying a  volatile  reagent  to  a  specimen  is  to  put  a  drop 


Fig.  2664.— Strieker's  Gas  Chamber. 

of  such  reagent  in  a  cell  on  a  slide,  and  invert  a  cover- 
glass,  on  which  the  specimen  has  been  placed,  over  it. 
For  gases  it  is  necessary  to  use  a  gas  chamber.  Such  a 
piece  of  apparatus  is  shown  in  Fig.  2664. 

It  consists  of  a  thick  glass  slide,  in  the  upper  surface 
of  which  is  ground  out  a  circular  cavity.  Two  glass 
tubes  are  cemented  into  the  two  half -canals.     The  tube 


microscope.  On  the  upper  surface  of  the  ebonite  is  a 
brass  plate,  P,  with  an  opening  in  the  centre,  C,  leading 
into  a  brass  tube,  closed  below  by  a  piece  of  glass.  For 
heating,  the  copper  wire  is  placed  on  the  tube  a,  the 
temperature  of  the  plate  being  indicated  by  the  ther- 
mometer t.  The  gas  is  conducted  into  the  chamber 
by  the  tube  a',  while  a  serves  as  an  exit. 

For  long-continued  observations  at  an  elevated  tem- 
perature Zeiss'  warm  chamber  (Fig.  2667)  for  enclos- 
ing   the    microscope    should    be    em- 
ployed. 

Application  of  Electricity. — For  the 
application  of  the  electric  current  to 
specimens,  the  slide  shown  in  Fig.  3668 
will  answer  as  well  as  a  more  compli- 
cated piece  of  apparatus.  This  can  be  made  as  follows : 
Take  a  glass  slide  27  X  137  mm. ,  and  cover  the  sur- 
face with  gold  size;  press  the  moist  surface  firmly 
down  on  gold-leaf  or  tinfoil ;  allow  it  to  dry,  and  then 
scrape  away  the  metal  so  as  to  leave  the  two  triangles 
e,  e',  with  an  interval,  a,  between  their  apices,  of 
about  5  mm.  for  the  object.  The  specimen  is  placed  at 
a.  and  covered  with  a  cover-glass.     For  transmitting  the 
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Fig.  2665.— Warm  Stage. 


a  is  connected  by  an  india-rubber  tube,  a'',  with  the 
gas  generator,  and  conducts  the  gas  to  the  chamber ;  the 


other,  a ',  serves  for  its  exit. 


Application  of  Heat.— Fig.  2665  shows  the  latest  form 
of  warm,  stage  in  which  hot  water,  used  for  heating,  or 
which,  by  the  use  of  ice  water,  may  also  be  converted 
into  a  refrigerating  slide.     The  central  opening  C  (Pig. 


FIG.  2266.— Strieker's  Warm  Stage  and  Gas  Chamber. 


2665)  permits  the  passage  of  light.  At  each  end  of  the 
slide  a  small  tube,  B,  B' ,  is  inserted,  by  means  of  which 
it  is  connected  with  a  vessel  of  water. 

In  Fig  2666  is  shown  a  combined  warm  stage  and  gas 
chambe?.     It  consists  of  a  rectangular  piece  of  ebonite 
E.  E,  fixed  to  a  brass  plate  that  rests  on  the  stage  of  the 
Vol.  IV.— 45 


Fig.  2667.— Zeiss'  Warm  Chamber. 

current  the  ends  of  the  slide  are  clamped  by  the  clips  c, 
c' ,  to  which  the  wires  leading  from  the  battery  are  at- 
tached. 
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In  Fig.  2669  is  represented  a  combined  moist  chamber 
and  electric  slide.  The  slide,  s,  is  covered  with  tinfoil, 
/,  on  its  upper  and  lower  surfaces,  the  foil  on  the  upper 
surface  being  carried  to  the  upper  edge  of  the  glass  cell, 
c,  which  is  cemented  to  the  slide.  The  slide  is  placed  on 
the  copper  supports,  k,  k,  that  are  attached  to  the  stage, 
p,  if  it  be  a  glass  one ;  if  not,  they  must  be  insulated  by 


FIG.  2668.— Gold-leal  Electrodes. 


Strips  of  hard  rubber.  Two  small  strips  of  foil  are 
cemented  to  the  cover-glass,  leaving  a  space  of  5  mm. 
between  the  ends.  The  bottom  of  the  cell  is  filled  with 
a  few  drops  of  water;  the  specimen  is  placed  on  the 
cover-glass,  in  contact  with  the  tinfoil,  and  the  cover 
is  inverted  and  placed  on  the  cell,  c,  so  that  the  foil  comes 
in  contact  with  that  covering  the  cell.  The  electric  cur- 
rent is  conducted  to  the  specimen  through  the  metal  sup- 
ports by  wires  placed  in  the  holes  in  their  ends. 

Methods  op  Fixing,  Hardening,  and  Pkbsekving. 
—By  the  term  "fixing  "  is  meant  the  rapid  killing  of  the 
tissue  elements,  so  that  they  are  preserved  in  nearly  the 
same  condition,  as  regards  form  and  structure,  that  they 
had  during  life.  The  process  of  fixing  also  partially  hard- 
ens the  tissue,  so  that  it  is  not  injured  by  the  subsequent 
manipulations. 

The  process  of  fixing  produces  optical  differentiation 
in  the '  tissues  causing  alterations  in  their  indices  of  re- 
fraction. The  index  is  raised  in  varying  degrees,  some 
elements  being  more  affected  than  others,  thus  producing 
optical  differences  that  were  not  present  in  the  living 
tissue. 

The  fixation  causes  a  coagulation  of  certain  tissue  ele- 
ments rendering  them  insoluble,  the  fixing  agent  entering 
into  chemical  combination  with  them.  At  times  these 
chemical  compounds  are  soluble  and  are  removed  in  the 
process  of  washing.  Some  of  the  insoluble  compounds 
form  mordants  to  certain  stains,  giving  differential  stain- 
ings.  Some  of  the  chemicals  used  for  fixing  prevent  the 
subsequent  staining  of  the  tissue  unless  they  are  removed 
by  special  treatment.  This  is  especially  so  when  osmic 
or  chromic  acid  is  used. 

A  perfect  fixing  reagent  should  meet  the  following  re- 
quirements: It  should  penetrate  rapidly;  it  should  kill 
quickly  without  having  an  injurious  action  on  the  tissue- 
It  should  not  dehydrate,  as  the  withdrawal  of  water 
causes  shrinkage;  it  should  not  interfere  with  the  sub- 
sequent staining. 

_  Of  the  numerous  reagents  used  for  this  purpose  there 
is  not  one  that  meets  all  of  the  above  requirements 
Some  cause  shnnking,  others  more  or  less  swelling  while 
others  fix  nuclear  structures  well  but  not  cytoplasm  or 
mce^m-m  By  combinations  of  several  fixing  agents  the 
faults  of  one  may  be  counterbalanced  by  thosi  of  another 
The  followmg  rules  should  be  observed  in  the  use  of 
fixing  solutions:  The  size  of  the  specimen  shouW  be 
ma«,  averaging  about  0.5  c.c.  in  bulk,  and  the  quantity 

a-J.^f^ete'citn^'^^'  ^^  "^"^^  ^^  ^  -"'^-'^  *--  ^^e 
The  specimen  should  be  removed  from  the  fixing  fluid 
Thf«  ^"^  ""^  It  has  been  thoroughly  penetrated  by  theltter 
This  depends  upon  the  fixing  agent  used,  and  on  the  size 
and  density  of  the_  specimen.  Usually  from  twelve  to 
twenty-four  hours  is  a  sufficient  time  for  properTxation 
In  some  instances  it  is  desirable  to  fix  an  entire  organ 
In  such  cases  the  fixing  fluid  is  iniected  thrm,^w^' 
artery  and  allowed  to  flow  from  The  veTn  fnr  f/.^^  *^' 
two  hours,  after  which  the  entTre  orgaris  immeSeTL  a 
large  quantity  of  the  fixing  fluid  "nmersea  m  a 

ru^ii^rw^trrira^of^r  fl'xi^yVgVn^t  trr^  '^^ 

a^hl.  "''^^^^^^--  *^  thenfurthfrSln^//>Ta,-, 


Hardening. — After  the  fixative  has  been  thoroughly 
removed  from  the  specimens  they  are  then  hardened  by 
passing  them  through  graded  alcohols,  beginning  with 
sixty  per  cent,  and  increasing  the  strength  by  about  ten 
per  cent,  at  the  end  of  each  twelve  hours  until  strong 
alcohol,  ninety-five  per  cent.,  is  reached. 

Absolute  alcohol  as  found  in  commerce  varies  from  98 
to  99.5  per  cent. ;  it  is  very  expensive,  and  it  is  almost 
impossible  to  keep  it  up  to  the  proper  strength  after  it  has 
been  exposed  to  the  air.     An  alcohol  that  will  meet  all  the 
requirements  of  absolute  alcohol  may  be  prepared  after 
the  plan  of  Ranvier:  Cupric  sulphate  is  pulverized  and 
heated  at  a  temperature  of  100°  C.  until  all  the  water  of 
crystallization  is  driven  off,  and  a  white  powder  is  the  re- 
sult.    A  glass-stoppered  bottle  is  fllled  about  one-third 
full  with  this  powder,  anhydrous  cupric  sulphate,  and 
ordinary  alcohol  is  added.     After  standing  for  twenty- 
four  hours,  the  surface  of  the  copper  will  have  become 
decidedly  blue,  from  the  absorption  of  the  water  from 
the  alcohol.    A  test  made  at  this  time  will  show  the  alcohol 
to  be  over  ninety -nine  per  cent.     Fresh  alcohol  is  added, 
from  time  to  time,  until  all  of  the  copper  has  become 
blue  in  color,  when  it  is  no  longer  of  any  use  for  dehy- 
dration.    The  supernatant  alcohol  is  now   poured  off, 
and  the  bottle  placed  in  a  hot-air  sterilizer  at  a  tempera- 
ture of  100°  C.  until  the  cupric  sulphate  is  again  rendered 
anhydrous. 

Commercial  alcohol  usually  tests  about  ninety -five  per 
cent,  and  is  known  as  strong  alcohol.  The  graded  al- 
cohols used  in  hardening  are  prepared  by  diluting  this 
strong  alcohol  with  water.  The  amount  of  water  to  be 
added  to  each  one  hundred  volumes  of  ninety -flve-per- 
cent.  alcohol  is  as  follows:  For  making  60-per-cent  add 
41. 5  volumes  of  water ;  70-per-cent. ,  31  volumes  of  water  • 
80-per-cent.,  6.5  volumes  of  water;  90-per-cent  5  5  vol- 
umes of  water. 

AH  flxing  agents  if  allowed  to  act  long  enough  will 
harden  the  tissues,  but  as  a  general  rule  their  prolonged 
action  renders  the  tissues  brittle. 

Presermtion.—PoT  preserving  the  tissues  after  harden- 
ing, eighty-per-cent.  alcohol  is  to  be  used,  as  prolonged 
immersion  in  strong  alcohol  interferes  with  the  subsequent 
stammg  of  the  specimens. 

Osmic  Acid  is  a  very  volatile  substance,  its  vapor  being 
extremely  imtating  to  the  conjunctiva  and  nostrils.     It 
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Fig.  2669. -Electric  SUde  and  Moist  Chamter. 


L  or  n^  commerce  in  glass  tubes,  each  containing  1 
gin.  or  0.5  gm.  of  the  crystals.  It  is  used  in  aaueous- 
solutions  of  the  strength  of  0.1  to  2.0  per  cen?TrT 
combination  with  other  acids  in  the  proportion  of  1  to 
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For  making  a  solution,  a  bottle  is  thoroughly  washed 
■with  sulphuric  acid,  then  with  distilled  water,  that  all 
traces  of  organic  matter  may  be  removed ;  then  the  label 
is  removed  from  the  tube,  and  the  tube  it  washed  in  sul- 
phuric acid  and  distilled  water ;  the  tube,  its  two  extremi- 
ties being  broken  ofE,  is  now  put  into  the  bottle,  and  the 
proper  amount  of  distilled  water  is  added  to  make  a  so- 
lution of  the  required  percentage.  The  solution  is  to  be 
kept  in  a  well-stoppered  bottle  protected  from  the  light. 
According  to  Cori  this  solution  will  keep  perfectly,  if 
enough  potassium  permanganate  be  added  to  give  tlie 
fluid  a  slight  rosy  tint.  As  the  fluid  becomes  colorless 
small  quantities  of  the  permanganate  should  be  added  to 
restore  the  tint. 

Solutions  that  have  deteriorated  by  the  reduction  of 
the  osmic  acid  may  be  restored  by  the  addition  of  a  few 
drops  of  hydrogen  peroxide. 

Osmic  acid  is  more  valuable  as  a  fixing  than  as  a 
hardening  agent.  It  fixes  cytoplasm  perfectly,  nuclei 
badly.  Its  penetrating  power  is  but  slight,  so  that  ex- 
ceedingly small  pieces  of  tissue  must  be  used,  and  even 
then  its  action  will  be  confined  chiefly  to  the  superficial 
parts.  The  vapor  of  osmic  acid  has  a  much  greater 
penetrating  power. 

Tissues  to  be  submitted  to  the  action  of  the  vapor  are 
pinned  out  on  a  cork,  fitted  to  a  wide-mouthed  bottle,  in 
which  there  are  a  few  cubic  centimetres  of  a  one-per-cent. 
solution  of  the  acid,  and  allowed  to  remain  until  they  be- 
come of  a  brownish  color.  After  fixing,  the  excess  of  the 
osmic  acid  must  be  thoroughly  removed  by  washing  in 
running  water.  Any  acid  remaining  will  cause  an  over- 
blackening  and  it  will  also  interfere  with  the  subsequent 
staining. 

Any  over-blackening  is  best  removed  by  immersing  the 
tissue  in  a  mixture  of  one  part  of  hydrogen  peroxide  and 
twenty -five  parts  of  seventy-per-cent.  alcohol  (Overton). 

Osmic  acid  stains  fatty  matter  black  and  is  used  as  a 
stain  for  fat. 

For  increasing  the  penetrating  power  of  osmic  acid, 
Kolossow  uses  a  one-half -per-cent.  solution  in  a  two-  or 
three-per-cent.  aqueous  solution  of  uranium  nitrate. 
Lately  he  has  recommended  the  following  mixture :  Abso- 
lute alcohol,  50  c.c. ;  distilled  water,  50  c.c. ;  hydric 
nitrate,  3  c.c. ;  osmic  acid  1  to  3  gm.  This  mixture,  he 
states,  keeps  well. 

Oliromic  Acid. — Chromic  acid  is  an  exceedingly  deli- 
quescent salt,  and  in  the  presence  of  organic  matter  is 
readily  reduced  to  the  sesquioxide.  It  should  be  kept 
in  ten-per-cent.  aqueous  solution,  which  may  be  readily 
diluted  to  the  required  strength  for  use. 

It  is  used  in  aqueous  solutions  of  one-tenth  to  one  per 
cent,  as  a  fixing  agent,  and  allowed  to  act  for  a  few  hours 
only.  For  fixing  nerve  tissue,  solutions  of  one-fiftieth  to 
one-eighth  per  cent,  are  used.  The  pieces  of  tissue 
should  be  small,  and  after  removal  from  the  fluid  should 
be  well  washed  in  water  and  preserved  in  eighty-percent. 
alcohol. 

Mayer  rinses  the  fixed  material  in  water  and  then  places 
it  in  seventy-per-cent.  alcohol  in  the  dark;  the  alcohol 
is  changed  daily  until  it  ceases  to  become  colored  by  the 
chromic  acid ;  then  the  tissue  is  hardened  in  strong  alco- 
hol. Any  chrome  compound  that  may  be  present  in  the 
sections  is  removed  by  soaking  the  sections  in  100  c.c.  of 
seventy-per-cent.  alcohol,  to  which  is  added  four  to  six 
drops  of  hydric  chloride.  After  being  in  this  mixture  for 
a  short  time  the  sections  become  perfectly  white  and  stam 
well  with  the  usual  stains. 

As  a  hardening  agent,  chromic  acid  is  used  in  aqueous 
solutions  of  one-sixth  to  one-half  per  cent.  It  is  very 
slow  in  its  action,  taking  weeks,  and  even  months  it  the 
specimen  is  large.  As  a  rule,  the  pieces  of  tissue  must  be 
small,  3  to  3  cm.  on  a  side,  and  the  quantity  of  fluid  large, 
200  c.c.  for  each  cubic  centimetre  of  tissue.  The  flmd 
must  be  renewed  at  the  end  of  the  first,  third,  and  fifth 
days  After  the  hardening  is  completed  the  specimen  is 
placed  in  water  for  a  day  or  two,  to  remove  all  traces  _ot 
the  acid,  and  then  preserved  in  alcohol.  After  partial 
hardening  in  chromic  acid,  the  action  can  be  completed 


in  alcohol,  care  being  taken  thoroughly  to  wash  out  the 
former  before  placing  the  specimen  in  the  latter.  Two 
or  three  weeks'  immersion  in  the  acid  will  be  sufficient 
if  the  hardening  is  to  be  completed  in  alcohol. 

The  action  of  chromic  acid  seems  to  be  analogous  to 
that  of  tanning.  The  acid  enters  into  combination  with 
the  tissues,  rendering  them  tough  like  leather.  A  pro- 
longed action  of  the  acid  will  render  them  brittle. 

Chromic  acid  has  the  property  of  softening  bone,  and 
is  often  used  as  a  decalcifying  agent.  The  acid  is  an 
excellent  hardening  agent  for  the  central  nervous  system, 
nerve  tissue,  glandular  tissue,  and  epithelium. 

Ohromic  Acid  and  Alcohol. — Klein  used  a  mixture  of 
two  parts  of  a  one-sixth-per-cent.  solution  of  chromic 
acid  and  one  part  of  alcohol  for  his  investigations  on 
eel  Is,  and  claims  that  it  gave  better  results  than  the  ordi- 
nary reagents,  even  osmic  acid. 

Urban  Pritchard  uses  the  following  mixture :  Chromic 
acid  1  gm. ,  water  30  c.c,  alcohol  180  c.c.  The  chromic 
acid  is  dissolved  in  the  water  and  added  to  the  alcohol. 
This  was  used  for  hardening  the  cochlea. 

Chromic  and  Picric  Acids. — A  mixture  of  ten  parts  of 
a  saturated  solution  of  picric  acid,  twenty-five  parts  of 
a  one-percent,  solution  of  chromic  acid,  and  sixty-five 
parts  of  water  makes  an  excellent  hardening  fluid.  Its 
action  is  slow. 

Chromic  Acid  and  Platinie  Chloride  (Merkel's  Fluid). — 
This  is  recommended  by  its  originator  as  an  excellent 
fixing  agent,  especially  for  the  retina.  The  formula  is: 
Platinie  chloride,  1  gm. ;  chromic  acid,  1  gm. ;  water,  800 
c.c.  The  specimen  is  to  be  kept  in  this  fluid  for  from 
two  to  three  hours,  then  preserved  in  alcohol.  Eisig 
allows  specimens  to  remain  three  or  four  hours  in  this 
fluid,  and  then  preserves  them  in  seventy-per-cent.  al- 
cohol. Specimens  so  treated  stain  well  with  almost  any 
stain. 

Chromic  and  Osmic  Acids. — Plesch  recommends  the 
following  mixture :  One-per-cent.  solution  of  osmic  acid 
10  parts ;  one-per-cent.  solution  of  chromic  acid,  35  parts ; 
water,  65  parts.  Specimens  remain  in  this  mixture  for 
from  twenty-four  to  thirty-six  hours.  The  hardening  is 
completed  in  alcohol  and  the  specimen  is  preserved  in 
the  same. 

Chromic  and  Acetic  Acids. — One-per-cent.  solution  of 
chromic  acid,  30  to  35  c.c. ;  one-per-cent.  solution  of  hy- 
dric acetate,  10  c.c. ;  water,  70  c.c.  This  solution  is 
recommended  by  Plemming  when  the  after-staining  of 
the  specimen  is  to  be  effected  with  hsematoxylin.  These 
preparations  do  not  stain  well  with  aniline  dyes. 

Chromic  and  Formic  Acids. — Ralb  adds  from  four  to 
five  drops  of  formic  acid  to  300  c.c.  of  a  0.33-per-cent. 
solution  of  chromic  acid.  This  mixture  must  be  pre- 
pared fresh  at  the  time  of  using.  Small  pieces  of  tissue 
are  fixed  .for  twenty -four  .hours  and  then  washed  in 
water. 

Flemming's  Fluid. — First  Formula :  Chromic  acid,  0.35 
gm. ;  osmic  acid,  0.1  gm. ;  hydric  acetate,  0.1  c.c. ;  water, 
100  c.c.  Second  Formula:  Chromic  acid,  one-per-cent. 
aqueous  solution,  15  parts;  osmic  acid,  two-per-cent. 
solution,  4  parts ;  hydric  acetate,  1  part. 

Small  pieces  of  tissue  are  fixed  in  this  fluid  for  from 
twelve  to  twenty-four  hours,  then  well  washed  in  run- 
ning water  and'  hardened  in  graded  alcohols.  These 
fluids  were  used  by  Plemming  in  his  investigations  on 
cell  division.  They  fix  the  nuclear  structures  perfectly, 
but  the  cytoplasm  not  so  well. 

Fol's  Modification. — Osmic  acid,  one-per-cent.  solution, 
3  parts ;  chromic  acid,  one  per  cent,  solution,  25  parts ; 
hydric  acetate,  two-per-cent.  solution,  8  parts;  distilled 
water,  68  parts. 

Carnoy's  Modijication.—Osm\c  acid,  two-per-cent.  solu- 
tion, 16  parts;  chromic  acid,  two-per-cent.  solution,  45 
parts ;  hydric  acetate,  8  parts. 

Hermann's  Modification.— Chromic  acid,  one-per-cent. 
solution,  13  to  15 c.c. ;  hydric  acetate,  1  to  3  drops;  osmic 
acid,  0.35-per-cent.  solution,  8  to  10  drops. 

Vanlair's  Modifications.— 1.  Osmic  acid,  one-half-per- 
cent, solution,  40  parts ;  chromic  acid,  one-half -per-cent. 
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solution,  140  parts ;  hydric  acetate,  10  parts.  II.  Osmic 
acid,  one-half-per-cent.  solution,  10  parts;  potassium  di- 
chromate,  one-half-per-cent.  solution,  10  parts;  hydric 
acetate,  2  parts. 

Hermann's  Fluid.— This  is  a  modified  Flemming's  fluid 
in  which  platinic  chloride  is  substituted  for  the  chromic 
acid ;  its  composition  is  as  follows :  Platinic  chloride,  one- 
per-cent.  aqueous  solution,  15  parts;  osmic  acid,  two- 
per-cent.  solution,  3  parts;  hydric  acetate,  1  part. 

Potassium  Bichromate. — The  action  of  this  salt  is  similar 
to  that  of  chromic  acid.  It  is  used  in  aqueous  solutions 
of  one  to  two  per  cent,  for  fixing,  and  two  to  five  per  cent, 
for  hardening.  Its  action  is  slow,  and  it  has  the  advan- 
tage of  never  rendering  the  tissues  hrittle. 

Miller's  Fluid. — This  fluid  was  first  introduced  by  H. 
Miiller  for  hardening  the  retina.  It  is  an  excellent  hard- 
ening fluid  for  the  majority  of  tissues,  especially  for  the 
central  nervous  system.  Its  action  is  slow,  but  its  pene- 
trating power  great.  It  requires  a  month  to  six  weeks 
to  complete  the  hardening  of  a  spinal  cord.  If  the  tem- 
perature of  the  fluid  is  kept  at  30°  to  40°  C,  the  time  is 
reduced  to  from  eight  to  ten  days  (Weigert). 

The  composition  of  the  fluid  is  as  follows:  Potassium 
dichromate,  3  to  2.5  parts;  sodium  sulphate,  1  part; 
water,  100  parts.  It  should  be  used  in  large  quantities, 
renewed  at  the  end  of  twelve  hours,  then  every  third  day 
until  the  hardening  is  completed.  Then  wash  well  in 
water  and  preserve  in  alcohol.  (See  Orth's  fluid  under 
formalin,) 

KultzscMtzky  recommends  the  following  for  flxing 
the  gastro-intestinal  canal :  Potassium  dichromate,  3  gm. ; 
mercuric  chloride,  0.35  gm. ;  hydric  acetate,  two-per- 
cent, solution,  50  c.c. ;  alcohol,  50  c.c.  Some  of  the 
dichromate  precipitates  out,  so  the  fluid  must  stand  for  a 
few  days  and  then  be  filtered.  The  specimen  is  to  be 
fixed  for  from  three  to  five  days ;  then  washed  in  water 
and  hardened  in  graded  alcohols. 

Dichromate-osmic-platinic  Mixture  (Lindsay  Johnson). 
Potassium  dichromate,  3.5  gm. ;  osmic  acid,  two-per- 
cent solution,  10  c.c. ;  platinic  chloride,  one-per-cent. 
solution,  15  c.c. ;  hydric  acetate,  5  c.c. ;  water,  70  c.c. 
Dissolve  the  dichromate  in  the  water  and  then  add  the 
other  ingredients.  This  mixture  is  an  excellent  fixing 
fluid  for  the  most  of  tissues,  though  used  first  by  Johnson 
for  the  retina. 

Erlieki's  Fluid. — This  is  also  an  excellent  hardening 
fluid  for  the  central  nervous  system.  It  consists  of 
potassium  bichromate,  2.5  parts;  cupric  sulphate,  0.5 
part ;  water,  100  parts.  At  a  temperature  of  30°  to  40° 
C.  it  hardens  the  spinal  cord  in  four  days. 

Tellyseniczky's  Fluid.~Po\&&si\im  dichromate,  3  gm. ; 
hydric  acetate,  5  c.c;  water,  100  c.c.  Small  pieces  of 
tissue  in  this  fluid  are  fixed  for  from  one  to  two  days  and 
then  washed  well  in  water.  This  is  an  excellent  fixative 
for  cytoplasm  and  fair  for  nuclear  structures. 

Ammonium  Bichromate.— This,  is  used  in  one  to  two 
per  cent,  solution  in  water,  in  place  of  the  previous  salt, 
for  hardening  the  central  nervous  system.  If  1  c  c  of 
ammonia  be  added  to  each  100  c.c.  of  potassium  dichro- 
mate solution,  the  color  changes  to  a  bright  yellow,  and 
its  power  of  penetration  is  increased. 

Ammonium  Ohromate  {Neutral  C/troro^rte).— Asaflxing 
agent  this  salt  is  used  in  five-per-cent.  solution  and 
allowed  to  act  for  twenty-four  hours.  The  specimen 
should  afterward  be  washed  well  in  water  and  preserved 
m  alcohol. 

Picric  Acid.— ^Jsei  in  cold  saturated  solution  in  water 
\Pf '  "*  Pi?''ic  acid  to  86  parts  of  water  at  a  tempei-ature 
01  la  y  ihe  bits  of  tissue  must  be  small— 1  to  3  cm 
on  a  side  for  each  100  c.c.  of  fluid.  The  sohition  must 
always  be  in  a  state  of  saturation;  to  accomplish  this  a 
tew  picric-acid  crystals  are  placed  in  the  bottle,  and  the 
latter  is  shaken  occasionally.  After  fixing,  tlie  tissues 
should  ohcays  be  washed  in  alcolwl  ami  not  in  ivateV  A 
tew  drops  of  a  saturated  solution  of  lithium  carbonate  in 
water,  added  to  tlie  alcohol,  will  hasten  tlie  process 

Ihis  reagent  acts  by  gradually  transposing  the  albumin 
mtoan  insoluble  compound,  so  that  tissue!  harden  i^U 
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entirely  without  shrinking.  As  the  tissues  become  less 
solid  than  with  other  reagents,  it  is  necessary  to  complete 
the  hardening  in  alcohol.  The  majority  of  tissues  are 
stained  yellow,  but  the  color  is  withdrawn  by  alcohol, 
water,  glycerin,  etc. 

Picro-acetic  Acid.  — Bolles  Lee  recommends  a  saturated 
solution  of  picric  acid  in  a  one-per-cent.  solution  of 
hydric  acetate. 

Boveri  dilutes  a  saturated  aqueous  solution  of  picric 
acid  with  two  volumes  of  water  and  adds  one  per  cent, 
of  hydric  acetate. 

These  solutions  are  recommended  for  flxing  cellular 
elements. 

Picro-ekromic  Acid  (Fol). — Saturated  aqueous  solution 
of  picric  acid,  10  parts;  chromic  acid,  one-per-cent. 
aqueous  solution,  35  parts;  water,  65  parts.  At  the 
time  of  using  add  0.005  gm.  of  osmic  acid. 

Picro-hydrochloric  Acid  (Mayer). — Water,  100  parts; 
hydric  chloride,  8  parts ;  picric  acid  to  saturation. 

Picro-nitric  Acid  (Mayer). — Water,  100  parts;  hydric 
nitrate,  5  parts ;  picric  acid  to  saturation. 

Picro-sulphuric  Acid  (Kleinenberg). — Distilled  water, 
100  parts ;  hydric  sulphate,  3  parts ;  picric  acid  to  satura- 
tion. 

Picro-mercurie  Chlm'ide  (Mann). — Picric  acid,  4  gm. ; 
mercuric  chloride,  15  gm. ;  tannic  acid,  6  to  8  gm. ;  alco- 
hol, 100  c.c.  Recommended  for  all  animal  tissues.  Fix 
for  twenty-four  hours  at  the  body  temperature  of  the 
animal,  then  wash  in  iodine  alcohol. 

Picro-platinic-Osmic  Acid  (von  Rath). — Saturated  aque- 
ous solution  of  picric  acid,  200  c.c;  platinic  chloride,  1 
gm.  dissolved  in  10  c.c.  of  water;  hydric  acetate.  See; 
osmic  acid,  two-per-cent.  solution,  25  c.c. 

Picric  Alcohol  (Altman). — Picric  acid,  2.5  gm. ;  al- 
cohol, ninety-flve  per  cent.,  35  c.c. ;  water,  70  c.c. 

Picric  Alcohol  (Gage).— Picric  acid,  2  gm. ;  alcohol, 
ninety-flve  per  cent.,  500  c.c. ;  water,  500  c.c. 

Fix  in  the  above  solutions  for  from  one  to  two  days. 
Wash  out  in  graded  alcohols. 

Picro-formalin  (Graf).- Graf  recommends  the  follow- 
ing solutions  for  cy tological  work : 

1.  Sat.  aq.  sol.  picric  acid,  1  vol.,  Formalin,  5  per  cent.,  1  vol. 

2.  '>     ..     ■>        .■       "      1    >.  ■.  10  .>      ..       1    „ 

3       "       «.       11  4.  ..        ,     ,,  „  ..    „        „  ,1 


95  vols., 
90" 


15  "      "       i 
full  strength  5  vols. 
10  " 


Small  pieces  of  tissue  are  flxed  for  thirty  minutes ;  then 
washed  for  one  hour  in  a  large  quantity  of  thirty-per- 
cent, alcohol;  then  in  fifty-per-cent.  alcohol;  seventy- 
percent,  alcohol;  eighty-per-cent.  alcohol;  and  finally 
preserved  in  ninety-flve-per-cent.  alcohol. 

Picro-Formalin — Platinic  Chloride  (Bouin).— Platinic 
chloride,  one-per-cent.  aqueous  solution,  30  parts ;  picric 
acid,  saturated  aqueous  solution,  20  parts;  formalin,  10 
parts ;  formic  acid,  5  parts. 

Palladium  CAZoWffe.— Employed  by  Waldeyer  in  one- 
thousandth-per-cent.  aqueous  solution,  with  the  addition 
of  a  few  drops  of  hydric  chloride  to  aid  in  the  solution, 
for  softening  the  cochlea.  The  specimen  is  placed  in  this 
solution  for  twenty-four  hours,  and  then  in  absolute  al- 
cohol for  the  same  length  of  time. 

F.  E.  Schulze  uses  this  salt  in  0.01  to  0.2  per  cent, 
solutions.  As  the  penetrating  power  is  slight,  small 
pieces  of  tissue  are  to  be  used— a  piece  the  size  of  a  bean 
to  30  c.c.  of  the  solution.  The  hardening  is  completed 
at  the  end  of  thirty-six  to  forty -eight  hours,  but  the 
specimen  may  remain  in  the  fluid  for  months  without 
Jiarm.  This  solution  slains  protoplasm  dark  yellow, 
striated  muscle  brownish  yellow,  smooth  muscle  straw 
jellow,  nieduUatcd  nerves  black.  Hyaline  membranes 
and  elastic  fibi'es  stain  slight  yellow  and  remain  trans- 
pai-ent.  Interstitial  substance  of  connective  tissue  re- 
mains colorless,  and  will  stain  deeply  with  carmine  and 
other  stains,  while  the  tissue  colored  by  the  palladium 
remains  unstained.  Sections  are  to  be  well  washed  in 
water  and  mounted  in  glycerin. 

Fraenkel  recommends  the  following  as  a  fixative  for 
connective  tissue:  Palladium  chloride,  one-per-cent.  aque- 
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ous  solution,  15  parts;  two-per-cent.  solution  of  osrnic 
acid,  5  parts;  and  a  few  drops  of  acetic  acid. 

Mercuric  OUloride  is  an  excellent  fixing  agent.  It 
kills  rapidly  and  does  not  interfere  with  the  subsequent 
staining  of  the  tissues.  It  is  slow  in  penetrating  so  that 
small  pieces  of  tissue  must  be  used.  As  a  fi.\ative  it  is 
used  in  saturated  aqueous  solution  (about  seven  per 
cent.);  or  in  saturated  solution  in  three-quarters-per- 
cent, solution  of  sodium  chloride.  The  simple  aqueous 
solution  does  not  keep  well,  depositing  after  a  time  a  tine 
white  precipitate.  This  precipitation  can  be  prevented 
by  the  addition  of  a  slight  amount  of  hydric  nitrate 
(BoUes  Lee). 

A  better  fixation  is  obtained  if  a  small  quantity  of 
hydric  acetate,  about  one  per  cent.,  be  added  to  the 
aqueous  solution.  BoUes  Lee  speaks  highly  of  a  saturated 
solution  of  mercuric  chloride  in  five-per-cent.  hj'drie 
acetate.  Van  Beneden  uses  a  saturated  solution  in 
twenty-five-per-cent.  hydric  acetate. 

The  specimens  should  be  left  in  the  fixing  fluid  as  short 
a  time  as  possible.  A  prolonged  immersion  rendei's  them 
brittle. 

After  fixation,  the  tissues  are  washed  in  seventy-per- 
cent, alcohol,  to  which  tincture  of  iodine  is  added  until 
the  alcohol  becomes  of  a  mahogany  color.  If  the  alcohol 
becomes  decolorized  more  iodine  is  added,  and  this  is  re- 
peated until  the  alcohol  ceases  to  lose  color.  Finally  the 
specimens  are  washed  in  eighty-per-cent.  alcohol  to  re- 
move the  iodine.  This  procedure  must  be  followed  with 
all  specimens  that  have  been  fixed  in  a  fluid  containing 
mercuric  chloride.  They  are  then  preserved  in  ninety- 
per-cent.  alcohol,  in  which  after  prolonged  immersion 
they  become  very  brittle. 

Aleolwlic  Solutions  of  Jfercuric  Chloride. — Mercuric 
chloride  is  more  soluble  in  alcohol  than  in  water,  so  that 
by  the  use  of  this  menstruum  a  stronger  solution  may  be 
obtained. 

Oilson's  Fluid. — Absolute  alcohol,  1  part;  hydric 
acetate,  glacial,  1  part;  chloroform,  1  part;  mercuric 
chloride,  to  saturation.  Small  specimens  are  fixed  for 
from  twenty -five  to  thirty  seconds,  then  washed  in  alcohol 
(see  above). 

Ohlmacher's  Fluid. — Absolute  alcohol,  80  parts;  chloro- 
form, 15  parts;  hydric  acetate,  glacial,  5  parts;  mercuric 
chloride,  to  saturation  (about  twenty  per  cent.).  Small 
pieces  of  tissue  are  fixed  for  from  fifteen  to  thirty  min- 
utes, and  then  washed  out  in  iodine-alcohol. 

Lang's  Fluid. — First  Formula:  Mercuric  chloride,  3  to 
13  gm. ;  sodium  chloride,  6  to  10  gm. ;  hydric  acetate, 
6  to  8  c.c. ;  distilled  water,  100  c.c.  Second  Formula: 
Saturated  solution  of  mercuric  chloride  in  picro-sulphuric 
acid,  to  which  is  added  five  per  cent,  of  hydric  acetate. 

Carnoy's  Modification  of  Lang's  Fluid.— Kercuric  chlo- 
ride, 5  gm. ;  sodium  chloride,  5  gm.,  hydric  acetate,  5 
c.c. ;  water,  100  c.c. 

Pacini's  Muid.— Mercuric  chloride,  1  gm. ;  hydric 
acetate,  2  c.c. ;  water,  300  c.c. 

Zenker's  Fluid.— M-crcrmc  chloride,  5  gm. ;  potassium 
dichromate,  2.5  gm. ;  sodium  sulphate,  1  gm. ;  hydric 
flpftflto   5  c  c 

The  hydric  acetate  is  added  just  before  using.  The 
specimen  is  fixed  for  from  two  to  forty-eight  hours; 
washed  well  in  water,  then  in  graded  alcohols,  and  final- 
ly in  ninety-per-cent.  alcohol  to  which  is  added  from  one- 
half  to  three-quarters  per  cent,  of  tincture  of  iodine. 
This  is  an  excellent  fixing  fluid,  especially  for  muscular 
tissues.  Tellyseniczky  states  that  it  is  equal  to  Flem- 
ming's  fluid  for  cellular  structures. 

Apathy's  Fluid.— Alcohol,  fifty  per  cent,  100  c.c; 
sodium  chloride,  0.5  gm. ;  mercuric  chloride,  3  to  4  gm. 

Bath's  Fluid.-'Mcdhol,  200  c.c. ;  mercuric  chloride,  1 
gm. ;  hydric  acetate,  glacial,  3  c.c.  Fix  for  from  four  to 
five  hours. 

Alcohol  is  used  for  the  purpose  of  fixing  tissues  either 
in  the  form  of  one-third  alcohol,  "  alcohol  au  tiers  "  of 
Ranvier,  or  absolute  alcohol.  The  one-third  alcohol  con- 
sists of  1  part  of  ninetv-per-cent.  alcohol  and  2  parts  of 
water     Tissues  are  placed  in  this  fluid  for  twenty -four 


hours;  then  stained  in  an  alcoholic  staining  fluid.  They 
should  never  be  treated  with  an  aqueous  medium,  except 
picrocarmine,  alum  carmine,  or  methyl  green. 

Absolute  alcohol  penetrates  quickly  and  fixes  fairly 
well,  but  there  is  apt  to  be  some  distortion  on  account  of 
shrinkage.  It  hardens  at  the  same  time.  Except  in  a 
few  special  cases  alcohol  should  be  discarded  as  a  fixative 
and  its  use  restricted  to  hardening  and  preserving. 

Alcoholic  Mixtures. 

Ciirnoy's  Fluids. — I.*  Hydric  acetate,  glacial,  1  part; 
absolute  alcohol,  3  parts.  II.  Hydric  acetate,  glacial,  1 
part ;  absolute  alcohol,  6  parts ;  chloroform,  3  parts. 

The  chloroform  in  the  second  fomiula  makes  its  action 
more  rapid. 

Zncluiriii.i'  Fluid. — Hydric  acetate,  glacial,  1  part; 
absolute  alcohol,  4  parts;  one-per-cent.  solution  of  osmic 
acid,  3  to  3  drops  to  each  10  c.c.  of  the  above. 

Fix  for  from  one  to  three  hours  in  the  above  mixtures 
and  then  wash  out  in  alcohol.  These  fluids  give  good  fixa- 
tion of  mitotic  figures  and  of  the  central  nervous  system. 

Alcohol  and  Osmic  Acid  (Vignal). — Alcohol  and  one- 
per-cent.  osmic  acid,  equal  parts.  After  fixing  wash  in 
eighty-per-cent.  alcohol. 

Formalin. — Formalin  is  a  forty-per-cent.  solution  in 
water  of  the  gas  formaldehyde  (HCOH),  an  oxidation 
product  of  methyl  alcohol.  It  is  also  known  in  commerce 
as  "formol"  and  "formalose."  The  commercial  product 
rarely  tests  over  thirty-eight  per  cent.  When  exposed 
to  the  air  a  partial  decomposition  takes  place  with  the 
formation  of  a  white  deposit,  paraformaldehyde.  The 
vapor  of  formalin  is  irritating  to  the  mucous  membranes. 
It  also  has  an  irritating  effect  on  the  skin,  hardening  it 
and  causing  the  formation  .of  annoying  cracks  which  do 
not  heal  unless  the  hands  are  kept  from  coming  in  con- 
tact with  the  formalin. 

Formalin  penetrates  rapidly  and  kills  quickly,  but  un- 
fortunately in  most  instances  does  not  fix  the  tissue 
elements  sufficiently  to  enable  them  to  withstand  the  sub- 
sequent manipulations  without  change.  On  account  of 
this  fault  pure  formalin  has  been  almost  entirely  aban- 
doned as  a  fixative,  but  the  agent  is  quite  extensively  em- 
ployed in  mixtures. 

As  a  fixative  it  is  used  in  the  strength  of  from  one  to 
five  per  cent.  In  five-per-cent.  solutions  I  have  found  it 
to  be  a  good  fixative  for  cystic  tumors  of  the  ovary,  also 
for  the  mucous  membrane  of  the  uterus. 

Bolles  Lee  has  called  attention  to  what  he  considers  an 
inaccurate  manner  of  stating  the  percentages  used.  He 
claims  that  the  proper  way  of  stating  the  strength  of  the 
solutions  is  to  say  "  formalin  diluted  with  so  many  vol- 
umes of  water."  It  is  now  understood  that  when  a  per- 
centage is  given  it  means  the  stated  percentage  of  com- 
mercial formalin  and  not  of  the  gas  formaldehyde. 

The  following  is  a  table  for  formalin  solutions : 
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As  a  pi-eservative  agent  for  gross  specimens,  formalin 
is  used  in  the  strength  of  from  two  to  ten  per  cent.,  a  five- 
per-cent.  solution  usually  giving  the  best  results.  The 
weaker  solutions  cause  more  or  less  swelling  of  the  tissues. 

The  quantity  of  the  fluid  should  be  large — one  hundred 
times  the  volume  of  the  specimen — and  the  fluid  should 
be  renewed  at  the  end  of  twenty-four  hours.  In  cases 
of  large  specimens  it  is  well  to  renew  the  fluid  a  second 
or  even  a  third  time. 

When  used  in  this  manner,  formalin  preserves  the 
form  and  to  a  certain  extent  the  natural  color  of  the 
specimens.     In  some  cases  the  blood  color  appears  to  be 


*  Tbis  is  also  known  as  Van  Gehuchten's  fluid. 
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bleached  out,  but  if  the  specimen  is  placed  in  strong 
alcohol,  this  is  nearly  if  not  entirely  restored. 

For  preserving  the  blood  color  of  specimens,  J  ohres 
makes  use  of  the  following  procedure  and  fluid:  Sodium 
chloride  1  part;  magnesium  sulphate,  2  parts;  sodium 
sulphate,  3  parts ;  water,  100  parts.  To  this  mixture  are 
added  from  five  to  ten  parts  of  a  forty-per-cent.  solution 
of  formalin.  After  the  specimen  has  become  sufficiently 
hardened,  the  formalin  solution  is  poured  off,  the  speci- 
men is  washed  in  ninety-live-per-cent.  alcohol,  then  kept 
in  ninety-five-per-cent.  -alcohol  until  the  blood  color  be- 
comes restored,  and  finally  is  preserved  in  a  mixture  of 
equal  parts  of  glycerin  and  water. 

A  ten-per-cent.  solution  of  formalin  is  the  best  harden- 
ing reagent  for  eyes.  The  cornea  remains  translucent 
and  the  vitreous  humor  retains  its  natural  transparency 
perfectly. 

For  hardening  the  central  nervous  system  it  is  used  m 
the  strength  of  from  four  to  ten  per  cent.  Sections  stain 
well  with  Weigert's  hasmatoxylin  method.  _     _ 

Fdnnaliii  Ilixtures.— For  fixing  purposes  formalin  is 
now  used  almost  entirely  in  combinations  with  acids  and 
chemical  salts. 

Lovdowsky's  Flvids.—l.  Distilled  water,  30  c.c. ;  al- 
cohol, ninety-five  per  cent.,  10  c.c;  formalin,  3  c.c; 
hvdric  acetate,  0.5  c.c.  II.  Distilled  water,  30  cc  ;  al- 
cohol, ninety-five  per  cent.,  15  c.c;  formalin,  5  c.c; 
hydric  acetate,  1  c.c. 

These  fluids  are  recommended  by  Lovdowsky  for  fix- 
ing the  mitotic  figures  of  cells. 

Cox's  Fhucl.—Kerc-arK  chloride,  saturated  aqueous 
solution,  30  parts;  formalin,  10  parts;  hydric  acetate,  5 
parts.  Used  by  the  author  for  fixing  the  nerve  cells  of 
the  spinal  ganglia. 

Orth's  Fluid  (Formalin  Miiller's  Fluid).— Potassium 
dichromate,  2.5  gm. ;  sodium  sulphate,  1  gm. ;  water, 
100  c.c. ;  formalin,  10  cc.  This  fluid  must  be  freshly 
prepared  each  time  as  it  soon  decomposes.  When  it  is 
used  in  large  quantities  the  salts  may  be  made  up  into 
solution  and  the  formalin  added  at  the  time  of  using ;  or 
a  solution  of  the  salts  may  be  made  of  double  strength 
and  diluted  with  an  equal  volume  of  twenty-per-cent. 
formalin  at  the  time  of  using. 

Small  pieces  of  tissue  are  fixed  in  this  fluid  for  from 
twelve  to  twenty -four  hours;  then  washed  in  running 
water  for  from  six  to  twelve  hours ;  and  finally  placed  in 
eighty-per-cent.  alcohol. 
This  fluid  is  the  best  general  fixing  fluid  we  have. 
Methods  OF  Decalcification. — Specimens  to  be  de- 
calcified should  be  reduced  to  pieces  about  3  mm.  in 
thickness.  This  can  be  done  with  a  fine  saw.  They  are 
then  thoroughly  hardened  and  placed  in  the  decalcify- 
ing fluid.  When  they  are  decalcified,  which  may  be 
tested  by  passing  a  needle  into  the  tissue,  they  are  thor- 
oughly washed  in  running  water  until  all  the  acid  is  re- 
moved ;  they  are  then  hardened  in  alcohol. 

Hydric  Chloride. — One  part  of  strong  hydric  chloride 
is  mixed  with  ten  parts  of  water,  and  ten  per  cent,  of 
sodium  chloride  is  added.  Without  the  addition  of  the 
latter  the  acid  will  cause  some  tissues  to  swell.  The 
specimen  of  bone  is  placed  in  a  large  quantity  of  this 
fluid,  and  a  little  fresh  acid  added  day  by  day  until  the 
bone  has  become  soft.  Then  it  is  washed  in  water  until  all 
traces  of  acid  are  removed,  and  preserved  in  alcohol. 

Hydric  Chloride  and  Palladium  Chloride. — Waldeyer 
employs  a  one-thousandth-per-ceut.  solution  of  palladium 
chloride  with  one-tenth  of  its  volume  of  hydric  chloride 
for  softening  the  cochlea.  Small  pieces  of  bone  arc 
placed  in  this  fluid  for  twenty-four  hours.  If  they  are 
not  softened  at  the  end  of  this  time  the  fluid  is  renewed, 
and  they  are  allowed  to  remain  another  twenty-four 
hours,  when,  as  a  rule,  they  will  be  found  completely 
softened.  The  specimens  are  then  washed  in  alcohol, 
which  is  renewed  at  the  end  of  twenty -four  hours.  This 
fluid  does  not  cause  the  tissues  to  swell,  nor  does  it  in- 
terfere with  the  staining. 

V.  Ebner  recommends  a  two-per-cent.  solution  of  hydric 
chloride  in  a  half  saturated  solution  of  sodium  chloride. 

no 


This  fluid  is  slow  in  its  action  and  should  be  changed 
daily  until  the  specimens  are  thoroughly  decalcified.  _  The 
specimens  are  then  washed  in  a  half  saturated  solution  ot 
sodium  chloride,  to  which  a  few  drops  of  ammonium 
hydrate  are  added,  until  the  reaction  of  the  bone  becomes 

^^ Hydric  Chloride  and  Alco7iol.—B.ydTic  chloride,  3.5 
c.c. ;  alcohol,  500  c.c. ;  water,  100  c.c. ;  sodium  chloride, 

"'  Or  hydric  chloride,  1  to  5  c.c. ;  alcohol,  70  c.c. ;  water, 
30  c.c. ;  sodium  chloride,  0.5  gm. 

Hydric  mtrate.— This  acid  is  highly  recommended  by 
Busch  He  employs  a  ten-per-cent.  solution  for  adult 
bones  and  a  one-per-cent.  solution  for  foetal  bones.  Fresh 
bones  are  placed  for  three  days  in  ninety-five-per-cent. 
alcohol;  then  placed  in  the  nitric-acid  solution,  which  is 
'changed  daily  until  decalciflcation  is  complete.  This  re- 
quires from  eight  to  ten  days.  The  bones  are  then  washed 
in  runing  water  for  two  hours,  and  finally  placed  in 
ninety -flve-per-cent.  alcohol,  which  is  renewed  at  the  end 
of  three  days. 

Fcetal  bones  are  first  placed  in  a  mixture  of  one-per- 
cent, potassium  bichromate  and  one-tenth  per  cent,  of 
chromic  acid  for  one  or  two  days ;  then  decalcified  in 
one-per-cent.  hydric  nitrate.  When  thoroughly  decalcified 
they  are  washed  in  water  and  preserved  in  alcohol. 

Sections  of  bone  treated  by  this  method  stain  well  with 
eosin,  but  staining  with  hsematoxylin  is  seldom  successful. 
Hydric  Mtrate  and  Alcolwl.  —Mayer  uses  a  fi  ve-per-cent. 
solution  of  hydric  nitrate  in  ninety-per-cent.  alcohol; 
Thoma  5  parts  of  strong  alcohol  and  1  part  of  hydric 
nitrate,  renewing  the  fluid  daily  until  the  specimens  are 
decalcified. 

Phloroglvcin  and  Hydric  Mtrate  (Haug).— Phloro- 
glucin,  1  gm. ;  hydric  nitrate,  10  c.c.  The  phloroglucin 
is  placed  in  a  porcelain  dish  and  the  hydric  nitrate  added 
drop  by  drop;  it  should  be  warmed  carefully,  as  the 
action  of  the  acid  on  the  phloroglucin  is  very  energetic. 
When  all  the  acid  has  been  added,  the  solution  is  diluted 
with  100  c.c.  of  distilled  water.  This  should  give  a  clear 
ruby -red  colored  fluid.  Then  there  must  be  added  10  c.c. 
of  hydric  nitrate,  the  solution  being  afterward  brought 
up  to  300  c.c.  by  the  addition  of  water. 

The  phloroglucin  acts  as  a  protector  to  the  organic 
constituents  and  has  no  decalcifying  action. 

The  action  of  this  fluid  is  very  rapid.  Petal  and  young 
bones  become  soft  in  half  an  hour;  older  bones,  like 
pieces  of  the  femur,  req  uire  from  four  to  fi  ve  hours. 

After  decalciflcation  the  specimens  are  washed  in  run- 
ning water  for  two  or  three  days. 

This  solution  may  be  made  with  hydric  chloride  Instead 
of  hydric  nitrate,  30  c.c.  of  the  HCl  being  used. 

A  slower  acting  fluid  can  be  made  as  follows:  Phloro- 
glucin, 1  gm. ;  hydric  nitrate,  5  c.c. ;  alcohol,  70  c.c. ; 
water,  30  c.c. 

These  solutions  should  be  made  fresh  as  they  do  not 
keep  well. 

Ferri's  Solution. — ^Dissolve  1  gm.  of  phloroglucin,  by 
the  aid  of  heat,  in  a  mixture  of  100  c.c.  of  water  and 
10  c.c.  of  hydric  chloride;  when  cold  add  300  c.c.  of 
seventy-per-cent.  alcohol. 

Picric  Acid. — This  is  used  in  saturated  aqueous  solu- 
tion. It  is  slow  in  its  action.  The  specimen  should  be 
small,  and  be  suspended  in  a  large  quantitj'  of  the  fluid. 
The  latter  must  be  kept  in  a  saturated  condition  by  the 
addition  of  fresh  crystals  of  the  acid  and  frequent  agita- 
tion. 

Schmol  recommends  the  following  mixtures:  A.  For- 
malin, 100  c.c.  ;  hydric  nitrate,  20  c.c.  B.  Miiller's 
fluid,  100  c.c. ;  hydric  nitrate,  3  c.c. 

Trichloracetic  Acid.— This  acid  has  been  recommended 
for  decalcification.  It  acts  slowly,  and  is  used  in  five- 
per-cent.  solutions. 

Methods  op  Dissociation. — Mechanical. — Scraping 
and  Teasing. — Which  of  these  methods  is  to  be  employed 
will  depend  upon  the  nature  of  the  tissue.  Epithelium 
can  be  easily  scraped  off  in  large  flakes  by  a  knife,  while 
fibrous  parts  must  be  teased  apart  with  needles.     Scrap- 
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ing  is  performed  as  follows :  A  small  bit  of  the  tissue  is 
placed  on  a  slide,  witli  the  epithelial  surface  uppermost, 
one  end  fixed  with  a  needle,  and  the  surface  lightly 
scraped  with  the  blade  of  a  scalpel,  the  result  of  the 
scraping  diffused  in  a  drop  of  water,  salt  solution,  or 
glycerin  on  a  slide,  and  examined. 

For  teasing  we  employ  needles  mounted  in  handles. 
Various  forms  of  the  latter  are  supplied  by  instrument- 
makers,  but  a  needle  forced  into  the  end  of  an  ordinary 
pen  holder  will  answer  every  purpose.  In  order  to  tease 
a  specimen  successfullj^,  it  is  necessary  to  have  some 
idea  of  its  structure,  whether  its  elements  are  arranged 
in  parallel  fibres  or  interlaced.  In  tissues  arranged  in 
parallel  fibres,  the  needles  are  applied  to  one  extremity 
and  the  specimen  is  torn  into  two  parts ;  one  of  these  is 
selected  and  the  operation  is  repeated  until  it  is  impos- 
sible -to  separate  the  fibres  any  more.  In  other  tissues  a 
small  bit  is  fixed  by  one  needle,  and  witli  the  other,  com- 
mencing at  one  edge,  the  teasing  is  carried  on  in  a  deliber- 
ate manner  until  the  tissue  is  reduced  to  the  required 
degree  of  fineness.  Tlie  operation  of  teasing  is  performed 
on  a  slide  in  a  small  drop  of  fluid.  Unstained  material 
is  placed  on  a  black  background,  stained  material  on  a 
white  background. 

Brushing. — This  operation  is  performed  under  water 
by  gently  brushing  the  surface  with  a  camel's-hair  brush. 

Shaking. — Thin  sections  of  tissue  are  shaken  in  a  test- 
tube  with  a  suitable  fluid,  then  the  contents  of  the  tube 
are  poured  into  a  dish  of  water,  the  sections  being  floated 
on  a  slide. 

Compression. — By  making  pressure  on  the  cover-glass, 
especially  after  maceration  of  the  specimen,  one  is  often 
able  to  separate  the  elements.  This  pressure  can  be 
made  with  the  handle  of  a  teasing  needle,  but  it  is  apt  to 
be  unequal,  and  there  is  danger  of  breaking  the  cover 
and  thus  destroying  the  specimen.     It  is  better  to  use  an 


FIG.  2670.— Jung's  Lompressonum. 

instrument  called  a  compressorium,  constructed  espe- 
cially for  this  purpose.  In  Fig.  3670  is  shown  one  form, 
invented  by  H.  Jung,  of  Darmstadt. 

The  plate  A  is  attached  to  the  stage  of  the  microscope 
by  the  catch  n  and  the  two  screws  «,  s.  On  this  plate  is 
a  double  lever,  one  arm  of  which  has  a  movable  ring,  M, 
and  adjusting  screw,  St,  and  the  knob  -«.  The  two 
levers  are  so  connected  with  the  bent  piece  C  that  when 
K  is  pressed  down  the  ring  B  is  also  pressed  toward  the 
stage  plate.  Conversely,  an  upward  movement  ot  the 
knob,  produced  by  the  spring  F,  raises  the  ring,  lor 
use  as  a  compressor  the  screw  5,  is  loosened,  and  bt 
screwed  down  until  the  desired  degree  of  pressure  is  ob- 
tained. This  apparatus  can  also  be  employed  tor  another 
useful  purpose,  viz. ,  beating.  The  process  of  beating  is 
often  resorted  to  for  the  purpose  of  isolating  cells,  tissue, 
etc  In  using  the  instrument  for  this  purpose  the  screw 
St  is  so  adjusted  that  the  ring  B  lies  close  to  a  large  and 


thick  cover-glass  covering  the  specimen,  and  Si  is  turned 
so  that  the  lever  can  move  but  slightly.  By  quick  and 
continuous  movement  of  the  lever,  and  the  changing 
pressure  on  the  cover- glass  thus  produced,  tissues  (after 
maceration)  can  be  easily  dissociated.  When  the  cells 
arc  isolated  they  can  be  made,  by  a  slower  movement  of 
the  lever,  to  move  about  in  all  directions,  so  that  they 
can  be  observed  from  all  sides. 

Interstitial  Injection,  or  Artificial  (Edema. — A  hypo- 
dermic syringe  is  filled  with  salt  solution  or  a  warm  solu- 
tion of  gelatin,  the  needle  is  inserted  into  the  tissue — e.g., 
the  subcutaneous  tissue  of  a  freshly  turned-up  flap  of  skin 
— and  the  fluid  is  forced  out.  The  fluid  does  not  immedi- 
ately diffuse  itself,  but  forms  a  bulla  covered  with  a  thin 
film  of  tissue.  A  bit  of  this  film  is  snipped  off  with 
scissors  and  examined.  If  gelatin  be  used,  it  soon  sohd- 
ifies,  when  thin  sections  are  made  with  a  razor. 

Chemical  Dissociation. — By  suhmitting  tissues  to  the 
action  of  different  chemical  solutions  certain  parts  be- 
come dissolved  or  softened,  while  others  remain  unal- 
tered. Consequently  certain  elements  can  be  easily  iso- 
lated by  one  of  the  mechanical  methods. 

The  reagents  used  for  this  purpose  are  as  follows: 

Dilute  Alcoliol,  ''Alcohol  a/u  tiers"  of  Banvier. — Alcohol 
of  ninety-per-cent.  strength  is  diluted  with  two  parts  of 
water.  Bits  of  tissue  are  placed  in  this  fluid  for  twenty- 
four  hours ;  if  at  the  end  of  this  time  the  tissue  is  not 
sufficiently  softened,  the  fluid  is  renewed  and  the  action 
continued  for  twenty -four  hours  longer.  Recommended 
highly  by  Ranvier  for  isolating  epithelial  cells. 

Osmie  Acid  of  the  sti-ength  of  one-tenth  per  cent,  is 
recommended  by  Rindfleisch  for  the  cerebral  cortex. 
Small  pieces  of  the  cortex  are  placed  in  a  considerable 
quantity  of  the  fluid  for  a  week  or  ten  days,  then  in  glyc- 
erin. 

Chromic  Acid  is  employed  in  the  strength  of  two  to 
three  parts  to  one  thousand  of  water.  Recommended 
especially  for  nerve  tissue  and  smooth  muscle.  The 
amount  of  fluid  should  be  ten  times  greater  than  tlie 
piece  of  tissue.  After  macerating  for  twenty-four  hours, 
the  tissues  are  easily  dissociated. 

Potassium  Dichromate  is  employed  in  the  same  strength 
as  chromic  acid,  its  action  being  similar.  IMuUer's  fluid, 
diluted  with  an  equal  volume  of  water,  is  also  employed 
as  a  macerating  fluid.  Its  action  requires  from  twenty- 
four  hours  to  a  week. 

Potassium  Hydrate.— Vsed  in  twenty-  to  forty-per-cent. 
solutions  in  water.  It  acts  very  quickly  on  fresh  tis- 
sues, and  is  used  mostly  for  isolating  the  cells  of  nails, 
hairs,  and  epidermis.  Sodium  hydrate  may  be  used  in 
its  place,  but  in  more  dilute  solutions.  Preparations 
made  by  this  method  cannot  be  permanently  preserved. 

For  isolating  histological  elements  8.  H.  Gage  uses  a 
thirty-  to  fifty-per-cent.  solution  of  potassium  hydrate. 
Perfectly  fresh  tissue  is  used.  Pieces  about  half  a 
cubic  centimetre  in  size  are  placed  in  a  large  amount  of 
the  potassium  hydrate  solution  until  they  can  be  easily 
shaken  apart.  The  potash  solution  is  then  poured  off 
and  replaced  by  a  sixty-per-cent.  solution  of  potassium 
acetate  containing  one  per  cent,  of  hydric  acetate.  After 
a  short  time  the  tissue  is  washed  in  water ;  then  stained 
in  alum  carmine  for  twenty-four  hours ;  then  washed  in 
water  and  preserved  in  glycerin. 

Sodium  Chloride.— J] sed  in  ten-per-cent.  solution  in 
water  for  isolating  white  fibrous  tissue.  It  requires  from 
two  to  three  days  for  its  action. 

Hydric  Mtrate. —XJ&ed  in  twenty-per-cent.  solution  for 
muscle  fibres.  After  being  acted  upon  for  twenty-four 
hours,  the  fibres  are  easily  isolated  by  shaking  the  speci- 
men in  a  test-tube  with  water.  Schwalbe  uses  a  twenty- 
per-cent.  solution  for  isolating  nerve  fibres  for  measure- 
ment. He  macerates  the  nerve  trunk  in  the  above  solution 
at  a  temperature  of  40°  C.  for  twenty-four  hours,  and 
then  washes  in  water.  The  fibres  retain  their  normal 
diameter,  but  become  very  brittle. 

Hydric  Sitrate  and  Potassium  Chlorate.— k.  piece  of 
striated  muscle  is  buried  in  crystals  of  potassium  chlorate 
placed  in  the  bottom  of  a  vessel,  and  four  times  the  vol- 
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ume  of  the  crystals  of  hydric  nitrate  is  poured  on  and 
allowed  to  act  half  an  hour ;  the  muscle  is  then  shaken 
in  a  test-tube  with  water,  when  it  will  break  up  into  iso- 
lated fibres. 

Hydric,  CMoride  is  used  mixed  with  an  equal  volume 
of  alcohol  for  isolating  the  tubules  of  the  kidney.     A 


:=S=JO 


Fig.  2671.— Valentine's  Knife. 

small  bit  of  fresh  kidney  is  placed  in  this  mixture  for 
twelve  hours,  then  soaked  in  water  for  a  few  hours  to 
remove  the  acid,  and  preserved  in  glycerin.  The  acid 
partially  dissolves  the  intertubular  tissue,  so  that  by 
very  careful  teasing  the  tubules  can  be  isolated.  It  is 
also  employed  in  the  strength  of  1  to  250  of  water  for 
cleaving  striated  muscle  tissue  into  discs. 

Artipici.\l  Digestion. — For  the  purpose  of  artificial 
digestion  we  make  use  of  either  pepsin  or  trypsin. 

Briicke's  Pepsin  Flnid.  — Glycerin  extract  of  pig's 
stomach,  1  part;  0.2  per  cent.  HCl,  3  parts;  thymol,  a 
few  crystals. 

Euskoio's  Pepsin  Fluid. — Pepsin,  1  gm.  is  dissolved 
in  200  c.c.  of  a  three-per-cent.  solution  of  oxalic  acid. 
The  fluid  should  be  prepared  fresli  each  time. 

Pancreatic  fluid  can  also  be  made  by  dissolving  six 
to  seven  per  cent,  of  trypsin  in  water  containing  one  per 
cent,  of  salicylic  acid. 

Schieferdeeker's  Pancreatin  Fluid. — A  saturated  solu- 
tion of  Pancreatinum  siccum  (Witte)  is  made  in  cold  dis- 
tilled water  and  filtered. 

Pieces  of  tissue  may  be  first  digested  in  these  fiuids 
and  then  sections  cut,  or  the  sections  may  be  first  cut 


Fie.  2672.— Ether-Freezing  Microtome. 

and  then  submitted  to  the  action  of  the  fluids     The  di- 

fr';l'''l7oT°lQ?  VV°  .^^  ^^'"'^'^  o'l  a*  a  temperature  of 
irom  61  to  38  C,  either  in  an  incubator  or  on  a  warm 
stage  on  the  microscope. 

n,f»f n'u  T'"^]^  dissolves  connective  tissue,  muscle, 
most  cellular  elements,  etc.,  but  not  elastic   tissue  or 

«c  fibfe.'IfnH  ^'^P'*",'  "-^  *!;?,  ^'^"^^  '^^'''l'  dissolves  elas 
aoted  upon       °'"''°^''^'  ^^''^  connective  tissue  is  not 

Methods  op  Making  Sections. -&c<iV.n«  of  Hard  Tis- 
sues-Sections of  undecalcified  bone,  teeth  ec  are 
made  by  cutting  thin  plates  by  means  of  a  flne'saw  or  an 
iron  disc,  on  a  lathe  fed  with  flour  of  emery  and  water 
These  plates  are  then  ground  on  a  metal  plate  chimed 
with  flour  of  emery  and  water  until  tran.,parent  thev 
:nVd'rl^d«e1ir°'^  "  ''"'^'^^ '^°-'  -sh^d^i^^S 
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Sections  of  Fresh  Tissue. — For  making  sections  of  fresh 

tissue  Valentine's  double  knife  (Fig.  2671)  may  be  used, 

though  the  sections  are  generally  too  thick.     This  knife 

consists  of  two  parallel  blades  attached  to  each  other  at 

their  lower  end  by  a  hinge.     At  a  is  a  screw  sliding  in  a 

slot,  by  means  of  which  the  blades  are  approximated. 

For  use,  the  knife  is  forced  into  the  organ ; 

^^^^S[       cutting  a  thin  slice  which  remains  enclosed 

^^^^1^      between  the  blades.    The  knife  is  then  with- 

^     drawn  and  the  blades  are  opened  by  sliding 

back  the  screw  a/    the  slice  of  tissue   ad- 
hering to  one  of  the  blades  is  floated  off  in 
salt  solution. 
At  the   present  time  one  of  the  numerous  forms  of 
freezing  microtomes  is  used  for  making  frozen  sections 
of  fresh  tissues.     For  freezing  the  tissue  ether,  rhigolene, 
or    compressed     carbon 
dioxide  is   used.     Com- 
pressed  carbon   dioxide 
can  now  be  obtained  in 
steel    cylinders,    and    is 
used   to  a   considerable 
extent  in  place  of  ether. 
One  of  the  usual  forms 


Fig 


of  ether-freezing  micro- 
tomes is  shown  in  Fig. 
2672.  The  specimen  to 
be  frozen  is  placed  on 
the  metal  plate  e,  and  is 
frozen  by  a  spray  of 
ether  delivered  on  the 
under  side  of  the  plate 
by  the  spray  tubes  pass- 
ing through  its  side.  The  ether  is  placed  in  the  bot- 
tle I.  The  air  is  compressed  by  the  double  bulbs  and 
conveyed  to  the  spray  tubes  through  the  tube  g  ;  the  ether 
through  the  tube  /.     The  knife  a  is  broad  and  has  a  chisel 


-_.  2873.— Carbon-dioxide  Cylinder 
Connected  with  Freezing  Micro- 
tome. 


Fig.  267'i.  — Bardeen's  Microtome. 

edge;  it  slides  on  the  glass  ways  liHi.     The  surface  of 
specimen  plate  is  raised  by  the  micrometer  screw  b. 

In  Fig.  3678  is  shown  one  of  the  arrangements  for 
using  carbon  dioxide  for  freezing.  The  steel  cylinder  is 
fastened  to  an  upright  plank  so  that  its  valve  end  comes 
on  or  about  the  level  of  the  table.     A  thick  rubber  tube 
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for  conveying  the  gas  passes  to  the  microtome.  The 
valve  is  opened  by  a  long  lever  allowing  the  ilow  of  gas 
to  be  easily  controlled. 

Professor  Bardeen's  freezing  microtome  is  shown  in 
Fig.  2674.  This  microtome  is  very  simple  in  construc- 
tion and  is  attached  directly  to  the  outlet  tube  of  the 
steel  cylinder  The  improvements  introduced  by  Pro- 
fessor Bardeen,  in  both  the  microtome  and  the  valvular 
arrangements  of  the  cyl- 
inder, have  resulted  in  a 
great  saving  of  the  car- 
bon dioxide. 

Specimens    from 
which    frozen    sections 
are  to  be  made  should 
not  be  over  4  mm.  thick. 
The  freezing  should  be 
done  slowly,  and 
they   should    not 
be  allowed  to  be- 
come too  hard. 

Several  meth- 
ods    are     now    in 
whereby      sections 
fresh  tissue  may  be  cut, 
stained,  and  mounted  in 
a  very  short  time.     One 
of  the   earlier  methods, 
that    of    CuUen    {Johns 
Hophins  Hospital  Bulle- 
tin,   April,     1895,    and 
May,    1897),    has    been 
modified  and  improved. 
Two  of  the  principal  modifications  are  as  follows: 

Hodenpyl'a  Modification. — Any  form  of  freezing  micro- 
tome may  be  used.     The  technique  is  as  follows : 

1.  Sections  may  be  cut  from  perfectly  fresh  material, 
or  from  material  which  has  been  previously  hardened  one 
or  two  hours  or  longer  in  ten-per-cent.  formalin.  (It  is 
convenient  to  drop  bits  of  tissue  into  ten-per-cent.  forma- 
lin at  the  time  of  the  operation  or  during  the  post-mortem 
examination.  By  the  time  they  reach  the  laboratory 
they  are  usually  sufficiently  impregnated  to  be  cut  and 
stained.) 

2.  Tissues  already  hardened  in  formalin  should  be 
soaked  in  water  for  a  minute  or  two  to  remove  the  for- 
malin before  cutting. 

3.  Sections  as  they  are  cut  may  be  dropped  directly 
into  the  albumin  solution,  where  they  remain  until 
needed.  A  solution  of  albumin  which  has  been  found 
to  answer  the  purpose  is  prepared  by  adding  to  50  c.c. 
by  volume  of  egg  albumen  150  c.c.  of  distilled  water  and 
sufiicient  of  a  solution  (usually  about  50  c.c.)  of  salicylic 
acid  (saturated),  which  has  been  rendered  slightly  alka- 
line with  lithium  carbonate,  completely  to  dissolve  the 
albumen.  The  solution  may  be  kept  unchanged  several 
weeks  by  adding  a  little  gum  camphor. 

4.  Unhardened  sections  should  be  placed'  in  five-per- 
cent, formalin  for  from  three  to  five  minutes,  after  which 
they  are  soaked  in  the  albumin  solution  for  two  or  three 
minutes. 

5.  The  sections  are  floated  on  cover-glasses,  the  excess 
of  fluid  being  removed  with  filter  paper  when  necessary. 
The  sections  are  then  blotted  evenly,  care  being  taken 
not  to  use  pressure  enough  to  cause  them  to  bear  the  im- 
print of  the  cloth.  (The  best  blotting  material  seems  to 
be  washed  cheesecloth  used  in  several  layers.  The  use 
of  filter  paper,  towels,  muslin  handkerchiefs,  etc.,  for 
this  purpose  has  not  been  satisfactory.) 

6.  The  section  must  then  be  transferred  immediately 
to  alcohol,  alcohol  and  ether  (equal  parts),  osmic  acid,  or 
mercuric  chloride,  etc.,  in  order  to  coagulate  the  albumin 
and  to  fix  the  section  and  complete  the  hardening. 

7.  Sections  may  be  stained  on  the  cover  slip  in  various 
ways.  For  ordinary  diagnostic  work  staining  with 
hsematoxylin  and  eosin  answers  well.  The  following  is 
the  method  of  procedure,  {a)  Stain  for  from  two  to  five 
minutes  in  hoematoxylin.     (S)  Decolorize  by  passing  rap- 


idly through  acid  alcohol— hydric  chloride,  1  part; 
eighty-per-cent.  alcohol,  99  parts,  (c)  Wash  thoroughly 
in  water,  {d)  Dehydrate  and  stain  in  eosin  alcohol,  (e) 
Clear  in  oil  of  origanum,  oil  of  cloves,  xylol,  etc.  (/) 
Mount  in  balsam. 

Wright's  Modification.— 1.  Place  the  fresh  specimen  in 
ten-per-cent.  solution  of  formalin  for  about  two  hours. 
If  time  does  not  allow  of  this,  boil  the  specimen  in  the 
same  strength  of  formalin  for  two  to  three  minutes.  The 
histological  details  are  not  so  good  after  boiling. 

2.  Rinse  in  water. 

3.  Cut  sections  with  a  freezing  microtome.  The  sec- 
tions should  be  thin. 

4.  Float  the  section  on  a  slide,  smoothe  out,  and  remove 
the  surplus  water. 

_  5.  Place  a  sheet  of  smooth  cigarette-paper  on  the  sec- 
tion, and  press  this  and  the  section  down  with  a  pad  of 

soft,  smooth  filter 
paper,  the  face  of 
which  has  been 
moistened  with  a 
few  dr o  p s  of 
ninety  -  five  ■  per- 
cent, alcohol.  Re- 
move the  filter 
paper  and  care- 
fully strip  ofl:'  the 
cigarette  paper, 
leaving  the  sec- 
tion adhering  to 
the  slide. 

6.  Flood    the 

section,    adhering 

after  about  thii-ty 


Fig.  2675.-  Section-cutting. 


to  the  slide,  with  absolute  alcohol 
seconds  drain  ofl'  the  alcohol. 

7.  Flow  over  the  section  and  the  adjacent  surface  of 
the  slide  a  tJiin  solution  of  celloidin ;  drain  off  imme- 
diately. 

8.  Flood  the  slide  with  ninetj'-five-per-cent.  alcohol, 
and  immediately  place  the  slide  for  ten  seconds  in  water. 
This  hardens  the  celloidin  film  and  prevents  the  section 
from  curling. 

9.  Stain  with  hsematoxylin  or  any  combination  of 
stains. 

10.  Dehydrate  in  ninety-seven-per-cent.  alcohol. 

11.  Clear  in  oil  of  origanum,  and  mount  in  balsam. 

Sections  of  Hardened  Tissue. — Sections  of  hardened  tis- 
sue may  be  made  by  free-hand  cutting,  or  by  the  micro- 
tome. For  free-hand  cutting,  the  first  requisite  is  a  good 
razor  or  knife.  An  ordinary  hollow-ground  razor,  with 
the  lower  side  ground  fiat,  will  answer;  but  if  one  prac- 
tises free-hand  cutting  to  any  extent,  it  is  better  to  be 
provided  with  a  larger  and  heavier  one. 

The  section  cutting  is  performed  as  follows :  A  shallow 
dish  is  partially  filled  with  alcohol,  with  which  the  spec- 
imen and  razor  blade  are  to  be  constantly  flooded,  the 


Fig.  2676.— Thoma's  Sliding  Microtome. 

blade  being  dipped  into  the  alcohol.  The  specimen  is 
held  firmly  between  the  fingers  and  thumb  of  the  left 
hand  (Fig.  2675),  and  the  razor  lightly  with  the  right, 
the  handle  resting  on  the  fingers,  the  thumb  being  used 
for  changing  the  direction  of  the  edge  of  the  razor.  The 
section  is  cut  by  drawing  the  razor  blade  diagonally 
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through  the  specimen,  from  heel  to  point,  and  then 
floated  off  Into  a  dish  of  alcohol.  After  cutting  every 
third  or  fourth  section  the  razor  should  be  stropped,  so 
as  to  keep  the  edge  in  the  best  possible  condition. 

Microtomes.— Thoma's  sliding  microtome  (Fig.  2676) 
consists  of  a  stand  of  cast  iron,  on  which  slide  two  car- 


FiG.  2677.— Vertical  Section,  Thoma's  Microtome. 

riers.  The  section  knife  is  attached  to  one  of  these,  a, 
which  slides  horizontally.  The  other,  b,  holds  the  speci- 
men to  be  cut,  and  moves  on  an  inclined  plane. 

Professor  Thoma  found  that  a  carrier  moving  on  five 
points  between  two  plane  surfaces,  will  slide  without 
difllculty  between  these  planes,  even  if  they  are  not  abso- 
lutely geometrical  planes,  or  if  the  angle  included  is  not 
everywhere  the  same.  Such  a  carrier  will  always  take 
the  .same  course,  and  consequently  the  knife  will  cut  a 


Fig.  2678.— Naple's  Dnlyersal  Clamp. 

wwl°^  perfectly  parallel  sections  through  an  obiect 
which  ,s  successively  raised  to  a  higher  plfne  a?te?  each 

A  cross-section  of  the  instrument  is  shown  in  Fig  2677 
^Lt  rf  '•"'^^'='^  °f  "^«  carrier  «  are  shown  three 
iCtsMrcE'*^  ^'^°'"^'™^'  P-^-'-  Of  "he'tl 

(F?s'2M7T^  of  the_  plane  upon  which  the  carrier  5 
f  if!'  ■'  ,■'  ^^"^^  '^  oiie  m  twenty;  conseauentlv 
If  the  earner  b  is  moved  1  mm.  on  this  plane  Uwm?aile 
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the  surface  of  the  specimen  .05  mm.  A  scale  of  milli- 
metres, e,  with  a  vernier  e'  (Fig.  2676),  allows  the  opera- 
tions to  be  easily  regulated,  and  will  be  found  suifflcient 
for  sections  of  0.015  mm.  in  thickness.  When  sections  of 
greater  delicacy  are  required  the  micrometer  screw  g,  g 
(Fig.  3676)  is  to  be  used,  as  it  allows  of  the  greatest  ex- 
actitude in  the  management  of  the  carrier  5.  The  carrier 
c'  slides  on  the  same  plane  as  the  carrier  b.  In  all  posi- 
tions of  the  latter  it  is  possible  to  bring  the  point  of  the 
micrometer  screw  g,  g  in  contact  with  the  polished  plate 
of  agate,/,  fixed  on  b.  "When  in  this  position,  c'  should 
be  firmly  fixed  to  the  stand  of  the  microtome  by  the 
screw  d.  Every  revolution  of  the  micrometer  screw  g,  g 
will  then  push  the  carrier  b  0.3  mm.,  giving  a  thickness 
of  section  equal  to  0.015  mm.  The  periphery  of  the 
drum,  «,  attached  to  the  screw  g,  g  is  divided  into  fifteen 
equal  parts ;  consequently,  each  division  corresponds  to 
a  thickness  of  section  equivalent  to  0.001  mm.  The  first 
sections  cut  by  this  instrument  have  been  0.003  mm.  in 
thickness. 

When  the  microtome  is  used,  it  is  placed  on  a  table  be- 
fore the  operator,  the  slides  are  freely  oiled,  and  the  sur- 
face of  the  knife  is  flooded  with  alcohol.  The  specimen 
fixed  to  a  block  is  fastened  in  the  clamp. 

The  Naple's  clamp  (Fig.  2678)  is  the  one  now  generally 
used  and  can  be  adapted  to  most  of  the  microtomes.     It 


Fig 


-New  Form  of  Sliding  Microtome  with  Automatic  Feed 
Attachment. 


is  movable  on  two  axes,  one  parallel  to  the  long  axis  of 
the  microtome,  the  other  at  right  angles  to  it.  This  al- 
lows of  the  adjustment  of  the  surface  of  the  specimen  to 
the  plane  through  Avhich  the  knife  passes  in  cutting. 
Ihe  clamp  is  then  fixed  in  a  position  as  near  the  knife 
carrier  a  as  possible. 

The  knife  is  so  adjusted  that  it  will  be  drawn  obliquely 
through  the  specimen  from  heel  to  point.  The  sections, 
atter  being  cut,  are  removed  from  the  knife  with  a 
camel's-hair  brush,  and  placed  in  a  dish  of  alcohol 

In  cutting  sections  of  hard  substances,  such  as  the 
aorta  and  cartilage,  it  often  happens  that  the  sections, 
instead  of  bemg  even,  are  thicker  at  one  point  than  at 
another ;  or  that  the  sections  are  striped,  their  thickness 
varying  at  different  points.  Professor  Thoma  has  found 
that  this  is  due  to  the  fact  that  hard  substances  bend 
the  edge  of  the  ordinary  knife.  For  preventing  this  he 
lias  introduced  knives  with  stronger  edges  and  shorter 
blades. 

In  Fig.  2679  is  shown  one  of  the  newer  forms  of  sliding 
microtomes  with  automatic  feed  attachment.  It  is 
adapted  either  for  celloidin  or  paraflSn  cutting.  The  ob- 
ject clamp  remains  fixed  during  the  cutting.  The  knife 
is  clamped  to  the  knife  carrier,  a  triangular  block,  which 
slides  on  horizontal  runways, 

The  automatic  feed  attached  to  the  micrometer  screw 
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is  operated  by  the  motion  of  the  knife  carrier  and  is  so  ad- 
justed that  sections  from  3  to  60  ^  in  thickness  may  be  cut. 
A  larger  form  of  automatic  sliding  microtome  is  shown 


Fig.  2680.— Large  Sliding  Automatic  Microtome. 


in  Fig.  2680.  The  knife  carrier  runs  on  a  horizontal 
track  and  is  moved  by  a  chain  attached  to  either  end 
of  it.  This  chain  passes  around  two  wheels,  one  of 
which  is  turned  by  a  crank  attached  to  it,  causing  a 
uniform  sliding  motion. 

The  specimen  clamp  is  raised  vertically  bj'  a  microme- 
ter screw  to  which  is  attached  a  large,  toothed,  circular 
disc,  each  tooth  of  which  equals  an  elevation  of  0.0025 


The  automatic  feed  is  so  arranged  that  each  time  the 
knife  carrier  reaches  the  left-hand  end  of  the  tract  it 
strikes  a  lever  which  causes  the  circular  disc  attached  to 
the  micrometer  screw  to  revolve.  The  lever  being  ad- 
justable, it  can  be  made  to  cause  the  disc  to  move  any 
number  of  teeth  from  one  to  ten  with  each  movement  of 
the  knife  carrier,  tlius  giving  a  thickness  of  section  from 
0.0035  mm.  to  0.035  mm.  in  thickness. 

The  "  Precision  "  microtome  of  Minot  (Pig.  3681)  is  a 


may  be  cut.     This  microtome  may  be  used  for  celloidin 
or  paraffin  preparations. 

The  older  form  of  Minot's  rotary  microtome  for  par- 
affin sections  has  also  been  Improved  (Fig.  2683).  The 
old  feed  arrangement  has  been  replaced  by  a  large- 
toothed  wheel  attached  to  the  micrometer  screw.  This 
wheel  hns  five  hundred  teeth,  and  the  micrometer  screw 

has  a  pitch  of  0.5  mm., 
so  that  each  tooth  of  the 
wheel  equals  a  feed  of 
1  iJ..  The  feed  of  the 
micrometer  screw  is  con- 
trolled by  an  adjustable 
cam,  so  that  the  thickness 
of  section  may  be  made  to 
vary  from  1  to  35  /*. 

An  adjustable  carrier 
(Fig.  2688)  for  serial  rib- 
bons may  be  attached. 

Microtmne  Knives. — The 
usual  form  of  microtome 
knife  is  shown  in  Fig. 
3684.  Its  upper  surface 
is  concave,  its  under  one 
flat.  Its  cutting  edge  is 
of  a  double  chisel  form, 
and  must  be  perfectly  straight.  The  knife  should  be 
heavy  and  its  length  adapted  to  the  size  of  the  microtome 
used. 

A  knife  for  cutting  paraffin  should  be  heavier  than  one 
used  for  celloidin. 

In  order  to  obtain  good  sections  the  cutting  edge  of 
he  knife  must  be  kept  in  the  best  possible  condition. 


FIG.  2881.— Mlnot  Automatic  Precision  Microtome. 

departure  from  the  usual  form  of  sliding  microtome  in 
that  the  knife  is  fixed  and  the  object  clamp  is  on  a 

"^The^  knife's  clamped  to  the  frame  of  the  microtome 
and  the  object  clamp  carrier  runs  on  slides  under  the 
knife  There  is  an  automatic  feed  attachment  that  may 
be  regulated  so  that  sections  from  1  to  60  /^  m  thickness 


Fig.  2682.— Improved  Rotary  Microtome  ol  Mlnot. 

This  is  accomplished  by  stropping  the  knife  frequently 
and  honing  it  occasionally. 

For  honing,  a  yellow  Belgian  hone  of  large  .size  is  to  be 
used.  Its  surface  Is  thoroughly  covered  with  a  lather 
made  with  a  pure  soap  and  water.  This  lather  is  better 
than  oil  as  it  keeps  the  pores  open  and  gives  a  better 
grinding  surface.  In  honing,  one  of  the  backs  (Fig.  2684) 
w  fastened  to  the  knife.  This  is  for  the  purpose  of  keep- 
ing the  angle  of  the  edge  of  the  knife  constant.  The 
knife  is  first  sharpened  on  its  concave  side,  then  turned 
and  sharpened  on  the  flat  side.  The  pressure  on  the 
knife  should  be  light ;  It  should  be  drawn  across  the  hone 
from  heel  to  toe,  the  edge  being  drawn  against  the  sur- 
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face  of  the  hone.     The  movements  are  illustrated  in 
Fig.  3685. 

For  stropping  the  best  form  of  strop  is  that  known  as 
the  bow  strop  (Fig.  3686).     The  movements  of  the  knife 


FIG.  2683.-Sliowing  Carrier  for  Ribbon  Sections  Attacbed  to  Minot's 
Rotary  Microtome  (Old  Form). 

are  the  reverse  of  those  of  honing,  and  are  shown  in  Fig. 
3686.  After  use  the  knife  should  be  carefully  dried  with 
a  soft  cloth. 

After  the  sections  are  cut  they  are  leinoved  from  the 
microtome  knife  with  a  camel 's-hair  brush  and  placed  in 


Fig.  2684.— Microtome  Knile  witli  Two  Forms  of  Backs  used  in  Hon- 
ing and  Stropping. 

a  dish  of  fluid.  For  sections  of  fresh  tissue  and  frozen 
sections,  salt  solution  should  be  used,  the  sections  being 
submerged  in  it;  for  sections  of  alcoholic  specimens 
alcohol  or  water  may  be  used. 


FIG.  2685.-Showlng  the  Movements  of  the  Knife  In  the  Process  of 
rioning'. 

In  the  further  manipulation  of  the  sections  irro«t  ...„- 
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needle,  camel's-hair  brush,  or  nickel-plated  steel  spatula 
(Fig.  3687)  must  be  used.  In  the  majority  of  cases  the 
latter  instrument  will  be  found  most  convenient.  It  is 
placed  cautiously  under  the  section  floating  in  the  fluid, 
gently  raises  it,  and  transfers  it  to  a  second  vessel  of  fluid 
or  to  a  slide. 

When  sections  are  transferred  from  alcohol  to  water, 
they  spin  about  in  a  lively  manner  and  finally  spread  out 
into  thin  laminre.  This  is  caused  by  the  rapid  diffusion 
of  the  alcohol. 

Sections  can  be  preserved  indefinitely  in  eighty-  to 
eighty -five-per-cent.  alcohol. 

Serial  Section  Cutting. — The  preparations  to  be  cut  are 
to  be  embedded  in  paraffin.  The  melting  point  of  this 
must  have  a  certain  relation  to  the  laboratory  tempera- 
ture.    A  laboratory   temperature  of   17°  C.  requires  a 


FIG.  2686.— The  Bow  Strop,  and  the  Mode  of  Stropping. 


paraffin  melting  at  45°  C.  At  a  temperature  of  l.V  C 
this  paratfin  would  be  too  hard.  At  33°  C.  a  paraffin 
melting  at  48°  C.  will  be  required. 

After  impregnation  the  specimens  are  embedded  by 
one  of  the  methods  described  under  paraffin  embedding 

The  block  of  paraffin  should  be  pared  down  close  to 
the  specimen,  and  should  be  cut  so  as  to  present  a 
straight  edge  parallel  to  the  edge  of  the  knife,  and  the 
opposite  edge  parallel  to  this.  If  this  precaution  is  not 
taken  the  sections  will  not  adhere,  and  will  not  pass  off 
in  a  straight  line. 

The  sections  can  be  cut  on  any  sliding  microtome  pro- 
vided the  knife  be  set  square.  Several  special  micro- 
tomes have  been  constructed  for  this  kind  of  section  cut- 
ting,_  VIZ.,  Caldwell's  automatic  microtome,  Cambridge 
rocking  microtome,  and  Minot's  automatic  wheel  micro- 

The  sections  are  fixed  upon  a  slide  by  one  of  the  fol- 
lowing methods; 

Water  Jlethod;  The  ribbons  of  sections  are  cut  to 
proper  lengths  and  floated  on  warm  water,  warm  enough 
to  soften   the  paraffin,   but  not   to  melt   it    when  the 


Fig.  2687.— Spatula. 

sections  will  flatten  out.  They  are  then  floated  on  a 
slide  and  arranged  in  position.  The  slide  is  then  drained 
and_  allowed  to  become  perfectly  dry.  To  hasten  the 
drying  the  slides  may  be  placed  in  a  water-oven  at  a 
temperature  of  40°  0.  The  paraffin  must  not  be  allowed 
to  melt  until  the  sections  are  perfectly  dry.  When  per- 
fectly dry  the  sections  adhere  to  the  slide,  when  the 
paraffin  is  melted  and  washed  off  with  xylol. 

Mayer's  Method;   Paint  a  mixture  of  equal  parts  of 
filtered  white  of  egg  and  glycerin  (and  a  few  drops  of 
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Fig.  2688.— Staining  Jar  lor  Serial  Sec- 
tions Mounted  on  Slides. 


carbolic  acid  as  a  preservative)  on  a  slide  with  a  camel's- 
hair  brush,  andarrangethe  sections  with  this;  then  warm 
the  slide  on  a  water  bath  for  a  few  moments  until  the 

paraffin  is  melted.     As  the  paraffin  in  the  sections  melts 

it  carries  the  albumen 
away  from  them.  The 
paraffin  is  next  to  be 
dissolved  out  with  tur- 
pentine or  xylol,  the 
latter  removed  with  al- 
cohol, and  the  sections 
stained. 

Schallibaum's  Meth- 
od: Mix  one  part  of 
collodion  with  three  or 
four  parts  of  oil  of 
cloves  and  shake  well. 
Spread  this  solution  in 
a  tliin  layer,  with  a 
brush,  on  a  slide;  ar- 
range the  sections  and 
evaporate  them  by  gen- 
tle heat  on  a  water 
bath.    Then  dissolve  out 

the   paraffin  with  xylol.     The  sections  thus  fixed  may 

be  stained  in.  the  usual  way  and  mounted  in  balsam  or 

glycerin. 

f>erial  Sections  of  Celloidin-Embedded  Specimens. — 1. 

Prepare  a  series  of  glass  plates ;   coat  these  with  a  thin 

layer  of  celloidin,  as  a  photographer  makes  a  moist  plate, 

and  allow  them  to  dry. 

2.  Make  sections  and  arrange  ribbon-wise  on  strips  of 
transparent  porous  paper,  which  should  be  double  the 
width  of  the  sections.  Keep  the  strips,  with  the  sections 
on  them,  moist  by  placing  them  on  blotting  paper  in  a 
dish  with  alcohol. 

3.  Transfer  the  sections  to  the  celloidin-coated  plate. 
Lay  the  strips,  section  side  down,  upon  the  glass  plates, 
press  them  softly,  and  peel  off  the  paper;  remove  all 
superfluous  fluid  with  filter  paper,  taking  care  not  to  dry 
the  sections.  n  .j. 

4.  Cover  the  sections  with  a  thin  layer  of  celloidm. 
When  dry,  the  celloidin  may  be  marked  with  a  brush 
dipped  in  methyl  blue,  so  that  the  series  may  be  recog- 
nized. .  .  , 

5.  Immerse  the  plates  in  water,  and  the  celloidm  wiU 
peel  off  from  them,  and  we  shall  have  the  sections  en- 
closed between  two  layers  of  celloidin,  allowing  them  to 
be  handled  like  a  rag. 

6  The  celloidin  plate  may  be  cut  up  into  as  many 
pieces  as  there  are  sections,  or  it  may  be  stained  uncut 
and  mounted  in  the  usual  way.  _  ,  ,    i,  - 

Staining  —The  tissues  may  be  stained  m  toto  betore 
being  embedded  in  paraffin  or  after  they  are  fixed  to  the 
slide.  The  latter  is  the  method  generally  adopted,  as  a 
greater  variety  of  stains  may  be  employed. 

In  Fig.  2788,  A,  is  shown  a  staining  jar  for  holding  ten 
slides  in  B  is  shown  a  transverse  section  of  the  jar. 
The  sides  of  the  jar  are  grooved,  the  width  of  the  groove 
being  such  that  two  slides,  back  to  back,  may  be  placed 
in  it  These  jars  may  also  be  used  for  dissolving  out  the 
paraffin,  dehydrating,  clearing,  etc.   ^, .    ^    ^  ,^. 

Boi-n's  Method  of  Reaonatnicting  Objects  from  Micro- 
scopical Sedions.-Bj  the  aid  of  a  camera  the  outlines 
of  the  sections  are  transferred  to  wax  plates,  which  are 
then  cut  out  so  as  to  correspond  in  outlines  as  well  as  in 
dimensions  to  the  sections  equally  magnified  m  all  three 

"hb  makes  three  rectangular  boxes  of  tin  270  mm.  X 
230  mm.  X  3.5  mm.  The  sections  should  be  0.04  mm. 
thick  (never  thinner  than  0.02).  _ 

If  we  wish  to  construct  a  model  of  a  specimen  from 
sections  ,V  mm-  thick  and  magnified  sixty  diameters  the 
wax  plat'e^s  must  be  2  mm.  thick.  Such  a  plate  made  in 
a  box  of  the  above  dimensions  contains  62.1  mm. ;  and  its 
volume  will  be  134.2  mm.  The  specific  gravity  of  bees- 
wa\-  is  0  96  to  0.97.  It  is  melted  with  a  small  quantity 
of  turpentine,  which  reduces  its  specific  gravity  to  about 


0.95;  and  the  weight  required  to  make  one  plate  of  the 
above  size  is,  in  round  numbers,  118  gm.  This  quantity 
of  wax  is  weighed  out  and  melted.  The  tin  box  is  filled 
1.5  cm.  deep  with  boiling  water  and  the  melted  wax 
poured  upon  it.  As  soon  as  the  plate  has  begun  to 
stiffen,  and  while  it  is  still  soft,  it  should  be  cut  away 
from  the  edges  of  the  box,  and,  when  the  water  has  be- 
come tepid,  removed  to  a  flat  support  to  stiffen. 

For  drawing  the  outlines  of  the  section  a  piece  of  blue 
paper  is  placed,  colored  side  down,  upon  the  wax  plate, 
and  over  this  iin  ordinary  sheet  of  drawing  paper.  The 
outlines  are  drawn  on  the  latter,  by  the  aid  of  a  camera, 
and  at  the  same  time  blue  lines  are  traced  on  the  wax. 
Then,  with  a  small  knife,  the  wax  is  cut  out,  the  outlines 
being  followed,  the  plates  are  placed  together  in  the 
proper  order,  and  fastened  by  passing  the  warm  spatula 
along  the  edges. 

Methods  of  Embedding. — This  process  is  divided 
into  two  classes :  simple  embedding,  when  the  specimen, 
being  small,  cannot  be  held  conveniently  in  the  hand  or 
clamped  in  the  microtome,  and  is  simply  surrounded 
with  an  embedding  mass  to  give  it  bulk;  interstitial 
embedding,  or  impregnation,  when  the  specimen  is  per- 
meated with  the  embedding  mass.  The  latter  process  is 
used  when  we  have  a  specimen  that  lacks  the  necessary 
consistence  for  cutting  (lung,  etc.);  or  when  the  speci- 
men contains  cavities,  the  contents  of  which  we  wish  to 
retain  in  their  normal  condition  and  position ;  or  when 
the  specimen  is  so  brittle  that  it  would  be  destroyed  in 
the  process  of  cutting. 

Melted  Masses. — Simple  embedding  in  a  melted  mass 
(paraffin)  is  performed  as  follows :  A  small  box  is  placed 
on  a  cork,  and  the  specimen  is  placed  in  it  and  fixed  in 
position  by  means  of  pins.  The  box  is  now  filled  with 
the  melted  mass  and  allowed  to  cool — when  the  pins  and 
papers  are  removed,  leaving  the  specimen  enclosed  in  a 
solid  block  of  the  embedding  material.  Or  a  block  of  the 
embedding  mass  is  taken,  and  a  hole,  a  little  larger  than 
the  specimen,  is  scooped  out  of  one  face ;  the  specimen  is 
washed  in  a  melted  mass  of  the  same  material  and  placed 
in  the  cavity,  which  is  then  filled. 

The  embedding  boxes  are  made  of  paper.  A  plan 
which  I  have  found  very  convenient  is  to  have  a  series 
of  wooden  blocks,  the  faces  of  which  correspond  to  the 
sizes  of  the  boxes  to  be  made.  One  of  these  blocks  is 
taken,  and  the  paper  is  folded  over  the  face  correspond- 
ing to  the  size  of  box  wished  for. 

In  Fig.  2689  is  shown  an  adjustable  metal  embedding 
box  for  paraffin.  It  consists  of  two  pieces,  having  the 
form  of  a  carpenter's  square— the  long  arm  being  7  cm. 
the  short  3  cm.  in  length,  by  7  mm.  high.  On  the  outer 
side  of  the  short  arm  is  a  block  of  metal,  on  the  top  of 
which  is  a  spring  {a,  Fig.  3689),  which  curves  over  and 
presses  against  the  long  arm,  thus  holding  the  two  pieces 
firmly  together.  The  area  of  the  box  will  vary  with  the 
position  of  the  pieces.  The  area  of  the  box  having  been 
fixed,  it  is  placed  on  a  glass  plate,  moistened  with  gly- 


FiG.  2689.— Adjustable  Embedding  Box. 


cerin,  and  a  thin  layer  of  the  melted  mass  poured  m 
When  it  has  cooled,  the  specimen,  which  has  been  washed 
in  the  same  material,  is  fixed  in  position  and  the  box 
is  filled  up.  AVhen  the  embedding  mass  has  cooled  the 
box  is  removed,  and  the  specimen  will  be  found  embedded 
in  a  solid  block  of  the  material. 
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In  mauipulating  with  melted  embedding  masses,  it  is 
necessary  to  have  a  constant  and  comparatively  low  tem- 
perature, as  in  many  cases  the  specimen  has  to  be  soaked 


FIG.  2690.— Paraffin  Water  Baths. 

in  the  melted  mass  for  a  considerable  length  of  time  (im- 
pregnation method).  Two  forms  of  water  baths  for  this 
purpose  are  shown  in  Fig.  2690. 

Impregnation  Embedding.  —In  this  process  the  specimen 
is  soaked  in  the  embedding  mass  until  it  is  thoroughly 
permeated  with  it.  The  proceeding  is  then  like  simple 
embedding  in  a  melted  mass. 

Embedding  Masses :  Oelloidin. — This  is  a  pure  pyroxylin, 
manufactured  by  Sobering  &  Company,  Berlin ;  it  is  free 
from  all  foreign  constituents,  and  makes  a  clear  solution 
without  sediment.  It  is  soluble  in  a  mixture  of  equal 
volumes  of  alcohol  and  ether,  and  the  degree  of  concen- 
tration can  be  varied  to  suit  any  particular  case. 
_  For  use,  a  five-per-cpnt.  solution  of  celloidin  is  made 
m  alcohol  and  ether,  and  a  portion  of  this  is  diluted  with 
a  mixture  of  equal  parts  of  alcohol  and  ether,  so  as  to 
obtain  a  very  dilute  solution.  The  specimen  is  soaked  in 
alcohol  for  twelve  hours;  then  in  alcohol  and  ether  for 
the  same  length  of  time;  then  in  the  dilute  celloidin  for 
at  least  twelve  hours;  then  in  a  saturated  solution  for 
one  to  eight  days,  according  to  the  size  and  density  of 
the  specimen.  When  the  specimen  has  become  thor- 
oughly permeated  it  is  to  be  embedded  in  one  of  the 
tollowmg  ways: 

(»)  Cover  the  smooth  surface  of  a  vulcanite  block  with 
a  thick  layer  of  celloidin  solution  and  allow  it  to  dry 
Ihen  place  the  specimen,  which  has  been  soaked  in  cel- 
loidin, on  this  and  cover  it,  layer  by  layer,  with  a  solu- 
tion of  celloidin,  allowing  each  layer  to  dry  partially 
before  applying  another.  When  the  specimen  is  com 
pletely  covered  allow  it  to  stand  in  the  air  for  half  an 
nour,  and  then  immerse  in  eighty-per-cent.  alcohol  for 
twelve  hours,  when  it  will  be  ready  for  cutting 

(b)  Embed  in  a  paper  box  in  the  usual  way,  and  allow 
the  mass  to  stand  until  a  pellicle  forms  on  the  surface  ■ 
houre™"^''^''  111  eighty-percent,  alcohol  for  twenty -four 
Viailanes  uses  chloroform  for  hardening  the  celloidin 

^i^TiZ^^i^^  ^^'^  '^'^^S'"*  coagulate!  the  celloidin 
into  a  mass  of  the  consistence  of  wax,  but  very  elastic 
and  perfectly  transparent.  He  places  specimens^  prev^ 
ously  soaked  in  ether,  in  a  test-tube  and  covers  them 
with  a  solution  of  celloidin.  As  soon  as  a  film  hT^ 
formed  on  the  celloidin,  the  tube  is  fiUed  up  witl  anhv 
drous  chloroform  and  left  for  two  to  three  davs  wlt^n 

n-nf^f^     u?'°  frequently  becomes  opaque  on  beiM  n,,t 
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The  specimen,  after  being  dehydrated  in  ninety-five- 
per-cent.  alcohol,  is  placed  in  oil  of  cloves  for  from  three 
to  six  hours ;  then  in  the  above  solution  of  celloidin  for 
six  hours.  Then  it  is  embedded,  preferably,  in  a.  paper 
box,  and  allowed  to  stand  in  a  warm  place  until  the  cel- 
loidin thickens ;  then  placed  in  eighty-per-cent.  alcohol  or 
chloroform  for  from  one  to  two  hours. 

In  case  the  tissues  can  be  cut  into  rectangular-shaped 
blocks  they  are  mounted  on  blocks  of  vulcanite  and  then 
placed  in  chloroform. 

Sections  are  cut  with  a  knife  wet  with  alcohol,  and 
may  be  stained  with  the  usual  staining  agents.  Some  of 
the  aniline  dyes  stain  the  celloidin  intensely,  and  are  not 
removed  by  alcohol.  If  sections  are  to  be  mounted  in 
Canada  balsam,  they  are  dehydrated  in  ninety-flve-per- 
cent.  alcohol  —  absolute  alcohol  dissolves  celloidin  — 
cleared  in  oil  of  bergamot,  sandalwood,  or  origanum,  as 
oil  of  cedar  or  cloves  dissolves  celloidin. 

Paraffin. — For  embedding,  paraffins  of  a  melting  point 
of  from  45°  to  55°  C.  are  used.     By  mixing  these  in 
various  proportions,  masses  may  be  obtained  whose  melt- 
ing point  will  range  between  these  two.     Paraffin  should 
be  chosen  of  a  melting  point  suitable  to  the  temperature 
of  the  laboratory.     As  a  rule,  a  laboratory  temperature 
of  18°  C.  requires  a  paraffin  whose  melting  point  is  48°  C. 
The  specimen  to  be  embedded  is  placed,  from  alcohol, 
in  chloroform  until  the  alcohol  is  replaced  by  the  latter; 
this  takes  place  quickly.     The  specimen  is  then  removed^ 
to  a  dish  containing  fresh  chloroform  and  shavings  of 
paraffin  are  added,  so  that  after  the  evaporation  of  the 
chloroform  the  specimen  will  remain  covered   by  the 
paraffin.     The  vessel  is  now  placed  in  a  water  bath  (see 
Fig.  3690),  at  the  temperature  of  the  melting  point  of  the 
paraffin,  for  from  one-half  to  one  hour.    The  paraffin  melts 
very  quickly,  and  the  specimen,  from  the  evaporation  of 
the  chloroform,  is  bathed  in  a  concentrated  solution  of  par- 
affin in  chloroform,  which  soon  penetrates  the  specimen 
filling  up  all  cavities.     It  is  essential  that  all  the  chloro- 
form should  be  driven  off.     When  this  has  taken  place 
the  specimen  is  embedded  in  a  box  in  the  usual  manner 
and  allowed  to  cool.     After  cooling,  the  block  should 
be  trimmed  and  clamped  in  the  microtome,  or  mounted 
on  a  cork  with  a  little  melted  paraffin. 
.   \  ^\^'^*^,  recommends  that  the  specimens  be  soaked 
m  oil  of  cedar.     This  clears  them  rapidly,  and  the  par- 
affin penetrates  quickly  and  thoroughly. 

Sections  are  to  be  cut  dry.  If  they  have  a  tendency 
to  roll,  they  can  be  held  down  by  a  camel's-hair  brush 
or  by  attaching  a  section-smoother  to  the  knife  After 
cutting,_the  embedding  mass  is  to  be  dissolved  out  be- 
fore staming  For  this  purpose,  of  the  many  solvents 
best™™^  turpentine,  naphtha,  and   xylol  are  the 

Mbthods  op  Staining.— As  a  rule,  the  sections  to  be 
stained  are  placed  in  the  staining  fluid  from  water,  and 


Pig.  2691.— Improved  Syracuse  Solid  Watch  Glass. 

allowed  to  remain  in  the  former  for  various  lengths  of 
time— from  a  few  seconds  to  twenty-four  or  forty-eiffht 
hours.  The  time  depends  on  the  nature  of  the  stain  and 
tbe  result  to  be  accomplished,  and  will  be  noted  under 
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the  various  stains.  After  the  staining  is  complete,  the 
sections  are  to  be  washed  in  water,  to  remove  all  the  ex- 
cess of  the  staining  fluid,  mounted  directly  in  glycerin, 
or,  after  dehydrating  and  clearing,  in  balsam. 

For  holding  the  stains  and  for  the  operations  of  wash- 
ing, dehydrating,  etc. ,  we  use  small  dishes  of  porcelain 
or  glass,  watch  glasses,  etc.  The  improved  form  of  the 
Syracuse  solid  watch  glass  (Fig.  2691)  will  be  found  very 
convenient.  For  transferring  the  sections,  the  spatula 
or  lifter  (Fig.  2687),  needles,  camel's-hair  brushes,  glass 
rods,  etc.,  are  used. 

Innumerable  substances  are  used  for  the  purpose  of 
staining,  and  each  year  adds  a  host  to  the  list,  many  of 
which  are  of  doubtful  value.  Only  the  most  important 
stains  will  be  treated  of  here. 

Carmine. — This  dye,  when  first  introduced,  was  used 
in  the  form  of  an  ammoniacal  solution,  and  is  still,  but 
rarely,  employed  in  this  form.  Ammonia  solutions  are 
not  stable ;  they  undergo  various  chemical  changes  upon 
standing,  so  that  the  solution  cannot  be  depended  upon. 
Unless  all  free  ammonia  is  driven  off,  the  staining  is  apt 
to  be  diffuse.  Various  other  solvents  are  now  used  with 
better  results. 

Tissues  that  are  to  be  stained  with  carmine  must  be 
free  from  acid.  Preparations  hardened  in  chromic  acid 
or  solutions  of  chrome  salts,  must  be  well  washed  in 
water,  and  then  they  stain  very  slowly,  requiring  days. 
Obersteiner  hastens  the  process  of  staining  by  heat- 
ing the  fluid  to  50°  C,  and  keeping  it  at  that  tempera- 
ture for  an  hour,  when  the  staining  will  be  completed. 
Henle  and  Merkle  soak  sections  in  a  1  to  500  aqueous 
solution  of  palladium  chloride  for  ten  minutes ;  then  in 
the  carmine  fluid  for  a  few  moments,  when  they  become 
stained  of  a  deep-red  color.  If  the  stain  is  diffuse  it  can 
be  removed  by  placing  the  sections  in  a  mixture  of  one 
part  of  formic  acid  and  two  parts  of  alcohol  for  from 
five  to  ten  hours.  This  removes  the  stain,  in  sections 
of  the  central  nervous  system,  from  everything  except 
the  axis  cylinders  (Ranvier). 

Before  mounting,  sections  stained  in  carmine  should 
be  washed  in  a  one-per-cent.  solution  of  acetic  or  formic 
acid  to  fix  the  stain. 

Carmine  stains  deeply  nuclei,  protoplasm,  smooth  and 
striated  muscle,  the  basement  substance  of  bone  tissue 
and  decalcified  bone,  the  axis  cylinders  of  nerves,  etc. 

Ammonia  Carmine  Sobitions.—Ra,nYieT'a:  Carmine,  1 
gm. ;  ammonia,  1  c.c. ;  water,  100  c.c.  Rub  up  the  car- 
mine in  a  mortar  with  a  little  water  and  add  the  ammo- 
nia. When  the  carmine  is  all  dissolved  add  the  rest  of 
the  water.  If  there  is  an  excess  of  ammonia  heat  the 
solution  until  the  carmine  begins  to  precipitate. 

Heidenhain's :  Carmine,  1  gm. ;  ammonia,  3  c.c. ;  glyc- 
erin, 96  c.c. ;  water,  96  c.c.  Dissolve  the  carmine  in  the 
aminoma  and  add  the  glycerin  and  water.  Heat  on  a 
water  bath  until  the  excess  of  ammonia  is  driven  off,  or 
neutralize  with  acetic  acid.  The  sections  are  placed  in 
a  watch  glass  of  this  fluid,  and  this,  with  a  second  watch 
glass  containing  water  with  a  trace  of  ammonia,  is  placed 
under  a  bell  glass  for  twenty-four  hours.  The  sections 
at  the  end  of  this  time  are  washed  in  water  and  exposed, 
as  above,  to  the  vapor  of  acetic  acid,  and  mounted  in 
glycerin.  „, 

Borax  Carmine.— Gren&cher's:  The  author  gives  two 
formulae  In  the  first  he  dissolves  2  to  3  gm.  of  carmine 
in  a  solution  of  4  gm.  of  sodium  biborate  in  100  c.c.  of 
distilled  water  and  then  adds  100  c.c.  of  alcohol;  filters, 
and  after  allowing  the  filtrate  to  stand  a  week,  filters 
again  This  solution  is  used  chiefly  for  staining  «ra  toto. 
Pieces  of  tissue,  according  to  their  size,  are  placed  m  the 
solution  for  from  one  hour  to  three  o^'fo^r  days;  then  m 
acidulated  alcohol  (three  to  four  drops  of  HCl  to  100  c.c. 
of  seventy-flve-per-cent.  alcohol)  for  from  one  hour  to 
three  or  four  days.  His  second  formula,  known  as  neu- 
tral borax  carmine,  is  as  follows:  0.5  to  0.75  gm  of  car- 
mine is  boiled  in  a  solution  of  2  gm.  of  sodium  biborate 
in  100  c  c  of  water.  The  solution  is  filtered,  and  acetic 
acid  added  to  the  filtrate  until  the  purple  tint  changes  to 
that  of  ordinary  carmine ;  it  is  then  filtered  again,     bec- 


tions  stain  in  this  fluid,  in  from  one  to  three  minutes,  an 
intense  and  diffuse  red  color ;  they  arc  then  washed  in  a 
mixture  of  one  drop  of  HCl  to  a  watch  glass  of  seventy- 
per-cent.  alcohol,  when  the  color  is  withdrawn  from 
everything  except  the  nuclei. 

Lithium,  Carmine. — 0th 's:  Carmine,  2.5  gm. ;  satu- 
rated solution  of  lithium  carbonate,  100  c.c. 

After  staining,  the  sections  are  washed  in  a  mixture  of 
1  c.c.  of  HCl,  and  100  c.c.  of  seventy-per-cent.  alcohol, 
when  the  color  is  withdrawn  from  all  except  the  nuclei. 

Picro-carmine. — Ranvier's;  Add  ammonia  carmine  to 
a  saturated  aqueous  solution  of  picric  acid,  until  a  cloudy 
precipitate  begins  to  appear.  Evaporate  to  one-fifth  of 
its  original  volume,  allow  to  cool,  and  filter.  Evaporate 
the  filtrate  to  dryness,  when  a  reddish  powder  is  obtained. 
This  powder  is  used  in  one-per-cent.  solutions  in  water. 

Gage's:  Take  equal  parts,  by  weight,  of  carmine  and 
picric  acid.  Dissolve  the  picric  acid  in  one  hundred 
times  its  weight  of  distilled  water,  and  the  carmine  in 
fifty  times  its  weight  of  strong  ammonia,  mix  the  two 
solutions,  and  evaporate  three-fourths  at  a  temperature 
of  40°  to  50°  C.  Aliow  the  fluid  to  cool,  and  filter  through 
two  thicknesses  of  paper.  Evaporate  the  filtrate  to  dry- 
ness at  a  temperature  of  40°  C,  and  dissolve  the  residue 
in  one  hundred  times  its  weight  of  water.  Make  50  c.c. 
of  such  a  solution  and  filter  through  absorbent  cotton 
packed  in  the  neck  of  a  funnel ;  repeat  the  filtering  four 
or  five  times,  when  a  clear  solution  should  be  obtained. 
If  this  is  not  the  case,  dissolve  the  remainder  of  the 
powder  in  the  proportion  given  above,  allow  the  solu- 
tion to  stand  for  a  few  days  in  a  tall  glass  cylinder,  and 
then  decant  the  clear  fluid.  When  a  clear  solution  is 
obtained,  add  to  every  100  c.c.  of  the  picro-carmine  25 
c.c.  of  strong  glycerin  and  10  c.c.  of  alcohol.  This 
solution  can  be  kept  clear  by  filtering  once  in  six  months. 

Weigert's:  Soak  2  gm.  of  carmine  in  4  c.c.  of  strong 
ammonia  for  twenty -four  hours  in  a  closed  vessel ;  then 
add  200  c.c.  of  a  saturated  solution  of  picric  acid  in 
water,  and  allow  it  to  stand  for  twenty-four  hours. 
Filter,  and  add  acetic  acid  to  the  filtrate,  drop  by  drop, 
until  a  slight  precipitate  appears  even  after  stirring. 
Allow  this  mixture  to  stand  for  twenty-four  hours,  when 
a  precipitate  will  form  which  cannot  be  wholly  removed 
by  filtering;  add  ammonia,  drop  by  drop,  at  intervals 
of  twenty-four  hours,  until  a  clear  fluid  is  obtained. 
If  the  solution  stains  too  yellow,  add  a  few  drops  of 
acetic  acid ;  if  too  red,  a  few  drops  of  ammonia. 

Hoyer's:  Dissolve  1  gm.  of  carmine  powder  (see 
Hoyer's  Carmine)  in  5  to  7  c.c.  of  ammonia  and  1  to  5 
gm.  of  picric  acid  in  50  c.c.  of  water.  Mix  the  two  solu- 
tions, and  add  enough  water  to  make  the  mixture  meas- 
ure 100  c.c,  and  add  1  gm.  of  chloral  hydrate  for  pre- 
serving. If  any  free  ammonia  is  present,  warm  on  a 
water  bath  until  it  is  driven  off. 

Oth's:  Mix  one  part  of  Oth's  lithium  carmine  with 
two  to  three  parts  of  a  cold-saturated  solution  of  picric 
acid  in  water. 

Sections  stained  in  picro-carmine  should  not  be  washed 
long  in  water,  or  the  picric  acid  stain  will  be  washed  out. 
They  may  be  mounted  in  balsam  or  glycerin ;  if  the  latter, 
the  glycerin  should  be  acidulated  with  a  few  drops  of 
acetic  or  formic  acid. 

Alum  Carmine  Solutions.— Q,Ye,ng,cher'i:  Boil  one-half 
to  one  per  cent,  of  carmine  in  a  concentrated  solution  of 
ammonia  or  potash  alum  for  from  ten  to  twenty  minutes, 
filter,  and  add  a  few  drops  of  carbolic  acid  to  the  filtrate. 
Balbiani  adds  a  few  drops  of  acetic  acid  to  a  watch  glass 
of  this  stain  with  good  results.  Tizzoni  adds  a  little 
sodium  sulphate,  thereby  increasing  its  staining  power. 
This  fluid  stains  quickly,  and  nuclei  stronger  than  other 
parts. 

Coelmieal  Fluids.— Mikjer's:  Soak  1  gm.  of  powdered 
cochineal  in  10  c.c.  of  seventy-per-cent.  alcohol,  for  at 
least  three  days.  Filter,  and  use  the  deep-red  filtrate  for 
staining.  Sections  are  placed  in  this  fluid  from  seventy- 
per-cent.  alcohol,  and  they  stain  in  a  few  moments,  or  it 
may  require  several  days,  the  time  depending  on  the  size 
and  nature  of  the  sections.     When  stained,  wash  in  sev- 
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enty-per-cent.  alcohol  until  no  more  color  comes^  away ; 
then  mount  in  the  usual  media.  The  results  obtamed  by 
the  use  of  this  fluid  vary  with  the  nature  of  the  tissue, 
and  the  presence  or  absence  of  certain  salts— also  upon 
the  strength  of  thealcohol  employed  forsolution.  Over- 
staining  may  be  removed  by  washing  in  one-tenth-per- 
cent. HCl,  or  one-per-cent.  acetic  acid. 

Czoker's  Alum  Oodiineal— Boil  7  gm.  of  pulverized 
cochineal  and  7  gm.  of  alum  in  700  c.  c.  of  distilled  water, 
until  the  quantity  of  fluid  is  reduced  to  400  c.c. ;  cool, 
add  a  tew  drops  of  carbolic  acid,  and  filter.  After  allow- 
ing it  to  stand  for  a  few  days,  filter  again,  when  the 
fluid  will  be  ready  for  use.  Martinotti  recommends  the 
use  of  chrome  alum  in  place  of  ordinary  alum,  and  does 
not  allow  the  temperature  to  go  above  80°  C.  This  fluid 
stains  nuclei  a  hajmatoxylin  color,  other  elements  different 
shades  of  red.  Alcoholic  specimens  stain  quickly,  in  from 
three  to  five  minutes ;  chromic-acid  preparations  require 
from  three  to  Ave  hours.  After  staining,  specimens  are 
washed  in  water  and  mounted  in  the  usual  media. 

Carminic  Acid.— The  use  of  carminic  acid  in  place  of 
carmine  was  first  suggested  by  Dimmock,  but  he  used 
only  aqueous  or  alcoholic  solutions  which  gave  but  feeble 
stains.  Mayer  showed  that  in  order  to  obtain  suitable 
staining  solutions  of  carminic-acid  it  must  be  combined 
with  aluminum  or  calcium.  I  have  found  that  the  sub- 
stitution of  carminic  acid  for  carmine  in  most  of  the 
formulae  given  above  makes  a  much  better  and  sharper 
staining  fluid. 

Garmaliim  (Mayer). — Carminic  acid,  1  gm. ;  alum,  10 
gm. ;  distilled  water,  200  c.c.  Dissolve  the  carminic  acid 
in  the  water  and  filter.  Add  a  few  crystals  of  thymol 
to  prevent  the  formation  of  mould.  After  staining,  wash 
out  in  distilled  water,  and  if  the  plasma  remains  stained, 
wash  in  alum  solution.  This  is  a  good  fluid  for  staining 
tissues  in  bulk. 

Hmmatoxylin.' — This  is  one  of  the  coloring  substances 
contained  in  ordinary  logwood.  It  is  found  in  commerce 
in  the  form  of  reddish-brown  crystals.  Hasmatoxylin  is 
not  to  be  confounded  with  the  ordinary  crude  extract 
which  is  sometimes  sold  under  this  name. 

This  dye  is  one  of  the  best  nuclei  stains  that  we  have, 
staining  both  alcoholic  and  chromic-acid  specimens 
deeply  and  sharply.  In  chromic-acid  preparations  the 
color  is  likely  to  fade  after  a  time,  unless  all  the  acid 
has  been  removed  and  the  sections  have  been  thoroughly 
dehydrated  before  mounting. 

The  clearest  stainings  are  obtained  with  dilute  solu- 
tions. After  staining,  the  sections  are  washed  well  in 
water  and  mounted  as  usual. 

Delafield's  Solution:  Saturated  solution  of  ammonia 
alum,  with  an  excess  of  crystals,  100  c.c. ;  to  this  is 
added  1  gm.  of  hsematoxylin  crystals  dissolved  in  6  c.c. 
of  alcohol.  This  solution  is  allowed  to  stand  in  an  un- 
stoppered  bottle  in  the  light  for  four  or  five  days,  and 
then  filtered.  Then  glycerin,  25  c.  c. ,  and  wood  naphtha, 
25  c.c.  are  added;  this  is  allowed  to  stand,  as  above,  for 
from  one  to  two  days,  and  then  filtered ;  the  filtering  is  to 
be  repeated  at  intervals,  until  all  sediment  ceases  to  form. 
It  is  to^  be  diluted  at  least  one-half  with  water  for  use. 

Ehrlich's  Acid  Haematoxylin :  Hematoxylin  crystals, 
1  gm. ;  strong  alcohol,  60  c.c. ;  glycerin,  60  c.c.  ;  water, 
60c.e.,  to  which  ammonia  alum  is  added  to  saturation; 
hydric  acetate,  glacial,  3  c.c.  This  fluid  is  exposed  to 
the  light  until  it  becomes  of  a  deep-red  color. 

Gage's  Hematoxylin :  Distilled  water,  200  c.c. ;  ammo- 
nia or  potash  alum,  7.5  gm.  ;  this  is  boiled  for  five  to 
fifteen  minutes  to  destroy  any  germs  in  the  water  or 
alum  ;  after  cooling  add  0.1  gm.  of  hsematoxylin  crystals 
dissolved  in  10  c.c.  of  ninety -five-per-cent.  alcohol  and  4 
gm.  of  chloral  hydrate  to  prevent  the  development  of 
germs. 

For  staining,  this  solution  may  be  used  full  strena-th  or 
diluted  with  alum  water. 

Up  to  a  few  years  ago  all  formula;  for  the  preparation 
ot  hajmatoxylm  solutions,  especially  those  contaiuinir 
alum  ended  with  the  following  directions:  "allow  to 
stand  m  the  light  from  eight  to  ten  days  before  using." 
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This  was  for  the  purpose  of  allowing  the  staining  fluid 
to  "ripen,"  as  it  is  well  known  that  freshly  prepared 
solutions  are  of  no  use  for  staining. 

This  "ripening  process  "  was  found  to  be  due  to  the 
oxidation  of  the  contained  haematoxylin  and  the  forma- 
tion of  Immatein,  through  the  absorption  of  oxygen  from 
the  air.  Paul  Mayer  and  Unna  found  that  this  oxidation 
could  be  brought  about  immediately  by  the  addition  of 
a  small  quantity  of  hydrogen  peroxide ;  Hansen,  by  the 
addition  of  potassium  permanganate.  I  have  hastened 
the  process  by  passing  air  through  the  solution,  using 
air  compressed  by  the  usual  spray  apparatus. 

All  hematoxylin  solutions  deteriorate  in  the  course  of 
time,  the  oxidation  process  continuing  until  precipitates 
form  and  the  solution  becomes  colorless.  Unna  found 
that  this  over  "  ripening  "  could  be  delayed  by  the  addi- 
tion of  a  small  quantity  of  sulphur.  Paul  Mayer  used 
glycerin,  and  Gage,  believing  this  to  be  due  to  the  action 
of  bacteria,  sterilized  his  alum  solution  and  then  added 
chloral  hydrate  as  a  preservative.  Owing  to  the  investi- 
gations of  Paul  Mayer  we  are  now  in  a  position  whereby 
hoematein  staining  solutions  can  be  quickly  made,  with- 
out the  long  "  ripening  "  process. 

Hmmatein,  which  Mayer  uses  in  place  of  hsematoxylin, 
comes  in  the  form  of  dark  greenish  crystals  or  powder, 
and  is  freely  soluble  in  alcohol  and  water.  The  commer- 
cial form  is  not  always  pure,  and  owing  to  this  liamia- 
teate  of  ammonia  has  been  recommended  in  the  place  of 
hematein.  This  salt  is  also  found  in  commerce,  but  of 
doubtful  purity.  It  can  be  readily  made  in  the  labora- 
tory as  follows:  One  gram  of  haematoxylin  crystals  is 
dissolved,  by  the  aid  of  heat,  in  20  c.c.  of  distilled  water 
and  filtered.  To  this  solution  1  c.c.  of  ammonium  hy- 
drate (sp.  gr.  0.875)  is  added,  and  the  dark  purple  fluid 
placed  in  a  shallow  porcelain  dish,  of  such  a  size  that  the 
layer  of  fluid  shall  not  exceed  one-half  a  centimetre  in 
depth.  The  dish  is  covered  with  filter  paper,  to  exclude 
dust,  and  the  solution  is  allowed  to  evaporate  at  the  room 
temperature.  The  hoemateate  of  ammonia  about  equals 
in  weight  the  haematoxylin  used.  In  the  preparation  of 
this  salt  no  metal  instruments  should  be  used  until  the 
powder  is  absolutely  dry. 

Mayer  gives  formulae  tor  three  different  solutions  of 
haematein  as  follows : 

Hmmalum. — Dissolve  1  gm.  of  TunmaUin  or  Jumnateate 
of  ammonia  in  50  c.c.  of  ninety-per-cent.  alcohol,  and 
add  this  to  1,000  c.c.  of  a  five-per-cent.  aqueous  solution 
of  potash  alum,  filter,  and  add  a  crystal  of  thymol  to 
prevent  the  formation  of  mould.  This  fluid  has  a  color 
resembling  that  of  borax  carmine.  It  may  be  used  for 
staining  in  full  strength,  or  it  may  be  diluted  with  weak 
alum  solution.  In  full  strength  it  stains  sections  in 
about  two  minutes. 

Acid  Hmnalum. — This  Is  prepared  by  adding  two  per 
cent,  of  hydric  acetate  to  the  above  haemalum  solution. 
After  staining,  wash  well  in  water  to  bring  out  the  blu- 
ish tint  of  the  nuclei.  This  solution  is  decidedly  less 
diffuse  in  staining,  and  keeps  better  than  the  haemalum. 

Olycerin  Hamalum. — The  above  solutions  of  haematein 
do  not  keep  well.  To  correct  this,  Mayer  adds  glycerin 
as  a  preservative.  The  solution  is  made  as  follows":  Rub 
up  0.4  gm.  of  hoematein  in  a  mortar  with  a  small  quan- 
tity of  glycerin ;  dissolve  5  gm.  of  potash  alum  in  70  c.c. 
of  distilled  water,  and  add  30  c.c.  of  glycerin.  This 
mixture  is  gradually  added  to  the  hematein  solution. 
This  stain  keeps  well,  but  is  somewhat  slow  in  its  action. 

During  the  last  year  I  have  been  using  hmmatein  in 
place  of  haematoxylin  with  the  most  satisfactory  results. 
The  staining  fluid  I  have  used  is  one  made  after  a  com- 
bination of  Mayei-'s  and  Gage's  methods.  The  solution 
is  inade  as  follows :  A  five-per-cent.  solution  of  potash 
alum  is  made  in  distilled  water  and  boiled,  or  what  is 
better,  placed  in  a  steam  sterilizer  from  one  to  one  and  a 
half  hours.  "While  this  solution  is  warm,  0.001  per  cent, 
of  hmmatein,  dissolved  in  a  small  quantity  of  alcohol,  is 
added  (it  is  my  practice  to  keep  a  one-per-cent.  alcoholic 
solution  of  haematein  as  a  stock  solution).  After  the 
fluid  has  cooled,  2  gm.  of  chloral  hydrate  should  be  added 
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for  each  100  c.c.  of  the  staining  fluid.  Tliis  stain  keeps 
well,  and  in  full  strength  stains  sections  in  from  two  to 
three  minutes.  It  may  be  used  diluted  with  distilled 
water,  when  the  staining  requires  a  longer  time. 

Ileidenhain'n  Iron  Hamatoxylin. — Sections  are  placed 
in  a  1.5  to  4  per  cent,  aqueous  solution  of  ammouio-ferric 
sulphate,  (NH.,)2,Fea,  (SOi),,  for  from  one-half  to  four 
hours ;  then  they  are  washed  in  water ;  and  tlien  stained 
In  a  0.5-per-ceut.  solution  of  hosmatoxylin  in  water  for 
half  an  hour.  They  are  then  removed  from  the  stain  and 
washed  in  water.  The  sections  which  are  now  deep 
blacli  are  decolorized  in  the  ammonio-ferric  sulphate 
solution.  This  acts  slowly  and  its  progress  should  he 
watched  under  the  microscope.  This  is  done  by  remov- 
ing the  specimens,  from  time  to  time,  from  the  decolorizer 
and  examining  them  in  water.  As  soon  as  a  proper  differ- 
entiation has  been  obtained  the  sections  are  washed  in 
water  for  at  least  an  hour,  tlie  water  being  changed  several 
times.  All  chromatin  elements  of  the  nucleus  stain  black 
and  are  sharply  differentiated. 

Aniline  Dyes. — Fuchsin,  Rosaniline  HydroeJilorirle. — 
■Soluble  in  alcohol' and  water.  Used  for  staining  fresh 
tissue,  blood  cells,  and  connective-tissue  cells.  Chiefly 
used  for  staining  bacteria.  Merkle  has  used  it  for  stain- 
ing the  structureless  membrane  of  the  retina. 

Acid  Fuchsin,  JRosamlin  Stdpluinate. — (Fuchsin  S,  No. 
130  of  the  Baden  aniline  factory.)  First  used  by  Wei- 
gert  for  staining  the  central  nervous  system,  and  now 
used  chiefly  in  combination  stains. 

Sitfrdiiin. — An  oxidation  product  of  pure  toluol,  of 
which  there  are  numerous  preparations  on  the  market. 
The  form  usually  used  is  safranin  O,  which  is  soluble  in 
alcohol  and  water.  This  is  a  nuclei  stain  best  suited  for 
chromic-acid  preparations. 

Flemming  dissolves  one-tenth  to  five-tenths  per  cent,  in 
a  mixture  of  equal  parts  of  alcohol  and  water.  He  stains 
sections  for  twenty-four  hours;  washes  in  weak  alcohol, 
which  frees  them  from  part  of  the  color,  then  in  absolute 
alcohol  until  no  more  color  comes  away ;  then  in  oil  of 
cloves  only  long  enough  for  them  to  become  penetrated, 
as  it  extracts  the  colors ;  moimts  in  balsam. 
Babes  recommends  the  following  methods : 

1.  Sections  of  alcoholic  or  chromic-acid  preparations 
are  stained  for  half  an  hour  in  a  warm,  concentrated 
aqueous  solution  of  safranin,  or  in  a  mixture  of  equal 
parts  of  concentrated  aqueous  and  concentrated  alcoholic 
solutions.  They  are  then  washed  in  absolute  alcohol 
quickly,  as  it  withdraws  the  stain,  cleared  in  turpentine, 
and  mounted  in  balsam. 

2.  For  demonstrating  the  details  of  cell  structure.  A 
supersaturated  solution  of  safranin  in  water  is  warmed 
to  60°  C.  and  filtered.  After  cooling  the  solution  be- 
comes muddy.  A  small  quantity  of  this  fluid  is  placed 
in  a  watch  glass  with  the  sections,  and  warmed  slightly 
■over  an  alcohol  lamp  for  a  minute,  when  the  fluid  will 
become  clear.  The  sections  are  then  washed  in  water, 
cleared  in  turpentine,  and  mounted  in  balsam. 

Safranin  is  also  a  good  reagent  for  amyloid  substance, 
staining  it  orange-yellow,  other  tissue  rose-red.  It  is 
also  used  for  staining  elastic  fibres. 

Eosin  (Erythrosin,  Pi-imrose).— This  dye  is  found  m 
commerce  in  two  forms,  one  soluble  in  alcohol  (tetra- 
bromofluorescin),  the  other  in  water  (a  potash  salt  ot  the 

first) 

Fischer,  who  fli'st  introduced  the  dye,  precipitates  the 
■coloring  matter  from  an  aqueous  solution  with  an  acid ; 
filters,  washes  the  precipitate  with  water,  and  then  dis- 
solves the  precipitate  in  alcohol.  He  prefers  the  alco- 
holic solution  for  chromic-acid  preparations 

Eloui  dissolves  the  eosin  in  glycerin,  and  after  staining, 
:fixes  the  dye  with  a  saturated  solution  of  alum  in  glyc- 

"^"por  general  use  a  1  to  1,500  solution  in  alcohol  of  the 
precipitated  eosin  will  be  found  most  convenient,  bec- 
tlons  are  stained  for  a  few  moments  and  mounted  in  glyc- 
erin tinged  with  eosin,  as  pure  glycerin  withdraws  the 
color  For  mounting  in  balsam  the  sections  are  dehy- 
drated in  the  alcohol  eosin  and  cleared  in  oil 
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This  dye,  in  combination  with  hematoxylin,  is  the  best 
for  general  work,  the  ha^matoxylin  staining  the  nuclei  of 
the  cells  purple,  while  the  cell  bodies  and  intercellular 
substance  are  stained  rose-red. 

ifethylene  Bine. — An  oxidation  product  of  pure  aniline, 
soluble  in  both  alcohol  and  water.  It  is  used  chiefly  for 
staining  bactei'ia:  in  combination  with  eosin  as  a  nuclear 
stain ;  in  a  chemically  pure  state  in  Ehrlich's  method  for 
nerve  fibres;  and  in  Nissl's  stain  for  nerve  cells. 

Unna's  Alkaline  Methylene  blue. — Methylene  blue,  1 
gm.  ;  potassium  carbonate,  1  gm.  ;  water,  100  c.c.  This 
■solution  is  diluted  in  the  proportion  of  1  to  10  with  water 
for  use.  It  is  a  good  nuclear  stain  in  combination  with 
eosin. 

Methyl  Oreen. — The  double  zinc  salt  of  the  base  penta- 
methyltri-p-amidotripheuylearbiuolmethylate.  Used  in 
one-per-cent.  aqueous  solutions,  and  is  chiefly  a  nuclei 
stain. 

C'ai'noj'  employs  it  In  a  concentrated  aqueous  solution, 
to  which  is  added  one  per  cent,  of  acetic  acid  and  one- 
tenth  per  cent,  of  osmic  acid  for  staining  fresh  tissue. 
Nuclei  stain  sharply.  The  excess  of  color  is  washed  out 
with  water. 

Curshmann  recommends  this  dye  as  a  reagent  for 
amyloid,  which  it  stains  violet.  It  is  also  used  in  several 
of  the  multiple  stains. 

Iodine  Violet,  Hoffman's  Violet  [a.  Dahlia,  bluish  tint; 
h.  Primula,  reddish  tint).  The  pentamethyltriamidotolu- 
yldiphenylcarbinol. 

Ehrlich  employs  a  saturated  solution  in  a  mixture  of 
500  c.c.  of  alcohol,  100  c.c.  of  water,  and  13.5  c.c.  of 
acetic  acid.  He  stains  sections  for  twenty -four  hours; 
then  washes  in  water  acidulated  with  acetic  acid,  and 
mounts  as  usual.  Protoplasm  and  connective  tissue  are 
partially  stained;  nuclei  stain  blue-violet.  Sometimes 
the  fat  of  fat  cells  and  goblet  cells  stain. 

Jurgens  employs  an  aqueous  solution  as  a  reagent  for 
amyloid,  which  stains  bright  red,  while  the  rest  of  the 
tissue  stains  blue-violet. 

Flemming  employs  the  dye  in  the  same  manner  as 
safranin. 

Gentian  F2'oZe«.— Employed  chiefly  for  staining  bac- 
teria. 

Methyl  Violet. — The  pentamethyltriamidotriphenylcar- 
binol. 

Cornil  found  that  aqueous  solutions  stained  the  cells 
of  hyaline  cartilage  violet,  the  basement  substance  red- 
dish, connective  tissue,  fibrillated  and  elastic  fascia 
violet. 

This  dye  is  also  used  as  a  reagent  for  amyloid,  which 
it  stains  red.  According  to  CappareUi  this  reaction  is 
an  optical  instead  of  a  chemical  one.  He  examined  un- 
stained sections  by  light  transmitted  through  a  thin  layer 
of  this  dye  and  found  that  the  amyloid  substance  ap- 
peared as"  if  had  been  stained.  He  then  examined  un- 
stained sections  on  glass  stained  with  the  colors  of  the 
spectrum,  and  found  that  in  the  section  on  the  violet  the 
amyloid  substance  appeared  red,  while  the  normal  tissue 
appeared  blue.  His  conclusion  was  that  the  amyloid 
substance  permits  the  red  rays  to  pass,  but  stops  the 
violet. 
This  dye  is  also  used  in  staining  bacteria. 
Double  STAV^ma. —Hmmato:i:yli7i  and  Eosin.— Sec- 
tions  are  first  stained  in  a  solution  of  hsematoxylin  until 
they  are  of  a  distinct  purple  color,  then  washed  well  in 
water,  and  then  stained  in  a  dilute  alcoholic  solution  of 
eosin.  They  can  be  mounted  in  either  glycerin  or  bal- 
sam. If  in  glycerin,  it  Is  to  be  slightly  tinged  with 
eosin,  or  the  color  will  be  extracted  from  the  specimen. 
If  in  balsam,  the  specimens  are  placed  in  alcohohc  eosin, 
in  which  they  become  stained  and  dehydrated  at  the  same 
time ;  then  cleared  in  oil  of  origanum  cretici,  and  then 
mounted  in  balsam  or  dammar.  Nuclei  stain  purple,  cell 
bodies  and  intercellular  substance  rose-red.  This  method 
is  extremely  useful  for  general  work. 

Fo»in  ami  Methylene  Blue  (Mallory).— Fix  the  specimens 
in  mercuric  chloride  or  Zenker's  fluid. 
Stain  sections  in  a  five  to  ten  per  cent,  aqueous  solu- 
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tion  of  eosin  for  from  five  to  twenty  minutes.  Stam  in 
"Unna's  alkaline  methylene  blue  solution,  diluted  with 
from  one  to  ten  parts  of  water,  for  from  one-half  to  one 
hour.  Wash  in  water.  Differentiate  and  dehydrate  in 
ninety-five-per-cent.  alcohol  until  the  pink  color  returns 
in  the  sections.  Clear  in  xylol  and  mount  in  xylol 
balsam  or  xylol  dammar. 
Nuclei  stam  blue,  intercellular  substance  and  cytoplasm 

red.  . 

Special  ^•nas&.—Biondi-Heidenhain  Triple  Stain.— 
Saturated  aqueous  solution  of  orange  G,  100  c.c. ;  satu- 
rated aqueous  solution  of  acid  fuchsin,  20  c.c. ;  saturated 
aqueous  solution  of  methyl  green,  50  c.c. 

Prepare  the  above  solutions  and  let  them  stand  for 
several  days  with  an  excess  of  the  dyes.  Then  mix  the 
solutions  and  dilute  with  water  in  the  proportion  of  60 
c.c.  of  the  staining  solution  to  100  c.c.  of  water.  This 
dilute  solution  should  redden  upon  the  addition  of  hydric 
acetate;  a  drop  of  the  mixture  placed  on  filter  paper 
should  show  a  bluish-green  centre  and  an  orange  periph- 
ery. If  the  orange  zone  is  surrounded  by  a  red  zone, 
the  mixture  contains  too  much  fuchsin. 

Sections  should  be  stained  for  from  six  to  twenty-four 
hours.  Those  of  tissues  fixed  in  mercuric  chloride  give 
the  best  results.  After  staining  wash  in  water;  dehy- 
drate in  alcohol ;  clear  in  xylol ;  mount  in  xj^ol  balsam 
or  dammar. 

Picro-Acid  MicJisin  (V&rx  Gieson). — Van  Gieson  intro- 
duced this  stain  for  staining  the  peripheral  nerves  and 
sections  of  the  central  nervous  system.  His  solution  was 
not  made  up  with  any  definite  proportion  of  the  acid 
fuchsin. 

As  the  results  of  my  experiments  I  have  succeeded  in 
establishing  the  following  formulcefor  the  staining  fluid: 
For  connective  tissue  the  proportions  giving  the  best  re- 
sults are  5  c.c.  of  a  one-per-cent.  aqueous  solution  of 
acid  fuchsin  to  100  c.c.  of  a  saturated  aqueous  solution 
of  picric  acid.  For  sections  of  the  central  nervous  sys- 
tem the  proportion  of  the  acid  fuchsin  has  to  be  increased 
and  that  of  the  picric  acid  diminished.  The  elements  in 
this  tissue  stain  more  slowly,  consequently  the  prolonged 
action  of  the  picric  acid  removes  the  hsematoxylin  from 
the  Nuclei.  The  proportions  of  the  staining  agents  that 
have  given  me  the  best  results  are  15  c.c.  of  a  one-per- 
cent, solution  of  acid  fuchsin  to  100  c.c.  of  a  half -satu- 
rated solution  of  picric  acid. 

Sections  of  tissues  hardened  in  MiUler's  fluid  or  mer- 
curic-chloride solutions — alcohol  hardening  does  not  give 
as  brilliant  results — are  first  deeply  stained  in  hematoxy- 
lin (v.  Kahlden  recommends  alum  carmine)  and  then 
well  washed  in  water.  They  are  then  placed  in  the 
picro-acid  fuchsin  fluid  for  from  one  to  three  minutes. 
Sections  of  the  central  nervous  system  require  fully  three 
minutes,  those  from  other  organs,  as  a  rule,  require  only 
one  minute.  After  the  sections  are  removed  from  the 
staining  fluid  they  are  washed  in  two  alcohols.  I  find 
that  the  addition  of  a  small  amount  of  picric  acid  to  the 
second  alcohol  increases  the  brilliancy  of  the  yellow 
stain.  The  sections  are  cleared  in  oil  of  origanum  crotici 
and  mounted  in  balsam. 

This  staining  fluid,  when  used  as  above  described, 
stains  connective-tissue  fibres  a  bright  red;  protoplasm, 
muscular  tissue,  and  red  blood  cells,  yellow.  The  hema- 
toxylin stain  in  the  nuclei  is  usually  changed  in  color ; 
sometimes  it  shows  purplish-red,  at  other  times  black' 
Axis  cylinders,  nerve  cells,  and  neuroglia  fibres  stain  red 
_  Kantorwicz  uses  150  c.c.  of  a  saturated  aqueous  solu- 
tion of  picric  acid  and  3  c.c.  of  a  saturated  aqueous  solu- 
tion of  acid  fuchsin. 

He  stains  sections  in  Delafield's  htematoxylin  for  half 
an  hour  and  then  in  the  picro-acid  fuchsin  for  from  three 
to  five  minutes.  He  recommends  the  stain  for  cell 
inclusions. 

Weigert's  Stain  foi-  Elastic  i^Ji;rs.— Boil  basic  fuchsin 
3  gm.,  resorcin  4  gm.,  in  200  c.c.  of  water;  while  this  is 
boiling  add  25  c.c,  of  liquor  ferri  sequichlorati  and  con- 
tinue the  boiling  for  five  minutes.  Allow  to  cool  and 
niter.     Ihe  dark  precipitate  remaining  on  the  filter  is 
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dissolved  in  800  c.c.  of  strong  alcohol  by  boiling  the 
filter  In  it.  Bring  up  the  solution  to  300  c.c.  by  the  ad- 
dition of  alcohol;  cool  and  add  4  c.c.  of  hydric  chloride. 

Stain  sections  for  from  one-half  to  one  hour.  Wash 
in  strong  alcohol  until  the  color  ceases  to  come  away, 
then  clear  and  mount  in  balsam. 

Elastic  fibres  stain  bluish-black. 

Unna's  Stain  foi'  Elastic  Filrres.— Orcein  (Grubler's),  1 
gm. ;  hydric  chloride,  1  c.c. ;  alcohol  (absolute),  100  c.c. 
Sections  are  placed  in  the  stain  and  warmed  at  a  temper- 
ature of  30°  C.  for  from  ten  to  fifteen  minutes.  The 
stain  becomes  thick  from  the  evaporation  of  the  alcohol. 
Wash  in  seventy-per-cent.  alcohol ;  dehydrate  in  strong 
alcohol ;  clear  in  oil  of  origanum,  and  mount  in  balsam. 
Elastic  fibres  stain  a  deep  brown  color.  If  a  nuclear 
stain  is  wanted  stain  in  Unna's  polychrome  methylene 
blue. 

Weigert's  Stain  for  Fibrin.— Stuio  sections  of  tissue 
fixed  in  alcohol  or  Zenker's  fluid  in  aniline-gentian-violet 
solution  for  five  minutes ;  place  the  sections  on  a  slide 
and  absorb  the  surplus  stain  with  filter  paper;  then 
treat  with  iodine,  4  gm. ;  potassium  iodide,  6  gm. ; 
water,  100  c.c,  for  one  minute;  wash  with  water;  de- 
colorize in  aniline,  3  parts,  and  xylol,  1  part,  wash  -in 
several  changes  of  xylol ;  mount  in  xylol  balsam.  The 
fibrin  threads  stain  blue. 

Jenner's  Blood  Stain. — Grubler's  water-soluble  eosin 
1.3-per-cent.  aqueous  solution,  100  c.c. ;  Grubler's  pure 
methylene  blue,  1-per-cent.  aqueous  solution,  100  c.c. 
These  solutions  are  mixed,  allowed  to  stand  for  twenty- 
four  hours,  and  then  filtered.  The  precipitate  is  dried  on 
the  filter  at  55"  C,  then  washed  with  distilled  water; 
dried  and  powdered. 

For  use,  a  0.5-per-cent.  solution  of  the  dried  powder  is 
made  in  pure  methyl  alcohol.  Cover-glass  preparations 
and  slide  smears  of  blood  are  stained  by  immersing  them 
in  this  solution  for  from  three  to  fiveminutes;  they  are 
then  washed  in  water ;  dried  thoroughly  in  the  air,  and 
mounted  in  balsam. 

Metallic  Impheg nations. — Silver  Xitrnte. — This  is 
used  chiefly  for  staining  the  cement  substance  between 
cells,  especially  the  endothelium  of  serous  membranes, 
lymphatics,  and  blood-vessels.  It  also  stains  the  base- 
ment substance  of  connective  tissue  and  cartilage.  It 
may  be  used  either  in  the  solid  state  or  in  solution.  The 
tissues  to  be  acted  upon  must  be  fresh. 

For  membranes,  silver  nitrate  is  used  in  solutions  of 
1  to  300  to  1  to  500.  The  fresh  membrane  (omentum  or 
mesentery)  is  carefully  removed  and  stretched  over  the 
rim  of  a  porcelain  dish,  filled  with  distilled  water,  and  is 
allowed  to  sag  in  the  centre  so  that  both  sides  of  the 
membrane  will  be  immersed  in  the  water;  it  is  washed 
carefully  by  agitating  the  dish,  so  as  to  remove  any 
blood  or  albuminous  substance  that  may  be  on  the  sur- 
face. Now  pour  off  the  water  carefully,  and  fill  the  dish 
with  a  1  to  500  aqueous  solution  of  silver  nitrate.  Agi- 
tate the  dish  frequently,  and  after  from  twenty  to  thirty 
minutes — when  the  membrane  has  become  semi-opaque 
—pour  off  the  silver  solution  and  wash  carefully  with  dis- 
tilled water.  Now  transfer  to  a  dish  containing  alcohol 
and  water  (1  to  2)  and  expose  to  the  sunlight  until  it 
becomes  of  a  brown  color.  This  requires  from  twenty 
minutes  to  half  an  hour.  Preserve  in  glycerin  and  pro- 
tect from  the  light.  The  silver  is  deposited  in  the  cement 
substance  between  the  cells  as  an  albuminate,  and  after 
being  reduced  by  the  action  of  the  light,  shows  as  fine 
black  or  brownish  lines. 

The  cornea  may  be  treated  with  silver  in  solution  or  in 
the  solid  state.  In  treating  the  cornea  with  the  solid 
salt  ju-oceed  as  follows :  Remove  the  eye  and  rub  the 
anterior  surface  of  the  cornea  with  a  piece  of  silver 
nitrate.  Excise  the  cornea  and  place  in  distilled  water; 
brush  with  a  camel's-hair  pencil  to  remove  the  epithe- 
lium. Then  expose  the  cornea  to  the  action  of  the  light 
until  it  has  become  brown.     Preserve  in  glycerin. 

Silver  in  solution  is  applied  as  follows:  Submit  the 
cornea  of  a  freshly  killed  animal  to  the  action  of  a  jet  of 
steam,  and  scrape  off  the  opaque  epithelium,  gently, 
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with  a  scalpel.  Allow  a  five-per-cent.  solution  of  silver 
nitrate  to  flow  over  it,  from  a  pipette,  for  two  or  three 
minutes;  then  wash  with  a  one-per-cent.  solution  of 
sodium  chloride ;  excise  and  expose  to  the  light  ina  mi.\- 
ture  of  alcohol  and  water  (1  to  2)  until  it  becomes  brown. 
Preserve  in  glycerin. 

By  these  processes  the  basement  substance  becomes 
stained  yellowish-brown,  the  cell  spaces  appearing  as 
clear,  irregular-shaped  openings. 

For  injecting  tlie  blood-vessels,  a  fourth-percent, 
aqueous  solution  is  used.  The  animal  is  bled  to  death,  and 
the  vascular  system  is  washed  out  with  distilled  water ;  * 
this  is  followed  by  the  silver  solution,  which  is  allowed 
to  act  for  ten  minutes  and  is  then  washed  out  with  dis- 
tilled water.  Bits  of  thin  membrane  are  removed  and 
exposed  to  the  light  until  brown,  and  then  mounted  in 
glycerin.  In  warm-blooded  animals  the  solution  should 
be  heated  to  30°  C. ;  in  cold-blooded  animals  the  injec- 
tion may  be  made  at  the  ordinary  temperature. 

Hoyer  adds  to  a  solution  of  silver  nitrate,  of  known 
strength,  concentrated  ammonia  until  the  precipitate 
which  forms  is  seen  to  be  just  barely  redissolved;  then 
dilutes  this  solution  with  distilled  water  until  it  contains 
from  0.5  to  0.T5  per  cent,  of  silver  nitrate.  This  solution 
stains  the  cement  substance  only,  leaving  the  ordinary 
tissues  unstained. 

Instead  of  reducing  the  silver  by  light  I  have  employed 
an  aqueous  solution  of  hydrochinon  (1  to  1,000),  to  which 
is  added  a  few  drops  of  a  saturated  solution  of  ammonium 
carbonate  to  render  it  alkaline.  The  tissue,  after  being 
treated  with  the  silver,  is  placed  in  this  solution  until  it 
becomes  brown,  which  requires  from  five  to  ten  minutes ; 
then  it  is  washed  thoroughly  in  water  and  preserved  in 
glycerin. 

Auric  Chloride. — Gold  is  reduced  in  the  bodies  of  cells 
of  cartilage,  connective  tissue,  cornea,  and  epithelium, 
leaving  the  intercellular  substance  free ;  also  in  the  axis 
cylinders  of  nerve  fibres.  It  is  very  uncertain  in  its 
action,  but  when  successful  beautiful  pictures  \re  ob- 
tained.    Tissues  submitted  to  its  action  must  be  fresh. 

Cohnheim's  Method:  Cohnheim,  who  introduced  this 
salt,  proceeds  as  follows;  Bits  of  fresh  tissue  are  placed 
in  a  one-per-cent.  solution  of  auric  chloride  until  they 
become  yellow,  and  are  then  exposed  to  the  light  in 
water  acidulated  with  acetic  acid  until  the  gold  becomes 
reduced— until  it  becomes  of  a  deep  purple  color ;  this 
requires  from  one  to  three  days.  The  specimens  are 
preserved  in  glycerin. 

Lowit's  Method:  Lowit  employs  the  following  method 
for  nerve  terminations  in  muscle:  Bits  of  tissue  are 
placed  in  a  mixture  of  1  part  formic  acid  and  2  parts 
water,  until  they  become  transparent;  then  for  ten  or 
fifteen  minutes  in  a  one-per-cent.  solution  of  auric  chlor- 
ide until  they  become  yellow ;  then  in  the  formic-acid 
mixture  for  twenty-four  hours  in  a  dark  place;  then  for 
twenty-four  hours  in  pure  formic  acid  in  the  dark. 
After  this  they  are  washed  in  distilled  water  and  pre- 
served in  glycerin.  . 

Ranvier's  Method :  Bits  of  fresh  tissue  are  placed  in 
fresh  filtered  lemon  juice  until  they  become  transparent; 
then  are  washed  in  water  and  placed  in  a  one-per-cent.  so- 
lution of  auric  chloride  for  fifteen  to  twenty  minutes ; 
then  again  washed  in  water,  and  placed  in  dilute  acetic 
acid  (2  drops  to  50  c.c.  of  water),  and  exposed  to  the  light 
for  two  to  three  days,  when  the  reduction  will  become 
complete.  In  the  case  of  muscle  Ranvier  places  the  tissue 
from  the  gold  solution  in  a  twenty-per-cent.  solution  of 
formic  acid  in  the  dark  for  twelve  hours,  when  the  re- 
duction is  complete. 

He  also  employs  the  following  mixture ;  One-per-cent. 
solution  of  auric  chloride,  4  parts;  formic  acid,  1  part; 
boil  and  allow  to  cool.  Bits  of  fresh  tissue  are  placed 
in  this  mixture  for  twenty  minutes;  then  washed  m 
water,  and  placed  in  formic  acid  1  part,  water  4  parts, 
in  the  dark  for  twenty -four  hours. 

*  Reich  (Sltzber.  d.  Wlen.  Akad.,  1873)  uses  a  one-eighth  to  one- 
tourth  per  cent,  solution  of  potassium  nitrate  in  water  for  washiDK 
out  the  vessels. 


Pritchard's  Method:  After  the  tissue  has  been  treated 
with  the  gold  solution,  Pritchard  reduces  the  gold  with 
the  following  mixture:  Amyl  alcohol,  1  c.c;  formic 
acid,  1  c.c. ;  water,  98  c.c.  The  tissue  is  removed  from 
the  gold  solution,  washed  in  water,  and  placed  in  the 
above  mixture  for  twenty-four  hours  in  the  dark,  when 
it  will  probably  have  become  of  a  violet  color ;  if  not,  it 
is  placed  in  a  fresh  quantity  of  the  fluid  for  twenty-four 
hours  longer.     Wash  in  water  and  harden  in  alcohol. 

Chrchtschonovitsch's  Method:  The  fresh  tissue  is 
placed  in  a  one-half-per-cent.  solution  of  auric  chloride  for 
from  thirty  to  forty-five  minutes;  then  in  distilled  water 
for  twenty-four  hours;  then  in  a  saturated  solution  of 
tartaric  acid,  at  a  temperature  of  50°  C,  until  the  gold 
is  reduced ;  it  is  washed  in  water  and  hardened  in  alcohol. 

Auric  and  Potassiuvn  Chloride. — This  is  of  a  more  un- 
varying composition  than  the  simple  chloride ;  it  is  per- 
fectly neutral  in  its  reaction,  and  its  solutions  are  more 
stable.  It  is  used  in  solutions  of  the  same  strength  as 
auric  chloride.  As  a  reducing  agent  Hoyer  employs  the 
ordinary  pyrogallic  acid  developing  solution  used  in 
photography.  He  adds  one  or  two  drops  of  this  solution 
to  50  c.c.  of  water,  and  places  the  specimen  in  this  for 
sixteen  to  twenty-four  hours, 

Osmic  Acid. — The  property  possessed  by  osmic  acid  of 
staining  fat  black  makes  it  a  useful  stain  for  the  medul- 
lated  nerve  fibres.  It  also  stains  some  other  tissues  vari- 
ous shades  of  black,  but  its  action  is  uncertain.  At 
present  it  is  used  chiefly  for  staining  fat  and  nervous 
tissue. 

It  is  best  used  in  the  form  of  vapor,  as  its  penetrating 
power  is  then  greater.  The  specimen  to  be  submitted  to 
the  action  of  the  vapor  is  pinned  out  on  a  cork  fitted  to  a 
wide-mouthed  bottle,  in  the  bottom  of  which  a  few  crys- 
tals, or  a  few  cubic  centimetres  of  a  strong  solution,  of 
osmic  acid  are  placed  and  left  until  the  desired  coloration 
is  obtained. 

It  may  also  be  used  in  solution  in  water  or  glycerin  of 
the  strength  of  from  one-half  to  one  per  cent.  Small  bits 
of  the  tissue  are  placed  in  the  solution  for  from  one-half  to 
twenty -four  hours,  and  then  washed  thoroughly  in  water. 
Or  a  mixture  of  1  part  glycerin,  1  part  alcohol,  1  to  3 
parts  water,  and  1  part  of  a  one-percent,  solution  of  the 
acid  may  be  used.  Specimens  may  remain  in  this  mix- 
ture for  several  days,  until  they  are  sufficiently  stained. 

All  osmic-acid  preparations  should  be  preserved  in 
glycerin. 

Overstained  specimens  may  be  bleached  by  hydrogen 
peroxide. 

Methods  op  Injecting. — Self-injection  of  the  Living 
Animal. — This  is  accomplished  by  allowing  a  definite 
quantity  of  blood  to  escape  from  an  opening  in  a  vein  of 
a  living  animal,  and  replacing  the  blood  lost  by  some 
innocuous  coloring  matter,  so  that  by  the  contractions  of 
the  heart  the  vessels  are  filled  with  much  less  injury  than 
by  an  injection  apparatus. 

Chrzonszczewsky  recommends  a  solution  of  7.75  gm. 
of  carmine  in  3.6  c.c.  of  ammonia,  to  which  is  added  30 
c.c.  of  distilled  water.  This  fluid  is  to  be  filtered  before 
injecting.  Ten  cubic  centimetres  of  blood  are  removed 
from  the  jugular  vein  of  a  medium-sized  rabbit,  and  10 
c.c.  of  the  above  fluid  injected.  If  the  larger  vessels  are 
now  rapidly  ligated,  first  the  vein  and  then  the  artery,  a 
physiological  injection  of  the  blood-vessels  is  obtained. 
Good  results  are  obtained  in  the  case  of  the  kidney,  spleen, 
etc.  The  injection  may  also  be  accomplished  by  placing 
the  above  fiuid  in  the  stomach,  rectum,  and  abdominal 
cavity ;  and  in  amphibia  by  placing  it  in  the  lymph  cav- 
ities. After  the  injection  is  accomplished  the  organs  are 
placed  in  acidulated  alcohol,  to  cause  the  fixation  of  the 
carmine. 

This  solution,  as  well  as  the  sulphindilate  of  sodium, 
when  injected  in  large  quantities,  is  rapidly  excreted  by 
the  kidneys,  and  the  latter  substance  is  precipitated  in 
the  biliary  passages.  If  the  ureter  is  ligated  immediately 
after  injecting  a  rabbit  and  the  animal  is  killed  at  the 
end  of  an  hour,  the  urinary  tube  will  be  found  filled  with 
carmine.     In  injecting  the  biliary  passages  it  is  not  nec- 
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essary  to  ligate.  The  blood-vessels  of  the  organ  are  to 
be  washed  out  and  the  original  coloring  matter  that  re- 
mains in  them  is  to  be  replaced  with  another.  The 
organs  injected  with  the  sulphindilate  of  sodium,  after  the 
blood-vessels  have  been  washed  out,  are  placed  in  a  con- 
centrated solution  of  calcium  chloride,  then  in  alcohol, 
when  the  coloring  matter  will  become  fixed. 

Heidenhain  found  that  the  commercial  indigo-carmine 
was  composed  of  a  mixture  of  substances,  generally  three 
in  number ;  (1)  indigo  blue-sulphate ;  (3)  indigo  blue-hy- 
posulphate ;  (3)  phoenizine-sulphate  of  sodium.  He  found 
for  the  purpose  of  injection  that  1  and  3  were  the  only 
■ones  useful.  He  injects  35  to  50  c.c,  of  a  cold-saturated 
solution  of  one  of  the  above  salts  into  the  vein  of  a  medium- 
sized  rabbit,  and  50  to  75  c.c.  into  that  of  a  medium-sized 
dog.  After  the  animals  have  passed  blue  urine  for  some 
time  they  are  killed  by  bleeding,  and  the  coloring  matter 
is  fixed  by  injecting  the  kidney  through  the  renal  vessels 
with  absolute  alcohol. 

For  injecting  the  biliary  passages  of  the  frog,  he  places 
a  piece  of  indigo-carmine,  the  size  of  a  pea,  in  the  lymph 
sac  of  the  thigh,  and  closes  the  wound  in  the  skin  firmly. 
After  twenty-foiu-  hours  the  biliary  passages  will  be 
found  beautifully  injected. 

Injection  after  Death. — For  filling  the  vessels  of  an  ani- 
mal after  death,  or  the  vessels  of  a  removed  organ  or 
tumor,  we  employ  two  kinds  of  injecting  masses:  one 
fluid,  the  other  solid  at  ordinary  temperature — cold-  and 
warm-flowing  masses. 

Cold-flotuing  Masses. — If  a  solution  of  gelatin  in  water, 
to  which  is  added  a  little  ammonia,  be  boiled  for  several 
hours  on  a  water  bath,  the  gelatin  is  converted  into 
metagelatin,  and  no  longer  congeals  upon  cooling.  To 
this  fluid,  as  a  vehicle,  may  be  added  various  coloring 
substances,  when  a  good  cold-flowing  mass  will  be  ob- 
tained. After  injecting,  the  object  is  placed  in  forma- 
lin, which  coagulates  the  metagelatin.  The  addition  of 
glycerin  and  chloral  hydrate,  after  Hoyer's  method,  will 
preserve  the  mass  for  some  time. 

Beale's  Cold-flowing  Fluid:  Blue — Dissolve  0.777  gm. 
of  potassium  ferrocyanide  in  30  c.c.  of  glycerin ;  mix  3.6 
c.c.  of  tinct.  ferri  mur.  with  30  c.c.  of  glycerin  ;  add  the 
iron  mixture,  drop  by  drop,  to  the  potassium  ferrocyanide 
solution.  Then  add  to  this  mixture  5.5  c.c.  of  methylic 
alcohol,  30  c.c.  of  alcohol,  and  88  c.c.  of  water,  shaking 
strongly. 

Carmine — Mix  1  gm.  of  pulverized  carmine  with  a  lit- 
tle water  and  sufiicient  ammonia  to  dissolve  the  carmine ; 
add  50  c.c.  of  glycerin  and  shake  well.  Then  add  grad- 
ually, with  constant  shaking,  100  c.c.  of  glycerin,  acid- 
ulated with  25  to  30  drops  of  HCl  or  acetic  acid.  Test 
the  fluid  with  litmus  paper,  and  if  it  is  not  decidedly  acid 
add  a  few  drops  of  acid.  Then  add  25  c.c.  of  alcohol 
and  75  c.c.  of  water. 

Robin's  Cold -flowing  Fluids:  Robin  uses  as  a  vehicle 
3  parts  of  glycerin,  1  part  of  alcohol,  and  1  part  of 
watei-,  combined  with  a  third  or  a  quarter  of  its  volume 
of  the  following  coloring  masses : 

_  Carmine— Rub  up  3  gm.  of  carmine  in  a  mortar  with  a 
little  water  and  enough  ammonia  to  dissolve  the  car- 
mine ;  add  50  c.c.  of  glycerin,  and  filter.  Add  a  ten-per- 
cent, solution  of  acetic  acid  in  glycerin,  drop  by  drop, 
until  a  slightly  acid  reaction  is  obtained. 

Prussian  Blue— (a)  Potassium  ferrocyanide  (sat.  sol  ) 
90  c.c. ;  glycerin,  50  c.c.  (*)  Liquor  ferri  perchloridi, 
80     3  c.c. ;  glycerin,  50  c.c.     Mix  (a)  with  (J)  slowly. 

Green— Saturated  sol.  potassium  arsenite,  80  c  c  and 
glycerm,  50  c.c,  are  mixed  with  saturated  solution  of 
cupnc  sulphate,  40  c.c,  and  glycerin,  50  c.c. 

Yellow— (1)  Cadmium  sulphate  (sat.  sol),  40  c.c  •  elvc- 
erm,  50  c.c.  (2)  Sodium  sulphide  (sat.  sol.)  30  c  c  ■ 
glycerm,  50  c.c     Mix  (1)  with  (3)  with  constant  shaking.' 

Warm-flowi7ig  Masses.—Rohm'a  Gelatin  Vehicle-  One 
part  ot  gelatm  is  soaked  in  seven,  eight,  nine  or  ten 
parts  of  water,  according  to  the  consistence  of  the  mass 
wanted,_  and  when  soft  is  melted  on  a  water  bath  This 
vehicle  IS  then  combined  with  any  of  the  coloring  masses 
just  mentioned  m  the  proportion  of  one  part  color  to 
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three  parts  vehicle.     Filter  through  flannel  before  inject- 
ing. 

Thiersch's  Prussian  Blue  Mass:  (1)  A  solution  of  gela- 
tin, one  part  to  two  parts  water ;  (3)  saturated  aqueous 
solution  of  ferrous  sulphate;  (3)  saturated  solution  ot 
potassium  ferrocyanide ;  (4)  saturated  solution  of  oxalic 
acid. 

Mix  13  c.c.  of  (2)  with  30  c.c.  of  (1),  at  a  temperature 
of  50°  0.  Mix  at  the  same  temperature  34  c.c.  of  (3) 
with  60  c.c.  of  (1),  and  add  34  c.c.  of  (4),  with  constant 
stirring.  Add  this  solution  to  the  solution  of  gelatin  and 
iron ;  stir  constantly  until  all  the  Prussian  blue  is  precip- 
itated. Heat  on  a  water  bath  to  100°  C,  and  filter 
through  flannel. 

Ranvier's  Prussian  Blue  Mass :  Prepare  the  Prussian 
blue  as  follows :  Add  to  a  saturated  solution  of  ferrous 
sulphate,  in  water,  a  saturated  aqueous  solution  of  potas- 
sium ferrocyanide.  Filter  through  a  double  filter  ot  felt 
and  paper.  Wash  with  distilled  water  for  several  days, 
until  the  filtrate  has  a  deep  blue  color.  The  Prussian 
blue  has  now  become  soluble.  The  precipitate  is  then 
dissolved  in  distilled  water,  and  the  solution  kept  in  bot- 
tles until  wanted. 

Twenty -five  parts  of  this  solution  are  mixed  with  one 
part  of  gelatin.  The  gelatin  is  soaked  for  half  an  hour 
in  water,  and  melted  in  the  water  it  has  absorbed,  on  a 
water  bath.  Heat  the  Prussian  blue  fluid  to  the  same 
temperature,  and  mix  with  the  gelatin  solution,  gradu- 
ally, under  constant  stirring.     Filter  through  flannel. 

'Thiersch's  Carmine  Mass:  Carmine,  1  part;  ammonia. 
1  part;  water,  3  parts.  Dissolve  and  filter.  Make  a 
solution  of  gelatin  in  water,  1  to  3.  Heat  to  30°  C.  on  a 
water  bath,  and  add  1  part  of  carmine  fluid  for  every  3 
parts  of  gelatin  solution.  Then  add  acetic  acid,  drop  by 
drop,  stirring,  until  the  free  ammonia  is  used  up.  Inject 
at  a  temperature  of  30°  to  35°  C. 

Gerlach's  Carmine  Mass:  Dissolve  5  gm.  of  carmine  in 
a  mixture  of  4  c.c.  of  water  and  0.5  c.c.  of  ammonia. 
Allow  ft  to  stand  several  days,  and  mix  with  8  parts  of  a 
solution  of  gelatin.  1  to  3.  Filter  and  inject  at  a  tem- 
perature of  40°  C. 

Ranvier's  Carmine  Mass:  Rub  up  3.5  gm.  carmine 
with  a  little  water,  and  just  enough  ammonia  to  bring 
the  carmine  in  solution.  Soak  5  gm.  of  gelatin  in  water, 
and  melt  on  a  water  bath  in  the  water  it  has  absorbed. 
Add  the  carmine  fluid  slowly,  with  constant  agitation. 
Neutralize  the  free  ammonia  by  adding,  drop  b}"-  drop,  a 
mixture  of  acetic  acid  and  water,  1  to  3.  Filter  through 
flannel. 

Thiersch's  Yellow  Mass:  (1)  One  part  of  gelatin  in  2 
parts  of  water ;  (3)  1  part  of  neutral  potassium  chromate 
in  11  parts  of  water;  (3)  1  part  of  plumbic  nitrate  in  11 
parts  of  water.  Mix  4  parts  of  (1)  with  3  parts  of  (3). 
In  another  vessel  mix  4  parts  of  (1)  with  1  parts  of  (3). 
Heat  both  mixtures  to  30°  C,  and  then  combine,  with 
constant  stirring.  Heat  on  a  water  bath  to  90°  C,  and 
filter  through  flannel. 

Thiersch's  Transparent  Green  Mass:  Combine  the  blue 
injection  mass  in  various  proportions  with  the  yellow 
mass. 

Frey's  White  Mass:  Precipitate  135  to  185  c.c.  of  a 
cold-saturated,  aqueous  solution  of  barium  chloride  by 
adding  sulphuric  acid  drop  by  drop.  Allow  the  precip- 
itate to  settle  for  twenty-four  hours,  and  decant  the  clear 
fluid.  The  remaining  mucilaginous  mass  is  mixed  with 
an  equal  volume  of  strong  gelatin  solution. 

Hartig's  White  Mass:  Dissolve  135  gm.  of  lead  acetate 
in  enough  water  to  make  the  whole  weigh  500  gm. 
Dissolve  95  gm.  of  sodium  carbonate  in  enough  water  to 
make  the  whole  weigh  500  gm.  One  volume  of  each  of 
the  above  solutions  is  mixed  with  two  volumes  of  strong 
gelatin  solution. 

Fol's  Dry  Masses:  Carmine — An  indefinite  quantity  of 
ammonia  is  mixed  with  four  times  its  volume  of  water, 
and  carmine  is  added ;  after  It  has  been  standing  an  hour, 
with  occasional  shaking,  no  deposit  should  remain ;  then 
filter.  Soak  gelatin,  in  shreds,  for  two  days  in  a  suflicient 
quantity  of  the  carmine  solution.     Then  melt  on  a  water 
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bath  with  a  small  quantity  of  the  solution.  AVhen  melted 
add  acetic  acid  until  the  color  becomes  blood-red,  taking 
care  not  to  add  an  e.fcess  of  acid. 
Too  little  acid  is  not  a  disadvan- 
tage ;  too  much  will  cause  a  gran- 
ular precipitate.  Allow  the  mass 
to  cool,  and  tic  up  in  a  piece  of 
coarse  net,  and  by  pressing  witli 
the  hands,  under  water  acidulated 
with  0.1  per  cent,  aoctio  acid,  force 
the  mass  out  into  vermicelli-like 
strings.  These  are  placed  in  a 
sieve,  washed  well  with  running 
water,  and  dried  on  \va-\cd  paper. 
Blue  Mass — The  mass  is  pre- 
pared according  to  Thiersch's 
formula.  After  cooling  press  out 
into  vermicelli,  as  above,  and  dry 
on  waxed  paper.  For  use,  soak 
the  vermicelli  in  water;  when 
soft,  melt  with  enough  saturated 
solution  of  oxalic  acid  to  render 
the  mass  fluid. 

Brown  and  Black  Masses — Soak 
.50  gm.  of  gelatin  in   200  c.c.  of 
water  in   which    is  dissolved  14 
gm.  of  sodium  chloride.     Melt  on 
a  water  bath,  and  stir  in  bi'iskly 
a  solution  of  30  gm.  of  silver  ni- 
trate, dissolved  in  100  c.c.  of  dis- 
tilled water.    This  pi-oduces  a  fine- 
grained, white  emulsion,  which  is 
allowed  to  cool.    When  cold,  pre.ss 
out  into  vermicelli,  as  above,  wash 
in  running   water,  and   by  clear 
daylight  mix  with  the  following: 
Cold-saturated    aqueous   solution 
of  potassic  oxalate,  300  c.c. ;  cold- 
saturated  aqueous  solution  of  fer- 
When  the  mass  has  become  black 
running  water  for  several  hours, 
and  d^y  the  vermicelli  on  waxed  paper.     The  color  of 
this  mass,  by  transmitted   light,  is 
sepia-brown.     If  a  gray-black  tint 
is  wanted,  substitute  24  gm.  of  po- 
tassium   bromide    for    the   sodium 
chloride  in  the  first  solution. 

Injecting  with  h-  Si/riiige. — The 
syringe  for  this  purpose  should  be 
made  of  brass 
or  German 
silver,  and 
should  be  of 
the  form  of 
that  shown 
in  Fig.  3692. 
Such  a  syr- 
inge, with 
half  a  dozen 
cannulse  of 
various  sizes 
will  answer 
all  purposes 

for  which  a  r,         j 

syringe  can  be  used.    It  can  be  used 
only  for  iniecting  small  organs.     _ 
A  cannula  is 
5  tied  in  the  vessel 

'  and  filled  with  a 

three      fourths- 
per  -  cent,     salt 
solution. 
The  syr- 
inge is  then 
filled    with 
w/    the    inject- 
ing    mass, 
Pig.  2693.-Mercurial  InjectinR  Apparatus.  and  to  ex- 


clude all  air  the  syringe  is  held  vertically,  nozzle  up,  and 
a  few  drops  of  the  injecting  mass  are  expelled.  The  noz- 
zle of  the  syringe  is  then  inserted  in  the  cannula  and  the 


rous  sulphate,  100  c.c. 
throughout,  wash  in 


X7 


FIG. 


:, — Ludwig's  Mercury-pressure  Apparatus. 


injection  made  slowly  and  steadily.  On  account  of  the 
difficulty  of  keeping  up  a  steady  pressure  by  the  hand, 
the  method  of  injecting  with  the  syringe  has  been  prac- 
tically discarded. 

Injecting  I  Hi  h  Constant  Pressure. — The  pressure  is  ob- 
tained in  tills  case  by  a  column  of  mercury  or  water. 


FIG.  26! 


Water-pressure  Injecting  Apparatus. 


In  Pig  2693  is  shown  a  simple  form  of  a  mercurial  ap- 
paratus. The  bottle  A  is  filled  two-thirds  full  with  the 
iniecting  mass,  which  flows  through  the  rubber  tube  i. 
The  bottle  A  is  connected  with  the  bottle  B,  which  is 
partially  filled  with  mercury.  The  tube  d.  with  a  funnel 
end  e  is  fitted  air-tight  into  the  cork  B  (all  joints  must 
be  air-tight).  Upon  pouring  mercury  into  the  tube  d, 
it  flows  down  into  B,  compressing  the  air,  which  m  turn 
compresses  the  air  in  A,  and  forces  the  injecting  mass 
out  through  i.  .  ,     , 

In  Fig  3694  is  shown  the  more  satisfactory  apparatus 
of  Ludwig.     It  consists  of  two  Wolff's  bottles,  a,  which 
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contains  the  mercurj%  and  b,  into  which,  owing  to  the 
difference  in  the  level  of  the  two  bottles,  the  mercury 
flows.    This  compresses  the  air  in  b,  which,  acting  on 


Fig.  2896.— Harting's  Injecting  Tank. 

the  injecting  fluid  in  c,  causes  the  latter  to  tiow  out 
through  the  tube  g.  The  pressure  bottle  a  rests  on  a 
wooden  support,  which  is  raised  by  the  screw  d,  until 
sufficient  pressure  is  obtained.  The  mercurial  man- 
ometer attached  to  the  bottle  c  is  for  indicating  the 
amount  of  pressure.  If  a  gelatin  mass  is  employed,  the 
bottle  c  must  be  placed  in  a  vessel  of  warm  water. 

The  water-pressure  apparatus.  Fig.  2695,  is  arranged 
as  follows:  The  flask  6' is  for  holding  the  injection  mass, 
and  is  connected  with  the  pressure  bottle  i?  by  a  rubber 
tube.  The  manometer  Mis  for  measuring  the  pressure. 
The  pulley  P  is  fixed  to  the  ceiling,  and  through  it  a 
rope  pases  which  is  attached  to  the  can  a,  to  the  bottom 


a 


r 


of  which  is  attached  a  rubber  tube  connected  with  the 
bottle  B.  The  can  a  is  filled  with  water  which,  upon 
raising  the  can,  flows  into  B,  compressing  the  air.  The 
compressed  air  acting  on  the  injecting  mass,  forces  it 
through  the  rubber  tube  and  cannula. 

The  amount  of  pressure  can  be  regulated  by  the  dis- 
tance of  the  can  a  above  the  bottle  B. 

In  using  warm-flowing  masses  it  is  necessary  that  the 
object  to  be  injected  and  the  masses  should  be  kept 
wann.  The  injecting  tank  of  Harting,  Fig.  2696,  will 
be  found  very  convenient  for  this  purpose.  The  per- 
forated shelf  c  is 

for  the  injecting 

flasks,  the  shelf  d  (  — f 

for  the  object  to  ^  ^ 

be  injected.     The 
tank  is  filled  one- 
third  full   with  water,  which  is  heated  by  a  Bunsen 
burner  placed  underneath. 

In  Fig.  2697  are  shown  several  forms  of  injecting  can- 
nulae.  The  two  upper  ones  are  made  of  brass,  and  should 
be  of  different  sizes.     The  lower  one  is  made  from  a 


Fio.  2697.— Injecting  Cannulte. 

Sif  ^  ?^  i'^l^  tubing.     Several   stopcocks.    Fig    2699 
fitted  to  the  brass  cannulfe,  are  to  be  provided     Also  a 
dozen  or  more  serres  fines  (Fig.  2698),  which  are  used  for 
clampmg  leakmg  vessels 
Injecting  an  Entire  Animal. -The  animal-a  rabbit  or 
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FIG.  2698.— Serres  Fines. 


guinea-pig — is  rendered  insensible  with  chloroform.  The 
thorax  is  opened  by  making  an  incision  through  tlie  skin 
over  the  sternum  and  cutting  out  a  small  window  over 
the  base  of  the  heart.  The  pericardium  is  opened,  the 
heart  pulled  out  and  its  apex  cut  off,  the  animal  being 
allowed  to  bleed  to  death.  The  aorta  is  exposed,  care 
being  taken  not  to  injure  the  vessels;  a  cannula  is  intro- 
duced (Fig.  2697)  through  the  left  ventricle  into  the  aorta 
and  fastened  firmly  with  a  ligature,  the  ends  of  the  lat- 
ter being  tied  around  the 
arms  of  the  cannula,  or 
around  the  constriction  of 
the  glass  one,  if  it  be  used. 
If  a  glass  cannula  be  used, 
a  piece  of  rubber  tubing 
is  attached  to  the  large 
end  and  the  whole  filled 
with  a  three-fourths-per-cent.  salt  solution.  The  latter 
is  retained  by  placing  a  spring  clip  upon  the  end  of  the 
rubber  tube.  The  cannula  is  then  introduced  as  above 
and  tied. 

The  vessels  are  now  washed  out  with  a  three-fourths- 
per-cent.  salt  .solution.  This  is  accomplished  as  follows: 
The  animal  is  placed  upon  the  shelf,  d,  of  the  injecting 
tank.  Fig.  2696,  the  Avater  in  which  has  been  heated  by 
a  Bunsen  burner  placed  underneath.  A  flask,  filled  two- 
thirds  with  salt  solution,  is  placed  on  the  shelf  e,  and 
connected  with  the  i^ressure  bottle  B,  Fig.  2695.  A 
piece  of  rubber  tubing  attached  to  a  stopcock  is  con- 
nected with  the  delivery  tube  of  the  flask.  The  pressure 
is  now  applied  b}'  raising  the  can  a,  Fig.  2695.  until  the 
manometer  registers  about  50  mm.  Now  the  stopcock 
is  opened  and  ail  the  air  allowed  to  escape ;  then 
the  stopcock  is  connected  with  the  cannula  in- 
troduced into  the  aorta.  The  salt  solution  is 
alloAved  to  run  through  the  vessels  until  it  es- 
capes perfectly  clear  from  the  right  side  of  the 
heart. 
The  stopcock  is  now  closed  and  disconnected 

f\  from  the  cannula,  and  a  flask  containing  the  in- 
I  jecting  mass  is  substituted  for  the  one  contain- 
I  ing  the  salt  solution.  The  stopcock  is  opened, 
/  and  as  soon  as  the  injecting  mass  flows  free 
from  air  bubbles  the  stopcock  is  connected  ^\ith 
the  cannula  as  above.  The  injection  is  con- 
tinued until  the  mass  flows  from  the  right  side 
of  the  heart,  and  is  allowed  to  run  for  from 
twenty  minutes  to  half  an  hour.  A  ligature  is 
then  tied  around  the  vessels  connected  with  the 
right  side  of  the  heart,  and  the  injection  is  con- 
tinued, the  pressure  being  gradually  increased  to 
not  over  100  mm.,  until  the  vascular  system  is 
filled,  which  can  be  judged  from  the  color  of  the 
ears,  lips,  etc.  When  the 
injection  is  completed  the 
vessels  at  the  base  of  the 
heart  are  ligated,  the  stop- 
cock is  disconnected,  and 
the  animal  put  in  a  cold 
place  until  the  gelatin  has 
set.  The  organs"  and  parts 
wanted  are  then  removed 
alcohol. 

For  injecting  a  single  organ— the  kidne^■— the 
animal  is  killed  by  bleeding,  the  abdominal  cav- 
ity is  opened,  and    the   intestines  are    pushed 
-p.    aside.     The  renal   artery  is  separated   from  its 
surroundings  with  force'ps;  then  the  renal  vein 
\J  in  the  same  way.     The  artery  is  opened  by  a  val- 

^    vular  opening,  a  cannula  is  inserted  and  firmly 

tied.  An  opening  is  then  made  in  the  vein. 
The  organ  is  washed  out  with  salt  solution,  which  is  fol- 
lowed by  the  injecting  mass.  The  constant-pressure  ap- 
paratus is  to  be  used.  After  the  injection  is  completed 
a  ligature  is  passed  around  both  vessels  close  to  the 
organ,  which  is  removed  and  hardened  in  alcohol. 

For  injecting  pathological  new  formations,  cold-flow- 
ing masses  are  to  be  preferred.     The  pressure  employed 


FIG.  2699.— stopcock, 
and    hardened    in 
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must  be  moderate  on  account  of  the  thinness  of  the  walls 
of  the  blood-vessels.  The  serres  lines  will  be  in  great 
demand  for  checking  the  leakage  from  the  numerous  lat- 
eral branches  of  the  blood-vessels. 

Double  Injections. — Double  injections  are  best  made  by 
injecting  the  artery  and  vein  at  the  same  time,  with  dif- 


FiG.  3700.— Pipette. 

ferent  colored  masses — carmine  for  the  artery,  blue  for 
the  vein. 

A  T-tube  is  attached  to  the  outlet  tube  of  the  pressure 
bottle  B,  Fig.  3695,  and  from  each  arm  a  rubber  tube  is 
carried  to  flasks  containing  the  injecting  masses.  These 
are  then  connected  with  the  cannulae  fastened  in  the 
artery  and  vein.  Bj'  this  means  both  sets  of  vessels 
are  fliled  at  the  same  time  and  under  the  same  pressure. 
The  pressure  at  first  must  be  low,  so  that  the  arteries 
and  veins  shall  be  completely  filled  before  either  mass 
passes  into  the  capillaries.  The  pressure  is  finally  in- 
creased, and  each  set  of  capillaries  will  be  filled  with  its 
proper  mass. 

Injection  of  Lymphatics. — For  injecting  lymphatics  the 
puncture  method  is  the  one  chiefly  employed.  The 
puncture  can  be  made  from  the  cavity  of  a  blood-vessel 
into  the  surrounding  tissue,  with  the  idea  that  a  lymph 
vessel  may  be  opened  and  that  thus  both  sets  of  vessels 
may  be  injected.  Or  it  may  be  made  into  the  tissue  and 
the  injection  made  from  this.  The  puncture  must  not 
be  made  at  random,  but  in  the  direction  in  which  small 
lymphatics  are  supposed  to  exist.  The  injection  is  made 
with  a  syi-inge  fitted  to  the  small  cannula  used  for  punc- 
turing, and  cold-flowing  masses  are  to  be  used.  If  the 
extravasation  is  small  and  remains  so,  the  injection  is 


Fig.  3701.— Placing  the  Cover  Glass  in  Position. 

likely  to  succeed ;  but  if  the  extravasation  grows  rapidly, 
the  procedure  is  a  failure  and  a  new  attempt  is  to  be 

made. 

Methods  of  Mounting.— Specimens,  after  being  duly 
prepared,  are  mounted  on  glass  slides  for  study  and  pres- 
ervation The  usual  form  of  slide  is  known  as  the 
English.  It  is  made  of  plate  glass,  measuring  one  by 
three  inches,  with  the  edges  ground  smooth.  For  cover- 
ing the  specimen  thin  pieces  of  glass,  either  circular  or 
square  in  form,  and  of  a  size  suitable  to  the  specimen, 
are  used.     These  are  known  as  cover  glasses. 

The  slides  and  covers,  as  received  from  the  dealers,  are 
generally  covered  with  an  oily  material,  making  it  dif- 
ficult to  clean  them.  This  material  may  be  removed  m 
the  following  manner:  Soak  the  slides  and  covers  tor 
twenty-four  hours  in  a  mixture  of  potassium  bichromate, 
960  gm  ■  sulphuric  acid,  88  c.c. ;  water,  738  c.c. ;  then 
wash  well  in  water.  Wipe  the  slides  dry  with  a  clean 
linen  cloth ;  place  the  cover  glasses  m  alcohol  until 
needed.  Slides  and  covers  that  have  been  used  are 
treated  as  follows:  Put  them  into  a  mixture  of  equal 
parts  of  alcohol  and  hydrochloric  acid,  and,  after  a  tew 
days  into  the  bichromate  solution  and  treat  them  as  new 
ones.  Scrape  the  slides  free  of  all  balsam  and  put  them 
in  the  bichromate  solution.  j„n„ot<. 

In  some  cases,  when  we  have  an  exceedingly  delicate 
■specimen,  it  is  necessary  to  protect  it  from  the  pressure 
of  the  cover-glass.  This  can  be  accomplished  by  placing 
a  hair  under  the  cover,  or  we  may  make  a  shallow  cell 
by  painting  a  ring  of  some  cement  on  the  shde  (see  J<  ig. 


2703).  Again,  we  may  have  a  thick  specimen,  or  we  may 
wish  to  use  an  aqueous  mounting  medium.  In  these 
cases  thin  glass  cells  are  to  be  cemented  to  the  slide,  the 
specimen  placed  in  them,  and  the  mounting  media  added 
until  the  cell  is  filled ;  the  cover-glass  is  then  applied. 
Mounting  in  Glycerin. — -The  specimens  are  either 
soaked  in  a  small  dish  of  glycerin  until  transpar- 
ent, and  then  transferred  to  the  slide ;  or  they  are 
placed  on  the  slide  from  water,  the  excess  of  the 
latter  being  absorbed  with  filter  paper  or  sucked 
up  with  a  pipette  (Fig.  2700),  and  a  drop  or  two  of 
glycerin  is  placed  on  the  specimen,  and  the  whole 
covered  with  a  cover  glass.  In  covering  a  speci- 
men, care  must  be  taken  not  to  include  air  bubbles.  If 
the  cover  glass  is  placed  in  position  in  the  manner 
shown  in  Fig.  2701,  any  that  may  be  present  will  be 
forced  out  with  the  excess  of  glycerin.  The  cover  being 
in  position,  the  superfluous  glycerin  is  to  be  removed  and 
the  cover  cemented  down.  All  traces  of  glycerin  must 
be  removed,  or  the  cement  will  not  adhere  to  the  glass. 


Fifi.  2703.— Turn-table. 

This  is  accomplished  by  washing  out  a  camel's-hair 
brush  in  alcohol,  absorbing  the  greater  part  of  the  alco- 
hol by  wiping  the  brush  on  tilt^T  paper  until  it  is  only 
moist,  and  then  going  over  the  slide  in  a  systematic  man- 
ner with  the  brush  until  all  the  glycerin  is  removed.  A 
brush  simply  moistened  with  alcohol  will  not  suck  up  the 
traces  of  glycerin  ;  it  must  be  well  washed  in  the  alcohol 
and  dried  ver}-  frequently. 

If  the  cover  is  a  square  one,  it  is  cemented  by  passing 
a  camel's-hair  brush  along  the  edge  of  the  cover,  where- 
by the  latter  as  well  as  the  slide  receives  a  stripe  of 
cement.  Circular  covers  are  easilj'  cemented  by  aid  of 
the  turn-table  (Fig.  2702).  Concentric  circles  engraved 
on  the  surface  of  the  table,  according  to  the  size  of  the 
covers,  show  where  the  brush  is  to  be  applied.  The 
brush  is  to  be  held  perpendicularly,  and  is  fliled  with  a 
cement  of  such  a  consistence  that  it  will  flow — it  is  not 
to  be  painted — on  the  cover  and  slide  while  the  table  is 
rotated.  The  manner  of  holding  the  brush  and  rotating 
the  table  is  shown  in  Fig.  3703. 

The  glycerin  penetrates  the  specimen,  rendering  it 
transparent,  but  on  account  of  its  high  index  of  refrac- 
tion, in  somecases  it  renders  the  specimen  too  transpar- 
ent, thereby  concealing  some  of  the  minute  structure. 


Fig.  3703.— Cementing  Covers. 

This  objection  can  be  overcome  by  mixing  the  glycerin 
with  various  proportions  of  water.  As  a  rule,  pure  gly- 
cerin is  to  be  used  for  mounting. 

For  cementing  covers  there  are  innumerable  cements. 
Those  that  have  stood  the  test  of  time  are  the  following : 
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Asphalt  Varnish.  This  can  be  procured  from  any 
painter's  supply  store,  and  is  to  be  diluted  with  turpen- 
tine to  the  required  consistency.  Kitton  recommends 
asphalt  dissolved  in  benzol;  to  this  solution  he  adds  a 
little  gold  size.  , , 

Gold  Size.  What  is  known  in  commerce  as  Japan  gold 
size  is  to  be  used.  This  sets  very  quickly,  and  may  be 
used  uncolored  or  colored  with  any  of  the  mmeral  pig- 
ments. ,.      ,      ,  .      , 

Shellac  Varnish.  Shellac  should  be  dissolved  in  alco_ 
hoi  so  as  to  obtain  a  thick  solution.  The  addition  of 
twenty  drops  of  castor  oil  to  each  ounce  of  the  solution 
has  a  tendency  to  render  it  less  brittle.  This  is  an  excel- 
lent cement  for  specimens  that  are  to  be  examined  with 
oil-immersion  lenses,  as  it  is  not  attacked  by  the  immer- 
sion fluid. 

Gelatin.  If  the  covers  are  first  painted  around  with  a 
warm,  strong  solution  of  gelatin  in  water,  allowed  to 
dry,  and  then  painted  with  a  saturated  solution  of  potas- 
sium bichromate,  an  insoluble  cement  is  formed  which 
adheres  firmly  to  the  glass,  and  by  the  absorption  of  a 
small  amount  of  glycerin  thac  may  be  on  the  slide,  is 
rendered  semi-elastic.  This  is  also  a  good  cement  for 
specimens  to  be  examined  by  homogeneous  Immersion 
lenses. 

jMarine  Glue.  This  is  found  in  commerce  already  pre- 
pared. It  is  soluble  in  ether,  naphtha,  or  solution  of 
potash.  It  is  used  chiefly  for  making  shallow  cells,  and 
cementing  glass  cells  to  the  slide. 

Mounting  in  Gunada  Balsam. — This  process  is  divided 
into  three  steps;  (a)  dehydrating;  (i)  clearing;  (c)  enclos- 
ing in  balsam. 

(a)  Dehydrating.  As  water  is  not  miscible  with  the 
reagents  used  for  clearing,  or  with  the  Canada  balsam, 
it  is  to  be  removed.  This  is  accomplished  by  soaking  in 
absolute  alcohol.  The  specimen  is  first  washed  in  ordi- 
nary alcohol  to  remove  the  surplus  of  water,  and  then 
placed  in  the  absolute  alcohol  for  from  three  to  five 
minutes. 

(b)  Clearing.  For  this  purpose  we  must  use  a  reagent 
that  is  miscible  with  both  alcohol  and  balsam.  The 
specimen  is  to  be  carefully  removed  from  the  alcohol 
with  a  spatula,  the  adhering  fluid  removed  by  filter 
paper,  and  the  section  floated  ofl:  into  the  clearing  me- 
dium. If  the  section  is  perfectly  anhydrous  it  will  float 
on  this,  and  in  the  course  of  a  few  moments  become 
transparent  and  sink  to  the  bottom. 

For  clearing  we  use  chiefly  the  essential  oils.     Of  the 
most  commonly  employed  arc  the  oils  of  cloves,  cedar, 
anise,  origanum  cretici,  bergamot,  and  the  white  oil  of 
thyme.     Carbolic  acid,  creosote,  xylol,  benzol,  turpen- 
tine,  and    chloroform    are  also 
used.     Old  samples  of  wood  cre- 
osote, xylol,  benzol,  chloroform, 
oil  of  origanum   or  thyme,  are 
to  be  used   for   specimens   em- 
bedded  in   celloidin,    when    we 
wish  to  retain  the   embedding 
material. 

It  is  sometimes  best  to  clear 
large  or  delicate  specimens  on 
the  slide.  First  float  the  sec- 
tions on  the  slide,  and  alisorb 
the  surplus  alcohol  with  filter 
paper;  then  drop  the  clearing 
reagent  on  the  specimen  and 
place  the  slide  under  a  bell-jar 
until  the  specimen  is  trans- 
parent; absorb  the  surplus  of 
the  clearing  reagent,  and  add 
the  balsam  and  cover. 

(c)  Enclosing  in  Balsam.  The 
transparent  section  is  removed 
from  the  clearing  reinvent  with 
a  spatula  (Fig.  2687),  and  floated  upon  a  slide  care  be- 
mg  taken  that  it  lies  perfectly  flat  and  that' it  is  not 
wrinkled  or  folded  upon  itself.     The  excess  of  the  clear- 
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reagent  is  sucked  up  with  a  pipette  (Fig.  2700), 


soaked  up  with  filter  paper,  A  drop  of  balsam  is  placed 
upon  the  specimen,  and  the  cover  glass  laid  on  as  in 
glycerin  mountings  (Fig.  3701).  As  the  balsam  hardens 
in-fime,  there  is  no  need  of  cementing  the  cover.  In  all 
these  manipulations  great  care  must  be  taken  to  have 
the  slides,  rovers,  and  all  instruments  perfectly  dry— any 
moisture  will  cause  a  precipitation  of  the  balsam,  and 
thus  cause  an  opacity  of  the  specimen. 

Canada  balsam  as  found  in  commerce  should  never  be 
used.  The  commercial  balsam  is  heated  on  a  sand  bath 
until  all  volatile  matter  is  driven  off,  and  it  becomes  brit- 
tle when  cold.  This  hard  balsam  is  then  dissolved  in 
xylol,  benzol,  or  oil  of  cedar,  enough  of  the  solvent  being 
used  to  give  the  required  consistence.  These  solutions, 
with  the  excei)tion  of  that  in  oil  of  cedar,  set  quickly. 
The  solutions  of  balsam  are  to  be  kept  in  capped  bot- 
tles (Fig.  2704),  or  in  tin  tubes,  such  as  are  used  for  the 
oil  colors  of  the  artist. 

Hard  balsam  is  also  used  for  mounting,  especially 
sections  of  hard  bone  and  teeth,  in  which  we  wish  to 
demonstrate  the  lacunae.  The  process  is  as  follows :  A 
bit  of  hard  balsam  is  placed  in  the  centre  of  a  slide  and 
warmed  gently  c)ver  the  flame  of  a  lamp,  care  being 
taken  not  to  let  it  boil,  or  bubbles  will  be  formed.  When 
melted,  the  specimen  is  plunged  into  it  and  covered 
quickly,  and  the  slide  is  placed  on  a  cold  surface,  which 
sets  the  balsam  immediately  and  prevents  its  entering 
any  of  the  lacunae,  which,  being  filled  with  air,  show  as 
dark  spaces. 

Instead  of  Canada  balsam,  dammar  varnish  and  other 
preparations  of  dammar  may  be  used.  Gum  dammar 
dissolved  in  xylol  or  oil  of  cedar  is  now  generally  used  in 
place  of  the  above  mixtures. 

Glycerin  Jelly. — Of  the  numerous  published  formula 
for  this  medium,  that  of  Kaiser  is  the  best.  He  soaks 
one  part,  by  weight,  of  French  gelatin  for  two  hours  in 
six  parts,  by  weight,  of  distilled  water ;  then  adds  seven 
parts  of  glycerin  and  1  gm.  of  carbolic  acid  for  every  100' 
gm.  of  the  mixture;  warms  on  a  water  bath,  with  con- 
stant stirring,  until  all  the  flakes  produced  by  the  car- 
bolic acid  disappear;  filters  warm  through  paper  and 
preserves  in  a  tightly  stoppered  bottle. 

Soak  the  sections  for  a  short  time  in  this  warm  mix- 
ture, and  then  transfer  to  a  melted  drop  of  the  same  on 
a  slide.  Cover,  and  when  the  jelly  has  set,  remove  any 
excess  and  ring  the  cover  glass. 

For  Weigert's  haematoxylin  method,  and  its  modifica- 
tions, for  the  central  nervous  system;  Golgi's  methods 
of  Impregnation  with  silver  cliromate;  Nissl's  method 
for  staining  nerve  cells;  Ehrlich's  method  of  staining 
nerve  fibres  with  methylene  blue,  and  its  modifications ; 
]\Iarchi's  method  for  staining  degenerated  nerve  cells; 
and  Weigert's  and  other  neuroglia  stains — see  Brain, 
Histology  of ,  Vol.  II.,  pp.  322-331. 

For  further  details  of  histological  methods  consult  "  The 
Microtomist's  Vade-!Mecum,"  Bolles  Lee;  "Pathological 
Technique,"  Mallory  and  Wright;  Zeitschrift  fi'ir  wis- 
sen.idiaftliiiii'  Mikrii.shopie.  George  Cornell  Freeborn. 

HODGKIN'S  DISEASE.— (Synonyms:  Pseudo-leukse- 
mia,  lymphadenoma,  amemia  lymphatica,  adenia,  lym- 
phosarcoma, malignant  lymphoma,  lymphomatosis.) 

Definition. — A  disease  characterized  by  a  progressive 
enlargement  of  the  lymph  glands  and  often  of  the  spleen, 
a  gradually  developinj;:  anremia,  and  secondary  growths 
of  lymphoid  tissue  in  the  liver,  spleen,  kidney,  alimentary 
tract,  bone  marrow,  and  other  structures  of  the  body. 

The  affection  dilTers  from  leukaamia  chiefly  in  the  ab- 
sence of  a  marked  leucorytosis, 

Etioi.(Kiv. — The  disease  occurs  most  frequently  in 
males  under  forty  years  of  age.  The  exact  etiology  of 
Hodgkin's  disease  is  as  obscure  as  that  of  leukaemia. 
The  fart  that  the  disen.se  often  follows  inflammatory  proc- 
esses and  runs  a  rapid  febrile  course  suggests  an  infec- 
tious origin.  Bacteriologic  examination  of  the  blood  and 
lymph  glands  has  revealed  micro-organisms  in  over  fif- 
teen cases.  The  Staphylococcus  pyogenes  aureus,  the- 
Streptococcus  pyogenes,  the  cneumococcus  of  Fraenkel, 
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and  unidentified  bacilli  have  been  cultivated,  Roux  and 
Lannois  claim  to  have  reproduced  the  disease  by  inject- 
ing animals  with  a  coccus  cultivated  by  them  from  the 
blood  and  lymph  glands  of  a  case.  Delbet  claims  the 
same  for  a  bacillus.  The  multiplicity  of  organisms 
found  suggests  that  all  are  probably  accidental. 

P.vTiiOLOGY.— The  most  important  morbid  changes  in 
Hodgkin's  disease  are  hyperplasia  of  the  lymph  glands, 
enlargement  of  the  spleen,  and  the  presence  of  lymphoid 
growths  in  the  liver,  bone  marrow,  and  intestinal  tract. 

Lymph  GlaiuU. — As  a  rule,  the  lymph  glands  show  the 
greatest  change.  The  glands  involved  in  order  of  great- 
est extent  and  frequency  are  the  cervical,  axillary,  ingui- 


nal, retroperitoneal,  bronchial,  mediastinal,  and  mesen- 
teric. In  addition,  the  popliteal  and  epitrochlear  glands 
may  be  enlarged.  The  lymphatic  structures  of  the 
mouth  and  alimentary  tract  are  relatively  infrequently 
involved.  Ljanphoid  nodules  in  the  liver  are  often  ob- 
served. ^Microscopic  collections  of  lymphoid  cells  may 
be  found  in  various  organs  that  pi-esent  no  abnormal 
naked-eye  appearance.  The  glands  of  the  neck  are  usu- 
ally largest.  They  vary  in  size  from  a  hen's  egg  to  mi- 
nute nodules;  unless  crowded  together,  the  glands  are 
freely  movable,  and  not  attached  to  the  skin.  Glandular 
enlargement  is  usually  symmetrical,  although  one  side 
may  be  more  extensively  involved.  Rarely  the  process 
is  confined  to  one  side.  The  natural  shape  of  the  en- 
larged gland  is  round  or  oval.  Pressure  may  produce 
many  alterations  in  form.  A  thin  capsule  suri-ounds 
each  gland,  and  when  not  crowded  together,  loose  con- 
nective tissue  unites  them  in  chains.  The  enlarged 
glands  may  be  soft  or  hard.  On  section,  if  no  secondary 
changes,  such  as  hemorrhage,  have  occni-red,  the  surface 
presents  a  soft  mass,  grayish-white  in  color,  with  a  faint 
tinge  of  red  or  yellow.  In  the  soft  variety  the  cut  sur- 
face bulges  beyond  the  capsule,  and  a  turbid  fluid,  made 
up  largely  of  lymphoid  cells,  may  easily  be  expressed. 
No  stroma  is  apparent.  The  hard  variety  possesses  a 
relatively  greater  reticulum  than  a  normal  gland.  Little 
or  no  fluid  exudes  from  its  cut  surface.  Enlargement  of 
the  thoracic  glands  mav  compress  the  bronchi  or  trachea. 
Thrombosis  of  large  "thoracic  veins  may  occur  from 
pressure.  The  heart  and  lungs  may  be  displaced  by  en- 
larged glands.  Lymphoid  growths  may  occur  in  the 
lungs ;  rarely  the  aorta,  thoracic  duct,  and  a?sophagus  are 
compressed  by  the  posterior  mediastinal  glands.  The 
recurrent  laryngeal  nerve  may  be  injured.  In  the  abdo- 
men the  retroperitoneal  glands  are  most  frequently  in- 
volved ;  the  mesenteric  seldom  reach  a  large  size.  Dis- 
placements of  the  uterus  and  compression  of  the  ureters 
have  resulted  from  growth  of  the  pelvic  glands. 

Histology  of  the  Lymph  Glands.— The  microscope  shows 
hyperplasia  of  all  the  elements  of  a  lymph  gland.     In 


the  soft  variety  the  increase  in  the  lymphoid  cells  is  rela- 
tively much  more  marked  thap  that  of  the  connective 
tissue.  Cells  presenting  the  appearance  of  ordinary 
lymphocytes  are  crowded  together  and  held  in  position 
by  an  exceedingly  fine  network  of  fibrils.  In  the  hard 
variety  the  parenchyma  is  likewise  made  up  of  lymph 
cells  but  the  connective-tissue  increase  ]iredoniinates. 
Widely  varying  grades  of  sclerosis  may  exist  in  the  dif- 
ferent cases  and  in  the  various  groups  of  glands  in  the 
same  case.  The  gross  appearance  and  histologic  change 
in  the  lymph  glands  are  practically  identical  with  those 
in  lymphatic  leukaBinia. 

Spleen. — Hyperplasia  of  the  spleen  exists  in  eighty  per 
cent,  of  all  cases.  In  the  splenic  variety  of  the  disease 
the  hyperplasia  may  be  enormous,  the  organ  at  times 
filling  the  greater  part  of  the  left  half  of  the  abdominal 
cavity.  In  the  majority  of  cases  of  the  usual  type  of  the 
disease,  the  enlargement  is  moderate  in  degree,  the  spleen 
rarelj'  exceeding  thirty  ounces  in  weight.  The  organ  is 
firm  and  its  original  shape  is  preserved.  Local  thicken- 
ing of  the  capsule  due  to  perisplenitis  may  exist.  The 
enlargement  may  be  a  true  hypertrophy.  In  about 
seventy-five  per  cent,  of  the  cases  in  which  the  spleen  is 
enlarged,  however,  lymphomata  are  found  varying  in 
size  and  number.  The  histologic  structure  of  the  spleen 
approaches  more  closely  than  normal  the  pictui'e  of  a 
lymph  gland.  As  a  rule,  the  pulp  is  relatively  more  in- 
creased than  the  lymph  sinuses  and  reticular  tissue. 
Even  in  the  hard  variety  of  splenic  enlargement  the  in- 
crease in  the  lymphocytes  predominates.  Sclerosis  of 
the  Malpighian  bodies  is  now  and  then  found.  Degener- 
ative changes  in  the  lymphoid  cells  do  not  occur,  as  a 
rule. 

Liver. — The  organ  is  often  slightly  enlarged.  Lym- 
phoid growths  varying  in  size  from  a  minute  point  to  a 
hazelnut  invade  the  liver  structure.  They  develop  in 
the  interlobular  spaces,  and  may  grow  between  the  liver 
cells. 

Bone  Marrow. — A  foetal  condition  of  bone  marrow  is 
usually  present,  similar  to  that  in  pernicious  anaemia. 
Adenoid  growths  are  found  in  the  medulla. 

Alimentary  Tract.' — Adenoid  growths  in  the  digestive 
canal  seldom  attain  large  size.  They  may  be  scattered 
along  its  entire  length.  The  tonsils,  glands  at  the  base- 
of  the  tongue,  Peyer's  patqjies,  and  solitary  follicles  niaj' 
become  hyperplastic.  Ulceration  of  adenoid  growths  in 
the  stomach  may  take  place.  Lymphomata  may  develop- 
in  the  kidney,  lung,  testicle,  thymus  and  thyroid  glands. 
They  are  sometimes  found  in  the  dura;  now  and  then 
they  involve  the  cranial  and  peripheral  nerves.  Lym- 
phomatous  growths  are  practically  never  found  in  the 
brain  and  spinal  cord.  Adenoid  growths  have  been 
found  in  the  heart.  In  rare  cases  the  skin  is  the  seat  of 
adenoid  growths.  Retrograde  metamorphoses  in  the 
new-formed  tissue  rarely  take  place  in  true  Hodgkin's 
disease.  When  marked  changes  are  present,  the  condi- 
tion is  usually  tuberculosis  or  mixed  infection. 

Symptoms. — In  the  majority  of  cases  Hodgkin's  disease 
begins  insidiously  and  progresses  gradually  to  a  fatal 
termination.  In  rare  instances,  however,  the  onset  is 
severe ;  and  its  course  rapid.  The  important  symptoms 
of  the  disease  are  progressive  enlargement  of  the  lym- 
phatic glands,  a  gradually  developing  anfemia,  associated 
with  a  I'elative  increase  in  the  lymphocytes,  enlargement 
of  the  spleen,  loss  in  strength  and  weight,  irregular  tem- 
perature, oedema,  and  grave  cachexia. 

Lymph  Glands. — As  a  rule,  the  earliest  sj'mptom  noted 
by  the  patient  is  enlargement  of  the  lymph  glands  super- 
ficially located.  In  most  instances  the  cervical  glands 
are  the  first  involved;  rarely  the  inguinal  or  the  axillary 
glands  are  the  first  to  become  affected.  A  few  cases 
liave  been  described  in  which  anajmia,  loss  of  weight  and 
strength,  apparently  preceded  glandular  enlargement. 
At  times  the  deep  thoracic  or  abdominal  glands  are  dis- 
eased first,  producing  early  pressure  symptoms,  such  as 
pain  in  the  chest,  cough,  dyspnoea,  or  pain  in  the  abdo- 
men or  legs,  with  oedema.  If  the  cervical  group  is  prima- 
rily affected,  the  enlargement  is  usually  confined  to  one 
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side  fur  a  time.  It  may  be  several  montlis  before  the  other 
side  is  involved.  The  glands  of  the  posterior  triangular 
space  and  those  which  lie  beneath  the  jaw  are  usually  en- 
laro-ed  first.  In  the  early  stage  of  the  disease  the  enlarged 
glands  are  not  adherent  to  the  skin  or  to  each  other  As 
the  disease  progresses,  periadenitis  may  unite  the  glands 
in  a  firm  mass.  Such  masses  in  the  cervical  region  may 
proiect  far  beyond  the  angle  of  the  jaw  and  produce 
great  deformity  of  the  neck.  The  larynx  may  be  pushed 
to  one  side,  and  grave  dyspncca  has  resulted  from  nar- 
rowing of  the  trachea  by  pressure.  Pressure  effects 
upon  the  carotid  artery,  jugular  vein,  and  pneumogastnc 
nerve  have  been  noted.  Enlarged  glands  m  the  thorax 
Jiave  produced  spasmodic  cough,  dyspnoea,  paralysis  ot 
the  vocal  cords,  ceilema  of  the  arms  and  lower  extrem- 
ities. Enlargement  of  the  axillary  glands  has  resulted 
in  pain  and  swelling  of  the  arms  from  compression  of 
nerves  and  veins.  The  inguinal  glands  may  compress 
the  femoral  vein;  the  retroperitoneal  glands  are  some- 
times palpable.  Bronzing  of  the  skin,  possibly  from 
pressure  on  the  synipatlietic  plexus,  has  been  observed 
in  a  few  cases.  The  enlarged  glands  may  compress  the 
ureters,  interfere  with  the  function  of  the  lumbar  and 
sacral  nerves,  and  produce  oedema  by  occluding  the  iliac 
vein.  Uterine  fibroids  may  be  simulated  when  enlai-ged 
glands  become  adhei-eut  to  the  uterus  or  broad  ligament. 
As  a  rule,  the  glands  of  rapid  growth  are  softer  than 
those  that  grow  slowly.  Pain  is  not  present,  except 
when  nerve  trunks  are  compressed.  Glands  of  very 
rapid  growth  are  sometimes  tender  on  pressure.  The 
rapidity  of  growth  varies  in  different  cases,  and  in  tlie 
■different  groups  in  the  same  patient.  Not  infrequently 
the  glands  become  smaller  for  a  short  time.  Under  the 
influence  of  an  erysipelas,  a  marked  temporary  reduction 
in  size  has  been  noted. 

Spleen. — Moderate  enlargement  of  the  spleen  is  present 
in  about  eighty  per  cent,  of  the  cases.  No  special  symp- 
toms referable  to  this  organ  are  present  in  the  common 
form  of  Hodgkin's  disease.  In  the  splenic  variet3',  the 
spleen  may  attain  enormous  size.  Bruits  have  been 
heard ;  pain  from  perisplenitis  is  often  present. 

Ancemia. — Ansmia  is  one  of  the  characteristic  features 
■of  the  disease.  It  may  not  be  pronounced  until  glandu- 
lar enlargement  is  of  considerable  extent.  As  the  anae- 
mia develops,  the  patient  cpmplains  of  dizziness,  ten- 
dency to  syncope,  headache,  dyspnoea  on  exertion,  and 
cardiac  palpitation.  Pallor  of  the  mucous  membranes 
appears.  The  skin  assumes  a  hue  peculiar  to  anaemia. 
The  conjunctivEe  become  subicteric.  Epistaxis  may  oc- 
•cur.  The  advent  of  cachexia  is  characterized  by  a  ten- 
dency to  oedema,  effusion  into  serous  cavities,  marked 
asthenia,  hembrrhages,  and  fever. 

Gireiilatory  System. — The  heart  is  usually  somewhat 
■dilated.  Haemic  murmurs  may  be  heard.  In  the  later 
stages  the  carotids  pulsate  visibly.  The  veins  are  often 
prominent.  The  pulse  is  full  and  frequent,  and  may  ap- 
proach the  water-hammer  character.  Retinal  hemor- 
rhages may  take  place. 

Blood. — In  the  early  stages  of  Hodgkin's  disease  the 
blood  may  show  no  marked  alteration. 

Bed  Cells. — As  the  disease  progresses  there  is  usually  a 
gradual  reduction  in  the  number  of  red  cells,  and  the  in- 
dividual cell  is  moderately  poor  in  haemoglobin.  The 
loss  in  red  cells  and  hiemoglobin  does  not  approach  that 
found  in  a  corresponding  stage  in  leuktemia;  even  at  the 
time  of  death  the  red  cells  may  number  two  million  or 
more  per  cubic  millimetre.  In  a  few  cases  they  have 
been  reduced  to  less  than  one  million  per  cubic  millime- 
tre. As  a  rule,  no  marked  change  in  tlie  size  and  form 
■of  the  red  cells  is  present.  Occasional  megaloej-tes  are 
found,  but  more  frequently  the  corpuscles  are  under- 
sized Nucleated  red  cells  of  the  normoblast  type  are 
usually  scarce,  even  in  the  late  stage  of  the  disease 

Leucocytes.—Tha  number  of  leucocytes  may  be  normal 
■or  even  diminished.  In  tlie  majority  of  cases  of  true 
Hodgkin's  disease,  the  lymphocytes  are  relatively  in- 
creased.    The  polynuclear  cells  are  correspondingly  de- 
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In  many  cases  the  number  of  leucocytes  is  markedly 
increased,  althougli,  as  a  rule,  no  greater  than  Afty  or 
sixty  thousand  per  cubic  millimetre  are  found.  The 
rapidly  developing  cases,  with  febrile  disturbances,  are 
more  likely  to  show  a  leucocytosis  than  those  of  chronic 
course.  A  few  myelocytes  may  be  found,  as  in  all  ca- 
chectic processes.  The  eosinophiles  are  rarely  increased. 
The  coagulability  of  the  blood  is  greatly  reduced.  A 
diagnosis  of  Hodgkin's  disease  cannot  be  made  on  the 
blood  findings  alone.  A  relative  lymphocytosis  is  a  val- 
uable sign,  but  the  same  condition  is  often  found  in  true 
lymphosarcoma,  and  in  tuberculosis  of  the  lympli  glands. 

Alimentary  System,,— The  tonsils  and  glands  at  the  base 
of  the  tongue  are  frequently  enlarged.  Deafness  may 
arise  from  extension  of  adenoid  growths  from  the 
pharynx,  occluding  the  Eustachian  tube.  Ulceration  of 
lymphoid  gi-owtlis  in  the  stomach  may  simulate  gastric 
lilcer.  Diarrhoja  and  hemorrhage  may  occur  from  the 
same  condition  in  the  intestinal  tract.  Constipation  may 
result  from  pressure  of  enlarged  glands;  jaundice  from 
occlusion  of  bile  ducts.  The  liver  is  often  enlarged,  due 
at  times  to  the  growth  of  lymphoid  tissue  in  its  struct- 
ure. 

Temperatuke. — A  moderate  elevation  of  temperature 
from  time  to  time  is  the  rule  in  Hodgkin's  disease. 

Hes-piriUory  /S;!/.s<(?»«.— Dyspnoea  incident  to  anaemia  or 
pressure  on  the  respiratory  passages  bj-  lymphatic 
growths  is  a  common  symptom.  Crepitant  rales,  pro- 
duced b)'  the  pressure  of  adenoid  growths  in  the  lung 
may  be  "heard.  Pleural  transudates  take  place  in  the 
cachectic  stage.  The  terminal  event  is  often  a  pleuris}' 
or  a  pneumonia. 

yi'rrniix  System. — Paraplegia  may  result  from  pressure 
on  the  spinal  cord,  as  in  a  case  reported  by  Ofeler.  Epi- 
leptiform convulsions  of  short  duration  may  occur. 
Coma  may  precede  death.  Disturbance  in  function  of 
nerves  from  pressure  is  frequent. 

Ocnitd-Vriiiiiry  System. — The  urine  often  contains  a 
trace  of  albumin.  A  real  nephritis  is  to  be  considered  a 
complication. 

Skin. — Bronzing,  such  as  occurs  in  Addison's  disease, 
has  been  observed.  Adenoid  growths  in  the  skin  present- 
ing small  raw  surfaces,  from  which  serum  exudes,  have 
been  observed  in  a  few  cases.  In  one  recentlj'  studied 
by  the  writer,  the  growths  progressed  over  the  surface 
of  the  skin,  leaving  behind  a  healed  surface,  lightly  in- 
durated (Fig.  270.5). 

Diagnosis. — Hodgkin's  disease  is  clinically  and  ana- 
tomically closel}'  related  to  several  affections. 

Lenl'iPmia. — The  essential  difference  is  in  the  blood 
findings.  A  few  cases  of  Hodgkin's  disease  have  ter- 
minated in  true  leukfemia. 

Tnbeveulosis  of  the  Lymph  Glands. — Musser  and  others 
believe  that  Hodgkin's  disease  is  jirobablj'  a  13'mphatic 
tuberculosis.  Most  observers,  however,  are  of  the  opin- 
ion that  Hodgkin's  disease  and  tuberculosis  of  the  lymph 
glands  are  two  distinct  affections.  All  admit  the  diffi- 
culty at  times  in  differentiating  the  two  processes,  both 
clinically  and  anatomicallj'.  The  following  points  are 
■of  .some  value  in  distinguishing  the  two  processes: 

1.  Localized  glandular  enlargement  favors  tuberculo- 
sis. 

3.  Fever  is  often  absent  in  Hodgkin's  disease.  A  fever 
is  usually  present  in  tuberculosis. 

3.  In  Hodgkin's  disease,  deposits  of  h'mphoid  tissue 
may  be  found  outside  of  the  glands. 

4.  In  tuberculous  disease,  the  glands  often  caseate  or 
suppurate,  and  become  adherent  bv  inflammation  to  each 
other  and  to  the  skin.  In  Hodgkin's  disease  the  glands 
do  not  caseate  or  suppurate,  and  are  freely  movaljle  be- 
neath the  skin. 

5.  The  tuberculin  test  often  results  in  local  reaction  in 
tuberculous  adenitis. .  The  positive  diagnosis  of  Hodg- 
kin's disease  had  better  be  reserved  in  all  cases  until 
tuberculous  lymphadenitis  has  been  excluded  b}'  animal 
inoculation  and  histologic  examination. 

Chronic  Intermittent  {Ruckfalls)  Feivr. — This  condition 
is  characterized  by  a  chronic  intermittent  fever,   with 
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swelling  of  the  lymph  glands.  It  was  brought  into 
prominence  by  Pel,  Ebstein,  Renvers,  and  othurs.  It  is 
probably  a  tuberculous  lympliadeuitis. 

Lympfwsarcoma.— This  condition,  sharply  differentiated 
by  Kundrat,  is  clinically  and  anatomically  more  closely 
related  to  Hodgkin's  disease  than  to  sarcoma  of  the 
lymph  glands.  However,  the  glandular  enlargements 
possess  some  of  the  characteristics  of  malignant  growths. 
Like  Hodgkin's  disease,  they  originate  in  lymphatic 
structures,  although  in  perhaps  one-half  of  the  cases  they 
do  not  develop  from  typical  lymph  glands,  but  from 
glandular  elements,  such  as  are  found  in  the  mucous 
membrane  of  the  mouth  and  alimentary  canal.  The 
growths  remain  more  regional  than  in  Hodgkin's  disease 
They  develop  along  the  line  of  the  lymphatics ;  extremely 
rarely  do  metastases  occur  through  the  blood.  Universal 
glandular  enlargement,  as  in  Hodgkin's  disease,  does  not 
■occur.  Histologically,  the  cells  often  present  atypical 
development,  contain  at  times  many  nuclei,  become  dis- 
tinctly aggressive,  penetrate  the  capsule,  and  invade  the 
surrounding  tissue.  The  glandular  structure  of  the 
growth  is  often  effaced.  In  many  cases  the  histologic 
picture  is  the  same  as  in  Hodgkin's  disease.  Metastases 
in  distant  organs  rarely  occur.  Retrograde  metamor- 
phoses do  not  occur  as  a  rule.  In  rare  instances  lympho- 
sarcoma develops  from  Hodgkin's  disease. 

Splenic  Aixvmia. — Splenic  antemia  presents  the  clinical 
and  histological  picture  of  Hodgkin's  disease,  with  the 
exception  that  the  spleen  is  the  lymphatic  structure  that 
is  chiefly  involved.  The  organ  may  be  enormous  in  size. 
Enlargement  of  the  lymph  glands  is  absent,  or  decidedly 
in  the  background.  It  is,  in  reality,  the  splenic  form  of 
Hodgkin's  disease. 

Syphilis. — Glandular  enlargement  in  syphilis  is  in  the 
group  nearest  the  indurated  "sore.  Rarely  does  the  ade- 
nopathy become  general.  One  gland  becomes  enlarged 
first,  the  others  of  the  group  soon  afterward.  They  sel- 
dom are  lai-ger  than  a  hazelnut.  In  the  secondary  or  ter- 
tiary' stage  of  the  disease  glandular  enlargement  may  be 
present  in  the  proximity  of  a  local  syphilitic  lesion. 

Prognosis,  Course,  and  Teejiin.vtion. — The  onset  of 
the  disease  varies.  Acute  cases  have  been  described  liy 
Cohnheim,  Eberth,  and  Falkenthal.  In  one  case  the 
duration  of  the  disease  was  onlj^  eleven  days;  in  an- 
other four  and  one-half  months.  The  most  rapid  course 
has  been  noted  in  children.  The  maiority  of  cases  are 
fatal  within  the  first  two  years.  Pew  last  longer  than 
five  or  six  years.  The  most  fa^'orable  cases  are  those  in 
which  glandular  enlargement  remains  localized.  General 
lymphatic  enlargement  may  occur  early,  or  it  may 
rapidly  develop  after  several  years  of  local  involvement. 
As  a  rule,  soon  after  glandular  hyperplasia  becomes  gen- 
eral, anaemia  and  emaciation  develop,  and  the  disease 
progresses  steadily  to  a  fatal  termination.  The  immedi- 
ate cause  of  death  is  often  some  intercurrent  affection, 
such  as  pneumonia  or  pleurisy.  Cases  have  been  re- 
ported in  which  death  occurred  from  asphyxia  and 
starvation,  due  to  pressure  of  enlarged  glands  upon  the 
trachea  or  oesophagus.  In  a  case  recently  observed  by 
the  writer,  general  convulsions  and  transitory  uncon- 
sciousness were  repeated  several  times  during  the  day 
preceding  death.  Recovery  has  apparently  taken  place 
under  treatment.  The  slowly  developing  cases  are  more 
likely  to  be  benefited  than  the  acute.  Even  in  the  latter 
arrest  or  improvement  may  occur.  The  prognosis  is  best 
in  the  splenic  form  of  the  disease,  because  it  is  amenable 
to  surgical  treatment. 

Treatment.— Patients  affected  with  Hodgkin's  disease 
should  avoid  physical  and  mental  fatigue.  They  should 
receive  nourishing  food,  easily  digested.  Lean  meats, 
milk,  cream,  butter,  and  eggs  are  especially  valuable 
foods. 

Medicinal  yreatoera^.— Arsenic  is  recognized  as  the  best 
drug.  It  may  be  given  internally  in  the  form  of  Fowler's 
solution,  or  arsenious  acid.  Certain  advantages  accrue 
from  its  subcutaneous  administration.  Injection  of  ar- 
senic directly  into  the  enlarged  glands  is  advocated. 
When  Fowler's  solution  is  given  internally,  it  is  well  to 


begin  vMi  two  drops,  three  times  a  day,  after  meals,  and 
grad  ually  increase  the  dose  by  from  one  to  three  drops  each 
day.  If  no  sjinptoms  of  arsenical  intoxication  appear 
the  dose  may  be  increased  to  fifteen  or  twenty  or  thirty 
drops  three  times  a  day.  Should  symptoms  of  arsenical 
poisoning  appear,  such  as  pronounced  metallic  taste,  sali- 
vation, nausea,  severe  epigastric  pain,  vomiting,  diar- 
rhoea, tenesmus,  irritable  heart  action,  oppressed  breath- 
ing, oedc^ma,  tremor,  and  muscular  stiffness,  the  dose 
should  be  reduced  to  the  point  of  tolerance.  If  a  diar- 
rhffia  of  moderate  gra<le  is  the  only  symptom  of  intoxi- 
cation, it  can  often  be  advantageously  controlled  by  giv- 
ing from  three  to  six  drops  of  tlie  simple  tincture  of 
opium,  three  times  a  day.  If  no  diarrha-a  exists,  it  is 
well  to  administer  laxatives  and  diuretics  to  help  free  the 
system  from  arsenic,  and  its  products  of  altered  metabol- 
ism. Arsenious  acid  may  be  given  in  the  form  of  the 
socalled  Asiatic  pill:  one  part  arsenious  acid  to  eighty 
parts  black  pepper.  Black  pepper  seems  to  increase  the 
tolerance  of  the  stomach  for  arsenic.  Marked  improve- 
ment sometimes  follows  the  internal  administration  of 
arsenic.  In  chronic  cases,  glandular  swellings  have 
rapidly  disappeared,  and  in  some  instances  recovery  has 
followed  its  u.se.  Even  in  the  rapidly  developing  cases, 
arsenic  has  apparently  checked  the  course  of  the  disease. 
In  many  cases  of  Hodgkin's  disease,  arsenic  may  be 
given  to  better  advantage  subcutaneously.  The  dis- 
agreealjle  gastro-intestinal  symptoms  are  delayed,  and 
much  larger  doses  of  the  drug  are  tolerated.  Pearson's 
solution  produces  the  least  local  irritation.  It  is  best  in- 
jected in  the  region  of  the  buttocks,  or  in  localities  rich 
in  subcutaneous  areolar  tissue.  It  should  be  diluted  with 
ec^ual  parts  of  distilled  water,  the  mixture  sterilized,  and 
the  skin  and  instrument  rendered  thoroughly  aseptic. 
Pain,  which  sometimes  continues  for  a  short  time  after 
the  injection,  may  be  controlled  by  adding  one-tenth 
grain  of  cocaine  hydrochlorate.  The  injections  may  be 
given  once  daily,  and  subsequently  twice  daily.  Gradu- 
allj'  increasing  doses  ma}'  be  given  each  day,  until  a 
larger  amount  than  advised  by  mouth  may  ultimatcl}'  be 
given  and  tolerated  for  a  longer  time.  The  effect  of  the 
subcutaneous  injection  of  Pearson's  solution  is  often  very 
gratifying.  The  general  condition  may  improve,  the 
glands  maj"  diminish  in  size,  and  the  patient  often  gains 
in  weight.  Severe  pain  is  rarely  complained  of  at  the 
site  of  the  injection.  If  care  is  taken  in  the  preparation  of 
the  solution  and  instruments,  infiammation  and  suppura- 
tion do  not  occur.  Good  results  are  claimed  for  the  in- 
jection of  Pearson's  solution  directly  into  the  enlarged 
glands.  This  sometimes  gives  rise  to  a  slight  elevation 
of  temperature.  Such  injections  have  been  made  directly 
into  the  enlarged  spleen.  The  wisdom  of  this  procedure 
may  be  justly  questioned. 

The  manner  in  which  arsenic  acts  in  Hodgkin's  disease 
is  not  known.  If  the  disease  is  bacterial  in  origin,  its 
effect  ma  J'  be  germicidal ;  possibly  it  acts  in  the  same 
manner  as  mercury  in  syphilis.  Unfortunately,  only  a 
relatively  small  number  of  cases  are  permanently  bene- 
fited by  arsenic,  and  in  a  few  eases  no  improvement  fol- 
lows its  use.  Iron  is  of  very  little  value  in  the  treatment 
of  the  disease.  Quinine  and  phosphorus  in  small  doses 
have  seemed  to  be  of  some  use.  Cod-liver  oil  is  a  good 
tonic.  Extracts  from  various  glands  and  tissues  have 
been  used  without  apparent  results. 

Local  Treatment. — Aside  fi'om  the  intra  parenchymatous 
injection  of  arsenic,  already  described,  the  enlarged 
glands  have  been  injected  with  solutions  of  various 
drugs.  Iodine,  ]30tassium  iodide,  nitrate  of  silver,  car- 
bolic acid,  and  chromic  acid  have  been  used,  without 
satisfactory  results.  Galvauo-puncture  has  proved  of  no 
permanent  value.  Iodine  applied  to  the  skin  over  the 
gland  is  ineffectual.  If  the  disease  is  primarily  located 
in  the  glands,  and  if  the  disease  spreads  from  them  by 
secondary  infection,  an  early  removal  of  the  glands  pri- 
marilj'  diseased  would  be  rational.  The  subsequent 
course  in  a  number  of  cases  in  which  the  disease  was 
local  and  the  glands  were  early  removed  justifies  the 
procedure  in  selected  cases.     If  the  disease  is  widespread 
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and  deep-seated  from  the  beginning,  extensive  operative 
treatment  is  not  advisable.  Some  think  it  best  to  remove 
as  many  glands  as  possible,  even  though  the  glandular 
enlargement  is  general,  in  the  hope  that  medicinal  treat- 
ment may  better  control  the  disease.  The  results  ob- 
tained do  not  warrant  the  procedure.  All  cases,  chronic 
in  character,  with  a  tendency  to  localization  of  the  proc- 
ess, should  be  treated  by  removal  of  the  growths,  sup- 
plemented by  the  administration  of  arsenic.  Operation 
is  indicated  when  accessible  growths  produce  sericjus 
pressure  symptoms.  In  most  cases  the  glands  are  easily 
removed.  In  some  cases,  however,  adhesions  are  firm 
and  extensive.  The  results  obtained  by  splenectomy  in 
the  splenic  variety  of  the  disease  are  exceedingly  gratify- 
ing. A  removal  of  the  spleen  should  be  seriously  con- 
sidered in  all  cases  in  which  the  diagnosis  is  certain,  and 
the  progress  of  the  disease  is  apparently  toward  a  fatal 
termination.  Recovery  has  followed  splenectomy  in 
such  cases,  even  after  cachexia  was  advanced. 

Beririiiii  11'.  Sippy. 

HOLARRHENA.— C.'wHem  or  TelUeherry  Bark.  The 
bark  of  H.  anUdyHciderku  Wall.  (fam.  Ajwi/nacc/i'),  a 
woody  plant  of  India.  It  is  one  of  several  plants  whose 
barks  have  gone  under  the  name  of  "  Kura  "  or  "  Kuda  " 
in  India.  The  active  constituent  is  an  alkaloid  which 
has  been  called  Wrighiine  ("conessine"),  and  there  is 
some  doubt  about  its  identity  with  wliat  has  been  re- 
garded as  the  same  from  other  sources.  It  is  contained 
also  in  the  seeds.  The  bark  appears  to  be  a  carminative 
and  intestinal  astringent,  and  the  alkaloid  somewhat 
antiperiodic.  It  is  very  largely  used  in  native  practice 
in  India  as  an  antidysenteric,  and  has  been  considerably 
so  used  in  Europe.  Reports  as  to  its  efficacj'  are  discord 
ant,  but  its  use  has  declined.  An  aqueous  extract  is  used 
in  three-grain  doses.  Henry  11.  Rushy. 

HOLOCAIN,  para-diethoxy-ethenyl-diphenyl-amidin 
hydrochloride  [(CeHi.O.CsHsJj.NH.C.CHstN.HCl],  is 
obtained  by  the  union  of  molecular  quantities  of  phe 
nacetin  and  paraphenetidin  with  separation  of  water. 
It  crystallizes  in  bitter,  white  needles  which  are  freely 
soluble  in  alcohol  and  ether  and  in  forty  parts  of  water. 
It  is  not  affected  by  a  temperature  of  212°  P.  (100"  C). 
With  alkalies  it  is  decomposed  and  precipitated,  the 
presence  of  a  calcium  salt  in  the  water  used  for  solution 
being  sufficient  to  produce  turbidity.  It  attacks  any  free 
alkali  in  glass;  so,  to  prevent  precipitation,  the  glass  con- 
tainer should  previously  be  boiled  with  acid. 

Holocain  has  a  deleterious  effect  on  protoplasm,  as  in 
0.1-per-cent.  solution  it  stops  fermentation  and  putrefac- 
tion, in  0..5-per-cent.  solution  it  arrests  the  development 
of  germs,  and  in  one  per  cent,  it  stops  amoeboid  move- 
ments and  kills  most  micro-organisms.  Hence  the  solu- 
tions are  sterile,  though  if  desired  they  may  be  boiled 
without  liarni.  Holocain  paralyzes  the  sensory  nerve 
endings,  and  is  a  local  aniesthetic  of  great  power  It  is 
claimed  by  Hotz,  Wurdemann,  Knapp,  Jackson,  and 
others  to  be  quite  as  anesthetic  in  the  eye  as  cocaine, 
quicker  in  its  action,  and  its  effect  more  'lasting,  and  as 
it  IS  more  penetrating  the  iris  is  more  anresthetized.  It 
does  not  dry  the  cornea,  increase  intraocular  tension,  or 
influence  the  pupil  or  accommodation.  Neither  does  it 
constrict  the  vessels,  and,  on  the  contrary,  it  tends  to 
produce  slight  hypeiu-mia.  This  comparison  with  co 
cainc  can  be  well  demonstrated  by  dropping  cocaine 
sol\ition  in  one  eye,  and  holocain  solution  in  the  other  eve 
of  the  same  patient.  The  amount  used  for  eve  workis 
two  to  five  drops  of  one-per-cent.  solution,  and  in  one- 
halt  to  two  minutes  this  produces  am-esthesia  lasting  ten 
to  fifteen  minutes.  Derby  and  Knapp  recommend  it  for 
the  removal  of  foreign  bodies  as  it  leaves  so  little  effect 
on  the  eye.  They  also  find  it  the  most  serviceable  druff 
}hn?m'?Hi  "w'f  °^-  ""'"-"bie  origin,  and  in  purulent  oph 
thalmitis.  Holocain  cannot  be  used  like  cocaine  by  hypo- 
dermicfor  local  anaesthesia,  as  it  is  much  more  toxic  its 
action  m  overdose  resembling  that  of  strychnine  (H..inz). 

W.  A.  BMteclo. 
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HOLZIN,  HOLZINOL.     See  Formaldehyde. 

HOMATROPINE.— Atropine  and  hyoscyamine  when 
decomposed  break  up  into  tropic  acid  and  tropin.  The 
latter  when  combined  with  mandelic  acid  forms  homatro- 
pine ;  mandelic  acid  being  the  product  of  the  action  of 
liydrochloricacid  onamygdalin,  Homatropine  combines 
w'itli  acids  to  form  salts ;  the  hydrobromide,  hydrochloride, 
and  salicylate  are  those  most  employed.  The  hydrobro- 
mide is  official  in  the  British  Pharmacopoeia.  Pure  homa- 
tropine is  almost  insoluble  in  water  but  is  slightly  soluble 
in  oil  and  vaseline.  A  two-per-cent.  solution  in  oil  and 
gelatin  discs  are  prepared  for  ophthalmic  work.  The 
advantage  claimed  for  the  solution  in  oil  is  that  it  is  not 
so  readily  washed  from  the  eyes  by  the  tears.  Homatro- 
pine is  weaker  in  its  action  than  atropine  and  when  ad- 
ministered internally  acts  in  much  the  same  manner  as 
does  tlie  more  common  alkaloid.  It  is  said  to  differ  from 
the  latter  in  this  respect,  viz.,  it  causes  a  slowing  of  the 
pulse,  but  this  difference  is  not  marked  when  large  doses 
are  administered.  The  dose  of  the  hydrobromide  as  given 
by  the  British  Pharmacopoeia  is  from  one-eightieth  to 
one-twentietli  of  a  grain.  It  has  been  recommended  for 
u.se  in  all  conditions  in  which  atropine  is  indicated,  par- 
ticularly in  the  night  sweats  of  plithi.sis.  It,  however, 
has  not  been  much  employed,  as  it  has  not  proved  so 
trustworthy  as  atropine. 

Homatropine  is  almost  entirely  employed  as  a  mydriatic 
in  ophthalmic  work.  Its  action  is  much  less  intense  than 
that  of  atropine,  but  it  dilates  the  pupil  and  paralyzes 
the  ciliary  muscle  almost  as  rapidly,  and  its  effects  pass 
off  in  a  much  shorter  time.  The  pupil  begins  to  dilate  in 
ten  or  twenty  minutes  and  paralysis  of  accommodation  is 
complete  in  about  one  hour.  In  from  twelve  to  twenty- 
four  hours  its  action  is  quite  recovered  from.  A  one-  or 
two-per-cent.  solution  is  used.  Beaumont  Small. 

HOMBURG,  GERMANY.— This  popular  watering-place 
is  situated  in  the  Rhine  land,  ten  miles  north  of  Prank- 
fort -on-the -Maine.  It  is  reached  from  Pai-is,  from  which 
it  is  477  miles  distant,  direct  by  rail,  or  via  Cologne  and 
the  Rhine. 

The  town  is  built  on  a  spur  of  the  Taunus  ^lountains 
at  an  elevation  of  643  feet  above  sea  level.  Its  natural 
situation  is  not  picturesque,  but  art  has  done  much 
in  the  way  of  beautiful  pleasure  grounds,  extensive 
parks,  and  promenades.  It  contains  9,278  inhabitants 
and  is  annually  visited  by  10,600  persons,  forty  per 
cent,  of  wliom  are  said  to  be  foreigners,  including  a 
large  number  of  English.  Homburg  has  been  one  of 
the  favorite  resorts  of  the  late  Prince  of  Wales,  now  King 
of  England. 

Tlie  mineral  springs  and  sanatoria  are  in  a  large  Kur- 
park  which  extends  toward  the  northeast  into  the  forests 
of  the  foothills  of  the  Taunus. 

The  climate  is  that  of  tJentral  Geimany,  the  average 
yearly  temperature  being  47.5°  P. ;  and  for'summer,  May, 
56.3°  P.;  June,  66.2°  P.;  July,  65.6=  P.;  August,  66.5° 
P.:  September  56.3=  P.  The  yearly  rainfall  is  26.6 
inches.  The  season  extends  from  :M"ay  to  the  end  of 
Septembei-. 

The  waters  of  Ilomburg  are  siiline  chalybeate,  and  are 
derived  from  the  Taunus  schist  and  quartzite.  The 
principal  constituents  are  the  chlorides  of  sodium,  cal- 
cium, magnesium,  and  lithium;  the  carbonates  of  iron 
and  calcium;  and  free  carbonic  acid.  Unlike  the  waters 
of  Ems,  they  are  cool  and  have  to  be  artificial  I  v  heated 
when  used  for  baths,  They  come  under  the"  general 
classification  of  common  salt  or  muriated  waters  and  are 
sunihir  to  those  at  Wiesbaden,  Kissingen,  Baden-Baden, 
Kreuznach,  and  JSTauheim. 

There  are  seven  springs,  as  follows,  with  their  temper- 
atures: Elizabethbrunnen,  51.1°  P.  ;  Ludwigbrunneu, 
58.4°  P.  ;  Louisenbrunnen,  53.1°F.  ;  Landgrafenbriinnen, 
51.8°  P.;  Kaiserbrunnen,  52.9°  P.;  Stahlbrunnen,  518° 
F.  ;  Soolsprudel,  51.8=  P. 

The  Louisenbrunnen  and  Stahlbrunnen  are  distia- 
guished  by  their  excess  of  carbonate  of  iron.     All  these 
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springs  are  usi'd  tor  drinking  except  the  Soolsprudel  ;md 
Landgrafenbninneu. 

The  Ludwigbrunuen,  Kaiserbnuinen,  Louisenbrunnen, 
and  Soolsprudel  are  used  for  bathing,  tlie  water  being 
warmed  by  hot  steam  elianibers  at  tlie  bottom  of  the 
batlis,  with  the  least  possible  escape  of  carbonic  acid  gas. 
The  waters  of  the  Ludwigbrunuen  are  used  for  inhaling. 
All  the  springs  are  the  property  of  the  town  of  Hom- 
burg,  which  has  erccteil  the  various  bath-houses:  the 
Kaiserbrunnen  with  sixty  bathrooms,  and  two  piscina'  for 
natural  carbonic-acid  salt  baths;  mud  baths  and  mineral 
and  fresh- water  baths:  Kurhausbad  with  thirty-three 
bathrooms.  In  the  former  26,147  baths  were  given  in 
1899,  and  in  the  latter  over  7,000.  In  the  Kaiser  Wil-' 
helm's  bath  are  inhalations  with  spray  produced  by  com- 
pressed air. 

Besides  the  mud  baths  mentioned  there  are  pine-needle, 
electric,  medicated,  and  steam  baths;  and  there  are  also 
good  facilities  for  Swedish  gymnastics  and  massage,  as 
well  as  for  the  milk  and  whey  treatment. 

The  chief  centre  for  visitors  is  the  Kurliaus,  containing 
handsome  apartments,  reading-room,  etc.,  with  a  terrace 
partly  covered  with  glass,  and  corridois,  affording  a 
sheltered  promenade.  At  the  back  of  this  Kurhans  ex- 
tend the  beautiful  pleasure  groimds,  with  a  palm-house, 
orangery,  and  well-kept  flower  beds. 

The  town  contains  water- works,  a  sewerage  plant  with 
facilities  for  filtration,  and  a  steam  disinfecting  apparatus. 

Tlierupeuties. — When  these  waters  are  taken  internally 
they  gently  stimulate  the  gastric  and  intestinal  mucous 
membrane,  at  the  same  time  rendering  the  contents  of 
the  bowels  more  fluid ;  they  are  therefore  beneficial  in 
catarrhal  affections  of  the  alimentary  tract.  Taken  in 
small  quantities  the}'  are  constipating,  but  laxative  in 
larger  quantities.  They  help  to  increase  the  general  nu- 
trition, according  to  Weber,  by  their  action  in  aiding  the 
digestion  of  albuminous  materials. 

According  to  the  same  authority,  they  often  increase 
the  weight  in  thin  persons,  and  for  such  cases  are  prefer- 
able to  the  alkaline-sulphated  waters. 

They  are  also  beneficial  in  catarrhal  affections  of  the 
respiratory  tract;  in  gout,  uric-acid  diathesis,  obesity, 
hemorrhoids,  diseases  of  women,  heart  disease,  and  mal- 
aria. Those  springs  containing  iron  are  useful  in  cases 
of  antemia  and  chlorosis. 

Fifty-flve  thousand  litre  bottles  of  these  waters  are 
yearly  exported.  Edward  0.  Otis. 

HONEY. — Mel.  "A  saccharine  secretion  deposited  in 
the  honeycomb  by  Apis  melUjica  L.  (class,  hmcta  ;  order, 
Hytnenoptera) "  (U.  S.  P.).  For  the  collection  and  sources 
of  honey,  the  reader  is  referred  to  the  article  ll'r(.!'. 
Freshly  separated  from  young  or  "virgin"  combs  it  is  a 
pale  yellow,  or  greenish-yellow,  or  light  sherry-colored 
liquid,  about  as  thick  as  glycerin,  of  peculiar  odor,  and 
of  very  sweet  and  slightly  sharp  taste.  All  these  proper- 
ties vary  with  the  conditions  of  its  collection,  such  as 
season,  the  prevailing  flowers,  climate  and  country,  and 
(but  not  in  commercial  honey)  the  species  of  insect  pro- 
ducing it.  The  honey  of  older  combs  is  darker  colored 
and  more  disagreeable.  With  age,  after  removal  from 
the  combs,  it  becomes  darker,  and  granular  from  the 
formation  of  crystals  of  sugar  in  it.  Specific  gravity 
1.430  to  1.440.  The  following  tests  and  reactions  are 
from  the  Pharmacopoeia : 

"When  recent  honey  is  diluted  with  two  parts  of 
water,  the  resulting  hquid  should  be  almost  clear,  not 
stringy,  and  should  have  a  specific  gravity  not  lower 
than  1.100  (corresponding  to  a  specific  gravity  of  1.375 
for  the  original  honey). 

"Honey  has  a  faintly  acid  reaction  toward   litmus 

"If  one  part  of  honey  be  dissolved  in  four  parts  of 
water,  a  clear  or  nearly  clear  solution  will  result,  which 
should  not  be  rendered  more  than  faintly  opalescent  by 

(The  author  acknowledges  his  indebtedness  for  many  of  the  above 
facts  to  "  Deutschlands  Heilquellen  und  Bader,'  herausgegeben  vom 
Kalserllchen  Gcsundheitsamt  zu  Berlin,  Berlin,  1900.) 


a  few  drops  of  silver  nitrate  T.S.  (limit  of  ddori 
of  barium  chloride  T.S.  (limit  of  snlphatcx). 

"If  one  volume  of  honey  be  diluted  with  one  volume 
of  water,  and  a  portion  of  this  liquid  gradually  mixed 
with  five  volumes  of  absolute  alcohol,  it  should  not  be- 
come more  than  faintly  opalescent  (as  compared  with  the 
rcsei'ved  portion  of  the  solution),  and  should  neither  be- 
come opaque  nor  deposit  a  slimy  substance  on  the  inner 
walls  and  bottom  of  the  test  tube.  And  when  honey  is 
incinerated,  in  small  portions  at  a  time,  in  a  platinum 
crucible,  it  should  not  leave  more  than  0.2  percent,  of 
ash  (absence  of  glv cose  a,ndforeir/ii  inurtjaiiic  .ivhstances). 

"On  boiling  one  part  of  honey  with  five  parts  of 
water,  the  resulting  solution,  when  cold,  should  not  be 
rendered  blue  or  green  on  the  addition  of  iodine  T.S. 
(absence  of  starch)." 

Of  this,  the  Pharmacopeia  provides  a  clarified  form, 
under  the  title  "Mel  Des]nimatvm,  or  Clarified  Honey,'" 
which  is  required  to  respond  to  the  above  tests  and  which 
we  are  directed  to  prepare  as  follows: 

"  Mix  the  honey  intimately  w  ith  tiro  (2)  per  cent,  of  its 
weight  of  paper  pulp,  which  has  been  previously  re- 
duced to  shreds,  thoroughly  washed  and  soaked  in  water, 
and  then  strongly  expressed  and  again  shredded.  Then 
apply  the  heat  of  a  water-batli,  and,  as  long  as  any  scum 
rises  to  the  surface,  carefully  remove  this.  Finally,  add 
enough  distilled  water  to  make  up  the  loss  incurred  by 
evaporation,  strain,  and  mix  the  strained  liquid  with  fiiie 
(5)  per  cent,  of  its  weight  of  glycerin." 

Composition. — Honey  is  a  solution  of  several  sugars  in 
water,  together  with  minute  quantities  of  several  acids 
(lactic,  acetic,  etc.),  coloring  matter,  mucilage,  albu- 
minoids, and  the  odorous  principles.  Occasional  pollen 
cells  are  seen  in  it,  and,  when  old,  crystals  of  sugar.  The 
sugar  of  honey  is  principally  levnlosc,  or  uncrystallizable 
fruit-sugar,  but  dextrose  and  even  sometimes  saccharose, 
orcane-sugar,  are  also  present ;  m««//iY  has  been  observed. 
In  old  honey  these  crystalline  sugars  (which  perhaps  in- 
crease in  it  with  age  at  the  expense  of  the  levulose)  are 
the  cause  of  its  granulating.  The  result  of  six  analyses 
by  K6nig  were:  fruit-sugar,  78. 74 per  cent.  ;  cane-sugar, 
2.69  per  cent. ;  nitrogenous  substances,  1.29  per  cent. ; 
water,  16.13  per  cent.  (Hager). 

Poisonous  substances  are  frequently'  found  in  honey, 
apparently  collected  by  the  bees.  Their  origin  has 
sometimes  been  traced  to  lihododendron  and  other  mem- 
bers of  the  Ericaceo',,  but  no  method  of  detecting  them, 
except  by  eating,  has  been  found.  The  poisoning  is 
usually  mild,  but  numerous  fatal  cases  have  been  re- 
corded. 

Uses. — The  employment  of  honey  as  an  article  of  food 
and  luxury,  as  well  as  a  medicine,  is  of  great  antiquity, 
and  extends  over  nearly  every  temperate  country  on  the 
globe.  In  the  tropics  the  bees  are  less  provident,  and 
honej'  is  not  so  regularly  collected.  But,  in  spite  of  this 
popularity,  honey  has  no  medicinal  value  beyond  that  of 
sugar  or  syrup,  and  can  be  considered  only  a  vehicle  for 
other  medicines.  Partly  as  a  convenience  on  account  of 
its  taste  and  consistence,  and  in  part  from  deference  to 
tradition,  it  has  been  used  in  numerous  preparations;  it 
is  still  official  in  the  Honey  of  Rose  (Mel  Rosce,  U.  S.  P.), 
made  by  mixing  12  parts  of  a  fluid  extract  of  red  rose 
(vehicle,  diluted  alcohol)  with  88  of  honey.  It  is  simply 
a  pleasantly  astringent  vehicle.  Confection  of  rose  con- 
tains twelve  per  cent,  of  honey.  It'.  P.  Bolles. 

HONTHIN  is  a  tasteless  and  odorless  compound  of  tan- 
nin, keratin,  and  albumin,  which  is  said  to  pass  through 
the  stomach  unchanged,  and  to  be  separated  into  its 
constituents  in  the  intestine.  It  is  an  intestinal  astrin- 
gent, is  insoluble  in  water,  and  may  be  given  alone  or 
with  chalk  mixture  for  diarrhoea  or  intestinal  feiTnenta- 
tion  (Reichelt,  Frieser).  W.  A.  Bastedo. 

HOOF-AND-MOUTH    DISEASE— Hoof  an  dm  outh 

disease,  also  known  as  foot-and-mouth  disease,  is  spoken 
of  technically  as  epizootic  aphtha,  and  has  also  been  called 
eczema  eplzootica,  vesicular  aphtha,  vesicular  epizootic 
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and  aphthous  fever ;  among  the  ignorant  tlie  term  mur- 
rain is  sometimes  used. 

In  France  it  is  officially  known  as  fievre  ap/dheuse,  and 
is  also  spoken  of  as  stomatite  aphtheuse  and  coeeite.  The 
Germans  call  it  Maul-  mid  Klamiueuche,  Maulfaule,  Ap- 
thenseuche,  Blaschenkrankheit,  and  Maulweh.  In  Italy  it 
is  known  as  afta  epizootica,  febbra  aftosa,  etc.  In  the  far 
East  it  is  also  found,  being  called  in  Bengalee  Homsa, 
kho<rrea,  khaora,  klwi-alm,  and  other  names ;  in  Thibet  it 
is  known  as  khucliha,  and  in  Singalese  as  kata  lede  and 

Hoof-and-mouth  disease  is  peculiar  to  the  cloven-footed 
domestic  animals,  the  ox,  sheep,  goat  and  swine,  but  may 
be  communicated  by  them  to  the  horse,  dog,  cat,  and 
poultry,  and  also  to  man.  It  is  this  latter  property  that 
renders  it  of  special  interest  to  the  practitioner  of  human 
medicine.  It  may  also  occur  among  wild  ruminants, 
such  as  deer,  buffalo,  camel,  llama,  giraffe,  and  antelope. 

Hoof-and-raouth  disease  in  cattle,  sheep,  and  swine  is 
characterized  by  a  vesicular  eruption  of  the  mucous 
membrane  of  the  mouth  and  under  surface  and  edges  of 
the  tongue,  the  interdigital  space  and  around  the  top  of 
the  foot  at  the  juncture  of  the  hair  and  horn,  followed 
by  ulceration  as  the  vesicles  break,  and  accompanied  by 
high  fever. 

It  is  highly  infectious,  being  disseminated  not  onlj'  by 
the  cohabitation  of  sick  with  healthy  animals,  but  also 
by  manure,  litter,  stable  utensils,  the  clothes  and  boots 
of  attendants  and  veterinary  surgeons,  and  by  cattle  cars. 
Even  driving  healthy  cattle  over  roads  previously  tra- 
versed by  cattle  suffering  from  the  disease  is  sufficient  to 
produce  it  in  the  non-infected  animals. 

Milch  cows  suffering  from  hoof-and-mouth  disease  also 
have  a  vesicular  eruption  upon  the  udder  and  teats,  and 
in  these  cases  the  milk  becomes  a  medium  of  infection. 

Hoof-and-mouth  disease  has  undoubtedly  existed  for 
centuries,  probably  for  the  last  two  thousand  years ;  it 
seems  to  be  a  native  of  "Western  Asia  and  Eastern  Europe, 
and  has  long  been  known  in  India  and  upon  the  steppes 
of  Russia.  As  commerce  between  civilized  nations  in- 
creased and  means  of  communication  developed,  it  spread 
over  Europe  from  the  east  to  the  west  until  now  it  pre- 
vails from  the  Caspian  Sea  to  the  Atlantic  Ocean.  It 
also  exists  in  India,  Ceylon,  Burmah,  and  the  Straits 
Settlements.  With  the  development  of  literature  its  de- 
scription became  more  accurate  and  accounts  of  its  spread 
over  Europe  in  the  seventeenth  and  eighteenth  centuries 
show  it  to  have  prevailed  extensively  in  Italy,  Germany, 
and  Prance.  Toward  the  end  of  the  eighteenth  and  early 
in  the  nineteenth  century  it  reached  Western  Europe,  but 
did  not  gain  access  into  England  until  1839,  and  was  not 
known  in  Denmark  until  1841. 

Hoof-and-mouth  disease  seems  to  be  a  native  of  locali- 
ties in  Eastern  Europe  or  Western  Asia,  and  an  exotic  in 
some  other  countries.  For  example  it  was  imported  into 
Canada  in  1870,  being  introduced  by  two  Shorthorn  cows 
brought  from  Liverpool,  and  appeared  in  localities  in 
New  York  State  and  some  of  the  New  England  States ; 
but  it  does  not  seem  to  have  assumed  a  severe  form  and 
in  a  few  months  entirely  disappeared,  and  to-day  it  does 
not  exist  upon  the  North  American  continent.  Its  be- 
havior in  thus  disappearing  may  be  in  part  due  to  its 
having  been  introduced  in  the  autumn,  and  as  cattle  in 
the  North  are  housed  during  the  winter  months  there  is 
very  little  communication  between  herds;  but  it  may 
also  in  part  be  due  to  its  exotic  character.  The  last  out- 
break in  the  United  States  was  in  the  early  eighties 
(about  1884),  when  some  cattle  imported  from  England 
were  landed  at  Portland,  Me.,  and  driven  to  the  United 
States  quarantine  station  a  short  distance  away.  Soon 
after  a  yoke  of  oxen  was  driven  over  the  same  road 
which  later  developed  hoof-and-mouth  disease,— the  im- 
ported cattle  having  it  when  landed,— and  gave  it  to  the 
owner's  herd ;  but  the  disease  was  soon  suppressed  and 
there  has  been  no  reappearance  of  it  since. 

The  United  States  Bureau  of  Animal  Industry  of  the 
Department  of  Agriculture,  spares  no  pains  to  protect  the 
hve-stock  mterests  of  the  country  from  contagious  animal 
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diseases ;  hence  it  is  unlikely  that  this  malady  will  ever 
secure  a  foothold  here,  owing  to  the  stringent  quarantine 
regulations  imposed  by  the  federal  Government.  Cattle, 
sheep,  swine,  and  other  ruminants  can  be  brought  into 
the  United  States  only  at  points  designated  by  the  De- 
partment of  Agriculture,  the  ports  of  entry  on  the  Atlan- 
tic seaboard  being  only  at  Boston,  New  York,  and  Balti- 
more, near  which  places  quarantine  stations  liave  been 
established.  All  neat  cattle  are  held  at  these  stations  for 
ninety  days,  and  all  sheep  and  swine  for  fifteen  days 
after  landing.  The  reason  for  holding  cattle  longer  is  to 
guard  against  contagious  pleuropneumonia;  the  period 
for  which  the  slieep  and  swine  are  held  is  sufficient  to 
guard  against  all  danger  from  hoof-and-mouth  disease. 
Neat  cattle  also  have  to  be  found  free  from  tuberculosis  as 
determined  by  the  tuberculin  test  before  being  allowed 
to  go  beyond  the  quarantine  station  limits.  Separate 
gates  and  lanes  are  provided  for  entrance  and  exit ;  if, 
therefore,  any  contagious  disease  should  make  its  appear- 
ance, there  would  be  no  danger  of  healthy  animals  becom- 
ing infected  by  being  driven  over  roads  where  sick  ani- 
mals had  previously  been. 

Importers  of  animals  from  England  or  Europe  must 
also  obtain  permits  from  the  Department  of  Agriculture, 
and  furthermore  must  have  affidavits  that  animals  come 
from  localities  free  from  contagious  diseases,  and  do  not 
pass  through  infected  districts  in  transit.  The  collector 
of  the  port  of  entry  is  notified  when  the  animals  arrive, 
and  immediately  turns  them  over  to  the  care  of  the  agent 
of  the  Bureau  of  Animal  Industry  having  charge  of  the 
quarantine  station. 

In  countries  where  hoof-and-mouth  disease  has  pre- 
vailed as  an  epizootic,  the  losses  occasioned  by  it  have 
been  very  great  to  the  farmer  from  a  pecuniary  stand- 
point; not  that  the  mortality  is  very  large,  as  only 
from  one  to  three  per  cent,  of  the  infected  animals  die, 
but  owing  to  the  emaciation  due  to  the  fever,  and  the  in- 
ability to  walk  about  and  eat.  This  loss  is  especially 
heavy  when  cattle  or  sheep  are  being  fed  for  the  sham- 
bles. Animals  nearly  ready  for  the  butcher  in  a  few  days 
lose  all  the  flesh  that  it  has  taken  them  months  to  put  on. 

Neat  cattle  have  the  severest  lesions  in  the  mouth,  as  a, 
rule,  and  have  great  difficulty  in  eating,  although  lame- 
ness may  also  be  present,  while  among  sheep  the  foot  le- 
sions are  usually  the  more  severe  and  they  will  not  walk 
about  in  search  of  food,  but  spend  most  of  their  time 
lying  down. 

In  Great  Britain,  after  its  introduction  in.  1839,  there 
have  been  several  epizootics  of  hoof-and-mouth  disease. 
Professor  Brown  has  classified  them  as  the  ten  great  out- 
breaks, but  it  seems  to  have  been  piettj"-  well  subdued 
there,  as  from  1886  to  1896  only  1.29.5  cattle,  3,673  sheep, 
and  107  swine  have  been  reported  as  having  it,  and  during 
1897  no  authentic  cases  were  reported.  These  results 
have  been  brought  about  onl3'  by  the  most  strenuous 
efforts ;  when  an  outbreak  has  occurred  public  live-stock 
markets  were  closed,  infected  cattle  quarantined,  cars 
and  premises  disinfected,  litter  destroyed,  and  every  pre- 
caution taken  to  check  the  spread  of  tiie  disease.  The  re- 
sults have  amply  justified  the  means  adopted.  Previous 
to  1888  the  occasional  great  outbreaks  assumed  very  large 
proportions.  For  cxumple,  in  1871  there  were  700,000 
cases  among  cattle  in  England  with  7,000  deaths  (one  per 
cent. ),  and  an  equally  bad  outbreak  occured  in  France  at 
the  same  time.  While  it  seems  to  have  been  nearly  eradi- 
cated in  Great  Britain,  epizootic  aphtha  still  prevails  ex- 
tensively on  the  Continent  with  occasional  sudden  in- 
creases, in  spite  of  a  good  sanitary*veterinary  police 
system  in  every  European  country.  For  example,  in 
Belgium,  in  1897,  there  were  3,458  cases  of  hoof-and- 
mouth  disease;  in  1898,  15,553;  in  France  there  were 
1,601  outbreaks  in  1897,  and  in  1898,  9,458;  and  in  Italy 
3,216  cases  in  1897,  and  45,497  in  1898. 

In  Hungary,  in  1896,  573,809  cattle,  178,613  sheep,  and 
83,931  hogs  were  infected,  while  in  1897  it  was  diminished 
to  70,491  cattle,  35,450  sheep,  and  3,758  hogs. 

In  the  pig,  as  in  the  sheep,  the  lesions  are  manifested 
chiefly  on  the  feet,  although  there  may  be  eruptions  on 
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the  snout  and  free  borders  of  the  lips.  Sows  suckling 
young  may  have  an  eruption  on  the  mamma;  and  teats, 
but  in  the  sow  and  ewe  this  is  not  so  frequent  as  in  the 
cow.  Young  pigs  infected  through  milk  have  the  mouth 
and  intestinal  lesions,  and  in  a  severe  foim. 

The  period  of  development  from  the  time  of  exposure 
is  short,  usually  from  three  to  eight  days ;  but  it  may  not 
appear  in  rare  instances,  it  is  said,  for  from  two  to  three 
weeks. 

When  there  are  no  complications,  siich  as  sloughing  of 
the  feet  as  seen  in  very  severe  cases,  the  disease  in  cattle, 
sheep,  and  swine  runs  a  course  of  from  ten  to  twenty 
days. 

In  other  animals  the  symptoms  are  somewhat  the  same, 
viz.,  vesicles  followed  by  ulcei-ations  either  on  the  feet  or 
in  the  mouth ;  but  other  domestic  animals  do  not  seem  to 
be  very  susceptible.  The  horse  shows  lesions  in  the 
mouth,  but  only  as  a  result  of  licking  infected  cattle  or 
drinking  or  eating  from  buckets  or  troughs  which  dis- 
eased creatures  have  used.  Dogs,  cats,  and  rabbits  may 
have  the  disease,  but  it  is  said  to  be  infrequent,  and,  in 
the  dog  and  cat,  is  the  result  of  their  being  kept  in  the 
stable  with  infected  ruminants  or  swine,  or  of  their  drink- 
ing milk  from  cows  with  udder  lesions. 

It  is  said  to  be  rare  in  poultry  and  birds ;  when  it  occurs 
there  may  be  vesicles  or  sores  on  the  feet  and  legs,  or  in 
the  mouth  and  upon  the  comb. 

Hoof-and-mouth  disease  may  occur  in  the  human  fam- 
ily. Among  adults,  attendants  of  cattle,  veterinary  sur- 
geons, butchers,  and  drovers  are  most  exposed.  It  may 
be  acquired  from  diseased  animals,  and  occasionally  it  is 
possible  for  one  person  to  infect  another.  Among  in- 
fants it  may  be  caused  by  drinking  uncooked  milk  from 
cows  having  the  vesicles  of  epizootic  aphtha  on  the 
udder;  it  is  also  said  that  fresh  butter,  fresh  cheese,  and 
whey  can  convey  the  germs  of  the  disease. 

The  period  of  incubation  is  quite  short,  especially  when 
conveyed  bj'  milk,  in  which  case  it  is  only  from  twelve  to 
twenty -four  hours  before  symptoms  appear. 

In  infants  the  disease  is  not  Infrequently  fatal.  The 
symptoms  consist  of  fever,  headache  or  dizziness,  con- 
junctivitis, an  eruption  on  the  face  or  around  the  mouth, 
and  vesicles  in  the  mouth,  and  among  milkers  there  may 
be  sores  on  the  tips  of  the  fingers  around  the  finger  nails 
(there  may  even  be  sloughing  of  the  nails),  or  in  the  spaces 
between  the  fingers.  When  vesicles  develop  in  the 
pharynx  they  cause  great  difliculty  in  swallowing ;  there 
may  also  be  vomiting  and  diarrhcea  when  the  infection 
takes  place  through  milk,  and  in  the  case  of  infants  and 
small  children  the  disease  may  then  end  in  death.  Recov- 
ery usually  takes  place  in  ten  or  twelve  days.  Among 
animals  it  is  said  that  one  attack  does  not  always  secure 
immunity  from  another.  Meat  from  animals  suffering 
with  epizootic  aphtha  has  never  been  found  to  be  infec- 
tious. 

Etiology. — Hoof-and-mouth  disease  is  undoubtedly  a 
germ  disease — both  clinical  and  experimental  evidence  in- 
dicate this,— but  the  specific  organism  which  produces  it 
remains  to  be  discovered.  There  are  other  diseases  which 
we  believe  to  be  due  to  a  microscopic  organism  of  some 
description— such,  for  example,  as  rabies,  smallpox,  and 
cowpox, — in  which  the  organism  is  so  minute  or  so  diffi- 
cult to  stain  or  cultivate  that  it  has  hitherto  not  been 
demonstrated,  and  the  bacterium  of  epizootic  aphtha  is 
unquestionably  one  of  this  character.  Nosotti,  Klein, 
Schottelius,  and  Kurth  have  studied  micro-organisms 
found  in  connection  with  the  lesions  of  hoof-and-mouth 
disease,  but  it  does  not  seem  that  the  true  specific  cause 
has  yet  been  discovered. 

The  vitality  of  the  virus  is  not  considered  to  be  usually 
very  great.  Walley  says  that  as  a  rule  the  danger  ceases 
at  the  end  of  thirty  days  after  the  recovery  of  the  last  ani- 
mal, but  instances  are  given  in  which  troughs,  hayracks, 
and  stables  have  caused  fresh  outbreaks  after  the  lapse  of 
several  months.  Therefore,  in  taking  steps  for  the 
eradication  of  the  disease,  thorough  disinfection  of  stables 
and  utensils,  with  destruction  of  all  litter  and  manure, 
cannot  be  too  strictly  enforced. 


The  post- mortem  conditions  found  in  animals  suffering 
from  hoof-and-mouth  disease— in  addition  to  the  lesions  in 
the  mouth  and  around  the  feet,  and  eruptions  on  the  ud- 
der previously  mentioned— consist  of  an  inflammation  of 
the  stomach  and  intestines,  with  perhaps  erosions  of  these 
organs.  Especially  is  this  the  case  in  infants,  pigs,  and 
calves  infected  by  the  use  of  milk  from  diseased  cows. 

The  medicinal  care  of  hoof-and-mouth  disease  consista 
in  treating  the  symptoms  as  they  occur,  by  the  use  of 
antiseptic  washes,  and  by  the  application  of  dusting 
powders  to  the  ulcerations.  The  food  should  be  soft  and 
of  an  easily  digested  character.  Large  flocks  of  sheep, 
where  it  is  impossible  to  attend  to  each  individual  case, 
are  sometimes  treated,  when  the  foot  lesions  predominate, 
by  driving  the  entire  flock  daily  through  a  long  wooden 
trough  containing  some  antiseptic  drying  powder. 

Hoof-and-mouth  disease  may  be  confounded  with  other 
diseases  if  care  is  not  exercised  in  making  a  diagnosis, 
such  as  foot  root  in  cattle  or  sheep,  cowpox,  and  poison- 
ing with  corrosive  agents. 

In  1884  there  was  an  enzootic  of  ergot  poisoning  among 
cattle  in  Kansas  which  was  mistaken  at  first  for  an  out- 
break of  hoof-and-mouth  disease  (pide  first  annual  report 
of  the  United  States  Bureau  of  Animal  Industry,  1884). 

The  horse  suffers  at  times  from  a  contagious  stomatitis 
which  is  known  as  stomatitis  piistulosa  contagiosa,  and 
which  has  been  mistaken  for  epizootic  aphtha.  This  dis- 
ease is  not  rare  in  the  Eastern  United  States,  while  hoof- 
and-mouth  disease,  it  must  be  remembered,  does  not  exist 
on  this  continent.  The  contagious  stomatitis  of  the  horse- 
is  readily  communicated  from  one  to  another,  but  is  not 
serious  and  soon  disappears  from  a  stable.  It  is  charac- 
terized by  the  formation,  inside  the  cheeks  and  lips,  of 
numerous  little  vesicles  which  break  in  a  few  days,  leav- 
ing small  superficial  ulcers  which  soon  heal. 

More  extended  information  on  hoof-and-mouth  dis- 
ease may  be  obtained  by  referring  to  the  first  edition  of 
the  Reference  Handbook  op  the  Medical  Sciences, 
Walley's  "Four  Bovine  Scourges,"  Fleming's  "Veteri- 
nary Science  and  Police,"  Williams'  "Theory  and  Prac- 
tice of  Veterinary  Medicine,"  Hayes'  translation  of  Fried- 
berger  and  FrOhner's  "Veterinary  Pathology,"  and  the 
annual  reports  of  the  United  States  Bureau  of  Animal 
Industry.  Atistin  Peters. 

HOPS.— HuMULUs  LuPULUs.  The  carefully  dried 
strobiles  of  Hinmihis  LupuhiS  L.  (fam.  Moracem  ["  Urti- 
cacecp,"  U.  S.  P.]),  bearing  the  whole  of  their  natural 
glandular  coating.  The  hop  vine  is  a  twining  perennial, 
with  a  thick-branched  root,  from  which  several  long, 
slender,  herbaceous,  but  tough  and  rough  hairy  cylindri- 
cal stems  arise. 

Desckiption. — Ovoid-cylindrical,  about  3  cm.  (a  little 
more  than  an  inch)  long,  consisting  of  a  thin,  hairy,  flex- 
uous  rachis  and  many  obliquely  ovate,  blunt,  membra- 
naceous, rigid,  glandular  scales,  which  are  parallel- veined 
below,  reticulately  veined  above  and  each  bearing  a  glo- 
boidal  akene  near  the  base;  color  of  scales  yellowish- 
green  to  greenish  pale-brown,  free  from  reddish  or  brown 
spots ;  odor  strongly  and  peculiarly  aromatic ;  taste  bit- 
ter, pungently  aromatic,  slightly  astringent. 

Since  the  glandular  coating  (LupuUn)  referred  to  in  the 
definition  contains  the  most  of  the  active  constituents,  it 
should  be  present  in  normal  amount,  but  much  of  the 
hops  of  the  market  have  been  deprived  of  a  part  of  it 
by  abrasion.  Such  hops  are  apt  to  be  much  broken,  and 
are  commonly  pressed  into  cakes  to  conceal  this  appear- 
ance. 

Good  hops  should  be  not  much  broken,  and  fresh. 
They  are  then  of  a  rich,  slightly  yellowish  or  brownish 
green.  When  distinctly  brown  and  dull,  and  especially 
shrivelled,  they  are  stale  and  their  composition  is  not  the 
same. 

The  hop  is  a  native  of  the  temperate  parts  of  the  Old 
"World — Europe  and  Asia — and  grows  in  many  places  in 
the  United  States  apparently  wild,  but  probably  intro- 
duced. It  has  been  cultivated  since  the  middle  ages  in 
Europe,  and  is  now  grown  in  nearly  all  temperate  coun- 
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tries.     England  and  the  United  States  produce  it  abun- 
dantly, and  of  excellent  quality. 

The  medicinal  consumption  of  hops  is  comparatively 
small,  and  an  unimportant  item  of  the  immense  demand 


Fig.  2706. -Hop  Plant  in  Fruit.     (Baillon.) 

for  them,  mainly  for  flavoring  ales  and  beers,  which  con- 
sumes many  millions  of  pounds  annually. 

Composition, — The  entire  hop,  that  is,  inclusive  of  the 
lupulin,  contains  the  following  substances:  Nearly  one 

per  cent,  of 
volatile  oil,  of 
a  greenish-yel- 
low color,  be- 
comingbrown- 
ish  with  age, 
and  of  a  spe- 
cific gravity  of 
.855  to  .880. 
It  becomes  at 
least  partly 
converted  into 
isovaleric  acid. 
A  very  small 
amount  of  the 
intensely  bit- 
ter Ivpamario 
acid  (CjjHaB- 
O4),  which  is 
soluble  in  alco- 
hol or  a  mix- 
ture of  alcohol 
and  water. 
Resin,  up  to 
fifteen  or 
eighteen  per 
cent. ;  tannin 
two  to  four  per 
cent.  Small 
amounts  of  asparagin  and  cholin.  Not  more  than  ten 
per  cent,  of  ash  is  allowable  upon  incineration.  Accord- 
ing to  their  staleness,  more  or  less  phlobaphene  may  be 
present,  at  the  expense  of  the  disappearing  tannin. 
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Fig.  3707.— Hop  Plant.  0,  Cone;  6,  fructiferous 
bractlet;  c,  fruit  enlarged;  d,  the  same  in 
longitudinal  section. 


Action  and  Use.— Although  used  in  many  diseases 
with  asserted  benefit,  but  little  can  be  said  of  hops  more 
than  that  they  are  a  mild  bitter  tonic  and  (especially 
lupulin)  a  feeble  hypnotic  and  antispasmodic.  In  infu- 
sion they  allay  the  pain  and  spasm  of  vesical  catarrh, 
and  improve  the  appetite  and  digestion.  As  an  ingre- 
dient of  beers  they  add  a  tonic,  and  perhaps  diuretic, 
effect  to  that  of  the  alcohol  in  those  beverages.  The 
dose  is  1  to  4  gm.  (gr.  xv.-lx.).  The  Pharmacopoeia 
provides,  besides  lupulin  and  its  preparations,  a  twenty- 
per-cent.  tincture,  the  dose  of  which  is  4  to  8  c.c.  (fl  3  i.-ij.) 
and  which  is  probably  the  best  form  of  administration. 

Henry  li.  Rusby. 

HOREHOUND.— Maredbium.  "  The  dried  leaves  and 
tops  of  Marrubimii  ndgare  L.  (fam,  Ijifnntii')  "  (U.S.  P.), 
but  will  probably  be  dropped  from  the  next  edition. 

Description. -^Leaves  opposite,  exstipulate,  shortly 
and  broadly  petioled,  the  blades  2  to  4  cm.  (1  to  If 
in.)  long,  roundish-ovate,  truncate  or  subcordate  at 
the  base,  obtuse,  strongly  rugose-veiny,  more  or  less 
white-hairy,  especially  underneath ;  stems  quadrangular, 
densely  white-hairy;  flowers  in  dense,  axillary,  white- 
wooly  whorls;  calyx  tubular,  five-  to  ten-nerved,  with 
ten  almost  equal,  erect -.spreading,  pungent  teeth;  corolla 
whitish,  bilabiate ;  stamens  didynamous ;  fruit  of  four 
ovoid,  obtuse,  smooth  nutlets;  aromatic  and  bitter. 

A  spurious  marrubiumis  sometimes  sold,  having  leaves 
of  about  half  the  size,  thinner,  less  rugose  and  five  of  the 
calyx  teeth  much  smaller  or  wanting. 

Horeliound  is  a  European  herb  which  has  been  intro- 
duced into  this  country,  and  in  many  places  has  escaped 
from  old-fashioned  country  gardens  to  meadows  and 
moist  waste-places.  Its  woolly  aspect  and  bitter  odor 
and  taste,  combined  with  its  characteristic  labiate  flowers 
and  quadrangular  stems,  make  it  easily  recognizable.  It 
is  also  a  native  of  Western  Asia  and  Northern  Africa. 

The  use  of  horehound  dates  from  the  ancient  Romans, 
or  even  farther  back.  It  has  been  a  popular  febrifuge 
and  aromatic  bitter  tonic  in  many  countries.  The  leaves 
and  tops,  of  the  plant  should  be  collected  for  use  when  it 
is  in  full  bloom,  and  before  the  former  have  become  old 
and  dry ;  they  are  dried  without  heat,  and  should  be  pre- 
served in  dry  boxes  or  drawers. 

The  most  important  constituent  Is  the  crystalline,  neu- 
tral, bitter  substance,  mamibiin.  There  are,  besides,  a 
little  resin,  a  little  essential  oil,  tannin,  and  a  considerable 
amount  of  alkaline  and  earthy  salts. 

Horehound  was  formerly  prized  as  a  febrifuge  and 
antispasmodic,  and  used  in  numerous  obscure  diseases 
(hepatic,  uterine,  etc.),  and  in  intermittent  fever.  It  was 
also  used  for  the  only  conditions  for  which  it  can  be  said 
to  have  any  value,  and  for  which  it  is  still  a  little  em- 
ployed, viz.,  dyspepsia  and  debility.  When  a  stomachic 
and  bitter  tonic  is  indicated,  a  talilespoonful  or  two  (15 
to  30  gm.  =  I  ss.  ad  §  i.)  of  an  infusion,  made  in  the 
usual  way,  strength  one-tenth,  is  a  tonic  dose. 

W.  P.  Bolles. 

HORN'S  SPRING.— Wilson  County,  Tennessee. 

Post-Office. — Lebanon.    Hotel. 

Access.  —Via  Nashville,  Chattanooga  and  St.  Louis,  or 
Nashville  and  Knoxville  Railroad,  to  Lebanon,  thirty 
miles  northeast  of  Nashville ;  thence  five  miles  west  to 
springs.  Conveyances  meet  all  trains.  The  location  of 
Horn's  Springs  is  somewhat  elevated  and  characterized 
during  the  summer  months  by  refreshing  breezes.  A 
comfortable  new  hotel  has  recently  been  built,  and  is 
]<ept  open  all  the  year  round,  The  springs  are  eight  in 
number.  According  to  an  analysis  made  by  Professors 
Safford  and  Summers,  of  Vanderbilt  University,  one  of 
the  springs  contains  the  following  chemical  ingredients: 


Calcium  carbonate. 
Magnesium  carbonate. 
Iron  carbonate. 
Potassium  carbonate. 
Siidtum  sulpbate. 
Magnesium  sulphate. 
Calcium  sulphate. 


Sodium  chloride. 
Phosphoric  acid. 
SUleic  acid. 
Carbonic  acid. 
Sulphureted  hydrogen. 
Organic  matter  (trace). 
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This  may  be  taken  as  a  type  of  all  the  springs,  which, 
as  we  are  informed,  contain  much  iron  and  have  decidedly 
purgative  effects,  resembling  to  some  extent  the  water  of 
the  Crab  Orchard  Springs  of  Kentucky.  The  waters  of 
Horn's  Springs  have  an  extensive  reputation  in  Tennes- 
see, and  the  contents  show  that  they  may  be  useful  in 
conditions  of  the  system  requiring  an  alkaline  regimen, 
a  ferruginous  tonic,  or  a  mildly  stimulating  cathartic. 

James  K.  Crook. 

HORSERADISH.— Armoracia.  The  root  of  Boripa 
Armwacia  (L.)  Hitchcock  {GoMearia  Armoracia  L., 
Nasturtium  Armwacia  Pries.,  fam.  Orncifera).  As  a 
drug,  the  fresh  root  is  always  understood,  and  is  official 


Fig.  2708.— Horseradjsli  Plant  and  Root. 

in  the  British  Pharmacopeia.  The  fresh  leaves  and  herb 
are  official  in  Germany  and  France.  This  well-known 
plant  is  a  native  of  Eastern  and  Northern  Europe,  but  it 
has  been  cultivated  so  long  in  other  parts  of  the  world 
that  it  occurs  in  a  half  wild  state  in  many  temperate 
countries.  Its  truly  wild  form  is  not  known  with  cer- 
tainty, and  it  does  not  readily  perfect  its  seeds ;  but  its 
roots  are  very  tenacious  of  life,  and  make  it,  m  localities 
favorable  to  its  growth,  difficult  to  eradicate. 

Horseradish  root  is  from  1  to  3  cm.  or  more  (i  to  U 
in  )  in  diameter,  and  from  0,5  to  1  metre  or  more  long; 
it 'is  in  cylindrical  or  slightly  tapering  pieces,  with  a 
large  anuulated  and  sometimes  branched  crown,  gener- 
alll  broken  in  digging  while  still  thick,  20  or  30  cm.  from 
the^top,  but  sometimis  much  longer  and  then  dividing 
into  three  or  four  long,  tapering  branches,  or  else  arising 
from  a  thick  horizontal  axis  nearly  or  quite  as  large 
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as  the  vertical  one.  Other  pieces  are  of  the  smaller 
branches,  or  of  the  sucker-like  horizontal  portion.  It  is 
brownish-yellow  outside  and  white  within,  rather  too 
hard  to  be  easily  cut  with  a  table-knife,  but  soft  enough 
to  bo  rapidly  rasped  or  grated.  When  cut  or  grated,  a 
pungent,  peculiar  odor  is  developed,  which  disappears 
upon  drying  or  by  heat;  taste  sharp  and  peppery,  also 
disappearing  with  age  and  desiccation.  Horseradish 
root  and  aconite  root  have  more  than  once  been  stupidly 
confounded  with  each  other,  even  with  fatal  result. 
They  have  no  resemblance  whatever  excepting  their 
pungent  taste.,     (See  Aconite.) 

The  deadly  poke-root  has  also  been  fatally  mistaken 
for  horseradish. 

Composition. — The  root  appears  to  contain  sinigrin 
(myronate  of  potassium)  &nA  a  ferment,  myrosin  (?),  ca- 
pable of  forming  with  the  sinigrin  an  oil  identical  with 
that  of  mustard,  viz.,  sulphocyanide  of  allyl.  The  odor 
and  taste  of  this  oil  are  not  developed  until  the  root  has 
been  crushed  or  grated,  or  treated  with  water.  By  these 
means  these  substances,  which  are  prevented  from  react- 
ing upon  each  other  in  the  whole  or  dry  tissues,  are 
brought  together.  If  the  root  is  extracted  with  alcohol, 
or  if  it  is  dried,  no  oil  is  obtained ;  but  it  can  then  even 
be  produced  by  adding  the  ferment  of  white  mustard 
and  water.  The  composition  is  thus  essentially  that  of 
black  mustard.  The  leaves  also  contain  a  sulphureted 
oil  said  to  be  milder  than,  and  not  identical  with,  that  of 
mustard. 

Action  and  Use. — Essentially  that  of  mustard,  to 
which  the  reader  is  referred.  Locally  it  is  rubefacient, 
and  even  vesicant ;  internally,  an  aromatic  and  stomachic ; ' 
in  concentrated  form,  an  irritant.  Its  long-continued  use 
as  a  condiment  and  flavor  is  justified  by  these  properties. 
In  former  times  it  was  used  in  scurvy,  for  which  it  is 
valuable,  and  for  gout,  rheumatism,  asthma,  etc.,  for 
which  it  is  useless. 

Administration.— Horseradish  is  rarely  used  as  a 
medicine  in  this  country,  but  if  desired  as  an  aromatic  the 
British  compound  spirit  offers  it  in  an  acceptable  form : 

"  Horseradish  root,  scraped 30  ounces. 

Bitter  orange-peel 20  ounces. 

Nutmeg i  ounce. 

Proof  spirit 1  gallon. 

Water 3  pints. 

"  Mix  and  distil  a  gallon.     Dose,  1  to  2  lluidrachms." 

11'.  P.  BolUs. 

HOSPITAL  SHIPS  OF  THE  UNITED  STATES 
ARMY.— It  was  appreciated  very  early  in  the  spring  of 
1898,  by  the  Medical  Department  of  the  Army,  in  antici- 
pation of  the  casualties  to  be  expected  in  the  war  with 
Spain,  that  provision  must  be  made  for  moving  the  sick 
and  disabled  at  sea. 

Of  the  many  ships  chartered  or  purchased  for  the  trans- 
port service  of  the  army  none  was  considered  suitable 
for  hospital  purposes. 

On  April  15th,  1898,  the  Surgeon-General  of  the  Army 
appUed  for  a  ship  to.  be.  used  as  a  hospital  ship.  After 
many  vessels  had  been  inspected,  cattle  ships,  transports, 
and  others,  he  recommended  the  purchase  of  the  John 
Englis  as  being  a  suitable  vessel  for  the  purpose  in  view. 
It  was  his  intention  to  fit  her  up  as  a  floating  hospital  for 
the  care  of  disabled  soldiers  at  any  point  on  the  Cuban 
coast,  to  transport  them,  to  our  own  coast,  and  to  serve 
as  a  medical  supply  depot  for  troops  in  the  field. 

By  direction  of  the  President,  after  considerable  delay, 
the  "vessel  was  purchased  for  this  purpose,  and  was 
turned  over  to  the  Quartermaster  Department  of  the 
Army  to  be  altered  and  fitted  up  for  the  service  required. 
Many  changes  were  found  necessary  and  it  was  not  until 
July' 2d,  1898,  that  she  sailed  from  New  York  for  Cuba, 
named  the  Relief.  This  vessel  wiis  built  by  Roach  Bros., 
in  1896,  was  owned  by  the  ^Maine  Steamship  Company, 
and  was  in  passengx-r  service  from  New  York  to 
Portland,  Me.  She  is  built  of  steel  to  her  main  deck, 
her  superstructure  being  of  wood.     She  is  806  feet  in 
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lengtli,  46  feet  beam,  29  feet  from  kec4  to  mam  deck,  17 
feet  draft,  single  screw,  and  of  13-  to  16-knot  speed  de- 
pending on  conditions.  Her  hull  is  divided  by  lour 
water-tight  bulkheads,  she   is  well  lighted  througliout 


Fig.  3709.— After  Ward  on  Upper  Deck  of  Hospital  Ship  Belief. 


witJi  electricity  and  heated  by  steam.  In  converting  lier 
into  a  hospital  ship  her  superstructure  was  in  the  main 
the  only  portion  taken  for  hospital  purposes.  All,  or 
nearly  all,  of  the  staterooms  were  torn  out  of  the  upper 
and  main  decks,  thus  making  wards  in  the  fore  and  after 
parts  of  the  ship  extending  across  the  whole  vessel. 
Ward  1,  upper  deck,  forward,  was 
68  feet  long,  32  feet  wide  aft,  and 
24  feet  wide  forward,  containing  76 
beds.  "Ward  3,  aft,  on  same  deck, 
was  68  feet  long,  82  feet  wide  for- 
ward, and  24  feet  wide  aft,  and  con- 
tained 62  beds.  In  the  centre  of 
this  ward  was  a  well  or  opening 
through  the  deck  to  the  ward  below. 
The  midship  space  on  this  deck 
contained  the  engine  and  boiler  en- 
closures, and  the  pantry  and  galley 
for  the  sick.  On  the  port  side  were 
staterooms  for  nurses,  messroom, 
water  -  closet,  and  wardmaster's 
rooms.  On  the  starboard  were  the 
dispensary  and  rooms  for  the  en- 
gineers, pantry,  etc. 

On  the  main  deck,  aft,  was  ward 
3,  containing  76  beds.  This  ward 
was  79  feet  long,  28  feet  wide  aft, 
and  38  feet  wide  forward.  On  the 
starboard  side  of  this  ward  was  set 
off  the  operating-room,  24  by  12 
feet.  The  midship  space  was  given 
up  to  messrooms,  galley,  bakery, 
engine  and  boiler  enclosures,  office- 
rooms,  laboratory,  dark  room,  and 
washrooms.  Foi-ward  of  this  was  a 
small  ward  of  80  beds  for  officei-s,  88 
by  24  feet.  A  portion  of  this  space 
was  set  aside  and  enclosed  as  the 
record  office  where  all  records,  etc.,  weie  made  and  kept 
Just  forward  of  this  ward  were  the  quarters  of  the  ship's 
medical  officers,  messroom,  pantry,  staterooms,  bath,  etc 
and  on  this  deck  in  the  forecastle,  the  crew  space 


On  the  lower  deck  was  a  ward  of  46  beds  aft,  just  for- 
ward of  the  "glory  hole, "which  was  given  up  to  the 
ship's  steward's  crew.  Midships  were  coal  bunkers  on 
either  side  of  boiler  and  engine-room  enclosures,  store- 
rooms and  steam  laundry.  Farther 
forward  space  was  given  up  to 
machinery  lor  the  refrigerating 
plant,  carbonating  apparatus,  dis- 
infecting apparatus,  staterooms, 
washrooms,  and  space  for  the  crew, 
with  elevator  and  steering  and 
windlass  engines. 

On  the  orlop  deck  were  the  main 
store-rooms  for  medical,  quarter- 
master, subsistence,  and  ship's 
stores,  and  bunkers  for  coal. 

On  the  hurricane  deck  were  rooms 
for  the  master  and  other  ship's  offi- 
cers, eight  life  boats,  two  steam 
launches,  and  four  life  rafts. 

The  vessel  was  painted  white 
with  a  green  strake  as  is  required 
by  the  articles  of  the  Geneva  Con- 
vention. 

For  her  plans  and  general  ar- 
rangements see  Plate  XXXII.  and 
Figs.  2709  and  2710. 

The  Missouri  was  a  steamship  of 
the  Atlantic  Transport  line,  and  in 
July,  1898,  her  services  with  her 
crew  were  offered  the  Government. 
The  offer  was  accepted  and  the  ves- 
sel was  refitted  for  hospital  work. 
She  is  820  feet  long,  40  feet  beam, 
and  29  feet  6  inches  in  depth,  and 
has  a  speed  of  about  11  knots.  In 
fitting  her  for  hospital  purposes  she  received  a  steam 
laundry,  a  steam  sterilizing  apparatus,  an  ice  and  a  car- 
bonating plant.  This  outfitting  may  be  said  to  have 
been  of  a  temporary  nature,  though  her  equipment  was 
excellent.  After  doing  much  good  work  in  relieving 
the  hospitals  of  Cuba  and  Porto  Rico,  and  later  as  a 


Fig.  2710.— Operating  Room,  Hospital  Ship  Relief. 


floating  hospital  at  Havana,  Cuba,  she  was  finally  pur- 
chased by  the  Government  and  thoroughly  overhauled 
for  duty  in  the  Philippines.  She  sailed  for  ilanila 
in  September,  1899,  with  a  medical  staff  of  four  medi- 
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cal  officers,  two  acting  assistant  surgeons,  two  liospital 
stewards,  seven  acting  hospital  stewards,  forty-seven 
I'rivates  of  the  hospital  corps,  and  eleven  male  contract 
nurses.  She  carried  large  quantities  of  medical  sup- 
plies, and  officers  and  men  as  passengers  for  duty  in 
the  Philippines.  She  did  good  work  in  the  islands,  re- 
turned to  San  Francisco  in  the  winter  of  1900,  and,  her 
services  being  no  longer  needed,  she  was  then  trans- 
ferred to  the  Quartermaster's  Department  for  use  in  the 
transport  services. 

There  was  one  other  hospital  ship  of  short  life  as  such, 
during  the  Spanish-American  War — the  Bay  t'-Hnte,  after- 
ward the  Aid.  She  was  first  fitted  up  hy  the  people  of 
Massachusetts  and  did  good  work  during  the  summer  of 
1898.  She  was  purchased  by  the  Government  but  was 
not  found  satisfactory  for  hospital-ship  purposes.  She 
was  very  small  and  unsuited  for  rough  weather,  and  not 
long  after  her  purchase  was  turned  over  to  the  Quarter- 
master's Department. 

In  the  Santiago  expedition  the  fourth  divisional  field 
hospital  of  the  Fifth  Army  Corps  was  retained  on  board 
the  steamer  Olivette,  which  received  patients  after  the 
battles  about  Santiago,  and  as  an  extemporized  hospital 
ship  did  excellent  and  valuable  work. 

During  the  period  that  hospital  ships  were  used  during 
and  following  the  Spanish- American  War  there  were 
8,370  admissions,  distributed  as  follows: 

Olivette :  Admissions  from  June  14th,  1898,  to  August 
31st,  1898,  regulars  and  civilians,  661 ;  volunteers,  170. 
Total,  831. 

Missouri:  Admissions  from  September  1st,  1898,  to 
February  17th,  1900,  regulars  and  civilians,  1,334;  vol- 
unteers, 703.     Total,  3,037. 

Relief:  Admissions  from  July  1st,  1898,  to  July  31st, 
1901,  regulars  and  civilians,  3,272;  volunteers,  2,230. 
Total,  5,503. 

The  Relief  sailed  on  her  first  outward  voyage  from 
New  York  City  for  Siboney,  Cuba,  carrying  much 
needed  supplies,  arriving  July  7th,  1898.  She  returned 
to  New  York  July  33d,  with  354  patients  and  on  her  second 
and  third  voyages  went  to  Ponce,  Porto  Rico,  returning 
filled  with  sick  which  she  discharged  at  New  York  and 
Philadelphia.  She  then  helped  distribute  patients  from 
Montauk  Point  to  hospitals  in  Boston  and  Philadelphia, 
and  later  made  four  more  trips  to  Cuba  and  Porto  Rico 
bringing  back  each  time  sick  and  convalescents  to  her 
full  capacity.  She  was  then  ordered  to  the  Philippines 
and  after  thorough  repairs  sailed  March  3d,  1899,  for  Ma- 
nila via  the  eastern  route.  She  touched  at  Gibraltar,  Port 
Said,  Perim,  Colombo,  and  Singapore,  arriving  at  Manila 
April  13th,  making  the  fastest  time  ever  made  between 
New  York  and  Manila.  She  remained  in  Manila  Bay 
ten  weeks  as  a  floating  hospital.  On  June  23d  she  sailed 
for  San  Francisco  with  350  patients,  touchmg  at  Naga- 
saki Yokohama,  and  Honolulu  for  coal.  After  arriving 
at  San  Francisco  August  3d,  1899,  it  was  decided  to  send 
her  back  to  the  Philippines  for  work  in  the  islands,  it 
having  been  concluded  that  she  was  not  adapted  to  the 
long  Pacific  vovage.  She  continued  in  service  as  a  hos- 
pital ship,  taking  part  in  the  China  expedition,  until 
July  31st  1901,  when  she  was  finally  abandoned  tor  hospi- 
tal purposes  and  turned  over  to  the  Quarteimasters  De- 
partment for  use  as  an  inter-island  transport  m  the  Phihp- 

^^The  work  done  by  our  hospital  ships  cannot  be  esti- 
mated nor  appreciated  by  mere  statistics  All  cases  it 
may  be  said,  did  well  on  board.  The  clean  cheerful 
surroundings,  the  pure  air,  the  good  food,  freedom  from 
insects  accomplished  marvellous  results.  ..  ^   „„ 

The  work  of  hospital  ships  properly  designated  as 
such  was  almost  all  done  by  the  Relief  and  Mmowi. 
It  was  the  writer's  fortune  to  serve  on  the  former^ 
and  such  knowledge  as  he  may  possess  about  such 
duty  was  gained  by  his  service  on  that  vessel.  In 
the  following  discussion  of  the  subject  of  Hospital 
Ships,  he  is  simply  giving  the  results  of  this  observa- 
tion and  experience,  and  the  conclusions  drawn  there- 
from. 


Paragraph  1633,  Army  Regulations,  1901,  reads; 

"  Hospital  transports,  boats,  and  railway  trains  after 
being  properly  assigned  as  such,  will  be  exclusively  un- 
der the  control  of  the  Medical  Department,  and  will  not 
be  diverted  from  their  special  purposes  by  orders  of  local 
or  department  commanders  or  officers  of  other  staff  corps. " 

It  was  imder  the  provisions  of  this  regulation  that 
Genei-al  Orders,  No.  53,  A.  G.  O.,  dated  May  25th,  1898, 
was  issued. 

"General  Orders,  No.  58,  Headquarters  of  the  Army, 
Adjutant  General's  Office,  AV'ushington,  May  2511i, 
1898.   .   .   . 

"II.  By  direction  of  the  Secretary  of  War,  the  follow- 
ing is  published  for  the  information  and  guidance  of  all 
concerned : 

"  The  steamship  recently  purchased  for  the  use  of  the 
Jlcdical  Department  of  the  Army  as  a  hospital  ship  will 
be  named  the  Relief.  In  accordance  with  the  terms  of 
the  Geneva  Convention  the  Geneva  Cross  flag  will  be  car- 
ried at  the  fore  whenever  the  national  flag  is  flown,  and 
the  neutrality  of  the  vessel  will  at  all  times  be  preserved. 

"No  guns,  ammunition,  or  articles  contraband  of  war, 
except  ccial  or  stores  necessary  for  the  movement  of  the 
vessel,  shall  be  placed  on  board;  nor  shall  the  vessel  be 
used  as  a  transport  for  the  carrying  of  despatches,  officers, 
or  men  not  sick  or  disabled,  other  than  those  belonging 
to  the  Medical  Department. 

"By  Command  of  Major-General  Miles: 

"H.  C.  CORBIN, 

'^Adjutant  General." 

The  articles  of  the  Geneva  Convention  which  concern 
tlie  Marine  are  as  follows: 

"Art.  VI.  The  boats  which,  at  their  own  risk  and 
peril,  during  and  after  an  engagement  jjick  up  the  ship- 
wrecked or  wounded,  or  which  having  picked  them  up, 
convey  them  on  board  a  neutral  or  hospital  ship,  shall 
enjoy,  until  the  accomplishment  of  their  mission,  the 
character  of  neutrality,  as  far  as  the  circumstances  of  the 
engagement  and  the  position  of  the  ships  engaged  \vill 
permit. 

"  The  appreciation  of  these  circumstances  is  entrusted 
to  the  humanity  of  all  the  combatants.  The  wrecked 
and  wounded  thus  picked  up  and  saved  must  not  serve 
again  during  the  continuance  of  the  war. 

"Art.  VII.  The  religious,  medical,  and  hospital  staff 
of  any  captured  vessel  are  declared  neutral,  and,  on  leav- 
ing the  ship,  may  remove  the  articles  and  surgical  instru- 
ments which  are  their  private  property. 

"  Art.  VIII.  The  staff  designated  in  the  preceding  arti- 
cle must  continue  to  fulfil  their  functions  in  the  captured 
ship,  assisting  in  the  removal  of  the  wounded  made  by 
the  victorious  party ;  they  will  then  be  at  liberty  to  re- 
turn to  their  country,  in  conformity  with  the  second 
paragraph  of  the  first  additional  article. 

"  The  stipulations  of  the  second  additional  article  are 
applicable  to  the  pay  and  allowance  of  the  staff. 

"  Art.  IX.  The  military  hospital  ships  remain  under 
martial  law  in  all  that  concerns  their  stores;  they  become 
the  property  of  the  captor,  but  the  latter  must  not  divert 
them  from  their  special  appropriation  during  the  continu- 
ance of  the  war. 

"  Art.  X.  Any  merchant  ship,  to  whatever  nation  she 
may  belong,  charged  exclusively  with  removal  of  sick 
and  wound'ed,  is  protected  by  neutrality ;  but  the  mere 
fact,  noted  on  the  ship's  books,  of  the  vessel  having  been 
visited  by  an  enemy's  cruiser,  renders  the  sick  and 
wounded  incapable  of  serving  during  the  continuance  of 
the  war.  The  cruiser  shall  even  have  the  right  of  put- 
ting on  board  an  officer  to  accompany  the  convoy,  and 
thus  verify  the  good  faith  of  the  operation. 

"  If  the  merchant  ship  also  carries  a  cargo,  her  neutral- 
ity will  still  protect  it,  provided  that  such  cargo  is  not 
of  a  nature  to  be  confiscated  by  the  belligerents. 

"  The  belligerents  retain  the  right  to  interdict  neutral- 
ized vessels  from    all  communication,   and  from    any 
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course  which  they  may  deem  prejudicial  to  the  secrecy 
of  their  operations.  In  urgent  cases  special  conventions 
may  he  entered  into  between  commanders-in-chiet,  in 
order  to  neutralize  temporarily  and  in  a  special  manner 
the  vessels  Intended  for  the  removal  of  the  sick  and 

wounded.  ,      ,,.  v, 

"  Art  XI.  Wounded  or  sick  sailors  and  soldiers,  when 
embarked,  to  whatever  nation  they  may  belong,  shall  be 
protected  and  taken  care  of  by  their  captors. 

"Their  return  to  their  own  country  is  subject  to  the 
provisions  of  Article  VI.  of  the  Convention,  and  of  the 
additional  Article  V.  ,      .^,    ^, 

"Art.  XII.  The  distinctive  flag  to  be  used  with  the 
national  flag,  in  order  to  indicate  any  vessel  or  boat 
which  may  claim  the  benefits  of  neutrality,  in  virtue  of 
the  principles  of  this  Convention,  is  a  white  flag  with 
a  red  cross.  The  belligerents  may  exercise  in  this  respect 
any  mode  of  verification  which  they  may  deem  necessary. 

"Military  hospital  ships  shall  be  distinguished  by  being 
painted  white  outside,  with  green  strake. 

"Art.  XIII.  The  hospital  ships  which  are  equipped 
at  the  expense  of  the  aid  societies,  recognized  by  the 
governments  signing  this  Convention,  and  which  are 
furnished  with  a  commission  emanating  from  the  sover- 
eign, who  shall  have  given  express  authority  for  their 
being  fitted  out  and  on  their  final  departure,  and  that 
they  were  then  appropriated  solely  to  the  purpose  of 
their  mission,  shall  be  considered  neutral,  as  well  as  the 
whole  of  their  staff.  They  shall  be  recognized  and  pro- 
tected by  the  belligerents. 

"  They  shall  make  themselves  known  by  hoisting,  to- 
gether with  their  national  flag,  the  white  flag  with  a  red 
cross.  The  distinctive  mark  of  their  staff,  while  per- 
forming their  duties,  shall  be  an  armlet  of  the  same 
colors.  The  outer  painting  of  these  hospital  ships  shall 
be  white,  with  red  strake. 

"These  ships  shall  bear  aid  and  assistance  to  the 
wounded  and  wrecked  belligerents,  without  distinction 
of  nationality. 

"  They  must  take  care  not  to  interfere  in  any  way  with 
the  movements  of  the  combatants.  During  and  after  the 
battle  they  must  do  their  duty  at  their  own  risk  and  peril. 

"  The  belligerents  shall  have  the  right  of  controlhng 
and  visiting  them;  they  will  be  at  liberty  to  refuse  their 
assistance,  to  order  them  to  depart,  and  to  detain  them 
if  the  exigencies  of  the  case  require  such  a  step. 

"  The  wounded  and  wrecked  picked  up  by  these  ships 
cannot  be  reclaimed  by  either  of  the  combatants,  and 
they  will  be  required  not  to  serve  during  the  continu- 
ance of  the  war. 

"Art.  XIV.  In  naval  wars  any  strong  presumption 
that  either  belligerent  takes  advantage  of  the  benefits  of 
neutrality,  with  any  other  view  than  the  interest  of  the 
sick  and  wounded,  gives  to  the  other  belligerent,  until 
proof  to  the  contrary,  the  right  of  suspending  the  Con- 
vention, as  regards  such  belligerent, 

"  Should  this  presumption  become  a  certainty,  notice 
may  be  given  to  such  belligerent  that  the  Convention  is 
suspended  with  regard  to  him  during  the  "whole  continu- 
ance of  the  war. 

"Art.  XV.  ...(f)  Hospital  ships  are  required  to 
carry  the  Geneva  cross  flag  at  the  fore  whenever  the  na- 
tional flag  is  flown,  and  their  neutrality  must  at  all  times 
be  preserved.  No  guns,  ammunition,  or  articles  contra- 
band of  war,  except  coal  or  stores  necessary  for  their 
movement,  will  be  placed  on  board,  nor  should  they  be 
used  as  transports  for  carrying  despatches,  officers  or 
men  not  sick  or  disabled,  other  than  those  belonging  to 
the  Medical  Department." 

Under  existing  laws  and  regulations  the  Quartermas- 
ter's Department  is  charged  with  all  matters  of  transpor- 
tation and  all  expenditures  pertaining  to  the  same.  This 
department  therefore  makes  all  alterations  necessary  to 
fit  the  vessel  for  hospital  purposes,  and  provides  the  nee 
essary  force  to  operate  her  at  sea  as  a  steamship.  All 
supplies  necessary  for  such  operations,  fuel,  deck  stores, 
engineers'  supplies,  etc.,  are  furnished  by  this  depart' 
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raent  It  employs  a  master  or  ship's  captain  and  all  the 
crew  of  the  various  departments,  deck,  engineer  s,  and 
steward 's.  These  sign  the  ship 's  articles  and  are  subject 
to  marine  laws  and  regulations.  An  officer  is  detailed  as 
quartermaster  on  board  who  looks  after  all  matters  per- 
taining to  the  quartermaster's  department.  He  submits 
from  time  to  time,  through  the  commanding  oAicct, 
requisitions  for  supplies  and  repairs  to  maintain  the  effi- 
ciency of  the  vessel.  He  acts  as  disbursing  officer  and  is 
furnished  funds  for  the  payment  of  the  employees  of  his 
department  on  board  and  for  such  emergency  purchases 
of  fuel,  stores,  etc.,  as  may  be  necessary.  He  also  keeps 
on  hand  clothing  for  issue  to  enlisted  men  of  the  hospital 
corps  and  others  who  may  be  on  duty  on  board,  and  to 
patients  received  for  treatment.  He  should  make  fre- 
quent inspections  of  the  vessel  and  by  constant  scrutiny 
and  supervision  take  proper  steps  to  keep  the  ship  in 
good  repair.  To  effect  this  he  should  consult  the  chiefs 
of  the  various  ship's  departments  and  require  them  to 
furnish  him  detailed  statements  of  the  needs  of  their  de- 
partments which  he  should  consolidate  and  carefully 
revise  before  submitting  the  same  to  the  commanding 
officer.  Except  in  emergencies  all  estimates  are  sent  to 
the  Superintendent  of  the  Army  Transport  Service  who 
takes  proper  steps  to  make  all  repairs  and  furnish  all 
supplies  pertaining  to  the  Quartermaster's  Department. 
The  regulations  of  the  Army  Transport  Service  are  fol- 
lowed by  the  quartermaster  of  a  hospital  ship  in  so  far 
as  they  do  not  conflict  with  the  regulations  of  the  Medi- 
cal Department  in  its  management  and  control  of  the  ves- 
sel as  a  hospital. 

A  hospital  ship  is  a  general  hospital  afloat ;  as  such  it 
is  under  the  exclusive  control  of  the  Surgeon-General  and 
is  governed  by  such  regulations  as  the  Secretary  of  War 
may  prescribe.  The  surgeon  in  charge  commands  and  is 
not  subject  to  the  orders  of  local  commanders.  As  com- 
manding officer  the  surgeon  in  charge  is  responsible  for 
the  ship  at  all  times.  His  duties  as  commanding  officer 
are  practically  the  same  as  those  of  a  commanding  officer 
of  a  post,  and  in  addition  he  conducts  and  maintains  the 
hospital  department.  He  is  responsible  for  the  proper 
application  and  preservation  of  all  property,  for  the  strict 
enforcement  of  laws  and  regulations,  and  will  satisfy 
himself  that  the  disbursements  of  officers  under  him  in 
charge  of  funds  are  in  accordance  with  laws  and  regula- 
tions and  that  their  accounts  are  correct.  The  command- 
ing officer  should  stud}'  the  regulations  governing  the 
marine  and  be  careful  to  observe  and  conform  to  the  laws 
and  regulations  regarding  quarantine,  pratique,  and  cus- 
toms of  any  port  the  vessel  may  visit.  For  the  proper 
navigation  of  the  vessel  he  looks  to  the  master  of  the  ship 
and  holds  him  responsible  for  the  efficiency  and  discipline 
of  the  crew.  He  should  co-operate  with  the  quartermas- 
ter and  master  in  all  matters  which  tend  toward  the  com- 
fort, safety,  and  efficiency  of  all  on  board.  He  should 
require  frequent  fire  drills  and  make,  with  the  quarter- 
master and  master,  frequent  inspections  of  all  parts  of 
the  vessel. 

The  conducting  of  the  various  departments  of  the  ship, 
deck,  engineer's,  and  steward's  departments,  differs  but 
little,  if  any,  from  the  management  on  any  steamship  in 
passenger  service. 

A  Commissary  Department  is  maintained  on  board  un- 
der the  charge  of  an  officer  designated  as  commissary 
officer.  The  quartermaster  usually  acts  in  this  capacity. 
There  are  kept  on  hand  ample  commissary  supplies,  not 
only  the  components  of  the  ration,  but  a  variety  of  addi- 
tional stores  for  sale  to  those  on  board  and  for  issue  to 
the  sick. 

Early  in  the  Spanish- American  War  the  subsistence  of 
those  on  board  a  hospital  ship  came  from  three  different 
sources.  First,  issues  of  the  ration  to  enlisted  men  serv- 
ing on  board  and  to  the  sick  who  did  not  require  special 
diet.  Second,  all  sick  requiring  special  diet  were  sub- 
sisted by  stores  purchased  in  open  market  by  the  medical 
officer  in  charge,  not  to  exceed  sixty  cents  per  day  per 
man.  Third,  the  subsistence  of  the  ship's  crew  was  pro- 
vided by  the  Quartermaster's  Department;  an  allotment 
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was  made  of  fifty  cents  per  day  for  each  man  and  one 
dollar  per  day  for  each  ship's  officer  and  placed  in  the 
quartermaster's  hands  for  their  subsistence.  For  con- 
venience of_  administration,  there  was  maintained  on  tlie 
Relief  at  this  time  a  hospital  mess  only,  and  the  ship's 
employees  were  considered  as  living  in  this  mess  which 
was  maintained  by  the  medical  department.  The  quar- 
termaster at  the  end  of  each  montli  paid  to  the  medical 
officer  commanding  the  amount  allotted  for  the  subsist- 
ence of  his  employees,  and  this  amo\mt  was  accounted 
for  on  the  hospital  fund  statement. 

Later  the  subsistence  of  all  on  board  was  placed  in  tlie 
hands  of  the  subsistence  department.  The  employees 
were  subsisted  from  supplies  purchased  by  the  commis- 
sary officer  not  to  exceed  a  fixed  amount;  a  hosiaital 
mess  was  maintained  for  enlisted  men  on  duty  and  the 
sick,  and  rations  were  issued  for  all  these  except  such  of 
the  sick  as  required  special  diet.  For  these  an  allowance 
of  forty  cents  per  day  was  made,  to  be  expended  as  pro- 
vided in  Army  Regulations,  1393,  1393,  and  1395: 

"  Par.  1392.  The  medical  officer  in  charge  of  a  general 
post,  or  camp,  hospital  ship,  or  transport,  carrying  pa- 
tients, is  authorized  to  purchase,  under  the  laws  and 
regulations  relating  to  purchases  of  subsistence  stores, 
such  articles  of  food,  both  solid  and  liquid,  not  carried  in 
stock  by  the  subsistence  officer  who  issues  rations  to  the 
hospital,  and  to  call  upon  such  subsistence  officer  for  the 
issue  of  such  quantities  of  articles  from  the  stock  already 
on  hand  as,  in  the  judgment  of  the  medical  officer,  are 
required  for  the  diet  of  enlisted  patients  under  his  charge 
who  are  too  sick  to  be  subsisted  on  the  ration  as  ordinarily 
issued;  the  total  combined  money  value  of  the  stores 
hereby  authorized  to  be  purchased  and  issued  as  above 
in  any  month  not  to  exceed  the  rate,  calculated  on  the 
month's  transactions,  of  forty  cents  per  man  per  day  for 
those  actually  requiring  special  diet.  Subsistence  ofHcers 
are  authorized  to  pay  all  duly  certified  hills  of  purchases 
made  by  medical  officers  under  the  provisions  of  this 
paragraph,  or  to  make  the  purchases  themselves  at  the 
request  of  the  medical  officers,  and  to  make  issues  for 
special  diet  hereunder  from  stores  on  hand  at  their  re- 
quest, provided  that  the  rate  of  forty  cents  per  man  per 
day  for  those  enlisted  men  actually  requiring  special  diet 
is  not  exceeded  in  any  month." 

"  Par.  1898.  When  a  ration  has  been  drawn  by  the  hos- 
pital for  an  enlisted  patient  for  a  ration  period  and  it 
becomes  necessary  during  that  period  to  put  him  upon 
special  diet,  due  deductions  will  be  made  by  the  surgeon 
in  charge  on  the  next  ration  return  of  the  hospital  for  the 
rations  unused  by  him ;  and,  reciprocally,  when  a  patient 
on  special  diet  has  been  restored  in  a  ration  period  to  regu- 
lar diet,  the  necessary  additions  will  be  made  on  the  next 
ration  return  of  the  hospital  for  the  rations  used  by 
him.  The  object  of  this  rule  is  to  prevent  the  hospital 
from  having  the  benefit  of  the  rations  of  enlisted  men 
for  the  period  they  may  be  put  upon  special  diet,  and  to 
give  the  benefit  of  an  issue  of  rations  where  men  have 
been  restored  to  regular  diet  when  rations  had  not  been 
drawn  for  them." 

"Par.  1395.  The  formation  of  a  hospital  fund  from 
articles  purchased  for  special  diet  for  enlisted  men  too 
sick  to  use  the  army  ration,  or  the  application  of  such 
articles  to  uses  other  than  those  for  which  intended,  is 
prohibited.  Such  articles  will,  as  far  as  practicable,  be 
procured  in  quantities  sufficient  for  the  needs  of  specific 
patients  only,  and  no  large  accumulations  will  be  made. 
Nothing  in  this  regulation  will  be  construed  to  prevent 
the  maintenance  of  a  hospital  fund  from  savings  of  the 
rations  of  the  hospital  cOrps,  and  the  patients  who  do  not 
require  special  diet. "  .  i,      j 

The  duties  of  quartermaster  and  commissary  on  board 
may  satisfactorily  be  performed  by  an  experienced  medi- 
cal officer  who  can  otherwise  materially  assist  the  com- 
manding officer.  „       .  ,  ,  1 .        1, 

The  Medical  Department  furnishes  and  supplies  a  hos- 
pital ship  the  same  as  it  would  a  general  hospital  on 
shore     It  causes  to  be  detailed  a  medical  officer  pom- 


manding,  and  medical  officers  to  assist  him  in  its  admin- 
istration. It  details  a  suitable  number  of  hospital  stew- 
ards, privates  of  the  hospital  corps,  and  nurses,  male  or 
female  as  may  be  required,  and  employs  such  civilians  as 
may  be  necessary  as  mess  stewards,  mess  men,  cabin 
boys,  cooks,  laundrymen,  etc.  The  commanding  officer 
has  placed  at  his  disposal  funds  for  the  payment  of  the 
employees  of  the  department  and  the  purchase  of  such 
medical  and  hospital  supplies  as  may  be  necessary.  For 
these  funds  he  is  personally  accountable  and  must  sub- 
mit his  accounts  each  month  to  the  Treasury  Department 
through  the  Surgeon-General.  The  ship  is  provided  with 
medical  supplies  of  every  description  for  her  own  hospi- 
tal needs,  and  stores  in  abundance  in  excess  of  these,  for 
issue  from  time  to  time  to  shore  stations,  or  transports, 
etc.,  where  supplies  may  be  needed. 

The  lielief  was  fitted  up  with  double  bunks,  one  above 
the  other,  with  felt  mattresses  and  woven-wire  bottoms 
fastened  to  tubular  bent  iron  frames,  enamelled  white. 
Tliese  were  secured  to  the  deck  and  arranged  end  to  end 
lengthwise  of  the  ward  with  suitable  aisle  spaces.  Each 
bed  was  supplied  with  side  rails  of  maple,  about  three 
inches  wide,  fastened  by  clips  and  bolts  to  liead  and  foot 
for  rolling  boards.  One  of  these  was  never  removed ;  the 
other  was  used  only  in  rough  weather,  being  detached  for 
convenience  in  handling  the  patient  at  other  times. 
Swinging  cots  were  not  used  on  board,  but  it  is  believed 
that  a  certain  number  swung  on  gimbal  joints  would 
prove  very  satisfactory  for  very  severe  cases.  Each 
ward  had  one  or  more  bathtubs  and  wash  basins  fitted 
with  "  Gagenstrom  "  plumbing  fixtures  for  both  fresh  and 
salt  water,  heated  by  steam,  with  shower,  etc. ,  the  tubs 
curtained  off  by  canvas  screens  suspended  from  the  ceil- 
ing. Portable  tubs  on  wheels  were  also  supplied,  but 
usually  patients  were  carried  to  the  ^\'ard  tub  when 
necessary.  Each  tub  fixture  was  supplied  with  a  ther- 
mometer so  that  the  temperature  of  the  water  flowing 
into  the  tub  could  be  accurately  determined  and  con- 
trolled. 

Directly  off  each  ward  were  water-closets  and  urinals 
in  sufficient  number.  All  closets  on  board  ship  should 
be  supplied  with  automatic  flushing  apparatus  or  some 
device  to  insure  the  security  of  the  trap  seals.  In  rough 
weather  the  rolling  of  the  vessel  empties  out  ordinary 
traps  and  permits  soil-pipe  odors  access  to  the  ship. 
Plumbing  connections  should  be  made  of  heavy  rubber 
tubing  in  all  places  where  the  working  of  the  ship  might 
break  the  pipes.  On  the  upper  and  main  decks  of  the 
Belief  vf ere  hoppers,  fore  and  aft,  with  a  salt-water  flush- 
ing supply  pipe  designed  to  receive  dejecta  from  bed 
pans,  slops,  refuse,  etc.  The  outlets  of  these  hoppers 
were  five-inch  pipes  running  clear  of  the  ship  outside, 
down  to  the  water  line.  The  bedding  for  the  sick  was 
that  furnished  shore  hospitals,  good  feather  and  hair  pil- 
lows, woollen  blankets,  sheets  and  pillow  cases.  An 
abundance  of  towels  was  supplied  for  all  needs.  The 
interior  of  the  wards  was  painted  white,  touched  up  with 
gold.  Each  ward  had  many  large  windows  by  means  of 
which  fresh  air  and  light  were  freely  admitted.  On  the 
main  deck  the  ward  floors  were  kept  shellacked.  Floor 
polish  was  tried,  but  did  not  prove  satisfactory  at  sea. 
'Tlie  floors  of  the  upper  wards  were  the  canvas-covered 
decks,  andsti'ipsof  rubber  matting  were  used  in  all  aisles 
and  passageways.  When  the  vessel  first  sailed  her  main 
deck  was  painted  within  and  without,  but  paint  was 
found  to  be  unsatisfactory.  The  decks  were  later 
scraped,  planed,  and  sand-papered;  in  the  wards  they 
were  then  treated  with  sliellac  varnish,  and  the  outer 
decks  were  holystoned.  Interlocking  rubber  tile  floor 
gave  excellent  satisfaction  in  toilet,  bath;  and  operating 
rooms.  'This  comes  in  various  designs  of  shapes  and 
colors,  and  if  well  put  down  is  easily  kept  clean  and 
sanitary.  On  ship  board  when  paint  is  used  it  must  be 
frequently  renewed,  for  chemical  action  is  rapid  both 
from  gases  of  coal  combustion  and  from  the  salt  water. 
Cleansing  and  overhauling  seem  to  be  always  necessary. 
Just  as  a  satisfactory  condition  of  cleanliness  seems  at- 
tained, it  becomes  necessary  to  put  on  coal  and  coal  dust 
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permeates  the  whole  vessel.  At  these  times  windows 
and  port  holes  should  be  kept  closed  to  exclude  all  this 
dirt. 

Each  ward  was  supplied  with  a  white  enamelled  glass 
and  iron  dressing  table  and  a  suitable  outfit  of  instru- 
ments, dressings,  and  appliances  for  ward  treatment. 
Each  bed  was  numbered,  had  a  record  clip  for  the  pa- 
tient's history,  charts,  etc.,  and  had  a  sea-can  secured  by 
its  handle  to  the  rolling  board  conveniently  at  hand  for 
seasickness.  Bach  ward  had  a  small  refrigerator  for  the 
keeping  of  such  articles  as  required  ice  for  preservation 
and  to  keep  cool  drinks  and  beverages  for  the  sick.  A 
ward  table  with  drawers  and  compartments  proved  of 
great  convenience  as  a  place  to  keep  the  various  articles 
needed  in  ward  work. 

In  the  ward  toilet-rooms  were  small  closets  in  which 
was  kept  cleaning  gear,  such  as  mops,  brooms,  brushes, 
cloths,  etc.,  used  in  ward  police;  suitable  racks  were  also 
arranged  for  bed  pans  and  urinals  so  that  they  might  be 
secure  when  not  actually  in  use.  Small  electric  diet 
kitchens  were  installed  in  each  ward  and  proved  valuable 
accessories  to  the  central  diet  kitchen. 

The  operating  room  was  24  by  13  feet,  on  the  main 
deck  next  the  principal  gangway.  It  was  finished  in 
white  enamel  and  was  fully  equipped.  It  was  supplied 
with  an  autoclave,  instrument  and  dressing  cabinets,  irri- 
gating stands,  stands  for  bowls,  bunch  lights  for  night 
work,  an  electric  transformer,  formalin  apparatus,  etc. 
There  was  hot  and  cold  water  distilled  from  the  condens- 
ing apparatus  of  the  ship.  Oil  stoves  were  at  first  used 
for  boiling  water  and  preparation  of  instruments,  but 
later  electric  stoves  were  supplied.  The  usual  outfit  of 
instruments  and  apparatus  was  furnished  and  modern 
surgical  methods  were  strictly  observed ;  the  equipment 
was  complete.  The  operating  tables,  two,  were  secured 
to  the  floor;  the  movements  of  a  vessel  make  it  necessary 
securely  to  fasten  in  some  way  all  loose  objects  when  at 
sea. 

_  A  wheel  litter  was  found  of  service  in  transporting  pa- 
tients from  wards  to  operating  room,  being  more  easily 
managed  than  an  ordinary  litter.  There  was  installed 
near  the  operating  room  a  fine  s-ray  apparatus.  When 
it  was  placed  on  board  it  was  found  impracticable  to  put 
it  in  a  dark  room  because  of  lack  of  space,  so  it  was  avail- 
able for  use  only  at  night.  It  proved  of  great  use  in 
many  cases. 

Very  little  skiagraphy  was  done,  but  the  fluoroscope 
was  used  to  advantage  in  locating  missiles  or  making 
diagnoses,  and  operation  if  indicated  followed. 

There  was  a  small  dark  room  for  photographic  and 
skiagraphic  work  with  the  necessary  supplies  and  equip- 
ment. This  room  was  also  used  for  eye,  ear,  and  throat 
work  when  necessary. 

The  pathological  laboratory  had  a  complete  equipment 
and  much  mteresting  and  valuable  work  was  accom 
phshed.  While  at  sea  it  was  hardly  practicable  to  un- 
dertake more  than  ordinary  clinical  pathological  work 
but  while  serving  as  a  floating  hospital  at  anchor  there 
was  no  limit  to  the  investigations  which  might  be  con- 
ducted. " 

An  ice  plant,  the  ammonia  machine  of  De  La  Verene 
was  installed  on  board  for  the  production  of  ice  and  for 
refrigeration.  It  produced  all  the  ice  required  by  all  on 
board  and  kept  a  large  chill  room  at  proper  temperature 
tor  preservation  of  perishable  food  supplies  While  this 
machine  gave  excellent  satisfaction,  one  wliich  does  not 
require  ammonia,  if  equally  good,  would  be  preferred ' 
On  several  occasions  during  overimuling  and  repairing 
the  fumes  of  ammonia  escaped  to  such  an  extent  as  to 
render  that  portion  of  the  ship  intolerable  A  serious 
accident  occurred  on  the  Bay  State,  afterward  the  Aid 
in  which  the  ammonia  machine  exploded,  killing  one 
man  and  seriously  injuring  about  a  dozen  others  An 
accident  occurring  to  an  ammonia  machine  while  at  sen 
causing  escape  of  the  gas,  might  be  followed  by  most  dis- 
astrous results.  The  use  of  such  machines  is  prohibited 
m  our  naval  vessels,  and  dense  air  machines  are  used 
almost  exclusively.     It  is  hardly  necessary  to  state  that 
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refrigeration  will  not  be  successfully  accomplished  unless 
great  pains  are  taken  to  secure  proper  insulation. 

Having  proper  refrigerating  facilities,  articles  of  food 
can  be  preserved  for  weeks  and  thus  suitable  diet  be  fur- 
nished the  sick  for  extended  periods.     This  is  an  impor- 
tant point  and  must  not  be  overlooked  in  making  prepara- 
tion for  caring  for  large  numbers  of  sick  at  sea.     The  ice 
plant  is  also  of  value  in  ventilating  systems  for  cooling 
when  necessary  air  delivered  to  any  portion  of  the  ship. 
This  was  not  done  on  the  Relief  which  had  no  special 
ventilating  system,  but  on  our  transports  the  ventilating 
system  has  been  so  arranged  that  air  is  furnished  cooled 
by  means  of  the  refrigerating  device.     This  system  has 
not  yet  been  sufficiently  tried  to  warrant  positive  asser- 
tions as  to  its  utility  under  the  varying  conditions  to  be 
met  at  sea.     The  ventilation  on  the  Relief  was  "  natural. " 
There  was  no  system  for  providing  fresh  nor  for  exhaust- 
ing the  vitiated  air.     In  this  respect  the  vessel  was  defec- 
tive.   However,  her  wards  were  all  iu  the  superstructure, 
extending  from  side  to  side  and  had  numerous  large 
windows  opening  on  the  outer  deck.     There  were  also 
hatches  and  openings  in  the  domes  of  the  upper  wards; 
the  lower  ward,  aft,  opened  into  the  ward  above  by  a 
large  well,  an  oval  opening,  above  which  were  hatches 
on  the  hurricane  deck  which  were  always  kept  open.     In 
bad  weather  when  windows,  doors,  and  hatches  had  to 
be  closed  the  air  was  very  poor,  but  fortunately  it  was 
nearly  always  practicable  to  have  openings  on  the  lee- 
ward side  of  the  vessel.     In  the  lower  decks  the  air  was 
never  as  good  as  it  should  have  been.     Small  port-hole 
openings  existed  and  in  good  weather  the  large  cargo 
ports  were  kept  open,  but  in  bad  weather  the  ventilation 
was  very  unsatisfactory.     Much  fresh  air  reached  this 
portion  of  the  ship  by  means  of  ventilating  cowls  on  the 
upper  deck  which  conducted  fresh  air  down  to  the  boiler 
and  engine  rooms.     But  this  was  totally  inadequate.     In 
tropical  waters  and  in   good  weather  when  everything 
could  be  kept  open  there  was  but  little  fault  to  be  found, 
but  in  stormy  weather  it  was  different.     The  system  of 
ventilating  adopted  on  our  transports  could  very  properly 
be  installed  on  our  hospital  ships,  as  was  done  in  the  case 
of  the  Missouri.     This  system  is  worked  by  two  sets  of 
fans,  one  forward,  another  aft,  on  the  spar  deck,  with 
metal  air  ducts  leading  to  all  berth  decks.     These  fans 
are  either  intake  or  exhaust,  as  may  be  required,  and  de- 
liver air  at  the  outside  temperature" or  warmed,  cooled  or 
filtered,  according  to  the  needs  of  the  situation      The 
rated  capacity  of  each  fan  is  25,000  cubic  feet  of  air  per 
minute.     There  is  an  air-cleansing  and  cooling  device  at- 
tached to  the  fan  through  which  when  tested  the  air  cur- 
rent passed  at  a  velocity  of  1,000  feet  per  minute  with  a 
discharge  velocity  at  the  farthermost  point  from  the  fan 
in  the  lower  troop  deck  of  950  feet  per  minute      Such  a 
system,  or  one  similar,  should  be  placed  in  all  hospital 
ships  and  fresh  air  carried  to  every  compartment  and 
store-room  in  the  vessel. 

A  carbonating  apparatus  fully  equipped  was  installed 
on  board  the  Relief  vf-hm  the  vessel  was  fitted  out  and 
gave  great  satisfaction.  Large  quantities  of  carbonated 
water  were  sent  ashore  in  Cuba  and  Porto  Rico  in  ordi- 
nary bottles;  that  for  ship's  consumption  was  put  up 
in  siphon  bottles.  The  distilled  water  made  on  board 
was  charged  at  but  trifling  expense.     All  effervescing 

wa?er'  winf 'f  '•."^*°  P^*'*^"''  ^*  '^^'  '"''^  ^^^^  carbonated 
water  with  fruit  .luires,  or  without,  was  in  great  de- 
mand. The  ce  plant  and  carbonaring  plant  were  on 
the  main  deck  and  were  operated,  as  were  al7  app°" 
unces    or    maclunery    requiring    steam,    by    the    eng  - 

?.'.'Hn  J^'P";*'^'"':.  ^°  ^^^  ^^^^  ^™«  ins  Jled  a  dTsfn- 
fecting  and  laundry  plant.  The  former  was  a  large 
Kinyoun  s  earn  sterilizing  or  disinfecting  apparatusfo 
arranged  that  formaldehyde  could  be  ufedTwell  as 
steam.  An  apparatus  of  this  kind  seems  essentll  and 
a  desirable  portion  of  the  equipment.      Many  da vs  or 
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equipped  with  a  washer,  a  rotary  dryer,  mangle,  and 
other  appliances  necessary  in  a  place  of  this  kind,  and  an 
ample  drying  room.  Its  operation  on  ship  board  was 
sometimes  subject  to  inten'uption  at  sea  owing  to  lack  of 
fresh  water,  but  in  port  at  all  times  plenty  of  fresh  water 
<:'ould  be  procured  and  no  difliculty  was  experienced  in 
cleaning  the  bed  and  table  linen  of  the  whole  ship.  The 
situation  of  the  laundry  on  the  JRelief  was  an  objection- 
able one.  It  was  adjoining  the  boilerroom  and  difficulty 
was  experienced  in  excluding  coal  dust  and  smoke  which 
soiled  the  clothes  and  made  the  work  unsatisfactory.  A 
location  should  be  secured  where  such  annoyances  could 
be  avoided.  With  competent  laundrymen  it  would  seem 
that  all  laundry  work  might  be  done  in  a  laundry  of  this 
kind,  but  as  a  matter  of  fact  only  the  work  above  men- 
tioned was  performed  satisfactorily.  All  pieces  requir- 
ing hand  work  could  not  be  done  satisfactorily ;  the  reason 
for  this  was  because  of  inadequate  water  and  facilities  for 
rinsing,  starching,  and  the  subsequent  handling  of  the 
clothes  in  a  place  free  from  dust.  Two  civilian  laundry- 
men  were  employed  and  three  men  of  the  hospital  corps 
detailed  for  operating  the  laundry.  A  hospital  steward 
was  given  general  charge  and  kept  check  of  the  clothing 
passing  to  and  from  it. 

The  lowermost  deck  of  the  ship  was  given  up  to  store- 
rooms. Of  these  there  were  many,  for  all  the  various  de- 
partments of  the  ship  must  have  abundance  of  supplies 
for  long  voyages;  the  commissary  department  needs 
room  for  thousands  of  rations  and  special  articles ;  the 
quartermaster  suitable  room  for  clothing  and  equipage, 
and  the  medical  department  much  room  for  the  great 
varietj'  of  supplies  it  must  necessarily  have  in  readiness. 
All  these  stores  must  be  placed  with  due  regards  to  space, 
convenience  of  handling,  and  accessibility  and  security. 
When  the  articles  can  be  so  arranged,  their  disposition 
should  be  by  some  system,  alphabetical  or  supply  table 
lists,  so  that  account  of  stock  may  be  readily  taken  or 
articles  easily  located  when  needed.  A  separate  strong 
room  should  be  used  for  all  liquors,  well  secured  by  pro- 
per locks ;  this  will  preserve  the  liquor  and  trouble  will 
not  arise  among  members  of  the  crew  because  of  whiskey 
on  board  coming  from  sources  unknown. 

Bedding  and  clothing  not  in  use  should  be  frequently 
taken  on  deck  and  aired.  All  store-rooms  should  be  often 
inspected  and  contents  verified  from  time  to  time  by  a 
commissioned  officer.  All  stores  should  be  replenished 
when  necessary  by  proper  requisition,  the  responsible 
officer  bearing  in  mind  that  he  will  be  held  accountable 
for  any  suffering  which  may  result  from  his  failure  to 
ask  for  supplies  when  it  is  evident  that  they  will  be 

needed.  ■,-,■,    ^  i 

Fresh-water  tanks  should  be  provided  so  that  an  ample 
supply  of  fresh  water  may  always  be  available.  Instead 
of  putting  in  quantities  of  iron  for  ballast  it  would  have 
been  much  better  on  the  Relief  had  she  had  more  tanks 
to  take  additional  amounts  of  fresh  water  for  ballast. 
All  water  used  for  cooking,  drinking  purposes,  and  for 
the  sick  on  board  was  distilled  or  made  in  the  ship's  con- 
densers This  was  aerated  by  a  fresh-air  intake  pipe 
<;oming  from  the  upper  deck  near  the  pilot  house,  and 
this  water  was  also  filtered  before  being  used    _ 

The  equipment  of  the  ship  for  fire  in  addition  to  hte 
rafts  boats  and  life  preservers,  included  fire  plugs  and 
fire  hose  and  in  all  store-rooms  hand  grenades.  _ 

Deck  chairs  were  furnished  in  abundance  for  patients 
and  all  others  which  when  not  in  use  were  stowed  in 
racks  provided  to  secure  them.  A  well-selected  medical 
library  was  furnished  by  the  Medical  Department,  man- 
uals of  reference  by  the  Adjutant  General  s  office,  and  a 
good  library  of  about  five  hundred  volumes  of  history 
biography,  travel  and  fiction  was  presented  to  the  vessel 
by  interested  people  of  New  York  City.  This  library 
a  fine  music  box,  and  an  ^olian,  also  gifts  furnished 
much  entertainment  to  convalescents  and  added  materi- 
ally to  the  comfort  and  contentment  of  all.  _ 

A  hospital  ship  should  have  dynamos  of  sufficient  ca- 
pacity to  operate  a  lighting  system,  searchlights  electric 
fans  and  electric  heaters  in  ample  quantity  for  all  needs. 


Two  such  dynamos  should  be  installed,  each  of  sufficient 
capacity  to  meet  all  requirements,  so  that  while  one  is  in 
use  the  other  may  be  receiving  such  repairs  as  may  be 
required ;  with  two  one  may  be  available  at  all  times, 
with  only  one  there  would  be  times  when  light  would  be 
wanting.  A  competent  electrician  should  be  employed 
on  board  to  attend  to  the  electric  appliances. 

The  Meliefv/HB  well  equipped  in  this  way,  though  at 
times  the  dynamos  proved  of  insufficient  capacity  to  meet 
all  requirements.  Electric  fans  were  placed  in  every  por- 
tion of  the  vessel  and  were  of  material  value  in  ventilation 
and  of  great  comfort  to  all  when  the  vessel  was  in  tropi- 
cal waters.  When  we  consider  the  management  of  the 
hospital  ship  for  hospital  purposes  it  is  found  to  be  es- 
sentially the  same  as  that  of  a  shore  hospital.  We  have 
our  medical  officers,  our  hospital  corps  detachment  and 
nurses,  and  such  civilian  employees  as  may  be  necessary. 
The  hospital  force  of  the  Belief  nt  first  consisted  of  a 
commanding  officer  and  six  other  medical  officers.  There 
were  three  hospital  stewards  and  twenty-nine  privates 
of  the  hospital  corps,  ten  graduate  male  nurses  and  ten 
graduate  female  nurses.  Experience  caused  some  modi- 
fication in  these  numbers.  The  male  nurses  were  dis- 
pensed with  and  more  hospital  corps  men  detailed  and 
the  number  of  women  nurses  reduced  to  eight.  At  times 
when  at  sea  the  efficiency  of  our  working  force  was  much 
reduced  because  of  seasickness,  for  but  few  of  all  our 
staff  had  ever  had  sea  duty  before. 

The  duties  of  the  medical  officer  commanding  have 
already  been  partially  outlined:  in  the  hospital  depart- 
ment he  assigns  his  assistants  to  various  duties  and  has 
charge  of  the  general  administration  of  everything  con- 
cerning the  welfare  of  the  sick.  One  medical  officer  he 
selects  as  his  executive  officer,  usually  the  next  in  rank, 
to  aid  him  in  his  supervision.  His  duties  are  practically 
those  of  an  adjutant  to  a  commanding  officer;  he  has 
charge  of  the  office  and  records  and  sees  to  the  details  of 
men  for  special  duty;  the  keeping  of  the  clothing  ac- 
counts of  men  on  duty  and  patients  under  treatment  rests 
with  him  and  he  should  supervise  the  preparation  of  all 
regular  reports,  promulgate  all  orders,  and  conduct  the 
general  correspondence.  He  distributes  patients  received 
for  treatment,  and  generally  looks  after  the  welfare  of 
the  patients  and  management  of  the  hospital  as  an  aid 
to  his  superior.  It  is  not  necessary  that  an  executive 
should  perform  these  duties;  the  commanding  officer 
may  be  his  own  executive  either  in  whole  or  part,  and 
indicate  to  his  assistant  such  duties  as  he  desires  him  to 
perform ;  but  the  performance  of  the  duties  by  an  execu- 
tive as  outlined  will  relieve  the  commanding  officer  of 
many  details  and  much  routine  work. 

There  should  be  assigned  to  each  ward  one  medical 
officer,  or  if  the  number  of  patients  or  the  character  of  the 
diseases  or  injuries  warrant  it,  then  more  than  one.  All 
serious  cases  should  be  reported  by  the  ward  medical 
officer  to  the  executive  or  commanding  officer  and  consul- 
tation held  as  to  treatment,  surgical  or  medical.  A  rOster 
should  be  kept,  and  at  all  times  there  should  be  a  medical 
officer  of  the  day.  He  is  always  on  duty  ready  to  respond 
to  any  calls  in  the  wards  at  night;  he  should  have  a  sick 
call  every  morning  for  the  enlisted  men  and  employees 
on  board  if  some  officer  is  not  regularly  designated  to 
look  after  these,  which  is  perhaps  the  better  plan.  When 
any  one  of  these  employees  is  excused  from  duty  because 
of  sickness  he  should  be  shown  on  the  morning  sick  re- 
port and  properly  reported  on  the  reports  of  sick  and 
wounded. 

Of  the  hospital  corps  detachment  there  is  required  one 
hospital  steward  in  charge  of  records  in  the  office ;  one  in 
charge  of  property  and  returns  pertaining  thereto ;  one 
in  charge  of  the  general  police  of  those  portions  of  the 
ship  occupied  by  the  medical  department.  There  should 
be  an  acting  hospital  steward  in  charge  of  the  dispensary, 
one  in  charge  of  the  laundry,  and  one  in  charge  of  each 
ward.  The  steward  in  charge  of  general  poUce  should 
have  charge  of  patients'  effects.  With  these  non-com- 
missioned officers,  though  more  could  be  utilized,  the 
work  of  ships  of  the  capacity  of  the  Relief,  350  patients, 
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can  be  very  well  managed.  There  should  be  for  this 
number  about  forty  privates  of  the  hospital  corps;  six 
on  duty  in  each  ward  of  fifty  men,  one  as  assistant  in  the 
dispensary,  three  in  the  laundry,  two  in  the  operating 
room,  one  in  the  oflBce,  and  the  others  for  special  duty  m 
various  capacities,  as  clerks,  diet  assistants,  etc.  Regu- 
lar instruction  should  be  given  these  men  for  at  least 
twenty  hours  per  month  as  prescribed  by  Army  Regula- 
tions; they  should  be  well  disciplined  and  every  effort 
made  to  maintain  the  high  efficiency  required  at  the  pres- 
ent time  for  men  of  the  hospital  corps.  Frequent  inspec- 
tions should  be  held  and  each  man's  clothing  and  equip- 
ment seen  to  be  in  proper  condition.  Men  on  ship-board 
duty  need  not  be  furnished  the  ordnance  equipment 
issued  men  of  the  corps  on  shore  duty ;  they  have  no 
possible  use  for  anything  but  the  belt  and  waist  belt 
plate.  Other  articles  of  ordnance  should  be  kept  in  the 
general  store-rooms  for  issue  when  men  are  detached  and 
sent  for  duty  ashore.  The  hospital  corps  pouch  is  also 
an  unnecessary  incumbrance  on  ship  board  and  there  is 
no  necessity  for  its  issue  to  the  men ;  it  too  should  be 
kept  in  the  general  store-rooms.  Each  man  of  the  de- 
tachment should  have  a  barrack  bag  to  hang  on  his  bunk 
and  a  stationary  locker  for  storing  and  securing  his  cloth- 
ing and  personal  effects.  All  boxes  and  trunks  should  be 
kept  below  in  the  trunk  rooms.  Certain  days  should  be 
established  as  trunk  days  when  the  men  may  have  access 
to  their  boxes  and  belongings  for  such  articles  as  they 
may  not  be  allowed  to  retain  in  locker  and  bag.  It  is  im- 
practicable for  them  to  display  their  shoes  under  their 
bunks,  and  their  other  equipments  upon  them  as  is  cus- 
tomary for  inspections  in  shore  hospitals ;  the  movements 
of  the  ship  will  not  permit.  The  duties  of  members  of 
the  hospital  corps  on  sea  duty  differ  but  little,  if  any, 
from  the  requirements  on  shore.  The  Army  Hospital 
Corps  is  discussed  in  another  portion  of  The  Handbook 
to  which  reference  may  be  made  for  full  particulars  on 
this  subject. 

Women  nurses  did  excellent  service  on  board  the  Relief, 
beginning  when  the  vessel  first  sailed  and  continuing  up 
to  the  winter  of  1899-1900  when  then-  service  was  dis- 
continued. At  first  ten  nurses  were  on  duty,  but  later  it 
was  found  that  eight  were  all  that  could  be  satisfactorily 
employed.  No  night  duty  was  required  except  in  special 
cases.  Two  nurses  were  assigned  to  each  of  the  tliree 
larger  wards,  one  to  the  officers'  ward,  and  one  in  charge 
of  the  operating  room  and  the  diet  room.  They  were 
employed  under  contract  and  later  under  the  regulations 
governing  the  nurse  corps.  Considerable  friction  existed 
at  times  between  these  nurses  and  the  members  of  the 
hospital  corps  in  regard  to  division  of  duties  and  resp(m- 
sibility,  and  much  tact  was  required  to  get  the  best  ser- 
vices from  both.  The  men  disliked  the  idea  of  being 
subjected  to  the  authority  of  a  woman  nurse  in  all  mat- 
ters; it  was  finally  arranged  that  the  nurse  in  the  ward 
should  be  responsible  for  the  nursing  proper,  and  the 
acting  hospital  steward  in  charge  be  responsible  for  the 
discipline  and  police,  the  two  to  consult  together  in  all 
matters  pertaining  to  the  welfare  of  the  sick  in  the  ward. 
By  this  arrangement  the  ward  work  was  in  most  cases 
satisfactorily  performed.  Divided  responsibility,  how- 
ever, is  always  unsatisfactory  and  best  results  cannot  be 
thus  attained.  With  good  hospital-corps  men  as  nurses 
it  is  believed  that  the  place  for  women  nurses  is  not  on 
board  hospital  ships.  Their  presence  requires  separate 
arrangements  for  sleeping  apartments,  toilet,  and  mess 
rooms,  which  in  the  cramped  conditions  found  on  ship 
board  works  at  times  disadvantageously.  The  Missouri 
employed  no  female  nurses,  but  instead  had  graduate 
male  nurses  whose  services  were  reported  satisfac- 
tory. 

Ten  male  nurses  were  at  first  employed  on  the  Relief, 
but  they  were  relieved  after  the  first  voyage  and  addi- 
tional hospital-corps  men  secured.  There  was  constant 
friction  between  them  and  the  women  nurses  and  the 
hospital-corps  men,  and  it  seemed  best  to  dispense  with 
the  male  nurses.  Some  of  these  afterward  enlisted  for 
service  on  board  and  gave  excellent  service  when  they 
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understood  the  requirements  as  to  discipline  demanded 
of  enlisted  men.  . 

All  the  cooking  on  the  Relief  was  performed  m  one 
small  galley.  This  arrangement  was  most  unsatisfac- 
tory but  the  plan  of  the  ship  did  not  admit  of  more  gal- 
leys' Had  it  been  practicable  there  should  have  been  at 
least  a  galley  for  the  sick  and  hospital-corps  detachment 
and  employees  drawing  a  ration,  and  another  for  the 
ship's  crew  and  officers.  This  arrangement  is  suggested 
because  of  the  sources  of  the  food  supplies  or  subsistence. 
The  sick  if  not  requiring  special  diet,  all  the  enlisted 
force  and  rationed  employees  are  subsisted  on  the  ration, 
but  the  others  above  mentioned  are  subsisted  by  the  com- 
missary department  on  such  articles  of  food  as  may  be 
required,  not  to  exceed  a  certain  fixed  per-diem  value.  It 
thus  becomes  necessary  to  know  just  the  value  of  the 
foods  consumed  by  the  latter  class,  that  the  authorized 
allowance  may  not  be  exceeded.  The  management  of 
the  ration  is  the  same  on  hospital  ships  as  in  shore  hos- 
pitals. Savings  can  be  made  and  a  fund  established  to 
purchase  such  additional  articles  as  may  be  desired. 
Those  of  the  sick  requiring  special  diet  are  supplied  as 
noted  in  the  beginning  of  this  article  from  a  special  forty-  ^ 
cent  subsistence  fund  in  lieu  of  the  ration. 

The  conditions  on  shipboard  differ  so  much  from  those 
ashore  that  it  is  economy  to  employ  a  competent  experi- 
enced man  as  ship's  steward  and  a  suitable  number  of 
employees  as  mess  men,  cooks,  pantry  men,  cabin  boys, 
etc. ,  to  constitute  the  steward's  department.  This  depart- 
ment should  be  conducted  as  is  done  on  large  passenger 
steamships;  and  subdivided  under  as  many  assistant  stew- 
ards as  may  be  required  to  conduct  the  separate  messes. 
A  mess  room  should  be  provided  for  the  hospital-corps  de- 
tachments, but  experience  seems  to  indicate  that  the  sick 
may  be  better  served  by  individual  service  on  trays.  If 
the  ship  be  commodious  it  might  be  practicable  to  have 
mess  rooms  for  the  convalescents,  but  in  actual  practice 
on  the  Relief  it  was  found  more  satisfactory  to  give  each 
patient,  whether  up  and  about  or  confined  to  his  bed,  his 
meals  served  on  a  tray.  This  tray  was  prepared  at  a  diet 
kitchen  on  the  upper  deck  situated  just  over  the  ship's 
galley  from  which  the  cooked  food  was  sent  on  dumb- 
waiters. This  diet  kitchen  had  numerous  steam-heated 
warming  tables  where  the  food  was  kept  hot  during  its 
preparation  for  the  tray.  This  room  also  had  several 
boilers  for  making  coffee,  bouillon,  chocolate,  and  other 
liquid  foods ;  ample  drawer  and  shelf  space  was  here 
provided  for  dishes  and  cutlery.  At  mealtime  the  spe- 
cial diet  patients  requiring  food  in  bed  were  first  served, 
then  those  on  the  regular  diet ;  each  convalescent  able  to 
report  for  his  tray  came  for  it  at  the  diet  room  and  passed 
on  to  his  bunk  or  any  suitable  place  adjoining  to  eat  his 
food.  Meals  were  served  to  one  ward  at  a  time ;  conval- 
escents, when  able,  assisted  the  attendants  in  the  distri- 
bution of  the  trays.  The  soiled  dishes  were  returned  for 
cleansing  to  the  diet  room  at  another  window.  A  nurse 
was  always  on  duty  when  the  meals  were  being  given 
out  and  superintended  the  arrangement  of  the  trays  to 
make  them  as  inviting  as  possible.  She  received  lists 
from  each  ward  showing  the  number  and  kind  of  diets 
required,  supervised  their  preparation,  and  kept  check 
on  the  issues.  Japanned  trays  were  first  used  but  were 
not  desirable;  they  soon  became  corroded  and  of  un- 
sightly appearance :  heavy  china  dishes  and  plated  silver 
ware  ^\'ore  used.  Dishes "reiiuired  constant  replenishing 
owing  to  frequent  accidents.  It  would  be  economy  to 
use  white  euanielled  ware  for  all  dishes  and  trays.  It  is 
open  to  the  objection  of  chipping  but  is  very  durable. 
The  main  diet  kitclien  requiies  an  ample  force'of  attend- 
ants to  facilitate  rapid  handling  and  serving  of  food  that 
it  may  reach  the  patient  in  a  palatable  condition. 

Little  supplementary  electric  diet  kitchens  in  each 
ward  are  of  great  convenience  in  preparing  foods  and 
hot  drinks  outside  of  regular  meal  hours. 

The  galley  had  a  fixed  range,  boilers  for  steam  cooking 
shelves,  racks,  etc. ,  for  cooking  utensils.     Adjoining  the 
galley  was  a  bake-shop ;  the  butcher-shop  was  in  a  small 
room  next  the  cold-storage  room  on  the  lower  deck 
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In  receiving  patients  on  board  a  hospital  ship  it  is 
oftentimes  necessary  to  send  ashore  the  ship's  boats  for 
transporting  the  sick  to  the  ship.  Each  of  these  boats 
will  accommodate  four  patients  on  litters  or  about  twenty 
if  they  are  able  to  sit  up.  When  thus  loaded  the  boats 
are  towed  by  steam  launches,  it  being  impracticable  to 
row  when  they  contain  patients.  One  launch  can  tow  a 
string  of  three  or  four  boats  and  patients  can  be  taken  on 
boaid  very  rapidly.  Litter  squads  are  detailed  as  loading 
parties  to  accompany  the  boats ;  others  remain  on  board 
and  unload  and  distribute  the  patients  when  received. 
If  the  ship's  construction  will  permit  it  much  labor  may 
be  saved  by  rigging  up  block  and  tackle  and  lifting  the 
patient  on  the  litter  to  the  deck  by  means  of  the  steam 
windlass.  The  construction  of  the  Relief  prevented  such 
an  arrangement  and  all  patients  were  received  on  board 
by  gangways.  Of  these  there  were  two ;  they  were  es- 
pecially constructed,  were  broad  and  long  so  that  when 
lowered  the  incline  was  gradual.  The  small  boat  drew 
alongside,  the  bearers  made  ready,  and  at  a  propitious 
moment  when  the  boat  was  on  the  crest  of  a  wave  or 
swell,  passed  the  patient  over  to  the  other  bearers  wait- 
ing on  the  gangplank  to  receive  him.  In  rough  weather 
loading  was  difficult  and  at  times  had  to  be  suspended. 
The  bearers  learned  to  be  very  expert,  and  in  all  the 
hundreds  of  patients  handled  there  was  never  an  accident, 
though  at  times  the  up-and-down  play  of  the  small  boats 
at  the  gangway  Avas  many  feet.  The  patient  was  carried 
up  to  the  main  deck  and  assigned  to  a  suitable  ward. 
Stimulants  and  hot  foods  were  in  readiness  when  needed. 
If  the  condition  of  the  patient  would  permit  he  would  be 
given  a  tub  bath ;  if  not,  then  a  sponge  bath  in  bed,  and 
given  fresh  hospital  clothing.  His  valuables  were  pro- 
perly listed  and  cared  for  by  an  officer  assigned  to  such 
responsibilities.  Such  of  his  clothes  and  such  toilet  arti- 
cles as  he  might  have  or  need  might  be  left  in  his  cloth- 
ing bag  hanging  at  his  bunk.  All  other  clothing  was 
placed  in  bags  designed  for  patients'  effects.  These  bags 
were  made  of  strong  bed  ticking  with  draw  string,  and 
were  about  three  by  two  feet  in  dimensions.  They  were 
furnished  by  the  medical  department  and  their  expendi- 
ture was  authorized ;  in  other  words,  they  were  e;cpend- 
able.  Shipping  tags  were  provided  and  each  man's  bag 
had  tied  to  it  a  tag  giving  his  name  and  military  address, 
his  ward  and  bed  number.  These  bags  were  placed  in 
store-rooms  so  arranged  that  the  tags  were  exposed,  the 
arrangements  being  made  by  wards  to  facilitate  accessi- 
bility. Such  property  as  he  might  have  which  could  not 
be  put  in  bags — trunks,  chests,  etc. ;  volunteers  will 
have  quantities  of  such, — were  tagged  and  put  in  the 
trunk  room.  When  the  patient  was  transferred  ordi- 
narily he  was  given  the  bag  which  bore  his  name  on  the 
tag  and  identified  it  as  his  in  his  further  movements.  If 
too  sick  to  take  charge  of  it  himself,  it  was  simply  turned 
over  to  some  responsible  person  representing  the  authority 
of  the  hospital  to  which  he  was  destined.  This  system 
was  very  satisfactory  and  after  it  was  devised  but  little 
trouble  was  experienced  with  patients'  effects  which 
prior  to  that  time  had  given  rise  to  an  endless  amount  of 
trouble  and  confusion.  On  the  Missouri  a  checking  sys- 
tem was  devised  in  which  the  bag  was  checked  and  a 
duplicate  issued  for  the  patient.  It  proved  satisfactory, 
it  is  believed,  to  the  authorities  on  board  the  Missouri, 
but  it  is  not  considered  to  be  as  well  adapted  to  the  needs 
of  hospital  ship  service  as  the  method  used  on  the  Relief. 
A  patient  received  on  board  should  be  accompanied 
by  a  transfer  slip  giving  his  medical  history  and  -a  de- 
scriptive list.  When  he  is  discharged  the  hospital  his 
new  commanding  officer  sliould  be  informed  as  to  his 
accounts.  Great  care  must  be  taken  to  keep  proper  ac- 
counts for  each  man  while  on  board.  The  regulations 
governing  muster,  payments,  issues  of  clothing,  and  all 
matters  pertaining  to  administration  must  be  strictly 
obscr  VGQ . 

The  dead  should  be  buried  at  sea  or  properly  embalmed 
and  placed  in  metallic  caskets;, the  former  is  to  be  pre- 
ferred, but  it  is  customary  as  a  matter  of  sentiment  to  do 
the  latter. 


In  the  past  sick  and  wounded  have  been  moved  by 
boat  whenever  the  seat  of  war  made  it  feasible  to  resort 
to  water  transportation.  Steamers  have  been  used  on 
navigable  rivers  and  sailing  vessels  and  steamers  on  lakes 
and  the  ocean ;  in  some  instances  canal  boats  iiave  been 
utilized  when  battles  have  been  in  localities  where  canals 
existed :  they  were  used  after  the  light  at  Balls  Bluff  dur- 
ing the  Civil  War,  and  the  Biitish  have  used  them  in 
Egypt.  Small  boats,  barges,  etc.,  may  at  times  prove 
useful  in  emergency,  but  their  discussion  hardly  comes 
within  the  limits  of  this  article  where  the  hospital  ship 
proper  is  the  subject  under  consideration. 

England  seems  to  have  been  first  in  preparing  floating 
hospitals  and  transports  for  the  sick,  but  there  seems  to 
be  very  little  record  of  any  systematic  preparation  pre- 
vious to  the  Crimean  campaign  of  1854.  During  this 
campaign  a  fleet  of  "  well-appointed  "  steamers,  the  Ori- 
ent, Poistiers,  8t.  Hilda,  Clifton,  WiUiaiii  Jackson  and 
others,  carried  in  twenty-two  months  114,668  patients. 
In  1858  the  British  fitted  up  two  hospital  steamers,  M<iu- 
ritius  and  Melbourne,  for  the  use  of  their  forces  in  China. 
In  the  former  the  lower  troop  deck  was  fitted  up  for  tlie 
sick  and  wounded  with  berths  ranging  fore  and  aft. 
Heat  was  supplied  by  the  engine-room  and  by  swinging 
and  cabin  stoves,  and  ventilation  secured  by  hatchways, 
port-holes,  and  tubes  arranged  from  the  galley  fires.  (Jne 
thousand  gallons  of  fresli  water  were  supplied  daily  from 
the  condensers.  The  Melboxtrne  was  in  a  general  way 
fitted  similarly  to  the  Mauritius.  Each  had  a  surgeiy  15 
by  10  feet,  and  a  dispensary.  The  berths  were  6  feet  3 
inches  by  2  feet  6  inches,  with  metal  bottoms ;  good  bed- 
ding and  table  furniture  and  good  diet  were  provided. 
Each  steamer  had  wash-rooms,  washing  or  laundry 
rooms,  and  the  usual  butcher  room,  bake-shop,  and  store- 
rooms. In  fitting  up  it  seems  to  have  been  intended  that 
these  steamers  sliould  be  used  exclusively  as  hospital 
transports. 

In  1878  England  converted  the  line-of-battle  ship  Vic- 
tor Emmanuel,  a  wooden,  screw  steamer,  5,157  tons, 
3,414  horse-power,  into  a  hospital  ship  and  transport  for 
service  on  tlie  Cape  Coast,  Africa.  The  alterations  were 
made  at  a  cost  of  about  §200,000,  and  accommodations 
were  provided  for  142  patients,  with  an  additional  capac- 
ity on  deck  for  from  60  to  80  convalescents.  Fifty -five 
men  were  detailed  for  hospital  service  on  this  ship :  16 
non-commisSioned  officers  and  39  privates ;  in  actual  ser- 
vice at  Cape  Coast  more  aid  was  required.  In  addition 
to  these  there  were  men  employed  for  general  purposes,, 
as  bakers,  cooks,  etc.  Reference  to  Figs.  1192-1195,  in 
Vol.  III.  of  the  former  edition  of  this  Handbook,  will 
show  the  arrangement  of  this  vessel. 

Spain  fitted  up  two  ships  for  hospital  transports  in  her 
struggle  with  San  Domingo.  These  are  said  to  have 
done  good  service,  but  no  detailed  description  of  them 
can  be  obtained. 

The  United  States  used  no  special  boats  for  the  sick  in 
the  war  with  Mexico,  1846-1848,  and  early  in  the  Civil 
War  the  disabled  were  transported  on  the  ordinary  pas- 
senger steamboats  of  the  Western  rivers.  Later  these 
were  fitted  up  as  hospital  boats,  but  little  alteration  being 
required  to  make  them  well  adapted  for  hospital  service ; 
they  usually  had  large  well-lighted  and  well- ventilated 
cabins,  and  the  removal  of  the  thin  partitions  between 
staterooms  made  other  wards  or  rooms  suitable  to  accom- 
modate patients.  Col,  Joseph  R.  Smith,  to  whose  writ- 
ings the  writer  is  indebted  for  this  brief  historical  review, 
states  that  he  found  records  showing  that  more  than  100,- 
000  patients  were  carried  on  hospital  boats  during  the 
Civil  War.  Of  these  a  great  number  were  carried  on  the 
river  steamer  D.  A.  January,  which  in  forty  months 
handled  23,738  patients.  Tliis  boat  was  230  feet  long 
and  65  feet  wide.  Its  ordinary  capacity  was  consid- 
ered about  400,  though  it  carried  as  many  as  554  pa- 
tients. 

The  hospital  steamer  Gity  of  Memphis  was  330  feet  long 
and  70  wide  and  carried  comfortably  750  wounded.  The 
Empress  was  266  feet  long  and  45  wide,  with  an  ordinary 
capacity  of  500  patients,  though  she  at  one  time  carried 
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817  These  vessels  on  the  rivers  frequently  passed 
towns  and  landing  places  where  supplies  could  be  ob- 
tained and  did  not  require  the  same  equipment  and  stores 
as  are  needed  for  sea-going  vessels.  In  addition  to  wards 
each  of  these  vessels  had  rooms  for  oflicers  and  attend- 
ants, store-rooms  of  various  kinds,  kitchen  and  special 
diet  kitchens,  pantries,  dumbwaiters,  linen  rooms,  dis- 
pensary, operating  room,  bath,  water-closets,  etc.  Water 
was  supplied  from  a  refrigerating  apparatus  by  faucet  m 
convenient  places.  Medical  officers,  hospital  stewards, 
ward  masters,  and  nurses  were  detailed  in  sufficient 
numbers.  The  medical  officer  or  surgeon-in-chief  was  in 
absolute  control  and  responsible  for  the  administration. 
Pigs.  1196-1199,  in  Vol.  III.  of  the  former  edition  of  this 
Handbook,  show  the  arrangement  of  these  boats,  the 
January  being  taken  as  a  type. 

In  May,  1862,  the  Medical  Director  of  the  Army  ot  the 
Potomac  asked  for  hospital  steamers  sufficient  to  carry 
5,000  patients;  from  this  time  water  transportation  was 
recognized  as  a  method  of  moving  the  disabled  and  a 
medical  officer  was  placed  in  charge,  known  as  "  medical 
director  of  transportation."  During  the  war  it  is  said 
that  as  many  as  thirty  well-fitted  hospital  steamers  were 
used  at  different  times  in  the  East  and  West. 

The  best  ocean  transport  of  those  times  was  the  J.  K. 
Barnes.  She  was  a  side-wheel  steamer,  1,400  tons,  288 
feet  in  length,  35  feet  2  inches  in  width,  22  feet  9  inches 
depth  of  hold.  Her  total  capacity  was  477  patients ;  slie 
was  used  but  ten  months,  during  which  time  she  carried 
3,655  patients.  Her  plans  may  be  seen  in  Pigs.  1200- 
1202,  of  Vol.  HI.  of  the  former  edition  of  this  Hand- 
book. 

During  the  recent  South  African  war  a  hospital  ship 
known  as  the  Maine  was  fitted  up  by  American  women. 
This  vessel  is  a  duplicate  of  the  Missouri  and  her  equip- 
ment was  similar.  Her  operating  room  was  complete, 
and  said  to  be  the  best  in  South  Africa.  She  had 
accommodations  for  218  patients,  an  a-ray  machine,  elec- 
tric lights,  fans,  and  diet  kitchens,  a  completely  equipped 
laundry,  a  steam  disinfecting  apparatus,  refrigerating 
plant,  etc.  Her  hospital  force  consisted  of  six  medical 
officers,  five  women  nurses,  eleven  male  nurses,  ten  order- 
lies, and  two  apothecaries. 

The  Trojan,  Spartan,  and  Prinoe  of  Wales  were  other 
ships  fitted  as  hospital  transports;  the  capacity  of  all 
four  being  about  one  thousand  patients.  .These  ships 
participated  in  the  China  campaign  of  the  allied  troops 
in  1900.  During  this  campaign  the  Japanese,  Germans, 
and  Prench  also  had  hospital  transports,  but  the  details 
of  their  equipment  cannot  be  ascertained.  It  is  said, 
however,  that  our  own  hospital  ships,  especially  the  Be- 
lief, were  far  superior  to  all  others  in  equipment  and 
facilities  for  caring  for  the  disabled  at  sea. 

Alfred  JS.  Bradley. 

HOT  BORATE  SPRING.— Lake  County,  California. 
This  remarkable  spring  is  situated  near  the  town  of  Lake- 
port  and  on  the  edge  of  Clear  Lake.  The  spring  flows 
18,000  gallons  per  hour,  and  has  a  temperature  of  124° 
P.  (July,  1888).  On  analysis  it  is  found  to  contain  the 
following  mineral  ingredients: 


One  United  States  Gallon  Contains: 


Solids. 


Grains. 


Sodium  chloride 86.82 

Sodium  bicarbonate 7,5.40 

Sodium  biborate 201.75 

Potassium  iodide 12 

Potassium  chloride Trace. 

Potassium  bromide Trace. 

Potassium  bicarbonate 4,26 

Ammonium  bicarbonate 06.20 

Magnesium  bicarbonate 73 

Calcium  sulphate Trace. 

Alumina 3  04 

Silica v. . .       7  96 

Organic  matter 9  07 


Total 

Free  carbonic  acid  gas,  30.75  grains. 


484.85 


An  analysis  by  Dr.  Moore  shows  a  much  smaller  per- 
centage of  borax— 103  grains  per  gallon.  The  spring  is 
remarkable  on  account  of  the  excessive  amount  of  borax 
and  ammonium  salts  which  it  contains.  Professor  Whit- 
ney states  that  the  water  is  changeable  both  in  its  rate  of 
flow  and  in  its  proportion  of  mineral  ingredients.  It  is 
used  in  Lakeport  and  vicinity  for  kidney  and  bladder 
troubles  It  is  claimed  that  the  water  has  dissolved  a 
stone  in  the  bladder.  J<mi6S  K.  Crook. 

HOT  SPRINGS,  BATH  COUNTY,  VIRGINIA.— 

Post-Office.— Hot  Springs.     Hotels  and  cottages. 

Access.— Via  Hot  Springs  Branch  of  the  Chesapeake 
and  Ohio  Railroad.  Connection  Is  made  at  Covington, 
Virginia.  Through  sleepers  to  Hot  Springs  are  run  in 
the  summer.  The  Virginia  Hot  Springs  Company  run  a 
line  of  first-class  stages  to  the  Warm  Springs,  five  miles 
north,  and  to  the  Healing  Springs,  three  miles  south  of 
the  terminus  at  Hot  Springs.  The  valley  containing  the 
Hot,  Warm,  Sulphur,  and  Healing  springs  of  Virginia  is 
located  in  the  heart  of  the  Appalachian  Mountains,  in  the 
first  of  several  lofty  ranges  that  lie  east  of  and  parallel 
with  the  main  Allegheny  divide.  Some  two  miles_  in 
width,  the  valley  extends  for  more  than  a  dozen  miles 
between  towering  mountains,  from  the  crests  of  which, 
4,000  feet  above  the  sea,  villages  and  farm-houses  with 
intervening  stretches  of  country,  over  1,500  feet  below, 
are  spread  out  to  the  view  of  the  observer  as  a  beautiful 
panorama.  The  visitor  can  drive  for  miles  over  new  bou- 
levards and  carefully  constructed  roads.  The  streams 
formed  by  the  various  springs  in  the  valley  have 
pierced  the  western  range  and  divided  it  Into  a  series 
of  five  tall  distinct  mountains,  narrowly  separated  from 
each  other  by  chasms  and  gorges.  Meandering  roads 
and  romantic  bridle-paths  and  footways,  bordered  with 
ferns  and  mosses,  penetrate  these  rugged  and  secluded 
passes.  The  altitude  of  the  valley  (3,800  feet)  and 
its  protection  by  the  surrounding  mountains  from 
wind-storms  and  sudden  changes  combine  to  produce 
a  temperature  safe  in  winter  and  delightful  all  the 
rest  of  the  year.  The  air  is  clear  and  dry,  mists  and 
fogs  being  rarely  seen.  The  highest  summer  tempera- 
ture observed  during  a  series  of  recent  observations  was 
87°  P.,  the  monthly  mean  for  June,  July,  and  August 
being  68.5°  P. 

The  Hot  Springs  have  been  resorted  to  for  three  gener- 
ations of  white  men.  Physicians  of  wide  reputation  and 
abundant  experience  have  pronounced  them  equal  to  the 
most  effective  similar  waters  of  the  European  spas.  The 
drinking-waters  are  also  of  great  variety,  and  besides  the 
hot  springs  there  are  magnesia,  sulphur,  soda,  and  alum 
springs,  each  of  which  is  widely  recommended  for  medic- 
inal purposes.  The  bath-house  at  Hot  Springs  is  a  sub- 
stantial four-story  structure  of  stone  and  brick,  built  in 
the  Colonial  style  of  architecture  at  a  cost  of  over  SlOO,- 
000.  It  is  fitted  up  in  a  sumptuous  manner  with  all  the 
requisites  of  a  modern  institution  of  this  kind.  All  varie- 
ties of  baths  will  be  found  here.  The  old  bath-house  has 
been  converted  into  two  large  swimming  pools,  one  each 
for  gentlemen  and  ladies.  The  hotels  at  Hot  Springs  are 
the  "Homestead,"  a  charming  house  of  the  true  old  Co- 
lonial style,  which  has  been  entirely  remodelled  and  mod- 
ernized, and  the  "Virginia,"  a  new  hotel  built  in  the 
latest  fashion,  and  supplied  with  every  comfort  and 
convenience.  This  hotel  is  kept  open  all  the  year.  Ten 
new  cottages  cluster  close  by,  each  with  a  broad  porch 
and_  veranda.  This  hotel  is  connected  with  the  passenger 
station,  but  so  arranged  that  no  noise  or  annoyance  is 
paused  by  railroad  trains.  The  waters  of  the  Hot 
Springs  have  been  analyzed  by  several  well-known 
chemists.  The  Spout,  Boiler,  and  Sulphur  Springs  were 
examined  by  Professor  Clarke,  of  the  Smithsonian  Insti- 
tution in  1884,  and  the  last  two,  together  with  the  Soda 
and  Magnesia  springs,  have  recently  been  analyzed  by 
Messrs.  Dickore  and  Morgan,  of  Cincinnati,  Ohio.  The 
several  results  in  the  examinations  of  the  same  waters 
have  been  practically  identical.  Following  are  specimen 
analyses ; 
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Boiler  (Bath)  Spring. 
(Analysis  by  Dickore  and  Morgan.) 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Magnesium  sulphate 8.48 

Magnesium  carbonate 3.03 

Calcium  sulphate 1.89 

Calcium  carbonate  2;i.08 

Sodium  sulphate 3.68 

Potassium  sulphate 69 

Potassium  chloride 54 

Silica 1 .95 

Total 43.33 

Temperature,  108°  F. 

Soda  (Drinking)  Spring. 
(Analysis  by  Dickore  and  Morgan.) 

One  United  States  Gallon  contains  : 
Solids.  Grains. 

Magnesium  sulphate 5.90 

Magnesium  carbonate 2.61 

Calcium  sulphate 3.22 

Calcium  carbonate 17.55 

Sodium  sulphate 2.02 

Potassium  sulphate 88 

Potassium  chloride 21 

Silica 1*9 

Total 32.88 

Temperature,  74°  F. 

Spout  uath  Spring. 
(Analysis  by  Professor  Clarke.) 

One  United  States  Gallon  Contains  : 
Solids.  Grains. 

Silica 1-37 

Alumina J* 

Potassium  chloride •»* 

Potassium  sulphate J-"; 

Sodium  sulphate i-*?* 

Calcium  sulphate "m 

Magnesium  carbonate i -o^ 

Calcium  carbonate ■  '■>■"" 

Total 34.09 

Temperature,  106°  F. 

Tliese  waters  resemble  considerably  in  chemical  com- 
position those  of  the  Hot  Springs  of  Arkansas.  They 
also  resemble  those  of  Aix-les-Baina  in  France,  the 
French  spring  having  a  somewhat  higher  temperature. 
Both  for  internal  use  and  for  bathing  the  waters  of  the 
Virginia  Hot  Springs  have  gained  a  wide  celebrity  in  the 
treatment  of  many  of  the  ills  to  which  human  flesh  is  heir. 
The  baths  here  are  especially  to  be  commended.  The 
excellent  thermal  waters  with  the  elegant  and  elaborate 
methods  of  using  them  may  be  expected  to  render  all  the 
service  in  diseased  states  which  can  be  accomplished  by 
this  means.  It  is  especially  desired  that  all  those  who 
visit  the  springs  with  the  intention  of  using  the  baths 
consult  a  resident  physician  in  regard  to  the  use  of  the 
waters.  .,      „         ^,         ., 

T7ie  Healing  Springs  Hotel,  three  miles  from  the  railway 
station  at  Hot  Springs,  is  reached  by  a  comfortable  hne 
of  stages  It  is  connected  by  telephone  with  the  depot 
and  with  the  hotels  at  Hot  and  Warm  Springs.  No  place 
in  the  Virginia  Mountains  is  more  pleasant  or  pictur- 
esnue  The  air  is  pure,  dry  and  bracing,  the  tempera- 
ture being  uniform  and  delightful,  throughout  the  sea- 
son The  rooms  in  the  hotel  and  cottages  are  large  and 
cheerful ;  they  are  kept  scrupulously  clean  and  the  man- 
agement throughout  is  charmingly  homelike  a^^  m  h.ar^ 
nTony  with  the  surroundings.  The  supply  of  water  is 
abundant,  being  derived  from  four  springs  of  essentially 
ti^  same  character,  and  is  beautifully  bright  and  crystal^ 
line  Its  temperature  is  uniformly  85  to  88  * .  ice 
bathing  accommodations  have  been  greatly  extended  and 
o?he  "4e  improved  by  the  erection  of  a  new  bath4iouse 
and  by  the  addition  of  several  apartments  to  those  alieadj 
built  The  waters  of  these  springs,  as  will  be  seen  bj  tlK 
analyses,  are  almost  identical  with  those  of  Schlangenbad 
and  £ms  in  Germany.  These  were^made  by  Prof.  Wil- 
liam E.  Aiken,  of  the  University  of  Maryland: 


One  United  States  Gallon  Contains  : 


Solids. 


Calcium  carbonate 

Magnesium  carbonate  . 

Iron  carbonate  

Calcium  sulphate 

Magnesium  sulphate . . . 

Potassium  sulphate 

Iron  sulphate 

Ammonium  sulphate  .. 

Potassium  chloride 

Potassium  carboilate. . . 

Sodium  chloride 

Silicic  acid 

Organic  acid  (crenlc  ? ) 

Carbonic  acid  

Sulphureted  hydrogen 

Bromine 

Sodium 

Total 


Healing  Springs. 


Old  Spring. 
Grains. 


17.90 

1.24 

.07 

1.32 

7.35 

2.21 

.18 

.23 

".24 
.27 


2.20 
Trace. 
Trac-e. 
Trace. 


38.56 


New  Spring. 
Grains. 


18.72 

1.96 

.28 

1.26 

7.39 

2.53 

.10 

.23 

.25 


1.82 
.88 

2.29 
Trace. 
Trace. 
Trace. 


38.00 


The  bubbles  of  gas  that  rise  from  the  springs  contain 
in  100 parts:  nitrogen  gas,  97.35;  carbonic  acid  gas,  2.75. 

These  waters  have  proved  valuable  in  a  considerable 
range  of  diseases ;  they  are  diuretic,  somewhat  laxative, 
and  tonic  in  their  effects  upon  the  system.  The  best  re- 
sults have  been  observed  in  chronic  congestion  of  the 
liver,  in  irritability  of  the  bladder  from  cystitis.  In  en- 
larged prostate,  etc.,  in  the  early  stages  of  Bright's  dis- 
ease, and  in  debilitated  states  generally. 

The  W/irm  Springs  are  located  five  miles  north  of  the 
railroad  terminus  at  Hot  Springs.  The  court-house  and 
county  buildings  are  located  here.  The  springs  are  pic- 
turesquely located  in  a  grand  old  grove  and  lawn  in  the 
centre  of  a  tract  of  about  1,800  acres,  which  in  width  in- 
cludes the  crests  of  the  mountains  on  either  side  of  the 
valley.  The  remarks  concerning  the  scenery,  atmospheric 
conditions,  etc.,  in  the  description  of  the  Hot  Springs 
apply  with  equal  force  to  the  Warm  Springs.  An  ex- 
cellent hotel,  built  in  the  Colonial  style,  charmingly  situ- 
ated and  well-kept,  will  be  found.  There  are  also  a  num- 
ber of  comfortable  cottages.  For  three  generations  the 
springs  have  been  visited  by  people  from  all  over  the 
United  States,  with  not  a  few  from  foreign  countries, 
and  even  when  it  involved  a  long  and  tiresome  journey 
in  primitive  stage  coaches  they  were  a  favorite  resort  of 
the  wealth  and  fashion  of  Virginia  and  the  South.  The 
grand  boulevard  recently  completed  between  the  Hot  and 
Warm  Springs  is  a  magnificent  driveway,  and  passen- 
gers will  be  transported  from  the  Hot  Springs  station  in 
comfortable  carriages  in  the  brief  space  of  forty  minutes 
after  a  most  enjoyable  ride.  The  gentlemen's  bath  is  an 
octagon  forty  feet  in  diameter  and  holds  43,000  gallons 
of  water.  The  ladies'  bath  is  circular  in  shape,  with  a 
capacity  of  60,000  gallons.  These  pools  are  supplied 
from  separate  springs  discharging  upward  of  60,000  gal- 
lons of  water  per  hour,  at  a  temperature  of  96°  F. ,  which, 
charged  with  myriads  of  bubbles  of  sulphureted  hydro- 
gen gas,  rises  naturally  from  the  bottom  of  the  pools, 
affording  a  delightful  and  luxurious  bath.  There  are 
also  private  baths  of  various  kinds,  and  ample  provision 
for  the  comfort  and  convenience  of  bathers.  An  old  an- 
alysis of  one  of  the  springs,  made  by  Prof.  A.  A.  Hayes, 
shows  the  following  solid  constituents: 

One  united  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  carbonate ^.^ 

Calcium  sulphate ^*-"* 

Potassium  sulphate J-°° 

Ammonium  sulphate °° 

Sodium  silicate        (.  1.72 

Magnesium  silicate  (  

Iron  crenate ^•?" 

Carbonic  add °-"'' 

Total '^•^ 

Gases :  Sulphureted  hydrogen,  carhonic  acid,  and  nitrogen. 
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The  water  is  limpid,  has  a  styptic  taste,  and  the  odor 
of  sulphureted  hydrogen.  The  action  of  the  water  is 
sedative,  as  a  rule.  Immersion  in  the  bath  gives  rise  to 
a  sense  of  voluptuous  repose  and  as  the  hand  passes  over 
the  body  the  surface  presents  a  velvet  smoothness,  as 
though  anointed  with  some  delicate  oi  ntment.  This  unc- 
tuous quality  has  also  been  observed  in  the  baths  ot  Mo- 
litz,  in  France,  and  in  those  of  Wildbad  near  Stuttgart. 
It  has  been  variously  ascribed  by  European  writers  to  the 
presence  of  silicates,  to  the  monosulphuret  ot  scdium, 
and  to  an  organic  matter,  the  last  being  the  most  prob- 
able cause.  These  waters,  by  reason  of  their  soothing 
effects,  are  applicable  in  chronic  and  subacute  rheuma- 
tism, gout,  neuralgia,  congestive  amenorrhoea  and  dys- 
menorrhcea,  and  in  nephritic  and  calculous  disorders. 
The  spout  bath,  arranged  with  an  ascending  douche,  is 
especially  useful  in  the  type  of  dysmenorrhcea  named. 
The  baths  are  also  beneficial  in  the  squamous  skin  affec- 
tions. James  K.  Crook. 

HOT  SPRINGS,  FALL  RIVER  COUNTY,  SOUTH 
DAKOTA.— 

Post-Opfice.— Hot  Springs.  Numerous  hotels  and 
cottages.  . 

Access.— Vift  Fremont,  Elkhorn,  and  Missouri  Valley 
Railroad  (branch  of  the  Chicago  and  Northwestern  sys- 
tem), or  via  the  Chicago,  Burlington  and  Quincy  Rail- 
road (Burhngton  route)  direct  to  Hot  Springs,  arriving 
at  the  same  depot  by  either  route.  This  magnificent 
new  spa  is  located  in  the  heart  of  the  Black  Hills  at  an 
elevation  of  3,400  feet  above  the  sea  level.  The  advan- 
tages of  Hot  Springs  as  a  health  resort  are  numerous. 
First  as  to  the  topographical  features.  The  scenery  in 
and  adjacent  to  the  place  is  varied  and  delightful.  The 
lofty  pine-clad  hills,  grand  canyons,  rippling  streams, 
and  beautiful  falls  of  the  Minnekahta  and  Cheyenne, 
make  up  a  group  of  attractions  difficult  to  excel. 

Second  as  to  climate.  By  reason  of  certain  peculiar 
circumstances  of  location  this  resort  is  favored  by  very 
mild,  equable  atmospheric  conditions.  Summer  days  are 
followed  by  evenings  of  delicious  coolness,  while  the  au- 
tumns are  unusually  pleasant.  During  the  winter  months 
tlie  temperature  has  maintained  an  average  of  43°  F.  above 
zero  for  the  last  four  years.  Situated  in  the  Minnkahte 
valley  and  sheltered  on  all  sides  by  heavily  timbered  hills, 
cold  winds  and  sudden  changes  of  temperature  are  practi- 
cally unknown.  The  winter  temperature  in  the  valley  is 
from  20°  to  35°  higher  than  in  localities  only  a  dozen  miles 
distant.  It  is  said  that  the  protection  afforded  by  the  hills 
Is  supplemented  in  no  small  degree  by  the  millions  of 
gallons  of  hot  water  flowing  through  the  valley. 

The  visitor  will  find  the  accommodations  prepared  for 
his  entertainment  on  a  par  with  the  charming  scenery 
and  genial  climate.  The  largest  hotel,  the  Evans,  is  con- 
structed and  equipped  throughout  in  accordance  with  the 
latest  and  most  approved  methods.  It  is  fully  up  to  the 
standard  of  the  best  hostelries  of  the  day.  Other  excel- 
lent hotels  are  the  Gillespie,  the  Hot  Springs,  the  Cathol- 
icon,  the  Davis,  and  the  Parrott  House.  Cottages  are 
also  on  hand  for  those  who  desire  them.  The  hills  afford 
attractive  spots  for  camping  out. 

Adjoining  the  Evans  House,  and  in  full  keeping  with 
the  elegant  and  elaborate  appointments,  is  the  Evans  Sani- 
tarium, containing  sixty  bath-rooms  and  embracing  all 
varieties  of  baths.  The  Stewart  Sanitarium,  recently 
completed,  also  affords  facilities  for  all  kinds  of  bathing, 
including  an  excellent  plunge  bath.  The  Catholicon 
Sanitarium,  now  under  construction,  will  add  another 
to  the  attractive  retreats  of  the  Hot  Springs.  This  struct- 
ure, with  the  bath-house,  will  liave  a  measurement  of 
100  X  TS  feet,  and  will  contain  over  100  bath-rooms. 
The  plunge  bath  is  one  of  the  prominent  features  of  Hot 
Springs.  It  is  constructed  of  stone,  wood,  iron  and 
glass  and  has  100  dressing-rooms.  The  building  is  7.5 
feet  wide  and  350  feet  long,  heated  by  steam  and  lighted 
by  electricity.  The  water  is  at  a  natural  temperature  of 
96  F.  the  year  round.  It  increases  in  depth  from  three 
feet  at  one  end  to  eight  feet  at  the  other.     The  springs 
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at  this  resort  are  eight  in  number.  The  "  Minnekahta 
is  the  name  given  to  a  great  Indian  spring,  the  word 
being  a  synonym  for  health,  pleasure,  and  recreation.  It 
is  said  that  the  waters  of  this  spring  were  in  use  by  the 
Sioux  and  other  tribes  long  before  the  approach  of  civili- 
zation. The  natural  temperature  of  this  spring  is  98=  F. 
It  furnishes  the  drinking  fountain  of  the  Evans  House, 
the  Evans  bath-house,  and  the  Minnekahta  bath- 
house. An  analysis  by  Prof.  Charles  B.  Gibson,  of 
Chicago,  resulted  as  follows: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  sulphate ^■'^~ 

Sodium  sulphate        (.                                                   ...  2.5.62 

Potassium  sulphate   1 

Iron  peroxide ■ irace. 

Sodium  chloride        j.  13  79 

Potassium  chloride    I 

Calcium  sulphate lo-f- 

SiUca -■*'' 

Total ''2..51 

These  waters  are  perfectly  transparent,  have  a  pro- 
nounced alkaline  reaction,  and  contain  no  organic  matter. 
Following  are  analyses  of  two  of  the  other  springs: 

One  United  States  Gallon  Contains: 


Solids. 

Mammoth 

Mineral  Spring. 

Grains. 

Lakatah 
Spring. 
Grains. 

23.26 
5.63 

36.11 

5..59 

.02 

4.11 

".30 
.10 

3..51 
.15 

•>— 

I'.Sa 
12.11 

KK 

3.a3 

16.29 

8..50 

.05 

3.14 

M 

Magnesium  nitrate 

.15 

Magnesium  carbonate 

3.04 

.02 

Silica 

l.KS 

Organic  and  volai.ile  matter 

s.iK 

Total               

92.71 

53.79 

These  waters  are  of  the  sulphated-saline  and  calcic  va- 
riety. According  to  a  report  of  the  National  Association 
of  Railway  Surgeons,  which  visited  the  resort  several 
years  since,  "  treatment  by  the  Hot  Springs  water  may 
be  said  to  stimulate  all  the  secretions  and  organic  func- 
tions ;  to  promote  digestion  and  assimilation,  and  to  favor 
tissue  metamorphosis  and  excretion,  thereby  relieving  in- 
ternal congestions,  stimulating  blood-making,  increasing 
the  appetite,  and  favoring  new  and  healthy  tissues  at  the 
expense  of  the  old  and  inactive."  This  treatment  may, 
therefore,  be  confidently  recommended  in  "  gout  and 
rheumatism  after  the  inflammatory  stage;  in  neuralgia, 
especially  when  depending  upon  gout;  in  metallic  or 
malarial  poisoning,  paralysis  not  of  organic  origin,  and 
neurasthenia;  in  the  early  stages  of  Blight's  disease:  in 
syphilis  and  functional  diseases  of  the  liver  and  stomach ; 
in  catarrhal  affections  of  the  respiratory  tract  ....  and 
in  chronic  diseases  especially  of  the  squamous  variety.'' 

Hot  Springs  is  the  county  seat  of  Fall  River  County, 
and  is  located  about  seventy  miles  south  of  Deadwiiod. 
The  town  has  a  permanent  population  of  3,000.  Its 
proximitjr  to  extensive  pine  forests,  in  addition  to  the 
favorable  features  of  location  above  mentioned,  assists 
in  preserving  a  mild  and  agreeable  climate,  and  has 
brou,i;ht  the;  resort  into  much  favor  with  persons  afflicted 
with  iiay  fever,  asthma,  and  incipient  phthisis. 

Jitmes  K.  Crook. 

HOT  SPRINGS,  GARLAND  COUNTY,  ARKANSAS.— 

Pobt-Office. — Hot  Springs.  Hotels:  Arlington,  East- 
man, Pullman,  Avenue,  Park,  Bloomington,  Josephine, 
etc.  According  to  Cutler's  Guide  to  the  Hot  Springs, 
there  are  as  mauy  as  five  hundred  hotels  and  boarding- 
houses  in  the  city. 
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Hot  Springs. 
Hot  Springs. 


Access. — VIS  the  Iron  Mountain  Route,  the  only  line 
running  to  the  Hot  Springs.  All  lines  leading  into  St. 
Louis  connect  in  the  Grand  Union  Depot  with  express 
trains  of  the  Iron  Mountain  Route.  From  the  south  the 
best  route  is  vifl,  Cairo,  Columbus,  Memphis,  or  Texarka- 
na,  connections  being  made  at  each  of  these  points  with 
Iron  Mountain  express  trains.  The  springs  are  55  miles 
southwest  of  Little  Rock,  the  State  capital,  and  22  miles 
from  Malvern,  where  trains  on  the  Iron  Mountain  con- 
nect with  the  Hot  Springs  Railroad  leading  directly  to  the 
springs.  Sleepers  come  through  without  change  at  Mal- 
vern. The  Hot  Springs  are  situated  on  the  Mountain 
Creek  and  in  the  valley  of  the  same  name.  They  issue 
from  the  western  slope  of  the  Hot  Springs  Mountain,  a 
spur  of  the  Ozarks,  at  an  elevation  of  from  700  to  800  feet 
above  the  Gulf  of  Mexico.  The  mountains  on  either  side 
attain  an  altitude  of  1,200  feet.  The  climate  in  this  re- 
gion, as  a  general  rule,  is  mild  and  balmy  and  not  sub- 
ject to  extremes  of  either  heat  or  cold.  Sunstrolte  is  un- 
known, and  the  summer  nights  are  generally  cool  and 
pleasant,  light  blankets,  as  a  rule,  being  required  before 
morning.  The  pure  mountain  air  and  constant  southerly 
breezes  unite  in  forming  a  healthful  and  invigorating 
climate.  The  lowest  temperature  observed  in  1891  was 
16"  F.,  the  highest  98°  F.,  the  average  for  that  year 
being  84"  F.,  or  somewhat  higher  than  the  average  for  a 
series  of  preceding  years.  The  rainfall  for  1891  was 
70.86  inches. 

These  springs  have  been  known  and  utilized  as  a 
health  resort  since  early  in  the  century,  and  during  that 
time  they  have  acquired  an  extended  reputation  in  the 
treatment  of  certain  diseases.  A  city  of  considerable 
size  and  containing  numerous  excellent  hotels,  sanitar- 
iums, bathing-houses,  and  public  buildings  has  been  de- 
veloped about  them.  Some  of  the  handsomer  and  more 
commodious  bath-houses  were  erected  at  a  cost  of  from 
SIO.OOO  to  150,000.  Among  the  more  prominent  of  these 
are  the  Eastman,  Park,  Alhambra,  Superior,  Palace, 
Magnesia,  Ozark,  Horseshoe,  Rammelsburger,  Lamar, 
and  Maurice  pavilions.  The  discharge  of  water  from  the 
springs  amounts  to  835  gallons  per  minute,  or  482,000 
gallons  per  da)-.  These  waters  are  nearly  all  concen- 
trated in  large,  air-tight  tanks,  built  by  the  United 
States  Government,  and  are  sufficient  to  bathe  19,296 
persons  daily,  allowing  twenty-five  gallons  for  each 
bath.  The  springs  are  now  seventy-two  in  number,  an- 
other having  recently  been  added  to  the  list,  according 
to  a  late  annual  report  of  the  local  board  of  health. 
From  the  United  States  Engineer's  Report  to  the  Hot 
Springs  Commissioners  we  obtain  the  following  table  ot 
temperatures  of  the  springs: 


Number. 

Temp. 
(Fahr.) 

Number. 

Temp. 
(Fahr.) 

Number. 

Temp. 
(Fahr.) 

1 
2 

77.0° 
76 

25 
26 

lll.O" 
106 

49 
50 

131.0° 
145 

134 

27 

127.5 

51 

144 

4 
5 
6 

124 
80 
103 
115 

28 
29 
30 
31 

145 
80 

134.5 
147 

53 
53 

54 
55 

143 
144.5 
146 
123 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

131.5 

133 

121.5 

105 

111 

135.5 

137 

134 

131 

Sipage. 

84 

83 
106 
123 
135 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
43 
43 
44 
45 
46 
47 

134 

140 

120 

135 

110 

120 

128 

125.5 

112 

157 
Sipage. 

144 
Sip^age. 

Sipage. 
144.5 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

133 

138 

134.5 

135 

109 

83 
135 
141 

87 

Sipage. 

131 

83 

89 

94 

24 

113 

48 

91 



.  1.57°  F.:  lo^ 

vest,  76°  F 

the  springs  on  the  east  side  of  Hot  Springs  Creek  flowing 
from  Hot  Springs  Mountain,  except  one  under  the  Ram- 
melsburger bath-house,  are  hot.  All  on  the  west  side, 
except  the  Alum  spring,  are  cold.  No  complete  analysis 
of  tlie  waters  seems  to  have  been  made  since  the  now 
some  what  antiquated  one  made  by  Prof.  E.  Hills  Larkin, 
in  1859.     It  is  as  follows : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Magnesium  carbonate 0.13 

Calcium  carbonate 3.97 

Sodium  sulphate 38 

Potassium  sulphate 33 

Calcium  sulphate 11 

Sodium  chloride 01 

Calcium  silicate 46 

Sodium Trace. 

Bromlum Trace. 

Iron  sesquloxide 10 

Alumina .45 

1.87 


Silica . 

Organic  matter . 
Water  (?) 


Those  marked  "sipage"  ai'e  intermittent.     All  others 
are  constant  and  unvarying  in  heat  and  quantity.     All 


.70 

.14 

Total 8.55 

The  water  also  contains  a  considerable  quantity  of  free 
carbonic  acid.  Persons  taking  the  batlis  here  should 
always  do  so  under  the  supervision  of  one  of  the  local 
physicians.  Those  affected  with  organic  disease  of  the 
heart  or  recognizable  physical  signs  of  consumption  are 
not  allowed  to  bathe,  as  the  thermal  action  of  the  water 
is  liable  to  be  prejudicial  to  such  cases.  If  the  lungs  are 
but  slightly  involved,  careful  bathing  may  be  permitted. 
Furthermore,  cases  of  simple  cardiac  palpitation  are  not 
excluded.  As  each  case  must  be  treated  on  its  merits, 
and  as  detailed  instructions  are  given  by  the  local  physi- 
cian, it  is  unnecessary  here  to  eater  into  a  minute  descrip- 
tion of  the  bathing  process  at  Hot  Springs.  Suffice  it  to 
say  that  patients  are  usually  (not  invariably)  required  to 
bathe  six  minutes  in  water  at  96°  to  100°  F.,  two  to  six 
minutes  in  the  vapor  bath-rooms,  and  live  to  twenty 
minutes  in  blankets  according  to  the  time  required  to  in- 
duce perspiration.  The  course  here  has  been  found  es- 
pecially beneficial  in  diseases  of  the  genito-urinary  sys- 
tem, especially  syphilis,  and  in  gout,  rheumatism,  and 
neuralgia.  The  baths  are  also  recommended  on  liigh 
authority  in  various  skin  affections  including  eczema, 
psoriasis,  urticaria,  impetigo,  prurigo,  rupia,  etc. 

The  city  of  Hot  Springs  itself  is  well  drained  and  well 
lighted,  and  has  ample  police  and  fire  protection.  It 
now  claims  a  population,  resident  and  visiting,  of  31,000. 
About  50,000  persons  visit  the  place  annually,  and  this 
number  is  ever  on  the  increase.  The  United  States  Gov- 
ernment Army  and  Navy  Hospital,  recently  erected,  cost 
$200,000.  It  is  said  that  the  Arlington  Hotel,  with  its 
bath-house  attached,  will  have  cost  over  $500,000  when 
completed.  Among  other  mineral  springs  within  the 
limits  of  the  city  of  Hot  Springs,  or  in  the  neighborhood, 
are  the  following:  Allen's  Alterative  Spring,  situated 
on  Central  Avenue,  in  the  heart  of  the  city;  Gillen's 
White  Sulphur  Springs,  located  three  miles  from  Hot 
Springs  •  Mountain  Valley  Springs,  situated  twelve  miles 
north  of  Hot  Springs,  at  the  foot  of  Blakely  Mountain,  in 
a  beautiful  Valley  extending  well  up  into  the  mountain 
range-  and  Potash  Sulphur  Springs,  located  seven  miles 
cast  of  Hot  Springs  on  the  Hot  Springs  Railroad,  one 
mile  from  Lawrence  station.  James  K.  Crook. 

HOT  SPRINGS,  MADISON  COUNTY,  NORTH  CARO- 

Post-Opfiob.— Hot  Springs.  Mountain  Park  Hotel 
and  boarding-houses.  ,, -□  „ 

Access,— From  the  north  and  east  by  through  Pullman 
cars  on  the  Pennsylvania  and  Southern  Railroads ;  from 
the  west  and  northwest  via  Louisville,  or  via  Cincinnati 
by  the  Queen  and  Crescent  route  to  Knoxville,  thence  by 
Bast  Tennessee,  Virginia  and  Georgia  Railroad  (now  a 
part  of  the  Southern  system).  The  location  is  35  miles 
west  of  Asheville.  The  picturesque  little  village  of  Hot 
Springs  is  situated  on  the  western  boundary  of  North 
Carolina,  only  three  miles  from  the  Tennessee  hne,  m  the 
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heart  of  Big  Smoky  and  Blue  Ridge  Mountains,  on  the 
banks  of  the  beautiful  French  Broad  River.  The  loca- 
tion is  1,700  or  1,800  feet  above  the  sea  level.  The  at- 
mosphere is  dry  and  invigorating  and  the  climate  mild 
and  equable,  there  being  a  very  large  proportion  of  clear 
days.  The  springs  have  long  been  popular  in  the  South, 
but  in  recent  years  they  have  come  into  high  favor  with 
Northern  visitors  also.  They  are  about  twenty  in  num- 
ber, and  the  temperature  of  the  waters  ranges  from  96 
to  104°  F.  They  form  one  of  the  only  two  groups  of  hot 
springs  east  of  the  Mississippi  from  Canada  to  the  Gulf 
of  Mexico.  The  following  analysis  was  recently  made 
by  Professors  Chandler  and  Pellew,  of  New  York: 

ONE   tjNITED   STATES  GALLON   CONTAINS  I 

Solids.           '  Grains. 

Sodium  chloride 1-08 

Potassium  clilorid.'  -oj 

Potassium  sulphate i-O;^ 

Calcium  sulphate •^'J-'Jf^ 

Magnesium  sulphate 7.,2U 

Ammonium  bicarbonate SI?; 

Calcium  bicarbonate 9M 

Iron  bicarbonate •"' 

Sodium  phosphate Traces. 

Alumina „-V* 

Silica 3.U 

Orsanic  and  volatile  matter Traces. 

Total ^-86 

The  waters  are  quite  similar  to  those  of  the  Arkansas 
Hot  Springs.  Several  of  the  springs  have  been  encom- 
passed in  the  limits  of  a  fine,  large  bath-house,  which  is 
divided  into  sixteen  separate  pools,  nine  feet  long  by  six 
feet  wide  and  four  to  five  feet  in  depth.  The  water 
pours  into  these  pools  directly  from  the  springs.  The 
visitor  will  find  here  all  of  the  modern  appliances  and 
improvements  which  go  to  make  up  a  first-class  bathing 
establishment  of  the  day.  Guests  are  received  at  all  times 
of  the  year.  With  its  lovely  mountain  scenery,  its  ex- 
hilarating climate,  its  thermal  waters,  and  many  other 
natural  attractions,  combined  with  a  hospitable  and  scien- 
tific management,  this  resort  is  well  deserving  of  the  wide 
reputation  which  it  has  obtained.  James  K.  Crook. 

HOT  SULPHUR  SPRINGS. —  Middle  Park,  Grand 
County,  Colorado. 

Post-Office. — Hot  Sulphur  Springs.     Hotels. 

Access. — Yit  Union  Pacific  Railroad,  50  miles  west 
from  Denver  to  Georgetown ;  thence  by  daily  stage  50 
miles  to  springs,  passing  over  the  Snowy,  or  main  range, 
of  the  Rocky  Mountains,  at  11,250  feet  altitude. 

These  springs  are  located  in  the  Middle  Park  on  the 
banks  of  the  Grand  River,  7,635  feet  above  the  sea  level. 
This  river  forms  the  only  drainage  outlet  to  the  Middle 
Park,  a  mountain  basin  90  by  50  miles  in  extent.  The 
enclosing  peaks  vary  in  height  from  9,000  to  14,000 
feet. 

The  prevailing  weather  in  this  section  is  clear,  with 
westerly  winds.  There  is  considerable  snow  in  winter, 
with  a  steady  range  of  temperature  of  about  33°  to  50° 
F.,  but  occasionally  dropping  to  20°  or  25°  below  zero, 
As  many  as  twenty-two  of  the  springs  are  well  situated 
for  improvement,  but,  according  to  the  latest  reports  we 
have  had,  the  baths  now  in  use  take  water  from  only 
three  or  four.  The  exact  flow  of  water  cannot  be  stated, 
but  it  is  believed  to  be  greater  than  that  of  the  Arkansas 
Hot  Springs.  A  strong  smell  of  sulphureted  hydrogen 
pervades  the  neighborhood  of  the  springs,  and  \\\i\\  a 
favoring  wind  may  be  noticed  for  a  considerable  distance 
up  the  valley.  The  channels  through  which  the  waters 
flow  are  lined  with  a  soft  yellowish-white,  velvety  sub- 
stance having  the  odor  of  sulphur  (pi-obably  a  confer- 
void  growth  known  as  sulfuraria).  This  substance  is 
evidently  not  a  sediment,  as  it  stands  up  like  the  pile  of 
velvet  or  plush,  and  is  not  deposited  in  layers,  while  the 
water  itself  is  as  clear  and  bright  as  that  of  any  moun- 
tain spring.  It  is  said  to  be  very  palatable  and  to  rest 
well  on  delicate  stomachs.  The  following  analyses  wi-re 
made  some  years  ago  by  Professor  Mallett,  Jr  • 


ONE  UNITED  STATES  GALLON  CONTAINS  : 

Solids. 

irs 

2°-5m 

1  -i 

<B  (is 

is  . 

C-E 

.SS'5 
mi-': 

■ 

^  da 

10.08 
58.57 

8.46 
29.43 

2.66 
12.18 
14.25 

7.03 
.42 
.54 

Trace 
Trace 

3.68 
39.37 

1.93 
13.97 
9.85 

.96 
9.49 
1.31 

Trace 
Trace 

6.43 

Sodium  carbonate 

50.45 

20.37 
5.26 

17.53 

1.03 

8.42 

.61 

Trace 

Trace 

Trace 

22.43 

Magnesium  carbonate 

6.. 57 
14.61 
8.48 

4.14 

'  8.97 

1.46 

.07 

13.11 

2."),  11 

..50 
2.94 

1.69 

4.69 

1.36 

Lithia 

Trace 
Trace 

'trace 
Trace 
Trace 

Trace 

Trace 

101.75 

65.09 

66.51 

74.96 

80.56 

74.81 

The  supply  of  water  furnished  for  this  analysis  was 
insufficient  to  detect  solids  present  in  minute  quantities. 
The  lithia  was  discovered  by  means  of  a  spectroscope  in 
the  residue  left  after  evaporating  300  c.c.  of  the  water. 
No  gaseous  constituents  are  shown,  as  the  analyses  W(;re 
made  from  bottled  water,  which  had  been  standing  for 
some  time  after  removal  from  the  springs,  and  it  is  be- 
lieved that  the  sulphureted  hydrogen  (or  other  gas)  which 
may  have  been  present  had  either  escaped  or  been  oxi- 
dized to  sulphuric  acid. 

The  waters  are  recommended  in  cutaneous,  hepatic, 
uterine,  neuralgic,  gouty,  and  rheumatic  disorders,  and 
for  the  manifestations  of  tertiary  syphilis.  As  with  ther- 
mal waters  generally,  they  are  contraindicated  in  most 
acute  diseases,  in  tuberculosis  and  cancer,  in  fatty  de- 
generation of  any  important  structure,  in  aneurism  or 
organic  heart  disease,  and  in  predispositions  to  cerebral, 
gastric,  pulmonary,  or  intestinal  hemorrhage.  There  are 
two  hotels  at  the  Hot  Sulphur  Springs  and  several  private 
houses  where  guests  may  obtain  accommodations. 

James  K.  Crook. 

HOUSE  SANITATION.— The  primary  objects  of  habi- 
tations is  to  secure  protection  from  the  influence  of  heat 
and  cold,  rain,  sunshine,  and  storms,  and  thus  promote 
the  health  and  happiness,  and  indirectly  also,  the  morals 
and  culture  of  the  human  race.  The  influence  of  sani- 
tary houses  cannot  be  overestimated.  Dr.  Villerme,  In 
an  investigation  in  France  from  1831  to  183T,  found  that 
of  the  inhabitants  of  arrondissements  containing  7  per 
cent,  of  badly  constructed  d-\\ellings,  1  person  out  of 
every  72  died ;  of  inJiabitants  of  arrondissements  contain- 
ing 32  per  cent,  of  badly  constructed  dwellings  1  out  of 
65  died  ;  while  of  the  inhabitants  of  arrondissements  con- 
taining 38  per  cent,  of  badly  constructed  dwellings  1  out 
of  every  45  died.  The  history  of  improved  dwellings 
for  wage-earners  shows  everywhere  a  lesseneil  deatli  rate. 

1,  l^ite. — One  of  the  first  rci]uircraeuts  of  a  sanitary 
home  is  u  salubrious  building  site  with  a  thorough  expo- 
sure to  air  and  sunlight;  the  top  of  a  small  elevation  is 
always  to  be  preferred,  because  of  better  natural  di'ain- 
uge,  purer  air,  freedom  from  dampness,  and  greater  safety 
from  inundations.  Hippocrates  and  Vitruvius  ha'v  e  re- 
IVrred  in  their  writings  to  elevation  as  a  desirable  factor. 
The  tops  of  the  highest,  hills  are  usually  too  much  ex- 
posed to  the  wind,  and  when  chosen  in  certain  climates 
the  Iiouse  should  be  protected  by  trees  on  the  windward 
side;  next  to  the  top  of  a  liill,  the  slopes  should  be  pre- 
ferred with  a  southern,  southeastern,  or  southwestern 
exposure,  on  account  of  the  advantages  of  sunlight  and 
greater  cheerfulness.  Sites  located  in  depressions  which 
receive  the  natural  drainage  from  surrounding  slopes 
should  be  avoided,  as  tliey  are  not  only  damp,  but  likelv 
lo  be  suriounded  with  cold  air  and  chilling  mists.  It  is 
scared}'  necessary  to  insist  that  so-called  "  made  soil  "  and 
close  proximity  to  marshes  and  injurious  industrial  es- 
tablishments should  be  avoided. 


750 


REFKRENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES.     Sousrsa^fa^tlln!*' 


Next  to  the  topography  of  the  site  the  character  of  the 
soil  is  important  in  its  influence  upon  the  healtlifulness 
of  the  home.  In  a  genei'al  way  a  gravelly,  sandy,  or 
chalky  soil  of  good  depth  on  a  slope  makes  the  best 
building  .site,  provided  soil  pollution  has  not  taken  place 
and  the  deposit  is  not  upheld  by  some  impermeable 
stratum  of  clay  or  rock  near  the  surface.  Clay,  marl, 
peat,  and  made  soils  sliould  be  avoided,  because  they  aru 
damp  and  the  presence  of  orguuic  matter,  apart  from  fa- 
voring the  proliferation  of  disease  germs,  also  tends  to 
pollute  the  ground  air  which  is  in  constant  communica- 
tion and  interchangeable  with  the  atmosphere.  (See  Dr. 
Charles  Smart's  article  on  Air,  p.  l.'iO,  Vol.  I.) 

While  rock  affords  easy  facility  for  surface  drainage, 
Mr.  T.  M.  Clark  (Rbpehence  Handbook  of  the  Medi- 
cal Sciences,  first  edition,  Vol.  III.,  p.  423)  regards  it  as 
very  objectionable,  as  the  ledges  are  full  of  seams  through 
which  water  usually  flows,  and  the  trenching  necessary 
for  the  interception  of  the  springs  formed  in  this  way  is  so 
costly  that  it  is  usually  neglected,  and  cellars  built  on 
rock  are  in  consequence  generally  damp. 

The  temperature  of  the  upper  layers  of  soil,  and  hence 
also  its  dryness,  depend  largely  upon  its  exposure  to  the 
sun ;  but  it  is  well  known  that  heat  is  variably  absorbed 
and  retained  in  different  soils  equally  shielded  or  un- 
shielded by  vegetation.  The  following  table  by  Schubler 
shows  the  capacity  of  different  soils  of  absorbing  and  re- 
taining heat — 100  being  assumed  as  the  standard; 


Land  with  some  lime . .  100.0 

Pure  sand 95.6 

Liglitclay 76.9 

Gypsum 72.3 

Heavy  clay 71.1 


Clayey  earth 68.4 

Pure  clay  66.7 

Fine  chalk 61.8 

Humus 49.0 


It  will  be  seen,  therefore,  that  sandy  soils  are  warmer  and 
clayey  soils  are  not  only  damp  but  also  very  much  colder. 

Unfortunately,  "  ideal  building  sites  "  are  within  the 
reach  only  of  comparatively  few,  and  steps  must  therefore 
be  taken  to  render  objectionable  sites  as  sanitary  as  pos- 
sible ;  for  the  purpose  of  securing  dryness,  attention  must 
be  paid  to  the  prompt  removal  of  surface  water  and  of 
subsoil  water,  the  site  should  be  drained  by  means  of 
suitable  drains  four  to  six  feet  below  the  floor  of  the  cellar 
or  basement;  indeed  this  precaution  should  not  be  neglect- 
ed even  in  comparatively  dry  soils  in  order  to  limit  the  fluc- 
tuations of  the  ground  water.  In  the  preparation  of  the 
building  site  it  is  always  desirable  to  excavate  sufficiently 
deep  to  get  rid  of  surface  pollution,  and  it  is  perhaps 
needless  to  insist  that  in  grading  no  soil  containing  the 
rubbish  and  wastes  of  human  life  and  occupation  should 
be  used.  In  isolated  buildings  the  surface  drainage 
should  be  directed  away  from  the  house  and  the  environ- 
ments improved,  with  due  regard  to  light  and  air,  by 
either  favoring  the  growth  of  vegetation  or  by  removal 
and  pruning  of  excess  and  overproduction. 

3.  Building  Material.— The  most  common  materials 
used  in  the  construction  of  buildings  are  wood,  brick, 
sandstone,  limestone,  granite,  marble,  iron,  steel  and  other 
metals,  glass,  cement,  mortar,  asphaltum,  and  concrete. 
Of  these  materials,  iron,  zinc,  copper,  cement,  slate,  vit- 
rified brick,  and  granite  are  quite  impermeable,  while 
others  are  not ;  depending  upon  the  degree  of  their  poros- 
ity and  hygroscopic  properties— according  to  Lange— 


Solt-bumed  bricks  absorb  . . 
Hard-burned  bricks  absorb  . 
Mortar  burned  bricks  absorb 
Portland  cement  absorbs: . . . 

Limestone  absorbs 

Dolomite  absorbs 

Sandstone  absorbs 

Porphyry  absorbs 

Slate  absorbs 

Granite  absorbs 

Marble  absorbs 

Serpentine  rock  absorbs  — 
Vitrified  bricks  absorb 


Per  cent,  of 

water 
by  volume. 


2.7.5 
.93 
.61 
.59 
.56 
.00 


Or, 
per  cent, 
by  weight. 


19.13 

16.50 

14.80 

11.00 

7.26 

6..50 

4.34 

1.05 

.85 

.23 

.32 

.22 

.00 


A  wall  built  of  ordinary  brick  and  mortar  is  capable  of 
absorbing  large  quantities  of  water.  Pettenkofer  has 
calculated  that  10,000  gallons  are  incorporated  in  a  house 
built  of  100,000  ordinary  sized  bricks.  Bricks  burned 
from  flay  containing  much  saltpetre  and  sulphate  of  so- 
dium are  especially  objectionable,  as  a  deposit  is  formed 
on  the  outside  of  the  walls  and  moisture  is  attracted. 

Gallon,  in  his  work  on  healthy  dwellings,  has  shown 
that  marble  and  limestone  conduct  more  heat  than  an 
equal  thickness  of  glass,  bricks,  plastering,  and  wains- 
coting. This  appears  to  prove  what  experience  has 
practically  demonstrated,  tliat  frame  and  l)i'ick  buildings 
are  more  readily  warmed  than  marble  and  limestone 
structures  of  equal  size  and  thickness  of  walls. 

The  hygienic  importance  of  the  properties  of  the  build- 
ing material  cannot  be  underrated.  Its  porosity  largely 
determines  the  interchange  of  air  through  the  walls  and 
the  temperature  of  the  rooms,  thus  greatly  influencing 
ventilation  and  heating.  The  pores,  as  in  the  soil,  con- 
tain either  air  or  moisture ;  if  air,  the  heat  is  conducted 
slowly,  whilst  water  conducts  heat  readily.  The  hygro- 
scopic properties  of  the  material  influence  capillary  at- 
traction and  dift'usion  of  moisture,  and  consequently  also 
the  permeability  and  heat-conducting  powers  of  the 
walls.  Walls  saturated  with  moisture  absorb  much  heat 
and  render  transpiration  of  air  impossible.  It  is  for  this 
reason  that  a  house  with  damp  walls  appears  much 
cooler  to  the  inmates  in  summer  than  a  dry  one;  but 
damp  walls  are  decidedly  objectionable,  because  they  not 
only  render  the  air  of  the  room  damp  and  impure  and 
abstract  more  heat  from  the  inmates,  but  also  favor  the 
growth  of  micro-organisms. 

It  will  be  readily  understood  that  the  application  of 
paint,  wall  paper,  and  evencalcimining  will  affect,  if  not 
completely  check,  the  transpiration  of  air  through  the 
walls.  For  hot  climates,  frame  and  other  forms  of  wooden 
buildings  possess  the  advantage  that  they  cool  off  very 
rapidly  after  the  sun  has  disappeared,  but  because  of 
their  inflammability,  short  dru-ation  of  life,  and  other 
sanitary  disadvantages,  such  buildings  cannot  be  recom- 
mended. But,  as  long  as  they  are  being  extensively  used 
in  this  country,  special  precaution  should  be  taken  in 
planning  such  buildings  to  prevent  the  entrance  of  cold 
winds  at  the  junction  of  the  wood  walls  and  the  stone 
underpinning.  For  this  purpose  Mr.  Clart  recommends 
a  few  courses  of  brick  in  mortar  to  be  laid  upon  the  cellar 
wall  just  behind  the  wooden  sill;  and  as  regards  the  ex- 
clusion of  cold  air  through  cracks  or  crevices  in  the  cor- 
nice, he  suggests  the  construction  of  a  four-inch  wall  of 
brick  and  mortar  on  top  of  the  plate  which  forms  the  top 
of  the  wall  and  supports  the  floor  of  the  rafters,  carrying 
it  up  until  it  meets  the  roof  boarding.  This  wall,  besides 
its  use  in  keeping  out  cold  winds,  is  also  of  some  value 
in  checking  the  spread  of  fire.  Frame  houses  can  be  ren- 
dered cooler  in  summer  and  warmer  in  winter  by  double 
plastering  inside  and  by  covering  the  outside  walls  first 
with  rough  boards  and  a  layer  of  Cabot's  quilt  and  an 
exterior  finish  of  clap-boards  or  shingles. 

In  spite  of  certain  objections  to  brick,  they  are  on  the 
whole  the  most  desirable  material  for  ordinary  dwellings ; 
they  resist  Are  better  than  any  other  material,  and  a  hard- 
stock  pressed  brick  of  a  light  color  is  quite  impermeable 
to  moisture  and  makes  a  pleasing  and  hygienic  outer 
wall.  Next  to  brick,  granite,  marble,  lime  and  sand- 
stone are  most  frequently  used,  especially  in  connection 
with  iron  and  steel  in  the  construction  of  fireproof  build- 
ings. None  of  these  rocks  can  resist  the  ravages  of  fire 
as  well  as  brick;  granite  is  better  than  marble,  Hme,  or 
sandstone  in  this  regard. 

Micro-organi/ims  in  building  material  are  especially 
numerous  in  the  filler  for  ceiling  spaces,  which  is  fre- 
quently selected  without  regard  to  its  source,  old  plaster 
and  other  rubbish  being  used ;  Eramerich  has  isolated  the 
pneumococcus  in  such  material,  and  Bonome  found  the 
bacillus  of  tetanus  in  mortar. 

The  latter  being  a  mixture  of  sand  and  lime,  the  infer- 
ence is  that  it  was  derived  from  sand,  and  that  the  spores 
were  not  destroyed  by  the  action  of  the  lime.     Wall  pa- 
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pers,  unless  very  smooth,  harbor  a  large  number  of  micro- 
organisms; we  also  know  the  danger  of  house  fungi,  es- 
pecially the  "merculius  lacrymans,"  in  bringing  about 
the  "  dry  rot "  in  pine  lumber,  as  well  as  the  frequent 
occurrence  of  moulds  in  dark  and  damp  places.  _ 

Construction  of  t/w  House.— Dryness  of  the  foundation 
and  walls,  as'Jready  indicated,  must  be  secured  by  drain- 
ing the  subsoil  four  to  six  feet  below  the  cellar  or  base- 
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Fig..  3711. 


FIG.  2712. 


FIGS.  2711  and  2712.— Methods  of  Preventing  Dampness  of  Walls, 
location  of  damp-proof  course.    (Munson.) 
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ment  and  covering  the  entire  floor  with  a  layer  of  cement 
concrete  six  inches  thick,  rammed  solid,  and  this  should 
be-  coated  with  one  inch  of  cement.  In  this  way  not  only 
dampness,  but  the  equally  obnoxious  ground  air  are  ex- 
cluded. To  prevent  the  dampness  of  the  soil  from  rising 
in  the  walls  by  capillary  attraction,  the  foundations  must 
be  laid  in  concrete  and  hydraulic  cement  and  a  horizontal 
course  of  slate  bedded  in  cement  should  be  interposed  be- 
tween the  concrete  footings  and  wall,  and  another  course 
of  slate  just  as  the  foundation  walls  reach  the  ground 
level,  since  these  slate  courses  are  liable  to  fracture, 
the  last  damp-proof  course  should  consist  of  vitrified 
hollow  brick,  which,  moreover,  possess  the  advantage  of 
securing  ventilation.  Some  architects  recommend  damp- 
prnof  courses  of  tarred-felt  asphalt  or  sheet  lead  (Figs. 
2711  and  2712). 

The  exterior  walls  of  a  house,  whenever  practicable, 
should  be  separated  from  the  ground  by  an  "open  area," 
extending  from  the  foundation  upward ;  but  where  this 
cannot  be  done,  a  "  dry  area "  may  be  formed  by  con- 
structing a  hollow  wall  to  the  ground  level,  provided 
with  the  usual  damp-proof  courses,  and  if  springy,  also 
with  a  subsoil  drain  at  the  bottom,  at  the  same  time  pro- 
tecting the  wall  in  contact  with  the  ground  with  a  coat 
of  slate  embedded  in  cement.  Mr.  Clark  suggests  that 
if  the  ground  is  springy,  a  strip  of  tarred  roofing  felt,  a 
little  wider  than  the  wall,  should  be  laid  upon  the  foot- 
ings just  below  the  cellar  floor,  and  the  stonework  con- 
tinued upon  it.  This,  he  says,  "will  prevent  moisture 
from  rising  in  the  walls  by  capillary  attraction  from  be- 
low, and  with  the  coal-tar  coat  on  the  outside,  a  cellar 
with  walls  of  porous  material  may  be  made  dry  and 
wholesome  at  small  expense,"  but  we  cannot  vouch  for 
the  durability  of  this  procedure. 

In  localities  with  considerable  rainfall  it  will  be  well 
to  protect  the  side  or  rear  walls  of  a  rough  brick  building 
from  driving  rains  with  either  a  coat  of  cement,  mineral 
paint,  tar,  or  glazed  tiles.  Such  a  precaution  is  unneces- 
sary when  hard-pressed  bricks  are  used.  Reference  has 
already  been  made  to  the  fact  that  during  the  construc- 
tion of  a  building  an  immense  amount  of  water  is  incor- 
porated with  the  bricks,  mortar,  and  plaster.  This  water 
should  be  gotten  rid  of  before  the  house  is  occupied,  by 
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thorough  airing  and  drying ;  but  not  too  rapidly,  as  a 
rapid  evaporation  prevents  the  carbonate  of  lime  from 
becoming  crystallized  and  the  mortar  loses  its  binding 
qualities.  If  the  house  has  not  been  properly  dried,  the 
walls  are  very  likely  to  sweat,  which  is  in  part  due  to 
their  own  moisture  and  partly  to  the  condensation  of  the 
respiratory  vapors  on  the  damp  cold  walls.  Laveran 
states,  that  a  building  is  not  fit  for  occupancy  as  long  as 
the  wall  plaster  contains  more  than  twenty -two  per  cent, 
of  moisture  (see  Examination,  p.  768). 

Boofand  Roofing.— A.  good  dry  roof  is  another  impor- 
tant factor,  because  water  often  gets  to  the  walls  through 
a  defective  roof  and  the  whole  house  becomes  damp. 
Metallic  roofs  with  a  sufficient  pitch  are  most  commonly 
used  and  usually  secure  this  needed  protection ;  but  as 
they  heat  very  rapidly  a  tin  roof  should  be  painted  white 
and  a  good  non-conductor  .should  intervene.  For  this 
purpose  a  double  course  of  boards  with  a  layer  of  Cabot's 
quilt,  corked  or  Florian  building-paper  may 
be  used.  The  tin,  of  course,  is  properly 
secured  to  the  upper  sheating  with  a  layer 
of  felt  paper  directly  beneath  the  tin.  In 
any  event  there  should  also  be  an  air  space 
of  two  to  three  feet  between  the  upper  ceil- 
ing and  the  roof,  and  this  space  should  be 
ventilated  with  perforated  bricks  in  the 
walls  and  circular  ventilators  at  the  highest 
points  of  the  roof.  It  is  also  a  good  plan, 
in  order  to  prevent  rusting,  to  cover  the 
tin  with  a  coat  of  mineral  paint  on  the  un- 
der side.  Slate,  cement,  and  tiled  roofs, 
when  properly  constructed,  afford  protec- 
tion against  dampness,  fire,  and  heat.  In 
rural  districts  wooden  shingles  are  still  ex- 
tensively used,  and  such  roofs  when  treated 
with  creosote  and  covered  with  rubber  or  metallic  paint 
last  for  about  twenty  years.  Whatever  kind  of  a  roof 
is  used,  free  access  to  it  should  be  provided  by  means 
of  stairs  or  a  ladder  through  a  suitable  opening,  which 
in  summer  can  be  utilized  for  the  escape  of  hot  air. 
Special  attention  should  be  paid  to  the  gutters  and 
rain  leaders;  the  openings  of  the  latter  should  be  pro- 
tected with  a  network  of  galvanized  iron,  so  as  to  pre- 
vent dead  leaves,  scraps  of  paper,  mortar,  birds'  nests, 
etc. ,  from  passing  through  and  clogging  the  conductors. 
The  gutters  should  be  periodically  cleaned  to  prevent 
accumulation  of  rubbish  and  the  overflow  resulting 
therefrom.  Subsequent  leaks  and  defects  should  be 
promptly  repaired.  A  leaky  rain  spout  may  keep  the 
entire  house  damp.  Copper  or  galvanized  iron  should 
be  chosen  instead  of  tin  for  gutters  and  conductors. 

Floors. — Hygiene  demands  that  the  floors  should  be 
impervious  to  dirt,  moisture,  and  germs,  and  should 
therefore  be  well  seasoned,  tongued,  and  grooved,  closely 
matched  and  laid  in  white  lead.  All  crevices  resulting 
from  subsequent  shrinkage  should  be  neatly  filled  with 
strips  of  wood,  putty,  paint,  or  wax.  There  should  be 
a  sub-floor  of  rough  pine  with  a  double  layer  of  Florian 
building  paper  between;  the  top  floor  should  not  be  laid 
until  after  the  building  is  trimmed  out ;  it  should  then 
be  planed  oil  and  treated  with  a  mixture  prepared  as  fol- 
lows: Dissolve  by  heat  one  ])int  of  paraflln  pared  into 
shavings  in  two  pints  of  i-aw  linseed  oil.  To  this  solu- 
tion add  two  pints  of  liquid  dryer  and  suflicient  turpen- 
tine to  thin  it  to  the  desired  consistency.  Tliis  will  give 
a  gloss  finish.  If  a  dead  finish  be  desired,  about  one-half 
of  the  quantity  of  paraffin  should  be  used ;  apply  with 
brush  the  same  as  varnish.  If  a  high  degree  of  polish 
be  desired,  rub  with  a  polishing  brush.  One  gallon  of 
this  mixture  will  cover  approximately  two  hundred 
sciuare  feet  of  floor  surface. 

Oak  and  other  hard-wood  ]iarquetry  floors  are  not  only 
attractive  but  also  offer  every  hygienic  advantage.  In 
warm  climates  cement  or  ''  granito  "  floors  may  be  advan- 
tageously used.  The  latter  are  really  nothing  more  than 
a  concrete-cement  floor,  four  to  six  inches  in  thickness, 
with  chips  of  marble  and  granite  of  various  colors  em- 
bedded in  the  upper  layer  and  polished.     They  are  prac- 
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tically  insect  and  vermin  proof,  especially  desirable  for 
kitchens,  pantries,  and  bathrooms,  and  should  supersede 
the  use  of  linoleum  and  rubber  floor  coverings.  As  a 
filler  for  the  ceiling  space,  with  a  view  of  deadening 
sounds  and  as  a  protection  in  case  of  fire,  special  hollow 
bricks,  dry  cinders,  clean  dry  mortar  and  peat,  impreg- 
nated with  milk  of  lime,  have  been  used.  Metallic  laths 
are  preferable  to  wood. 

Stairs. — The  stairway  should  be  so  constructed  as  to 
aiford  an  easy  ascent  with  risers  not  exceeding  seven 
inches  in  height  and  treads  from  ten  to  twelve  inches  in 
width.  For  public  buildings  and  tenement  houses  iron 
stairs  and  fire-escapes  are  demanded;  indeed,  even  pri- 
vate houses  would  be  better  off  with  these  safeguards  in 
case  of  fire. 

Halls. — The  halls  of  a  house  should  be  roomy,  well- 
liiihted  by  direct  light,  if  possible,  and  susceptible  of 
ventilation.  In  a  modern  private  dwelling  the  hall  on 
the  flrst  floor  is  five  to  six  feet  in  width  and  leads  into  the 
reception  room,  from  which  proceeds  an  open  stairway 
to  the  upper  floors.  The  open  stairway  should  be  lighted 
and  ventilated  by  means  of  a  skylight. 

Interior  Arrangements.  — I'a  regard  to  the  size  of  the 
dwellings  it  is  always  best  if  they  are  simply  large 
enough  to  accommodate  one  family.  Overcrowding 
should  be  avoided,  as  infectious  diseases  are  more  liable 
to  spread  in  consequence  of  aerial  infection  and  the  more 
intimate  contact  of  the  occupants.  K8rosi,  of  Budapest, 
has  shown  that  out  of  every  one  hundred  deaths  from  all 
causes  there  were  from  contagious  diseases: 


20  deaths  In  dwellings  with  1  to 

29       ■'       "         "  "  3  " 

33       "       "         "  "  6  " 

79       "        "         "  "  over 


3  persons  in  each  room. 
5       

10      

10 


The  following  table,  prepared  by  Rohe,  shows  the  re- 
lation of  death  rate  to  density  of  population ; 


City. 

Mean  number 

ol  inhabitants  to 

each  house. 

Average  annual 

death  rate  per  1,000 

inhabitants. 

8 
33 
3.5 
52 
S.5 

24 

25 

28 

41 

47 

It  would  be  unfair,  however,  to  attribute  this  increased 
death  rate  solely  to  overcrowding ;  other  factors  must  be 
considered,  since,  as  well  expressed  by  Ogle,  "The  more 
crowded  a  community  the  greater,  generally  speakmg, 
is  the  amount  of  abject  want,  of  filth,  of  crime,  of  drunk- 
enness and  of  other  excesses.  "  Nevertheless,  these  mor- 
tality statistics  demonstrate  the  baneful  effects  of  tene- 
ment houses.  With  the  present  rapid-transit  facilities  m 
everv  city  our  voice  should  be  clearly  iu  favor  of  indi- 
vidual homes ;  and  when  this  is  impracticable,  we  should 
insist  on  broad  streets  and  deep  yards,  ^o  more  than 
sixtv-six  per  cent,  of  the  lot  should  be  covered  by  the 
house,  and  the  height  of  the  tiiilding  should  never 
exceed  the  width  of  the  street.  No  field  affords  better 
opportunitv  for  philanthropic  work  than  the  removal  ot 
slums  and 'erection  of  sanitary  houses  for  wage-earners 
at  reasonable  rentals.  Acting  upon  tins,  the  AYashington 
Sanitarv  Improvement  Company  was  oiganized  m  1H97, 
and  Sui-.^'-eon-Generul  Sternberg  prepared  plans  m  wliich 
no  detaifwas  omitted  which  would  tend  to  provide  the 
best  accommodations  from  the  standpoint  of  liygiene. 
Each  house  has  a  frontage  of  17*  feet  and  consists  of  two 
independent  flats,  one  on  each  floor,  the  special  feature 
being  that  each  flat  constitutes  a  complete  home,  lia^ng 
a  separate  entrance  and  exit,  separate  yard  and  c-ellar^ 
The  entrance  to  the  flat  on  the  first  floor  opens  into  the 
front  or  ^tting-room,  13.2  by  14  feet;  back  of  this  room 
is  a  hallway  leading  to  the  bedrooms,  13  I'J'  1--  * '  ^ ; 
bathroom  .i.6  by  5.6,  and  kitchen  10  by  12,4  feet.  _  The 
entrance  to  the"  flat  in  tlie  second  story  is  bv  a  staircase 
with  access  through  a  doorway  on  a  level  with  the  one 
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opening  into  the  flat  on  the  flrst  floor,  but  at  the  other 
end  of  the  front  of  the  house.  Eacli  flat  has  three  large 
closets,  and  the  kitchens  are  provided  with  a  range,  hot-  . 
water  Ijoiler,  dressers,  and  sinks.  Every  room  receivoe^ 
direct  light  and  air,  and  the  plumbing  is  the  best.  ThePr 
flats  rent  for  |12  per  month,  with  a  rebate  of  one  month's 
rent  every  year  to  tenants  whose  apartments  have  not 
required  repairs.  The  company  has  paid  five-per-cent. 
dividends  from  the  beginning  and  accumulated  a  surplus 
fund  at  the  rate  of  two  per  cent,  per  annum.  No  ofllcer 
receives  any  compensation,  and  this  promotes  the  philan- 
thropic aspect  of  the  enterprise  by  providing  the  very 
best  accommodation  from  the  standpoint  of  hygiene,  and 
as  to  comfort  the  utmost  which  a  given  cost  will  provide. 
The  company  was  awarded  a  gold  medal  at  the  Paris 
Exposition  in  1900,  the  only  company  in  the  United 
States  to  receive  that  award. 

Buseinenis  are  always  desirable,  even  in  small  houses, 
for  store-rooms,  heating  plants,  and  kitchens;  they  should 
be  at  least  eight  feet  from  floor  to  ceiling,  not  over  one- 
half  below  ground,  well  lighted,  and  with  all  precau- 
tions taken  to  prevent  the  odors  of  the  kitchen  from  pass- 
ing into  the  upper  stories.  This  can  be  done  by  a  closed 
stairway  and  a  deep  hood  over  the  range,  which  should 
conduct  the  gases  into  a  flue  located  next  to  the  smoke 
flue.  In  the  more  commodious  houses  the  first  floor  usu- 
ally consists  of  three  large  rooms,  parlor,  reception,  and 
dining-room,  to  which  in  double  houses  a  library  may  be 
added.  When  practicable,  the  kitchen  should  be  located 
in  a  one-story  wing  with  pantry  intervening  between  the 
kitchen  and  dining-room.  This  isolates  the  kitchen  and 
odors  from  the  main  house,  and  is  preferable  in  many 
respects. 

The  rooms  of  the  flrst  floor,  or  parlor  floor,  should  be 
from  10-1  to  11  feet  high  and  liberally  supplied  with  win- 
dows, while  the  upper  stories  may  be  10  and  9i  feet  in 
height.  Living  and  sleeping  apartments  for  obvious 
reasons  should  not  be  tolerated  in  basements.  The  larg- 
est and  sunniest  apartment  in  the  house  should  be  chosen 
for  the  nursery  and  living  room.  The  bedrooms  should 
also  be  bright  and  sunny,  and  rooms  with  nortliern  ex- 
posure avoided  as  much  as  possible  for  regular  bedrooms. 
In  this  connection  the  stimulating  effects  of  sunlight 
upon  tissue  metamorphosis  and  its  destrnetive  influence 
on  micro-organisms  should  be  remembered.  No  room 
should  have  a  borrowed  light,  and  tliis  can  be  avoided 
by  the  construction  of  ample  air  and  light  wells  in  city 
houses  whicli  are  throe  or  four  rooms  deep.  The  win- 
dows should  be  made  to  open  on  top  and  bottom. 

Interinr  Fini.th  and  Deeiinitioii.':. ^Hygiene  cannot  ap- 
prove of  decorations  or  an  interior  finish  which  serve  as 
dust  and  germ  traps.  In  all  houses  dust  is  produced  by 
the  wear  and  tear  of  domestic  activities,  and  our  object 
should  be  to  prevent  its  accumulation  and  facilitate  its 
removal.  Cornices  and  ]3rojection,s  on  ceilings  and  walls, 
the  mouldings  of  door  and  window  frames,  wardrobes, 
carpet  and  cumbersome  draperies  all  tend  to  collect  dust 
and  micro-organisms ;  they  are  not  tolerated  in  hospitals 
and  should  be  abolished  in  sanitary  liouses. 

When  the  floors  are  neatly  polished,  it  is  quite  sufii- 
cient  to  have  a  few  small  rugs  wliich  can  be  easily  taken 
up  and  shaken  and  the  floors  cleaned  with  a  damp  dus- 
ter Heavy  curtains  and  draperies  should  give  way  to 
lio-ht,  airy  fabrics,  which  can  be  easily  washed.  The 
bedroom  furniture  should  be  light,  simple,  and  limited 
to  the  most  necessary  articles.  Every  bedroom  should 
be  provided  with  a  commodious  closet,  supplied  with 
clothes  hooks,  shelves,  and  drawers,  and  if  the  mirror  is 
sunk  in  the  panel  of  the  door,  wardrobes  and  dressing- 
cases  could  be  conveniently  dispensed  with.  All  corners 
and  angles  of  the  inside  of  the  house  should  be  rounded 
to  facilitate  the  removal  of  du.st. 

Willi  Dcc<)ratioiis.— The  wall  coverings  should  be  as 
smooth  as  possible,  since  rough  and  highly-embossed 
paper  and  hangings  accumulate!  an  enormous  quantity  of 
dust  and  germs.  "On  the  whole,  the  plain  calciniined  or 
painted  walls  outrank  from  a  sanitary  point  of  view  the 
gorgeous  decorations  of  the  palatial  homes.    Green  paint 

T53 


nouse  Sanitation. 
Bouse  Sanitation. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


and  ereen-colored  wall  papers  should  be  rejected;  in- 
deed,^ s?^ce  arsenic  has  £ein  found  i-^ /anous  colored 
papers  other  than  green,  no  paper  should  ^'e  used  uiUess 
guaranteed  to  be  free  from  arsenic,  as  much  harm  may 
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Fig.  2713.— First-story  Plan  of  Sanitary  Houses  for  Wage-earners  la  the  City  of  Washington. 


be  done  by  arseniuretted  hydrogen,  which  tends  to  pro- 
duce a  chronic  form  of  arsenical  poisoning,  character- 
ized by  conjunctivitis,  cough,  nausea,  and  aiarrnoea, 
with  colic,  cramps,  and  debility.  A-tr^r.., 

The  air  of  habitations  differs 
from  the  exterior  air  in  this,  that 
unless  precautions  have  been 
taken  it  may  contain  the  elements 
of  ground  and  sewer  air;  but 
even  in  the  best-appointed  houses 
the  air  is  vitiated  by  the  products 
of  respiration,  combustion,  and 
decomposition  of  organic  matter. 
As  a  matter  of  fact  we  always 
find  an  excess  of  carbonic  acid, 
as  much  as  5.88  volumes  per  10,- 
000  having  been  determined  in 
basements,  4.59  on  the  first  floor, 
4.50  on  the  second  floor,  and  4.19 
on  the  third  floor.  We  also  find 
an  excess  of  organic  matter,  most 
probably  derived  from  the  lungs, 
mouth,  and  skin  of  the  occupants. 
Some  authors  deny  that  the  skin 
and  lungs  in  perfect  health  give 
off  anything  impure,  but  experi- 
ence points  to  the  fact  that  even 
the  cleanest  and  healthiest  per- 
sons exhale  an  organic  substance 
which  clings  to  bedding,  clothing, 
carpets,  and  walls,  and  imparts 
that  peculiar  close  and  offensive 
odor  to  bedrooms  and  other  inhab- 
ited apartments.  Indeed,  Uffel- 
mann  never  failed  to  find  ammonia 
nitrates  in  the  air  of  his  rooms, 
amounting  to  from  0.108  to  0.073 
mgm.  as  compared  with  0.035 
mgm.  per  cubic  metre  in  the 
outer  air. 

We  also  find  more  dust  and 
germs  than  in  the  open  air.  If  on 
a  wind-still  day  we  expose  two 
glass  slides  moistened  with  gly- 
cerin, one  in  the  outer  air  and  the 
other  indoors,  we  shall  find  at  the 
expiration  of  twelve  hours  that 
the  slide  exposed  indoors  will 
contain  a  larger  amount  of  dust, 
and  that  the  organic  constituents 
which  in  the  outer  air  amount  to 
about  thirty  per  cent,  are  present 
to  the  extent  of  about  fifty-seven 
per  cent.  It  has  also  been  shown 
that  when  the  exterior  air  con- 
tained only  6.5  mgm.  of  dust  per 
cubic  metre,  the  air  of  even  well- 
ventilated  houses  contains  an 
average  of  16.8  mgm.  per  cubic 
metre. 

The  number  of  micro-organisms 
in  the  air  of  even  the  better  class 
of  houses  is  invariably  greater 
than  in  the  open  air,  and  depends 
largely  upon  whether  the  dust  has 
been  stirred  up  or  not.  Thus 
Uffelmann  found  the  outer  air 
thirty-nine  inches  above  ground 
to  contain  350  germs  per  cubic 
metre;  one  of  his  rooms  during  a 
perfect  calm  to  contain  7,500  per 
cubic  metre,  and  one,  after  shut- 
ting two  of  the  doors  vehemently, 
37,000  per  cubic  metre. 

Cellar  air  contains  usually  more 
organic  matter  and  COj,  and 
the  degree  of  humidity  amounts 
often  to  complete  saturation ;  but 
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the  number  of  germs  is  less  than  In  other  parts  of  the 
house. 

The  relative  humidity  of  the  air  of  habitations  when 
not  lieated  is  usually  quite  constant.  It  is,  of  course, 
influenced  by  the  exterior  air,  but  the  fluctuations  are 
never  so  marked  as  outdoors.  This  is  probably  due  to 
the  fact  that  the  walls  and  furniture  absorb  moisture  and 
give  it  off  to  less  hygroscopic  substances. 

The  temperature  of  habitations,  with  the  exception  of 
the  upper  floor,  is  also  very  much  more  constant  than 
that  of  the  open  air.  The  maximum  temperature  in 
summer  usually  occurs  five  hours  later  than  in  the  open 
air;  for  this  reason  our  houses 
are  hotter  about  six  o'clock  in  _„ 

the  evening  than  at  twelve  or 
one  o'clock.  The  thickness  and 
construction  of  the  walls  deter- 
mine this  to  a  great  extent. 
Houses  constructed  with  walls 
having  a  four-inch  air  space  are 
cooler  in  summer  and  warmer  in 
winter. 

Ventilation. — When  we  con- 
sider that  an  adult  individual 
exhales  on  an  average  14.4  cubic 
feet  of  CO2  during  twenty-four 
hours,  and  recall  the  other  pol- 
luting factors,  such  as  the  pro- 
ducts of  combustion  and  decom- 
position, and  that  the  presence 
of  individuals  tends  to  vitiate 
the  air  with  dust,  germs,  and 
organic  matter  from  the  skin, 
mouth,  and  lungs,  while  the 
watery  vapor  eliminated  by  the 
lungs  and  skin,  amounting  to 
about  550  grains  per  hour,  is 
sufficient  to  saturate  90  cubic 
feet  of  air  at  a  temperature  of 
60°  F.,  we  see  at  once  the  neces- 
sity for  the  renewal  of  air  in 
our  habitations.  Since  it  would 
be  neither  prudent  nor  expedi- 
ent to  wait  until  the  air  becomes 
literally  unfit  to  breathe,  it  is 
self-evident  that  the  dilution  of 
impure  and  diffusion  of  pure  air 
should  be  constant  and  gradual. 
The  next  question  arises.  How 
much  fresh  air  is  required  to 
renovate  the  vitiated  air?  It 
has  been  found  by  careful  obser- 
vation and  experiments  that  no 
appreciable  organic  odors  are 
perceived  in  the  air  of  inhabited 
rooms  until  the  volume  of  CO2 
exceeds  six  volumes  per  10,- 
000.  "When  the  carbonic  acid 
amounts  to  seven  volumes,  a 
want  of  freshness  is  observed  on 
entering.  When  nine,  ten,  or 
more  volumes  are  present,  the 
organic  odor  becomes  manifest " 
(Smart).  We  know,  of  course, 
that  this  volume,  or  even  double 
the  quantity,  of  carbon-dioxide 
is  not  in  Itself  harmful,  but  as  it 
goes  hand-in-hand  with  an  in- 
crease of  organic  matter  it  is  an 
index  of  the  amount  of  organic 
impurities,  and  its  estimation, 
according  to  Smart,  afEords  the 
best  means  of  testing  the  effi- 
ciency of  the  ventilation.  Our 
object  should  be,  therefore,  to 
supply  a  sufficient  amount  of 
pure  air  so  that  the  volume  of 
CO2  may  not  exceed  six  volumes 


per  10,000.  Prom  careful  calculations  (see  Dr.  Smart's 
excellent  treatise  on  Air,  p.  152,  Vol.  I.)  it  has  been  found 
that  in  order  to  accomplish  this  result,  an  average  adult 
requires  about  3,000  cubic  feet  of  fresh  air  per  hour.  It 
is  evident  that  the  supply  of  fresh  air  can  be  introduced 
only  by  a  movement  of  the  air,  which  is  brought  about 
either  by  a  diffusion  of  the  gases  or  by  the  difference  in 
weight  of  masses  of  air  of  unequal  temperature  and  the 
pressure  resulting  therefrom.  It  is  well  known  that 
gases  have  the  property  of  penetrating  or  spreading  and 
mingling  with  others  in  every  direction,  and  this  diffu- 
sion takes  place  through  all  porous  substances,  even  a 


CT14.— Second-Story  Plan  ot  Sanitary  Houses  for  Wage-earners  In  the  City  ol  Washington. 
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dry  brick  or  stone  wall.  If  it  were  not  for  this  power  of 
diffusion,  CO2,  by  reason  of  its  specific  gravity,  would 
sink  to  the  lower  part  of  the  room. 

An  unequal    temperature    produces    a    difference  m 
weight  of  masses  of  air.     When  air  is  heated  it  expands ; 


Fig.  2715.— First-Story  Plan  of  a  Comer  House  Showing  Location  of  Pantry,  Kltclien,  and 

Dinlng-Room. 


a  volume  of  hot  air  is  consequently  lighter  than  the  same 
volume  of  cold  air.  The  warm  air  rises,  and  to  restore 
the  equilibrium  the  cold  air  rushes  in  to  occupy  its  place. 
This  is  exactly  what  takes  place  in  nature.  The  sun 
supplies  the  heat  and  the  air  currents,  or  winds,  are  thus 
produced,  which  in  turn  serve  as  powerful  ventilating 
agents  in  our  habitations.  The  winds  act  chiefly  by 
perflation,  i.e.  by  setting  masses  of  air  in  motion,  driving 
them  onward  by  an  irresistible  vis  a  tergo  ;  they  also  ex- 
ert an  aspirating  effect,  for  when  passing  horizontally  over 
chimneys  or  tubes  placed  at  right  angles  to  their  course 
they  cause  a  diminution  of  pressure  within  them,  the  air 
being  practically  sucked  out,  other  air  from  below  rushes 
up  to  fill  the  vacuum,  and  thus 
an  upward  current  is  produced. 
"We  see  therefore,  how  ventila- 
tion, which  means  the  removal 
and  dispersion  of  bad  air  and 
the  introduction  of  fresh  air, 
may  be  brought  about  by  all 
these  factors  which  operate  to  a 
greater  or  less  degree  in  what  is 
commonly  called 

Natural  Ventilation,  and 
which  is  usually  sulficient  when 
each  occupant  has  1,000  feet  of 
cubic  air  space  and  the  walls  of 
the  house  are  porous  or  contain 
numerous  crevices  near  the 
doors  and  windows,  and  the  dif- 
erence  between  the  inner  and 
outer  door  temperature  is  con- 
siderable and  the  winds  strike 
the  walls  directly  or  pass  witli 
great  velocity  over  chimney 
flues  and  other  openings.  Pro- 
fessor Pettenkofer  has  shown 
that  by  these  natural  means  his 
library,  having  a  capacity  of  75 
cubic  metres,  received  hourly 
at  a  diflierence  of  temperature  of 
20°  93  cubic  metres  of  fresh  air, 
of  19°  7.5  cubic  metres  of  fresh  air,  and  of  4°  23  cubic 
nietres  of  fi'esh  air.  But  as  we  cannot  control  the  direc- 
tion and  force  of  the  winds,  and  the  other  factors  re- 
ferred to,  we  should  provide  additional  means  for  ven- 
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tilation,  and  one  of  the  simplest  and  most  efiicient 
plans  is  to  flush  the  room  with  fresh  air  by  opening 
windows  or  doors  on  opposite  sides  of  the  room.  No 
other  method  can  take  the  place  of  this  periodical  air- 
ing for  a  thorough  ventilation  of  the  dead  corners  and 
the  removal  of  an  immense 
amount  of  dust.  The  objection 
to  this  method  are  the  cold 
draughts  in  winter,  and  it  should 
therefore  be  relied  upon  chiefly 
in  summer  or  during  the  absence 
of  the  occupants.  In  rooms  heat- 
ed with  direct  radiation,  the  fresh 
air  should  be  admitted  above  the 
heads  of  the  occupants,  either  by 
means  of  a  register  in  the  wall  or 
by  the  insertion  of  a  louvered  or 
swinging  window  pane  (Fig.  3718) 
in  one  of  the  windows,  an  upward 
direction  being  given  to  the  air 
so  that  it  may  impinge  on  the 
ceiling,  mix  with  and  be  warmed 
by  the  heated  air  in  this  situation, 
fall  gently  into  all  parts  of  the 
room  and  be  gradually  removed 
by  means  of  the  chimney  flue  or 
any  other  outlet.  Another  simple 
plan  is  to  bore  standing  holes  in 
the  bottom  rail  of  the  window 
sash,  or  to  insert  a  "Pullman 
Ventilator  "  in  the  bottom  rail  of 
the  lower  sash,  or  to  employ  the 
"Bury  Ventilator,"  which  consists  of  a  wooden  block  in- 
terposed between  the  bottom  of  the  lower  sash  and  the 
frame.  The  air  passes  into  the  room  through  the  open- 
ings in  the  block  which,  as  in  the  "  Pullman  Ventilator, " 
point  upward.  The  separation  of  the  sashes  caused  by 
the  block  also  adds  to  the  fresh-air  inlet.  The  use  of 
these  devices  practically  invades  the  domain  of  and 
brings  us  to  the  consideration  of 

Artificial  Ventilation,  which  may  be  secured  by 
providing,  1.  Suitable  inlets  and  outlets;  2.  By  ex- 
traction by  heat,  or  the  creation  of  a  decided  differ- 
ence between  the  inner  and  outer  temperature,  and 
3.  By  propulsion  and  aspiration. 
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Fig.  2716.— Second-story  Plan  of  a  Comer  House  Showing  Location  of  Bath-Rooms  and  Water- 
Close  ts. 


1.  /Special  Inlets  and  Outlets. — For  the  admission  of  air, 
perforated  bricks  are  sometimes  built  into  walls  and  con- 
cealed behind  the  washboard.  When  unwarmed  air  is 
to  be  admitted,  the  Slieringliam  valve  is  very  commonly 
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used.  In  this  apparatus  (Pig.  2719)  the  air  passes 
through  the  walls  by  means  of  a  perforated  iron  plate 
and  is  then  directed  upward  hy  a  valved  plate  with  side 


FIG.  2717.— Second-Floor  Plan   Showing  LocaHon  of  Bath-Eooms, 
Water-Closets,  and  Chambers  on  an  Inside  Lot. 

checks.  This  plate  being  hinged  is  capable  of  being  more 
or  less  completely  closed  by  a  balanced  weight ;  it  usually 
measures  three  by  nine  inches.  Watson's  tube  has  two 
chambers  placed  alongside  of  each  other,  one  serving  as 
an  inlet  and  the  other  as  an  outlet  (Fig.  3730).  McKi'n- 
nell's  wntilator  consists  of  two  cylinders,  one  inside  the 
other,  and  of  dif- 
ferent lengths ;  the 
longer  tube  projects 
above  and  below  and 
serves  to  conduct  the 
impure  air,  while  the 
outer    cylinder  hav- 

■  ing  a  larger  sectional 
area  serves  as  the  in- 
let. The  outlet  is 
protected  on  the  top 
with  a  cowl;  both 
tubes  can  be  regulat- 
ed by  valves.  They 
are  especially  useful 
for  the  ventilation  of 
one-story  buildings, 
churches,  theatres, 
kitchens,  and   pavil- 

.  ion    hospitals.     The 


FIG.    2718. 


-Swinging     Window    Sash. 
(Munson.) 


ZbZ^  may  be  paced  immediately  under  the  e.xtract- 
fng  tube  ;Ts  the  warm  air  escapes  through  the  inner 
lui  a  corresponding  volume  is  admiUed  through  the 

thr^o'^gh   tL  ceiling  and   roof   of  ^^J^^ 

and  ends  protected 
with  a  small  roof; 
the  opening  of  the 
air    shaft  in    the 
ceiling    is    usually 
provided  with  a 
movable  shutter  to 
regulate  the  outlet. 
^    .      ^    The  fresh  air  is  ad- 
FIG.  2719.-Sheringham  Valve.    Front  and       j^^^      |,„     juiets 
sectional  view.    (Munson.)  luibieu      uj 
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2720.  —  Watson's 
(Munson.) 


Tube. 


running  underneath  the  floor  between  the  joists  and  dis- 
charging through  a  register  near  the  stove,  or  it  may 
be  admitted  by  Sheringham's  valves.  Of  the  various 
methods  used  in  artificial 
ventilation  which  contem- 
plate a  change  of  the  weight 
of  air  without  heating,  at- 
tention is  again  directed  to 
the  perflating  and  aspirat- 
ing effects  of  winds,  which 
are  so  extensively  utilized 
in  the  ventilation  of  ships, 
and  are  equally  applicable 
to  habitations.  Here  a  large 
cowl  is  placed  so  as  to  face 
the  wind  and  the  air  is  thus 
driven  below  through  a 
large  pipe,  whilst  another 
cowl  placed  to  back  the 
wind  acts  as  an  aspirator  to  j.jq_ 
draw  the  bad  air  from  be- 
low. A  great  many  contri- 
vances seen  in  connection  with  house  ventilation,  some 
with  rotating  cowls,  others  with  fixed  vanes,  are  based  on 
this  principle  (Figs.  3733,  2734,  3725). 

3.  ExtraHion  hy  Heat.— The  simplest  way  to  produce  a 
difference  between  the  temperature  of  the  inner  and  that  of 

the  outer  air  is  by  heat- 
ing the  room  by  means 
of  a  stove  or  open  fire- 
place, both  of  which 
will  serve  to  extract 
the  foul  air  and  secure 
a  thorough  renewal  of 
air.  In  some  instances, 
the  outlet  can  be  placed 
in  a  separate  flue  next 
to  the  chimney  flue ;  the 
latter  being  warmed 
creates  an  upward  cur- 
rent.  Gas  jets  and 
lamps  may  be  used  in 
connection  with  shafts 
used  for  the  extraction 
of  air  by  heat  (Fig. 
3736). 

S.  Propulsion  and 
Aspiration.  —  Another 
system  especially 
adapted  for  large  pub- 
lic buildings  is  to  set  the  air  in  motion  by  the  use  of  fans 
or  air  propellers.  In  other  words,  the  fresh  air  is  forced 
into  and  distributed  throughout  the  building  while  an- 
other fan  exhausts  the  foul  air.  These  fans  are  set^  in 
motion  by  water,  steam,  electricity,  or  other  motive 
power.  This  method  presents 
several  advantages:  the  amount 
of  air  delivered  and  the  rate  of 
movement  can  be  regulated  with 
nicety,  the  entering  air  can  be 
taken  from  any  desired  pure 
source  and  can  be  filtered, 
washed,  warmed  or  cooled.  The 
Madison  Square  Theatre,  in  New 
York  City,  according  to  Dr.  D. 
F.  Lincoln  (Parkes'  "Hygiene," 
vol.  ii.,  p.  472),  is  one  of  the  best 
ventilated 
buildings  of  its 
class.  The  air 
is  taken  at  a 
tower  above 
the  roof ;  is  fil- 
tered through 
a  conical  bag 
of  cheesecloth 
forty  feet  long 
suspended  in 


FIG. 


2721.— McKinnell's  Circular  Ven- 
tilator.   (Munson.) 


FIG.  3723.— jl,  Muir's  Ven- 
tilator ;  B,  transverse  sec- 
tion ol  same. 


FIG.  2723.— Rotat- 
ing Cowl  lor  As- 
piration. (Mun- 
son.) 
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Fig.  2724.— Banner's  Rotating 
Exhaust  Ventilator.  (Mun- 
son.) 


the  tower;  it  is  heated  by  steam  in  winter  and  cooled 
in  summer  by  passing  over  ice ;  heating,  cooling,  and 
distributing  take  place  in  the  basement.  One  fan  at  the 
foot  of  the  tower  forces  the  air 
into  the  audience  hall,  another 
on  the  roof  exhausts  it.  The 
doors  and  windows  are  kept 
closed.  The  air  is  introduced 
by  pipes  running  under  the 
risers;  an  opening  in  the  riser 
at  each  seat  discharges  a  for- 
ward current  With  a  velocity 
of  two  and  one-half  feet  per 
second ;  other  jets  enter  at  the 
front  of  the  footlights  and  be- 
low the  balconies  the  exits  are 
chiefly  under  the  balconies,  so 
that  there  is  a  general  move- 
ment away  from  the  stage. 
For  large  buildings,  the  "  Wing 
disc  fan  "  (Fig.  3737)  is  usually 
emplo3'ed ;  a  four  foot  fan  using  one-horse  power  delivers 
about  500,000  cubic  feet  of  air  per  hour,  while  the  larger 
sizes  of  the  " Blackman  wheel,"  according  to  Munson,  are 
said  to  give  about  13,000  cubic  feet  of  air  per  minute 
(Fig.  3738). 

Hydraulic  ventilators  are  exten- 
sively used  during  the  summer 
months  in  Germany ;  they  consist  of 
U-shaped  pipes  containing  spray 
nozzles  under 
high  pressure ; 
the  air  is  sucked 
in  and  propelled 
by  the  falling 
spray,  the  water 
collecting  at  the 
bottom  and  be- 
ing discharged  by  a  drain  pipe.  Ac- 
cording to  the  degree  of  tempera- 
ture of  the  water,  the  air  may  also  be 
cooled  by  this  method  (Fig.  3639). 

General  Rules  to  be  Observed  in  Ven- 
tilation.—1.  The  object  of  ventilation 
being  to  improve  the  air  of  the  house, 
we  should  be  sure  of  the  purity  of 
the  incoming  air.  It  should  not  be  brought  through 
underground  ducts,  nor  from  any  point  likely  to  be  con- 
taminated by  sewer  air  or  other  noxious  gases.     The  in- 


FIG.  2725.— star   Venti- 
lator. 


FIG.  2726.— Foul-air 
Outlet. 


Fig.  2727.-Wing  Disc  Fan. 

dication  is  plainly  to  select  the  safest  spot  for  inlets-  the 
mlets  should  be  provided  with  valve!  to  regulate  he 
amount  and  protected  with  fine  wire  gauze  or  Hess  an 
jute  to  exclude  vermin  and  dust.     Whenever  practicable 
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Fig.  2738.— Blackmauu's  Wheel. 


the  air  should  not  only  be  filtered,  but  also  washed  by 
means  of  a  fine  spray  in  its  passage  through  the  inlet.  If 
the  fresh  air  is  too  cold,  it  should  preferably  be  warmed 
before  entering  the  apartments  by  means  of  ventilating 

stoves  or  grates,  or  a  cen- 
tral system  of  heating  by 
furnace,  steam,  or  hot 
water. 

3.  The  superficial  area 
of  outlets    should  be  at 
least  as  large  as  that  of 
the  inlets,  and  in  order  to 
insure    renovation   of  air 
with  the  least  amount  of 
draught,  the  inlet  and  out- 
let  openings   should   not 
be  placed  directly  oppos- 
ite but  diagonal  from  each 
other.     It  is  desirable  to 
place  the  inlets  about  the 
middle  height  of  the  rooms 
and  tlie  outlets  near  the 
ceilings;   they   should   be 
supplied  with  registers  to 
regulate  the  amount. 
3.  _  Since  every  adult  requires  3,000  cubic  feet  of  fresh 
air,  it  must  be  our  aim  to  see  that  this  amount  is  sup- 
plied without  discomfort  to  the  occupants.     The  air  of 
a  room  cannot  be  changed  oftener  than  three  times  in  one 
hour  in  winter  without  causing  a  disagreeable  draught ; 
hence  every  occupant  should  have  a  cubic  air  space  of 
1,000  feet.     Finally  this  air  space  must  not  be  furnished 
in  height  at  the  expense  of  superficial  or  floor  space,  for 
the  reason  that  organic  matters  are  not  equally  diffused 
but  tend  to  accumulate  in  the  lower  strata ;  consequently 
excessive  height  (i.e.,  over  twelve  feet)  does  not  mean  a 
corresponding  dilution.    In  spite  of  overwhelming  clinical 
evidence,  the  question  of  proper  air  and  floor  space  in 
prisons,  lodging-houses,  barracks,  and  even  hospitals  has 
not  been  practically  settled,  and  the  standard  adopted  is 
fa-  below  the  amount  required. 

In  conclusion,  it  should  be  distinctly  understood  that 
no  amount  of  artificial  ventilation  can  render  thorough 
and  frequent  house-cleaning 
unnecessary,  or  the  precau- 
tions for  the  exclusion  of 
contaminated  air  superfluous, 
nor  can  ventilation  in  winter 
be  maintained  without  the 
expenditure  of  considerable 
fuel. 

Heating.— The  necessity  for 
artificial  heat  whenever  the 
temperature  falls  below  70° 
F.,  notwithstanding  the  fact 
that  a  healthy  adult  gives 
ofe  liourly  88 "heat  units,  is 
fully  recognized,  and  hygiene 
requires  that  this  artificial 
heat  should  be  supplied  as 
uniformly  as  possible,  and 
that  the  air  of  habitations, 
instead  of  being  vitiated  by 
the  products  of  combustion, 
should  be  improved  by  the 
heating  ajjparatus. 

Fuel.  —  For  this  purpose 
materials  containing  carbon 
and  liydi'ogen,  1  gm.  of 
which  is  capable  of  evolving 
during  combustion  respect- 
ively 8,080  and  34,463  small  calories,  are  used.  Putzey's 
estimates  of  the  heating  value  of  various  kinds  of  fuel 
are  as  follows : 

Fuel.  Fuel  value  of  one 

kilogram. 

?'J™<"i 3,600  calories. 

I'ifnlte 4  180 

Coke 6,000       " 


Fig.  2729.— Water  Spray  Venti- 
lator.    (Munson.) 
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Fuel. 


Fuel  value  of  one 
kilogram. 

Cbarcoal 7,0110 

Bituminous  coal 7,500       " 

Anthracite 8,000       " 

Petroleum 17,170       " 

Illuminating  gas  per  cubic  metre 7,700       " 

Of  the  foregoing  fuels,  white  ashe,  Lehigh  anthracite 
coal,  and  gas  unquestionaljly  permit  of  the  most  complete 
and  ready  oxidation  of  the  carbon  and  hydrogen,  which 
elements  supply  the  heat. 

The  products  of  combustion  are  chiefly  carbonic  acid 
and   water,   although  sulphurous  vapors  and  arsenical 

fumes  may  be  evolved  in 
the  combustion  of  min- 
eral coal.    If  the  amount 
of  oxygen  is  insufficient 
for  free  combustion  car- 
bon monoxide,  fine  par- 
ticles of   carbon  in  the 
form  of  soot,  tarry  mat- 
ters,    and     cai'buretted 
hydrogen    also    escape. 
The  smoke  under  such 
circumstances     is 
therefore  a    mix- 
ture   of    C,    CO, 
CO.,    H,0,    CHs 
and  may  also  cen- 
tal n   sulphurous 
and  arsenical  va- 

FiG.  3730.— Jaclcson's  Ventilating  Grate,  Back  P°i^'„„,„  ^.„  v.. 
View.  The  outer  casing  is  cut  away  to  show  iitoonis  may  ue 
space  and  surface  for  warming  the  incom-  warmed  separate- 
ingair.  ly    \,j    stoves    or 

fireplaces;  this  is 
called  local  Iteating  in  contradistinction  to  the  system  of 
central  heating  in  which  the  heat  is  supplied  to  a  num- 
ber of  rooms  or  the  entire  building  from  a  central 
plant.  The  latter  system  offers  so  many  advantages 
that  it  is  rapidly  superseding  every  other  method,  at  least 
in  cities.  The  majority  of  houses  in  rural  districts,  how- 
ever, are  still  warmed  by  open  fireplaces  and  stoves. 
Fireplaces  are  niches  in  the  chimney  supplied  with  grates 
in  which  combustion  may  be  maintained  and  the  products 
are  rapidly  caiTied  off  through  the  chimney.  The  room 
in  this  instance  is  warmed  by  radiant  heat,  which  means 
the  passage  of  heat  from  warm  bodies  to  cold  ones  with- 
out raising  the  temperature  of  the  intervening  air  directly ; 
the  latter  is  warmed  by  convection  from  heated  objects. 
A  uniform  temperature  cannot  be  maintained  by  the  ex- 
clusive use  of  an  open  grate,  and  though  a  most  excellent 
ventilating  apparatus,  it  is  too  powerful  to  be  wholesome, 
and  is  moreover  quite  wasteful,  as  five-eighths  of  the  heat 
generated  escapes  up  the  chimney.  The  latter  objection 
has  been  in  a  measure  overcome  by  controlling  the  chim- 
ney current  by  a  damper,  and  by  a  proper  construction 
of  the  grate  and  flre-back.  For  this  purpose  the  width 
of  the  grate  at  the  back  should  be  about  one-third  the 
width  in  front  facing  the  room ;  the  side  walls  of  the  fire- 
place should  join  the  back  at  an  angle  of  45°,  so  as  to 
throw  as  many  heat  rays  into  the  room  as  possible,  and 
for  similar  reasons  the  whole  fireplace  should  be  brought 
well  forward  into  the  room.  To  minimize  these  defects, 
an  attempt  has  been  made  to  surround  the  back  and  sides 
with  a  space  through  which  air  can  pass  and  be  warmed 
by  the  heat  that  would  be  otherwise  wasted.  An  open- 
ing below  admits  fresh  air  into  the  chamber  where  it  is 
warmed  and  escapes  through  an  opening  into  the  room 
above  the  mantle.  The  Galton,  Jackson,  and  Joly  venti- 
latino-  grates  are  all  constructed  on  this  principle  and  are 
therefore  a  combination  of  hot  air  and  fireplace  heating 

(Fig.  3730).  .         ^   ^         •       -u-  ,, 

Stoves  —There  are  an  endless  variety  of  stoves  in  which 
either  wood,  coal,  gas,  or  petroleum  is  burned,  and  m 
which  from  seventy -five  to  eighty  per  cent,  of  the  fuel  is 
utilized  The  great  distinction  between  these  and  open 
fireplaces  is,  that  the  air  which  comes  in  contact  with  the 
heated  surface  is  warmed,  expands  and  rises,  and  its  place 


is  taken  by  a  cold  air ;  the  currents  of  warm  air  circulate 
through  the  room  and  thus  every  part  is  equally  heated. 
It  is  essentially  heating  by  convection,  although  a  very 
hot  stove  also  supplies  radiant  heat.  Stoves  are  made  of 
wrought  or  cast  iron,  terra-cotta,  porcelain,  and  soap- 
stone  ;  some  are  ordinary  closed  stoves,  while  in  others 
provisions  are  made  for  the  admission  of  fresh  air  from 
without,  which  is  made  to  circulate  through  the  stove 
without  coming  in  contact  with  the  products  of  combus- 
tion, and  after  being  thus  heated  passes  into  the  same 
room  or  the  room  above,  as  in  our  lathrobes,  ventilating 
grates,  or  the  "  Cortland  Howe  "  ventilating  stove  (Fig. 
3731).  The  principle  of  introducing  fresh  air  can  be  ap- 
plied by  running  a  fresh-air  inlet  from  the  outer  air  to 
near  the  stove  and  surrounding  the  latter  with  a  jacket 
of  sheet  iron.  The  inlet  and  corresponding  outlets 
should  be  provided  with  registers.  This  is  a  very  simple 
and  effective  method  of  heating  and  ventilating  rural 
school-houses,  etc. 

Since  gas,  both  natural  and  artificial,  and  coal  oil  are 
being  extensively  used  in  this  country  for  both  heating 
and  cooking  purposes,  it  may  be  stated  on  the  authority 
of  Notter  and  Firth  that  when  the  combustion  is  complete 
and  the  ventilation  is  sufficient  for  the  ordinary  effects  of 
respiration,  their  use  is  not  fraught  with  danger,  espe- 
cially when  the  more  improved  patterns  are  used ;  but  the 
larger  oil  stoves  or  gas  stoves  which  burn  more  than  five 
feet  of  gas  per  hour  should  be  provided  with  a  flue  to 
carry  the  products  of  combustion  to  the  outer  air.  The 
ordinary  gas  logs  set  in  fireplaces  or  the  "  Backus  port- 
able steam  radiator  "  for  use  with  gas  should  be  preferred. 

Heating  by  electricity  possesses  many  hygienic  advan- 
tages, but  the  excessive  cost  has  so  far  prevented  its 
general  use. 

Central  Beating  (Furnace). — A  very  common  way  to 
heat  a  modern  dwelling  is  by  the  use  of  a  hot-air  furnace. 
In  such  a  case  a  furnace  of  wrought  or  cast  iron,  brick  or 


FiO.  2731.— Cortland  Howe  Ventilating  Stove. 

soapstone  is  placed  in  the  basement;  the  fresh  air  is  ad- 
mitted from  a  pure  source  into  the  air  chamber  of  the 
furnace  where  it  is  heated  and  conducted  in  suitable- 
sized  flues  to  the  different  rooms  and  stories  of  the  house. 
According  to  Mr.  Edward  S.  Philbrick  ("Man.  of  Pract. 
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Hygiene,"  Parkes,  vol.  ii.,  p.  466)  a  house  of  more  than 
three  large  rooms  on  the  floor,  however,  with  one  or  two 
stories  of  rooms  above,  cannot  be  properly  heated  by  only 
one  furnace,  as  it  is  almost  impossible  to  conduct  heated 
air  more  than  six  feet  in  a  horizontal  direction  from  the 
furnace.  The  combination  of  a  hot-air  furnace  and  open 
fireplaces  is  believed  to  be  a  very  sanitary  way  of  heating 
a  house,  because  provision  is  thus  made  for  both  inlets 
and  outlets ;  the  latter  are  often  neglected.  An  open  fire- 
place is  very  useful  in  drawing  the  furnace  air  down  to 
its  own  level,  even  when  there  is  no  fire  actually  burning 
in  it.  All  this  is  important,  for  apart  from  the  fact  that 
outlets  should  exist  for  the  extraction  of  foul  air,  a  wind- 
ward room  cannot  be  warmed  because  the  furnace  air  re- 
fuses to  enter  it,  and  the  remedy  for  this  is  the  open  fire- 
place, or  the  opening  of  a  chimney  flue  in  the  room. 
Flues  from  furnaces  supplying  different  rooms  sometimes 
draw  against  each  other,  especially  when  the  supply  from 
below  is  not  sufficient  for  all,  either  because  the  fresh-air 
inlet  to  the  furnace  is  too  small  or  because  after  it  has 
been  closed  in  a  high  wind  some  one  has  neglected  to 
open  it  (Lincoln). 

The  objection  to  cast-iron  furnaces  and  stoves  is  that 
carbon  monoxide  is  believed  to  escape  through  invisible 
fissures  in  the  plates  and  joints,  while  the  heaters  are  red 
hot ;  hence  they  should  be  lined  with  fire  clay ;  this  pre- 
caution may  not  be  necessary  for  the  escape  of  CO,  but 
it  will  improve  at  least  the  quality  of  the  heat.  Soap- 
stone  furnaces  are  highly  praised  for  the  quality  of  the 
air.  Since  all  heaters  are  liable  to  render  the  air  too  hot 
and  dry,  they  should  be  provided  with  evaporating  pans, 
or,  what  is  even  preferable,  a  larger  heater  should  be 
chosen  which  will  not  have  to  be  raised  to  red  heat  and 
at  the  same  time  furnishes  a  larger  volume  of  warmed 
air.  If  the  air  is  superheated  it  acquires  a  peculiar  odor, 
probably  due  to  charring  of  organic  dust ;  It  also  becomes 
very  dry  and  irritating  owing  to  the  rapid  evaporation  of 
moisture  from  the  skin  and  mucous  surfaces  of  the  in- 
mates and  in  consequence  is  apt  to  produce  catarrhal 
affections,  conditions  which  do  not  prevail  when  the 

temperature  of 
the  air  delivered 
does  not  exceed 
90°.  There  is 
also  economy  in 
running  a  stove 
or  furnace  at  a 
moderate  rate, 
and  a  reserve 
should  be  on 
hand  for  colder 
weather.  Damp- 
ers in  the  smoke 
flues  of  heaters 
are  always  ob- 
jectionable; the 
joints  of  the 
draft  doors 
should  be  so 
good  that  open- 
ing and  closing 
of  the  lower 
door  or  slides  is 
.sufiicient,  but  as 
long  as  these 
joints  are  im per- 
fect, dampers 
are  a  necessary 
evil. 

Jledtiiifi  hi/  Hot 
Water    is    now 
extensively  em- 
,  ,  ployed  in  mod- 

ern homes  and  even  larger  buildings  and  while  more 
expensive  than  the  first  cost  of  hot-air  furnaces  and 
a  steam-heatmg  plant,  the  advantages  ure  economv  in 
fuel  and  repairs;  the  temperature  is  more  agreeable  and 
the  heat  can  be  conducted  to  any  desired  point.     In  the 
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Fig.  2732.— Diagram  o(  Low-Pressure  Hot-Water 
System.    fMunson.) 


low-pressure  system  large  pipes,  generally  four  inches  in 
diameter,  are  connected  with  a  boiler  so  as  to  provide  a 
complete  circulation.  The  water  after  being  heated  cir- 
culates through  the  pipes  and  radiators,  parts  with  more 
or  less  of  its  heat  to  the  air,  i.e.,  heating  by  convection, 
and  returns  to  the  boiler.  At  the  highest  point  of  the 
system  an  expansion  tank  is  placed,  and  a  small  escape 
pipe  is  carried  into  the  outer  air  to  give  vent  to  steam 
and  hot  air.  The  water  rarely  ever  attains  a  higher  tem- 
perature at  any  part  of  the  system  than  200°  F.  (Fig. 
2732). 

In  the  Mgli-pressiire  system  the  pipes  are  smaller,  about 
one  inch  in  diameter,  but  sufficiently  strong  to  withstand 
the  pressure  incident  to  a  very  high  temperature,  as  from 
one-tenth  to  one-sixteenth  of  the  coils  are  exposed  directly 
to  the  heat  of  the  fire.  The  water  being  completely  en- 
closed from  the  outer  air,  attains  usually  a  temperature 
of  300°  F.  and  circulates  more  rapidly ;  provision  is  made 
for  expansion  by  larger  pipes  at  the  top  of  the  system. 
With  the  low-pressure  system  about  twelve  feet  of  radiat- 
ing surface  for  every  1,000  cubic  feet  are  required  to  raise 
the  temperature  of  the  room  to  65°  F.  at  zero  weather, 
while  with  the  high-pressure  system  eight  or  nine  feet  are 
sufficient.  The  volume  of  water  in  the  high-pressure 
system  is  very  much  less  and  is  heated  therefore  more 
quickly  than  in  the  low-pressure  system,  but  it  will  also 
cool  more  quickly,  and  on  the  whole  the  advantages  are 
decidedly  in  favor  of  the  low-pressure  system,  because 
the  temperature  is  more  uniform  and  there  is  no  danger 
from  explosions  or  superheated  pipes. 

Steam  Heating  is  employed  in  many  public  and  private 
dwellings  and  the  waste  steam  of  locomotives  is  utilized 
in  the  warming  of  cars,  ships,  and  factories.  The  methods 
have  been  perfected  and  the  danger  from  explosions  re- 
duced to  a  minimum;  nevertheless  steam  plants,  as  well 
as  other  central  heating  apparatuses,  require  careful 
planning  and  intelligent  supervision.  Steam  heat,  like 
furnace  heat,  is  apt  to  be  excessive  in  mild  weather,  but 
the  temperature  can  be  regulated  by  arranging  multiple 
coils  or  radiators,  which  can  be  shut  off  in  sections.  In 
every  case  the  calibre  of  the  radiator  should  be  larger 
than  the  supply  pipes  so  as  to  favor  condensation  and 
consequent  liberation  of  latent  heat.  Provisions  must 
also  be  made  for  the  rapid  return  of  the  condensed  vapor 
to  the  boiler  by  means  of  return  pipes,  since  any  obstruc- 
tion to  the  flow  of  the  return  steam  interferes  with  a  free 
and  rapid  circulation  and  causes  not  only  defective  lieat- 
ing  but  also  a  most  disagreeable  thumping  noise. 

In  connection  with  either  hot  water  or  steam  heating, 
we  recognize  three  methods:  (1st)  the  direct;  ifiA)  the  in- 
direct ;  and  (3d)  the  direct-indirect.  In  the  direct  system 
the  radiators  are  placed  in  the  room  without  any  special 
provisions  for  ventilation ;  in  the  indirect  system,  the 
coils  or  radiators  are  placed  in  a  suitable  chamber  in  the 
basement  into  which  fresh  air  is  admitted  and  from  which 
the  heated  air  is  distributed  to  the  different  rooms  by  suit- 
able inlets  and  outlets.  This  plan  answers  very  well  for 
ordinary  dwellings,  but  for  larger  buildings  arrangements 
must  be  made  to  force  the  heated  air  where  wanted,  and 
this  is  accomplished  by  the  e.rhuust  system,  or  the  pJeinim 
St/stem.  In  the  former  the  air  is  exhausted  by  suction  and 
the  pressure  of  the  atmosphere  is  relied  ujion  to  replen- 
ish the  fresh  air,  while  in  the  plenum  system  the  air  is 
forced  into  the  room  by  special  fans,  and  is  preferable 
because  the  purity  and  volume  of  the  air  can  be  regulated 
in  the  manner  already  referred  to  under  Ventilation.  In 
the  divert- i II (lireH  system  the  radiators  are  placed  under 
the  windows  and  the  fresh  air  is  admitted  from  behind 
them  and  is  warmed  by  its  passage  over  the  radiators. 
The  fresh-air  inlets  are  C(mtrolled  by  a  key  in  the  room 
connected  with  a  register  outside  in  order  to  regulate  the 
amount  of  fresh  air,  \\'lnle  the  foul  air  is  discharged  by 
suitable  outlets.  The  air  in  steam-  and  hot-water  heated 
apartments  may  also  become  excessively  dry  and  evapor- 
ating pans  are  almost  as  essential  as  with  furnace  heat. 
With  automatic  thermoregulators,  it  is  possible  to  main- 
tain a  uniform  temperature,  and  on  the  whole  we  may 
conclude  that  the  indirect  and  direct-indirect  systems — 
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combining,  as  tiiey  do,  a  central  system  of  heating  witli 
proper  ventilation — are  the  most  sanitary.  The  use  of 
steam  gives  perhaps  more  satisfactory  results  in  cold  cli- 
mates than  the  hot  water,  but  either  method  is  preferable 
to  hot-air  furnaces. 

Lighting. — Apart  from  the  hygienic  importance  of  sun- 
light on  metabolism  and  its  destructive  effect  on  germ 
life,  every  room,  whether  used  for  dwellings,  workshops, 
schools,  etc.,  should  be  so  well  lighted  by  windows  that 
the  eyes  need  not  be  strained  even  on  a  cloudy  day. 

J^atural  Lighting. — The  area  of  windows  exclusive  of 
sash  frames  should  be  at  least  one-sixth  or  preferably 
one-flfth  of  the  floor  space,  and  in  order  that  the  light 
may  penetrate  the  deeper  portions  of  the  room,  the  win- 
dows should  almost  reach  to  the  ceiling.  After  provid- 
ing the  windows  we  should,  of  course,  not  shut  out 
ninety  per  cent,  of  the  light  by  blinds  and  draperies;  but 
if  the  light  is  too  glaring  it  may  be  softened  by  white, 
cream,  or  light  gray  shades;  the  color  of  the  window 
panes  should  always  be  perfectly  transparent;  plate 
glass  possesses  the  advantage  of  warmth  and  durability. 
The  diflBculty  of  securing  a  sufficient  amount  of  daylight 
in  buildings  located  on  narrow  streets  surrounded  by  tall 
buildings  has  been  partly  overcome  by  glass  building 
blocks  8x6x3^  inches,  with  an  air  chamber  in  the 
centre,  used  jnstead  of  brick  or  stone  in  connection  with 
steel  frame  construction,  but  more  particularly  by  the 
introduction  of  prisms,  which  refract  and  diffuse  the  light 
throughout  a  room  that  would  otherwise  be  illuminated 
but  partially  or  not  at  all. 

Artificial  light,  no  matter  how  obtained,  differs  from 
daylight  in  this,  that  it  does  not  furnish  a  pure  white 
light;  the  prevailing  rays  are  red,  yellow,  or  violet, 
and  the  effects  of  a  yellowish-red  or  violet-blue  are 
produced.  Whatever  difference  of  opinion  there  may  be 
as  to  the  color  best  suited  to  our  eyes,  we  know  that  our 
vision  is  most  perfect  under  the  influence  of  a  white 
light,  and  this  ought  to  be  a  good  criterion.  One  of  the 
disadvantages  of  all  low-power  illuminants  is  that  the 
light  is  never  as  bright  as  daylight,  involving  therefore 
closer  application  of  the  eyes  and  consequent  strain  of 
the  muscles  of  the  eyeball.  These  remarks  are  hardly 
applicable  to  the  electric  arc-light  and  the  Welsbach  gas- 
burner,  the  rays  of  which,  like  the  direct  solar  rays,  may 
Indeed  be  so  glaring  as  to  cause  undue  irritation  of  tlie 
retina.  Another  harmful  effect  of  artificial  illumination 
is  the  unsteady  or  flickering  character  especially  seen  in 
the  electric  arc-light,  and  which  on  account  of  the  abrupt 
changes  is  likely  to  irritate  the  retina ;  another  disadvan- 
tage is  that  the  ordinary  illuminants,  except  the  electric 
light,  tend  to  vitiate  the  air  by  the  products  of  combus- 
tion and  also  affect  the  temperature  and  humidity  of  the 
air  by  the  heat  evolved.  The  requirements  of  a  hygienic 
light  are  that  it  should  be  as  near  as  possible  the  color 
of  sunlight,  sufficiently  ample,  but  not  too  glaring;  it 
should  be  steady  and,  instead  of  deteriorating  the  air,  it 
should  as  far  as  practicable  be  utilized  to  improve  the 
air-  nor  should  the  heat  evolved  be  sufficiently  intense 
to  be  a  source  of  discomfort  to  the  inmates  m  warm 
weather. 


Prom  this  table  we  conclude  that  the  electric  arc-light 
is  the  most  suitable  for  lighting  of  streets  and  squares, 
the  electric  incandescent  light  is  best  suited  for  public 
and  private  habitations,  including  also  steamers,  powder 
works,  and  mines.     It  is  in  every  way  superior  to  gas  and 
other  illuminants,  because  there  is  no  danger  from  Are, 
there  are  no  products  of  combustion,  hence  no  pollution 
of  the  air,  nor  are  the  temperature  and 
humidity  of  the   rooms  affected  to  any 
perceptible   extent.     These    advantages 
over  gas  are  of  special  importance  to 
the  inmates  of  buildings  where  the  ques- 
tion of  fresh  air  and  temperature  play 
an  important  role  ;  hence  we  can  readily 
appreciate  that  banks  and  other  institu- 
tions find  it  profitable  to  install  electric 
lighting  and  save  time  and  money  by  the 
prevention  of  sickness  among  their  em- 
ployees.    Next   to    electric    light,  gas, 
especially  in  connection  with  a   Wels- 
bach or  Siemens  burner,  offers  the  next 
best  choice;    in  the  absence  of  either, 
kerosene    with    a    high   flashing   point 
should   be  preferred  over  other  illumi- 
nants.    The  flashing  point  of  refined  ker- 
osene is  defined  as  the  temperature  at 
which  a  sample  of  the  oil  commences  to    pig.  3733. -Wels- 
give  off    sensible   quantities  of  inflam-       bacb  Burner, 
mable  vapor ;  it  should  not  be  less  than 
100°  P.  and  a  higher  temperature  is  preferable.     Explo- 
sions   may  occur  in  lamps  when  from  any  cause  the 
vapor  over  the  oil  in  the  reservoir  is  lighted  by  a  spark, 
as  for  instance  when  the  wick  is  extinguished  by  blow- 
ing over  the  chimney  and  is  then  depressed  in  a  smoul- 
dering  condition,  or  when  the  chimney  of  the  lamp  is 
broken.     The  Duplex  and  Rochester  burners  and  many 
other  safety  lamps  have    reduced 
these  dangers  to  a  minimum.     Tlie 
dangers  from  the  inhalation  of  car- 
bon monoxide  from  leaky  gas  fixt- 
ures and  pipes  are  especially  great 
when  water  gas  is,  used  on  account 
of  the  total  absence  of  odor.     Of 
the  various  gas  burners,  the  Wels- 
bach,   Siemens,    and    the     argaud 
burner  enclosed  with    a    chimney 
give   the    best    results.     Wherever 
practicable,   provisions    should    be 
made  to  carry  the  products  of  com- 
bustion to  the  outer  air,  and  there- 
by aid  in  ventilation. 

Acetylene  gas  has  recently  come 
into  deserved  prominence,  and  as  it 
can  be  generated  for  individual 
households  at  a  comparative  slight  expense,  and  has  many 
excellent  qualities,  it  is  hkely  to  grow  in  favor.  It  is  a 
colorless  gas  (CiHj)  with  a  characteristic  unpleasant  odor, 
and  is  generated  by  the  action  of  water  on  calcium  car- 
bide in  a  special  apparatus,  suited  to  the  needs  of  the 
respective  household  or  building.     Munson  states  that 


Fig.  3734.— Burner  for 
Acetylene  Gas. 


Summary  of  tub  JIost  Important  Characteristics  of  Illl'minating  Agents. 


Illuminants. 


Tallow  candles 

Sperm  candles 

Paraffin  oil  lamp 

Kerosene  oil  lamp 

Coal  gas,  No.  5  batwing  burner . . . . 

Coal  gas,  Argand  burner 

Coal  gas,  Siemens'  regular  burner . 

Coal  gas,  Welsbacb 

Acetylene ■ 

Electric  incandescent  ngnt 

Electric  arc-ligbt 
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1,740       " 

993      " 

909  " 
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3.5 
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16 
16 
16 
16 
16 
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16 
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1,194 
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11.0 
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3.0 
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Fig. 


3735.— Large  Size  Acetylene  Gener- 
ator.   (Munson.) 


"  a  generator  capable  of  thoroughly  lighting  a  company 
barrack  or  post  hospital  need  not  be  greater  in  bulk  than 
a  hogshead,  while  one  capable  of  illuminating  a  field  hos- 
pital of  one  hundred 
beds  is  not  larger 
than  a  pork  barrel." 
The  gas  requires  a 
special  tip  and  com- 
bustion is  usually 
complete  (Figs.  2734 
and  2735). 

Water  Supply. — In 
cities  furnished  with 
a  general  water  sup- 
p  1 3',  e  V  e  r  3'  fl  o  o  r 
should  be  provided 
with  water  taps,  not 
only  for  convenience, 
but  also  for  greater 
safety  in  case  of  fire. 
In  isolated  houses 
and  villages  without 
a  general  supply  or 
a  good  spring  in  the 
vicinity,  our  choice 
will  be  between  ar- 
tesian, cistern,  and 
well  water.  On  gen- 
eral principles  pref- 
erence should  be 
given  to  artesian  wa- 
ter. (See  article  on 
Water.) 
House  Drainuge.— The  object  of  the  sanitarian  is  to  re- 
move as  rapidly  as  possible  all  excreta  and  refuse  from 
habitations,  so  that  the  air,  water,  and  soil  shall  not  be 
made  impure.  In  any 
event  the  accumula- 
tion must  in  no  case 
extend  so  far  as  to 
render  putrefactive 
changes  evident  to 
our  sense  of  smell. 
The  various  methods 
for  the  disposal  of 
sewage  will  be  dis- 
cussed in  a  separate 
article,  and  for  the 
present  suflBce  it  to 
say  that  the  most  san- 
itary disposal  of  the 
flow  from  the  water- 
closets  and  house 
drains  is  a  well-devised  system  of  sewerage,  which  will 
convey  the  flow  on  to  farm  lands  or  into  the  sea,  but  not 
mto  watercourses  used  for  drinking  purposes.     Since  this 

system  begins  in 
the  habitations, 
we  shall  point 
out  tlie  requi- 
sites for  proper 
house  drainage, 
which  consist  of: 
1.  Water-clos- 
ets and  urinals, 
wash  basins, 
bath  and  la>m- 
dry  tubs,  and 
kitchen  and  slop 
sinks ; 

3.  A  perpen- 
d  i  c  u  1  a  r  pipe 
known  as  the 
soil  pipe  with 
which  the  fore- 
going  fixtures 
are  connected; 
and 
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riG.  2738.--Pan  Closet. 


3.  The  house  drain,  which  is  a  nearly  horizontal  pipe, 
and  connects  the  system  with  the  sewer  or  cesspool. 

Water-closets  consist  of  an  apparatus  for  the  reception 
of  excreta  connect- 
ed with  the  soil  pipe 
by  means  of  a  suit- 
able trap,  and  in 
which  water  is  used 
to  dilute  and  carry 
away  the  excre- 
ment deposited 
therein.  They  ^re 
classified  under  two 
heads,  viz. .  those 
in  which  there  is  no 
movable  apparatus 
for  retaining  water 
in  the  bowl,  and 
second,  those  which 
are  supplied  with  a 
movable  apparatus. 
Under  the  first  head 
are  included  hop- 
per, washdown  and 

wash-out  closets,  under  the  second,  pan-valve  and  plun- 
ger closets.  Space  will  not  permit  me  to  enter  into  a 
detailed  description  of  the  various  patterns,  except  to 
say  that  the  pan,  valve,  and  plunger  closets  (Figs.  2736, 
2737,  and  2738)  are  objectionable  and  should  not  be  tole- 
rated.    Among  the    best  forms  are   the   short   hopper 


Fig.  2738.— Plunger  Closet. 


rio.  3737.-yalve  Closet. 


Fig.  2739.-Deluge  Closet  with  Recessed  Back.    (Munson.) 

closets,  with  a  trap  which  opens  into  the  soil  pipe  above 
the  floor.  This  brings  the  water  seal  well  up  in  the  hop- 
per and  reduces  to  a  minimum  the  surface  likely  to  be 
touled  above  the  trap-water.  So-called  "wash-down" 
closets  are  modicatlons  of  the  short-hopper;  of  these  the 
Deluge,"  "Dececo,"  and  the  "Century  "  have  given  the 
most      satisfactory  j  a  ■= 

results  (Figs.  2739, 
3740,  and  2741). 
All  of  these  fixtures 
are  designed  to  give 
a  quick  and  power- 
ful flush  of  five  or 
six  gallons  of  water 
from  ii  tank,  the 
siphon  of  which  is 
put  into  action  by 
pulling  a  chain. 
Where  the  closet  is 
to  be  used  by  ser- 
vants, children,  and 
others  likely  to 
neglect  the  flush- 
ing, the  water  sup- 
ply should  be  made 
automatic  and  me- 
tred  by  a  waste-sav- 
ing apparatus.  The  fig.  3740.-Dececo  Closet. 
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weight  of  the  person  on  the  seat  is  thus  made  to  lift  the 
valve  in  the  bottom  of  the  tank  and  when  the  weight  is  re- 


|0 


Fig.  2741.— Century  "Siphon-Jet  Closet."    (Munson.) 

moved  this  valve  closes  and  the  lower  one  opens,  discharg- 
ing an  ample  and  definite  quantity  of  water  with  a  sudden 
dash,  which  expels  all  the  contents  of 
the  hopper  below.  For  public  build- 
ings, copious  flushes  discharged  at 
regular  intervals  from  automatic 
flush  tanks  like  the  "  Rogers-Pield  " 
are  to  be  preferred.  No  system 
should  be  tolerated  which  provides 
for  the  flushing  of  the  hoppers  by 
faucets,  for  even  if  allowed  to  run 
for  half  the  time  with  the  conse- 
quent waste  of  water,  it  does  not 
flush  the  system  like  the  sudden 
dash  of  five  or  six  gallons  of  water. 

Water-closets  whenever  practica- 
ble should  be  located  in  a  separate 
room  from  the  bath-room,  and  pref- 
erably in  a  special  projection  con- 
nected with  the  house  by  a  well- 
ventilated  lobby ;  the  closet  should 
be  provided  with  a  window  and 
other  outlets,  so  that  the  air  may 
find  a  ready  exit  without  contami- 
nating the  air  of  adjoining  rooms. 
The  exhaust  flue  already  referred  to 
(Pig.  3726)  and  heated  by  either  a 
gas  jet  or  lamp  is  especially  indi- 
cated in  rooms  used  for  water-clos- 
ets. Each  floor  of  the  house,  if 
great  convenience  is  desired,  should 
have  such  a  room  and  an  adjoining 
room  large  enough  for  the  bathtub, 
lavatories,  slop  sinks,  etc.  (See 
plans  on  page  756.) 

Simplicity  of  the  drainage  system 
is  of  the  utmost  importance ;  hence 
all  the  fixtures  necessary  for  the 
comfort  of  the  inmates  of  the  house 
should  be  placed  in  close  proxim- 
ity to  the  soil  pipe,  drained  and 
trapped  separately  into  the  soil 
pipe.  An  error  frequently  made  is 
to  connect  a  wash  bowl  waste  with 
a  water-closet  trap  several  feet  dis- 
tant by  a  pipe  under  the  floor,  diffi- 
cult of  access  and  so  nearly  horizon- 
tal as  to  insure  its  being  soon  filled 
with  a  deposit  of  slimy  filth.  This, 
like  the  scattering  of  fixtures^  all 
over  the  house,  is  very  objection- 


able. A  well-planned,  moderate-sized  house  will  show  all 
the  bath-rooms,  water-closets,  pantry,  kitchen  and  laun- 
dry fixtures  dii'cctly  above  one  another  and  in  close  prox- 
imity to  the  soil  pipe ;  that  is  to  say,  the  rooms  used  for  ser- 
vants' bath-room  and  laundry  in  the  basement  should 
correspond  with  the  kitchen  and  pantry  on  the  first  floor, 
and  the  toilet  rooms  and  water-closets  on  the  upper 
floors.  (See  the  diagram  shown  in  Fig.  2748.)  All 
the  plumbing  should  be  exposed,  and  since  the  introduc- 
tion of  nickel-plated  pipes  the  various  fixtures  present 
a  very  attractive  appearance.  Copper-lined  wooden  bath- 
tubs and  encased  wash  bowls  and  water-closets  have  given 
way  t(i  open  elegant  and  durable  fixtures  of  porcelain, 
enameled  iron  or  marble,  and  the  ordinary  water-closet 
with  hinged  seat  can  be  used  for  a  urinal.  The  bath- 
rooms and  other  rooms  containing  plumbing  should  have 
an  impermeable  floor,  such  as  the  "  granito  "  floor  already 
referred  to,  while  tile  or  adamant  walls  are  also  desirable. 

Urinals  should  always  be  of  some  non-corrosive  mate- 
rial, such  as  china,  stoneware,  or  slate;  public  urinals 
should  be  provided  with  automatic  flushing  tanks  or  a 
"  flush-down  spray  "  (Fig.  2744)  and  an  impermeable  floor 
sloping  toward  a  gutter  which  discharges  into  a  siphon 
trap  connected  with  the  soil  pipe. 

Kitchen,  pantry,  slop  sinks,  and.laundry  tubs  are  usu- 
ally made  of  earthenware,  porcelain,  slate,  soapstone,  or 
galvanized  iron  with  or  without  enamel,  and  are  pro- 
tected with  a  strainer  to  keep  the  large  foreign  bodies 
from  obstructing  the  pipes.     Whenever  the  kitchen  and 
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Fig.  2742.— Diagram  Illustrating  Sewage  Plumbing  of  a  House. 
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pantry  drains  cannot  be  provided  with  a  very  rapid  fall, 
the  congealing  of  the  grease  is  likely  to  form  a  deposit 
on  the  inside  of  the  pipe  which  often  obstructs  it  entirely. 
To  remedy  this  condition,  which  will  arise  no  matter  how 


FIG.  2743.-M0(iel  Bathroom.    (Plate  VI.-R,  copyright  1900  by  the  J.  L.  Mott  Iron  Works.) 


large  the  drain  pipe,  the  drain  should  be  flushed  with  a 
hot  four-per-cent.  solution  of  caustic  potash  or  soda 
several  times  a  weelf,  or,  what  is  far  better,  so-called 
grease  mterceptors  "  are  placed  as  near  the  sinks  as  pos- 
sible. The  grease  congeals  in  these  bowl-shaped  stone- 
ware tanks  and  floats  on  the  surface  and  can  be  removed 
when  necessary.     The  outlet  for  the  waste  water  being 


of  the  building,  extending  from  the  house  drain  thi-ough 
the  roof  where  it  should  terminate  ten  feet  away  from 
all  windows  and  chimneys.  The  soil  pipe  receives  the 
sewage  from  the  water-closets  and  the  waste  water  from 

all  other  flxtures;  it 
should  never  be  less 
than  four  inches  in 
diameter,   made  of 
wrought     or     cast 
iron    and     painted 
with  a  coat  of  tar 
within    and    with- 
out.    Special  rules 
are  laid  down  for 
the  construction  of 
the  joints  between 
the      different 
lengths;   they  may 
be    screwed    to- 
gether, or  what  is 
more    common 
caulked   with  oak- 
um  and    lead   and 
Spence's     metal. 
Screw    joints     are 
preferable.     In  any 
event  they  must  be 
air-  and  water-tight 
and    free   from  all 
defects.    The  prop- 
er security  of    the 
soil  pipe  is  a  point 
of   importance,  for 
if  not  perfectly  se- 
cured it  may  dur- 
ing the  settlement 
of  the  walls  strain 
one  or  more  of  the 
connecting  joints 
The  connection  be- 


and  produce  mischief  by  leakage.  .„„  ..„„c...uu  ue- 
tween  the  soil  pipe  and  house  drain  should  be  made  by 
means  of  a  rounded  elbow  and  not  by  an  abrupt  rieht 
angle  (Fig.  2746).  At  this  junction  a  screw  plug  should 
be  inserted  for  inspection  and  cleaning,  as  obstructions 
are  most  likely  to  occur  at  this  point. 

Traps  and  Ventilation  of  Soil  Pipes.— It  will  be  readily 
understood  that  if  the  flxtures  were  simply  connected  by- 
means  of  ordinary  drain  pipes  to  the  soil  pipe,  the  air  of 


Fig.  37M.-BOW1  Urinal.    (Munaon.) 

iZw'dlo  floT  offwti:  ?he°"  ""  ^"^^^«'  *^«  -^ter  Is 
topoft/e^Sn^g^'at-rKg^^l^^^^^^ 
8o^l  Pipes.-Tbe  soil  pipe  forms  a  vertical  stack  Inside 
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FIG.  2715.-Grease  Interceptor.    A.  House  wall:  B,  ventilation  pipe ; 
C,  Inlet;  X»,  outlet.  '^ '^  ' 

t'le  house  would  certainly  be  contaminated  by  sewer  air 
and  the  more  objectionable  emanations  from  the  soil  and 
house  drams,  which  are  constantly  coated  with  a  slimy 
putrescible  mass,  giving  rise  to  dangerous  and  offensive 
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no.   2746.— Method  ol  Connecting  Soil 
Pipe  with  House  Drain. 


FIG.  3747.— Vented 
Trap. 


When  houses  are  artificially  heated,  this  tendency  is 
increased  by  the  diminished  density  of  the  air  within  the 
house,  causing  slight  inward  pressure  through  all  exist- 
ing openings  and  fissures.    The  remedy 
consists,    first,    in    the    use    of    traps 
which  are  certain  appliances   so   con- 
structed as  to  form  a  water  seal  of  at 
least  three-quarters  of  an  inch,  stand- 
ing above  the  highest  level  of  water  in 
the  curve  of  the  trap.     This  water  seal 
prcA'ents     the     back 
flow  of  gases.    There 
are  an  endless  variety 
of  traps  in  the  mar- 
ket, such  as  the  si- 
phon,    "Sanitas," 
midfeather  trap,  bell 
traps,  etc.  (Figs.  2747 
to  2753),  but  of  these  Figs.  3747,  2748,  and  2749  are  the 
simplest  and  best,  because  there  are  no  corners  or  angles 
for  the  accumulation  of  filth   and  the  whole  curve  is 
always  full  of  water.     The  water  seal  may  be  broken  by 
evaporation  when  the  fixture  is  not  in  constant  use ;  this 
in  warm  weather  may  occur  within  a 
few  days,  and  to  reduce  the  danger  to 
a  minimum  Mr.  Putnam  invented  the 
"  Sanitas  trap  "  which  has   given  ex- 
cellent results.     Evaporation  may  also 
be  prevented  in  unoccupied  houses  by 
pouring  a  little  oil  into  the  fixtures. 
It  is  desirable,  however,  upon  re-occu- 
pying a  vacated  house  to  flush  all  the 
fixtures  with  water  and  air  the  rooms, 
as  sewer  air  may  have  entered.     Traps 
may  also  be  emptied  by  reason  of  capil- 
lary attraction,  which  is  liable  to  oc- 
cur if  bits  of  rags  and  strings  have 
found  access  to  the  trap,  and  one  end  passes  over  the  fur- 
ther bend  while  the  other  remains  immersed  in  the  water 
seal.     The  water  seal  may  also  be  broken  by  a  heavy 
rush  of  water  through  it  from  its  own  fixture  ("siphon- 
age  by  momentum  ")  or  by  a  rush  down  the  soil  pipe  from 
a  fixture  on  a  higher  level, 
" siphonage  by  suction."    As 
an     additional     precaution 
against     the     entrance     of 
sewer  air  and  the  unsealing 
of  traps  by  siphonage,  the 
soil  pipe  and  traps  should 
be  ventilated.    For  this  p\ir- 
pose  the  soil  pipe  is  carried 
above  the  roof,  the  top  be- 
ing left  open  or  protected 
with  wire  gauze  or  a  ven- 
tilating cap,  and  fresh  air 
is  freely  admitted    to    the 
drain  at  its  lower  end  on 
the  house  side  of  the  trap 

which  connects  the  system  with  the  sewer.  The  fresh-air 
inlet  terminates  above  the  ground  and  musi;  be  protected 
by  a  perforated  iron  plate  to  prevent  obstruction,  and  as  the 
air  of  the  house  is  generally  warmer  a  constant  upward  cm- 
rent  is  thus  secured,  except  when  the  closet  is  used,  when 
leuL  lb  Lij   »  ,  r         ^^^  current  is  reversed  on 

account  of  the  sudden 
rush  of  water  downward 
through  the  pipe.  For 
this  latter  reason  and  on 
account  of  the  frequent 
obstructions  placed  in  the 
fresh-air  inlet  by  playing 
children  and  the  obstruc- 
tions found  in  the  running 
trap,  there  has  been  a  dis- 
position to  abandon  the 
B-  D-  fresh-air    inlet    and    run- 

riG    2749.— A,  Running  trap;  B,    ujug  trap  altogether,  and 

S-trap:    C,   three-quarter  s-trap;    Mr   Charles  E.    Ball,  In- 

D,  hall  s-trap.  ' 


riG.  2748.— "  Sanitas  "  Non-vent- 
ed Trap. 


2750.— Bower's 
Trap. 


specter  of  Plumbing  of  the  City  of  Washington,  states 
that  in  two  outlying  districts  of  the  city  the  concurrence 
of  three  conditions — viz. :  new  clean  sewers,  recently 
constructed  house  plumbing,  and  the 
separated  location  of  the  dweUings — 
has  justified  the  omission  of  the  house 
running  trap ;  indeed,  he  holds  that 
the  objection  to  open  connections  with 
the  sewers  has  little  force  if  the  plumb- 
ing within  each  house  thus  connected 
has  tight  joints.  The  present  method 
of  inspections  and  tests  of  our  plumb- 
ing work  assure  this  result  in  most 
cities.  If  the  houses  are  constructed 
of  uniform  height,  as  is  usually  the 
case  in  modern  city  blocks,  or  if  they 
are  isolated  from  each  other  as  in  sub- 
urban localities,  emanations  from  the 
soil  pipe  openings  cannot  injuriously  affect  the  occupants 
of  neighboring  premises. 

That  even  more  radical  opinions  than  those  here  ex- 
pressed are  entertained  by  eminent  sanitary  authorities  is 
evidenced  in  a  report  of  the  Sewerage  Commission  of  the 
City  of  Baltimore,  rendered  in  November,  1896,  by  Mess. 
Rud.  Hering  and  Samuel  M.  Gray,  who  say : 

"  The  problem  of  sewer  venti- 
lation resolves  itself  into  a  pro- 
vision for  maintaining  a  direct 
communication  between  the  air 
in  the  sewers  and  the  atmos- 
phere and  in  causing  the  en- 
trance of  pure  air  and  its  circu- 
lation through  the  sewers  to  be 
as  free  as  practicable. 

"  The  most  perfect  way  of  ac- 
complishing the  above  condi- 
tions is  to  ventilate  public  sewers 
through  the  house  drains  and 
sofl  pipes  of  the  buildings,  to 
omit  the  main  trap  along  the 
house  sewer  which  also  acts  as 
a  retainer  of  foul  matter,  and  to  have  perforations  in  the 
manhole  covers  of  the  pubhc  sewers. 

"  In  this  way  an  abundance  of  air  can  enter  the  system 
not  only  from  the  outfall,  but  through  the  manhole  cov- 
ers and  circulate  through  the  sewers  and  out  through 
every  premise  sewer  to  above  the  roof  of  the  buildings. 

"  Such  a  method  of  ventilation,  however,  requires  that 
the  entire  plumbing  in  the 
house  is  planned  and  con- 
structed by  responsible 
parties,  so  that  the  work 
will  be  first  class.  It  is 
also  necessary  to  have  the 
house  pipes  tested  after 
the  plumbing  is  finished 
so  as  to  be  assured  of  tight 
joints.  This  method  has 
been  tried  in  several  cities 
in  our  country  and  is  the  Fig. 
common  one  on  the  con- 
tinent of  Europe,  but  it  is 

not  the  usual  one  in  our  country,  for  there  is  in  the 
minds  of  many  a  fear  that  if  the  pubhc  sewer  should  be 
ventilated  through  the  soil  pipe  of  their  house,  some 
danger  might  arise  through  a  leak  in  their  own  pipes 
of  contracting  a  disease,  the  germs  of  which  are  sup- 
posed to  come  from  the  public  sewer. 

"From  experience  in 
our  country  and  in  Eu- 
rope, these  fears  are  not 
well  grounded  and  there 
are  no  facts  on  record  to 
justify  them.  On  the 
other  hand,  the  advan- 
tages of  a  thorough  draft 
through  the  house  pipes 
is  considerable  and  keeps 


FIG.  3751.— D-Trap.    (After 
Notter  and  Firth.) 


2752.  —  Mid-leather  Trap. 
(Notter  and  Firth.) 


FIG.  3753.-Bell  Trap.    (Munson.) 
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them  much  cleaner  than  where  a  trap  is  placed  between 
the  house  and  the  sewer,  thus  disconnecting  the  two. 

"  It  has  been  said  that  air  coming  out  of  soil  pipes  below 
■windows  of  adjoining  houses  might  cause  offence.     But 


Fig.  2754.— Main  Trap  and  Air-hole  for  House  Drain. 

offence  could  also  be  caused  if  there  were  a  main  trap  and 
the  house  pipes  were  fouled,  which  they  generally  are  not 
when  used  for  ventilating  the  public  sewers. " 

There  is  much  to  be  said  in  favor  of  both  sides  of  the 
question,  and  for  the  present  we  prefer  the  more  conser- 
vative views  of  Mr.  Ball. 

The  need  of  draft  through  every  part  of  the  house 
drainage  is  not  the  only  reason,  for,  as  pointed  out  by 
Mr.  Philbrick,  it  is  impossible  to  retain  the  water  seal  in 
the  best  forms  of  traps,  unless  the  atmospheric  pressure 
is  freely  admitted  just  below  the  water  seal.  The  par- 
tial vacuum  that  follows  a  charge  of  water  as  it  descends 
a  vertical  line  of  pipe  is  such  that  without  a  free  admis- 
sion of  air  below  every  trap,  the  pressure  on  the  house 
side  of  the  trap  would  force  the  water  through  them  and 
leave  them  unsealed.  It  becomes  necessary,  therefore,  to 
apply  branch  vents  to  each  separate  trap,  for  waste  pipes 
more  than  eight  feet  in  length  and  less  than  four  inches 
in  diameter.  These  vents  should  be  extended  from  the 
drain  below  and  above  the  roof  or  at  least  be  extended 
and  connected  to  the  main  soil  pipe  above  the  highest 
fixture.  Mr.  Putnam  and  others  insist  that  trap  venting 
does  not  cure  siphonage  and  simply  favors  evaporation 
and  necessarily  increases  the  cost  of  plumbing,  and  to 
overcome  this  fault  and  still  prevent  the  danger  of 
siphonage,  he  prefers  the  "Sanitas  trap." 

Down  spouts  from  the  roof  should  never  be  used  as 
soil  pipes  or  ventilators,  for  apart  from  the  danger  of 
frost  in  certain  climates,  during  heavy  rains,  when  gen- 
erally it  is  most  necessary  to  give  a  safe  exit  on  account 
of  sewer  air  pressure,  they  will  be  absolutely  useless  as 
ventilators  and  foul  air  may  be  forced  into  the  houses. 

The  Twiise  drain  receives  the  discharge  from  all  waste 
and  soil  pipes  and  conducts  it  to  the  sewer;  formerly 
they  were  made  of  terra-cotta  in  two-feet  lengths  and 
about  six  inches  in  diameter  laid  in  cement,  but  owing 
to  so  many  fractures  caused  by  the  settlement  and  weight ' 
of  the  walls,  the  insinuation  of  roots  of  trees  between  the 
joints,  rat  burrows,  etc.,  the  building  regulations  very 
properly  require  that  they  also  shall  be  made  of  cast 
iron,  well- join  ted,  the  diameter  depending  upon  the 
number  of  soil  pipes  and  rapidity  of  the  fall.  The  fall 
for  a  four-inch  drain  should  if  possible  be  not  less  than 
one  in  forty,  of  a  six-inch  drain  one  in  sixty,  and  of  a 
nine-inch  drain  one  in  ninety  feet;  this  will  insure  a  ve- 
locity of  flow  in  each  case  of  between  three  and  four  feet 
per  second.  A  direct  line  from  the  house  to  the  sewer 
should  always  be  chosen ;  if  a  bend  is  necessary  a  suit- 
able curve  should  be  described;  the  place  where  the 
dram  emerges  from  the  house  must  be  well  cemented  to 
exclude  rats  from  the  sewer.  All  branch  drains  should 
be  made  to  connect  with  a  Y,  so  that  the  branch  current 
may  be  flowing  as  nearly  as  possible  in  the  direction  of 
the  mam  current ;  these  branches,  if  the  plumbing  is  prop- 
erly planned,  will  be  necessary  only  for  large  houses. 
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The  water  from  the  rain  leaders  should  when  practicable 
discharge  at  the  head  of  the  house  drain,  so  that  the 
drain  may  be  thoroughly  scoured  during  each  rain  storm. 
When  drains  discharge  into  a  sewer  liable  to  flooding,  it 
is  necessary  to  provide  a  tide  valve  between  the  sewer 
and  drain,  and  for  house  drains  with  insufficient  fall  it 
is  advisable  to  place  an  automatic  flush  tank  at  the  head 
of  the  drain. 

General  Gonaiderations.— It  is  perhaps  needless  to  insist 
that  sanitary  plumbing  involves  a  carefully  planned  sys- 
tem, good  material  and  workmanship,  simplicity  and  ex- 
posure of  the  work.  Even  the  soil  and  drain  pipes  should 
be  exposed  when  practicable,  or  at  least  should  be  acces- 
sible by  panel  work  and  covered  channels  in  the  base- 
ment. No  soil  pipe  should  be  carried  on  the  outside  of 
the  building  in  climates  subject  to  frost,  and  to  render  a 
house  safe  from  the  contamination  of  sewer  air  it  is 
necessary,  first,  that  the  soil  pipe  and  all  traps  be  venti- 
lated; second,  that  the  water  seal  in  the  traps  be  main- 
tained and  the  house  drain  be  disconnected  from  the 
sewer  by  the  introduction  of  a  running  trap  ~\J~  and 
fresh-air  inlet  in  the  manner  already  described,  with  the 
exceptions  noted  on  page  765 ;  and  third,  that  the  entire 
system  be  free  from  leaks  or  defects.  > 

Testing  of  Plumbing. — Soil  pipes  and  the  general 
plumbing  should  be  tested  for  leaks  before  the  house 
is  occupied.  This  may  be  done  by  pouring  into  the 
highest  point  one  ounce  of  oil  of  peppermint  in  a  bucket 
of  hot  water.  Another  person  who  has  not  come  into  pre- 
vious contact  with  the  oil  should  inspect  the  respective 
floors  after  a  lapse  of  ten  minutes,  when  the  leak  will  be 
discovered  by  the  presence  of  the  volatile  oil.  The  man 
who  handles  the  peppermint  must  remain  on  the  spot 
until  the  investigation  has  been  made  below;  it  requires 
extreme  caution,  as  a  single  drop  emitted  elsewhere  will 
destroy  the  value  of  the  test.  Special  glass  grenades 
charged  with  the  oil  of  peppermint  or  other  pungent 
chemicals  have  been  prepared  for  use  of  sanitary  inspec- 
tors. The  system  may  also  be  tested  before  the  water- 
closets  are  connected  by  soldering  over  the  apertures 
where  the  traps  are  connected  with  the  soil  pipes  and 
then  filling  the  pipes  with  water.  This  is  a  severe  test, 
but  very  certain,  as  any  subsidence  in  the  level  of  the 
water  indicates  a  leak  which  can  be  searched  for  as  long 
as  the  "  stack  "  of  soil  pipes  and  drain  is  exposed  to  view. 

Sometimes  the  "  smoke  test "  is  applied  from  below ; 
the  smoke,  being  forced  up  the  pipes  by  means  of  a  small 
bellows  or  smoke  rockets,  will  be  emitted  through  the 
leaks  and  thus  lead  to  the  discovery  of  the  defects.  Of 
course  all  openings  known  to  exist  must  first  be  closed 
and  the  smoke  test  should  be  connected  with  the  lowest 
possible  point.  This  test  is  not  so  reliable  as  the  others 
named.  The  gas  pipes  should  also  be  tested  before  lath- 
ing and  plastering  is  begun,  otherwise  great  damage  may 
be  done.  For  this  purpose  all  the  outlets  are  capped 
except  one,  to  which  is  attached  a  tube  connected  with  an 
air  pump  and  mercury  gauge.  Air  is  pumped  into  the 
whole  system  and  the  stopcock  turned,  and  if  after 
working  the  pump  for  some  time  and  stopping  it  the 
gauge  shows  in  the  course  of  thirty  minutes  no  signs  of 
sinking,  the  pipes  may  be  taken  a"s  in  a  safe  condition ; 
but  if  the  mercury  in  the  gauge  falls,  owing  to  the  es- 
cape of  air  from  the  gas  pipes,  there  is  a  leak  somewhere, 
which  may  be  discovered  by  pouring  a  little  ether  into 
the  pipes  near  the  gauge  and  recommencing  pumping, 
while  another  person  searches  for  the  leak  at  the  various 
joints  or  outlets.  Very  minute  holes  may  be  detected 
by  lathering  the  pipes  with  soap  and  water  and  making 
use  of  the  pipe  and  pump  to  create  soap  bubbles.  Simi- 
lar tests  are  applied  after  the  gas  fixtures  have  been  con- 
nected, so  as  to  detect  the  presence  of  defective  joints 
and  keys ;  in  this  instance  every  burner  Is  turned  off  ex- 
cept one  to  which  is  attached  a  tube  connected  with  the 
air  pump  and  gauge. 

Sewage  Disposal  for  Villages  and  Isolated  Houses. — When 
we  consider  the  fact  that  over  seventy  per  cent,  of  our 
population  reside  in  rural  districts  and  occupy  homes 
without  sewer  connections,  we  see  at  once  why  wells  and 
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outhouses  are  often  dangerous  neighbors.  Mr.  Phil- 
brick,  of  Boston,  has  described  a  system  of  sewage  dis- 
posal by  irrigation  winch  must  commend  itself  as  safe 
and  practicable  for  all  small  villages  and  isolated  houses, 
where  the  land  has  sutBcient  slope  to  afford  the  requisite 
grade.  The  requisites  for  this  system,  as  stated  by  him 
in  Parkes'  "Manual  of  Practical  Hygiene,"  vol.  ii.,  p. 
484,  are  as  follows : 

"  First,  land  adapted  to  grass  nearly  level  or  gently 
sloping  at  the  rate  of  one-fourth  of  an  acre  for  a  single 
family,  or  an  acre  for  a  combination  of  eight  to  ten  fami- 
lies, if  provided  with  a  constant  water  supply  under 
pressure.  If  the  water  supply  is  limited  to  what  may  be 
pumped  by  hand  one-half  of  the  above  area  will  be  ample. 

"  Second,  the  highest  part  of  the  land  devoted  to  this 
purpose  should  be  at  least  five  feet  below  the  level  of  the 
top  of  the  drain  where  it  leaves  the  house. 

"  Third,  the  soil  should  be  thoroughly  under-drained, 
if  not  resting  on  a  dry  and  porous  subsoil  by  nature. 
Under-drains  are  often  needed  in  clayey  or  retentive  soils 
and  should  be  laid  at  least  four  or  five  feet  below  the  sur- 
face, atintervals  of  about  twelve  feet,  with  a  free  outfall. 

"Fourth,  the  land  should  be  graded,  unless  tolerably 
smooth  beforehand,  so  as  to  avoid  sudden  inequalities. 
A  surface  that  is  adapted  to  smooth  mowing  by  hand  is 
good  enough  for  this  purpose. 

"Fifth,  the  soil  must  be  entirely  free  from  roots  of 
trees  and  shrubs.  These  would  choke  the  pipes  in  a  few 
weeks.  ..." 

If  house  drainage  is  conducted  directly  into  porous 
tiles  laid  under  the  surface,  the  fluid  parts  will  escape  at 
every  joint  while  the  solid  matter  is  apt  to  cling  to  the 
interior  and  gradually  fill  them,  so  as  to  render  them 
practically  useless,  hence  arrangements  should  be  made 
to  discharge  the  sewage  by  means  of  properly  trapped 
and  ventilated  drains  into  a  water-tight  cesspool,  where 
it  will  macerate  and  liquefy,  and  to  discharge  the  con- 
tents periodically  with  such  a  rush  as  to  fill  the  whole 
system  of  distributing  pipes  at  once  and  brush  away 
slight  obstructions  which  may  have  been  left  by  former 
discharges.  This  can  be  accomplished  by  providing  a 
stopgate  in  the  outlet  pipe  where  it  leaves  the  tank  to  be 
opened  by  hand  when  the  tank  is  full  and  closed  again 
when  empty,  or  by  providing  a  siphon  or  float  to  dis- 
charge the  tank  automatically  whenever  filled. 

Mr.  Philbrick  has  modified  Field's  siphon  to  be  used  in 
connection  with  these  sewage  tanks.  One  of  the  objec- 
tions to  this  plan  of  subsoil  irrigation,  while  excellent  in 
principle,  is  the  possibility  of  the  roots  entering  the  por- 
ous tiles  and  choking  them;  there  is  also  danger  from 
frost,  and  if  laid  deeper  than  one  foot  the  vegetation  can- 
not assimilate  the  very  matter  we  wish  to  dispose  of ;  for 
these  reasons  the  writer  favors  the  disposal  by  surface 
irrigation  along  the  furrows  of  growing  vegetation  or  in 
winter  on  the  same  garden  spot. 

Fig.  2755  shows  such  a  method  which  Mr.  Philbrick 
says  has  been  in  use  for  several  summers  at  a  house  used 
only  as  a  summer  resort,  and  has  been  attended  with 
complete  success.  There  is  an  overflow  pipe  from  the 
cesspool  which  Is  perfectly  tight,  indicating  when  it  is 
full.  The  gate  in  the  outlet  pipe  is  then  opened,  and  the 
whole  contents  are  distributed  on  the  kitchen  garden  in 
ten  minutes.  If  an  opportunity  is  selected  when  the  wind 
is  blowing  from  the  house  to  the  garden,  no  offensive 
odors  are  perceived  and  the  growing  crops  soon  absorb 
the  fluid,  much  to  their  advantage. 

When  a  proper  slope  cannot  be  had,  we  must  of  neces- 
sity fall  back  upon  either  the  earth  closet,  tonneau,  or 
pail  system  for  the  collection  of  excreta,  while  the 
kitchen  slops  and  refuse  waters  from  the  house  should  be 
conducted  to  some  garden  spot  if  practicable  and  dis- 
posed of  by  irrigation.  The  ordinary  privy  pits  and 
open-box  privies  should  never  be  tolerated ;  the  undue 
prevalence  of  typhoid  fever  in  rural  districts  is  largely 
due  to  the  use  of  these  makeshifts  and  neglect  in  the  dis- 
infection of  the  excreta.  The  history  of  every  sewered 
city  shows  a  lessening  of  the  typhoid  death  rate  subse- 
quent to  the  construction  of  the  sewers  and  that  the 


typhoid  rate  is  always  higher  in  sections  supplied  with 
privy  pits  and  open  receptacles.  The  only  reasonable 
explanation  for  this  is,  that  sewers  carry  away  the  filth 
and  germs  that  otherwise  would  contaminate  the  soil  and 
ground  water.  But  even  if  there  wtre  no  wells  these 
makeshifts  are  still  a  source  of  danger,  in  so  far  as  they 
favor  the  transmission  of  the  infection  by  means  of  flies ; 
nor  can  the  possibility  be  ignored  that  the  germs  in  leaky 
or  overflowing  boxes  may  reach  tlie  upper  layer  of  the 
soil  and  with  tlie  pulverized  dust  gain  access  to  the  sys- 
tem. These  conclusions  were  enunciated  by  the  writer 
in  1895,  and  appear  to  have  found  ample  support  in  the 
experience  of  the  late  Spanish-American  war. 

House  Diseases. — Special  reference  should  be  made  to 
some  of  the  insanitary  factors  likely  to  produce  disease. 

Dampness  of  the  basement  and  walls  is  certain  to  ren- 
der the  air  of  the  house  damp ;  this  not  only  leads  to 
undue  abstraction  of  animal  heat,  but  also  influences  the 
cutaneous  functions  and  favors  the  development  of  micro- 
organisms. The  air  of  habitations  may  be  vitiated  not 
only  by  the  products  of  respiration  and  by  exhalations  of 
the  skin  and  mouth,  but  also  by  the  products  of  combus- 
tion, by  putrid  gases  from  decomposition  of  organic  matter 
(more  especially  sewer  air) ,  and  last,  but  not  least,  by  the 
household  dust.  Dr.  Charles  Smart,  in  bis  able  article  on 
air  and  its  impurities,  pp.  147-155,  Vol.  I.,  has  fully  set 
forth  the  nature  and  effects  of  these  impurities.  Severe 
outbreaks  of  acute  tonsillitis,  marked  by  great  inflamma- 
tory swelling  of  the  tonsils,  foul  tongue,  gastric  derange- 
ment, severe  headache,  intense  depression  and  high  tem- 
perature, have  been  attributed  by  some  authorities  to  the 
entrance  of  sewer  polluted  air  into  the  habitations. 
Cases  of  typhoid  fever,  gastro-enteritis,  diarrhoea,  and 
dysentery  have  been  attributed  to  the  same  cause,  and 
Parkes  tells  us  that  in  general  and  lying-in  hospitals  in 
which  the  air  of  wards  was  liable  to  pollution  from 
drains,  surgical  fever,  erysipelas,  pysemia,  septicaemia, 
and  puerperal  fever  were  quite  prevalent  and  fatal. 
Since  sewers  receive  the  excreta  of  patients  suffering 
from  intestinal  infections  and  also  the  wash- water  and 
secretions  from  persons  and  clothing  of  other  infectious 
diseases,  it  may  be  presumed  that  they  contain  the  car- 
riers of  many  diseases,  but  it  is  not  so  easy  to  explain  the 
hberation  of  micro-organisms  from  the  sewage.  Some 
believe  that  there  is  always  a  possibility  of  particles  of 
sewage  becoming  dried  and  as  particles  of  dust  gaining 
access  to  the  air,  while  others  contend  that  during  evap- 
oration or  from  the  bursting  of  bubbles  of  gas  when  the 
sewage  is  putrefying,  the  germs  may  be  projected  from 
the  liquids  into  the  sewer  air,  and  may  then  in  conse- 
quence of  defective  traps  or  joints  in  the  drains  be  blown 
into  the  house.  While  there  is  ample  room  for  specula- 
tion on  the  subject,  in  the  present  state  of  our  knowl- 
edge we  may  conclude  at  least  that 
whether  sewer  air  contains  specific  or- 
ganisms or  not,  its  constant  inhalation 
cannot  fail  to  lower  the  power  of  the 
system  to  resist  the  invasion  and  effects 
of  pathogenic  germs,  and  that  the  emana- 


tions from  choked  house  drains  are  more  injurious 
than  those  from  sewers.  The  inhalation  of  household 
dust,  apart  from  the  mechanical  irritation  of  the  mu- 
cous membranes  produced  thereby,  may  also  be  the 
means  of  carrying  infection ;  since  the  tubercle  and  in- 
fluenza bacillus  and  the  pneumococcus  are  doubtless 
often  conveyed  from  dried  and  pidverized  sputum  or 
mucus  deposited  in  the  room.  When  we  recall  the  bad 
effects  of  deficient  sunhght,  of  dampness,  impure  air,  and 
excessive  summer  heat,  we  can  appreciate  why  some  of 
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these  factors  should  be  especially  potent  in  unsanitary 
dwellings  in  the  production  of  certain  typical  house 
diseases. 

Serofula,  or  more  correctly  speaking  a  chronic  form  ot 
tuberculosis  of  the  glandular  system,  is  especially  com- 
mon among  children  brought  up  in  dark,  gloomy,  and 
damp  habitations.  These  children  are  anamic  and  as 
puny  as  plants  reared  without  the  stimulating  eflfects  of 
sunlight.  Add  to  this  fact  that  dampness  favors  the  de- 
velopment of  catarrhal  conditions  which  render  the  sys- 
tem more  vulnerable  to  tuberculous  infection,  and  we  have 
a  reasonable  explanation  why  this  disease,  as  well  as  pul- 
moiKiry  tuberculosis,  prevails  especially  among  inmates  of 
damp  and  dark  basements  and  back-to-back  houses.  The 
death  rate  is  often  double  and  treble  that  of  other  locali- 
ties, and  while  there  are  doubtless  other  factors  which 
determine  this  frightful  mortality,  none  are  more  potent 
than  deficient  sunlight  and  ventilation,  especially  in  view 
of  the  fact  that  the  ubiquitous  tubercle  bacillus  clinging 
to  floors  and  walls  in  carelessly  expectorated  sputum,  may 
retain  its  vitality  and  even  proliferate  in  damp  and  badly 
lighted  rooms.  For  similar  reasons  diphtheria  and  cere- 
brospinal meningitis  are  also  more  frequent  in  unsanitary 
dwelljpgs.  Acute  and  chronic  rheumatism  and  bronchial 
■affections  are  likewise  of  more  common  occurrence  in 
•damp  houses,  and  in  recently  constructed  houses  which 
have  not  been  sufficiently  dried  and  aired.  Here  again 
the  continued  abstraction  of  animal  heat  lowers  the  vi- 
tality of  the  inmates  and  favors  the  development  of  these 
affections,  and  a  bronchial  catarrh  thus  produced  may 
render  the  mucosa  vulnerable  to  the  invasion  of  the  tu- 
bercle bacillus. 

Infantile  cliarrhcea  is  more  frequent  and  fatal  among 
the  inmates  of  the  upper  stories ;  this  is  doubtless  due  to 
the  enervating  efEects  of  heat  and  the  more  speedy  de- 
composition of  food,  especially  the  milk,  in  the  heated 
atmosphere ;  at  all  events,  Meinert  has  shown  that  the 
mortality  from  cholera  infantum,  at  Dresden,  was  11.37 
per  cent,  in  the  top  stories  as  compared  with  9.13  on  the 
.second  and  3.98  on  the  first  floors.  Similar  observations 
have  been  made  at  Berlin,  which  also  developed  the  fact 
that  still-births  occur  in  a  larger  pi'oportion  among  the 
occupants  of  the  upper  stories  of  houses.  Whether  this 
■condition  is  due  to  the  causes  already  mentioned,  to  soci- 
ological conditions,  or  to  stair-climbing,  remains  to  be 
determined. 

Sanitary  Inspection  of  Suildings.— The  eradication  of 
preventable  diseases  is  the  highest  aim  of  scientific  medi- 
cine, and  the  time  may  come  when  the  public  is  willing 
to  compensate  the  physician  "to  prevent  by  watchful 
foresight  so  far  as  is  consistent  with  the  progress  of  hu- 
man knowledge  "  the  outbreak  and  extension  of  such  dis- 
eases. Indeed  even  now  it  is  the  duty  of  health  officers 
and  medical  officers  of  the  public  services  to  examine 
into  the  cause  of  outbreaks  of  contagious  and  infectious 
diseases,  and  it  is  therefore  desirable  to  point  out  some 
of  the  subjects  to  which  an  intelligent  sanitary  inspector 
pays  special  attention.  Such  an  examination  should  in- 
clude the  character  of  the  site  and  soil,  the  building  plans, 
material  and  construction,  ventilation,  heating,  lighting^ 
plumbing,  water  supply,  and  the  collection  and  disposal 
of  refuse,  and  presupposes  a  knowledge  of  the  causes  of 
propagation  and  best  methods  of  prevention  of  infectious 
diseases ;  also  a  knowledge  of  sanitary  chemistry,  micro- 
scopy, and  bacteriology  in  order  to  determine  the  impuri- 
1;ies  m  air,  water,  soil,  food,  etc.,  the  prompt  and  accurate 
diagnosis  of  disease  and  the  cfflcieut  use  of  disinfectants- 
— lu  fact,  a  good  sanitary  inspector  must  possess  a  general 
knowledge  of  the  subject  under  discussion,  good  com- 
mon sense,  the  habit  of  accurately  observing  facts,  and 
the  power  f  or^  reasoning  from  causes  to  effects  and  by 
way  ot  exclu.9ion.  ■' 

Before  beginning  the  examination  of  a  buildinsr  or 
ocahty  proper  it  will  be  well  to  gather  all  the  informa- 
tion possible  from  all  persons  likely  to  throw  light  on  the 
subject  of  bad  water,  offensive  odors,  and  many  other  de- 
tails, for,  as  remarked  by  Mr.  Frederick  N.  Owen  "he 
will  often  find  that  this  testimony  will  be  uniform'  in  a 
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certain  direction  and  will  save  him  much  time  and  labor 
in  the  investigation  he  is  about  to  make,  by  directing  his 
attention  to  some  one  point  as  the  probable  cause  of 
the  trouble."  There  are  thousands  of  houses,  clean  and 
well-kept  inside,  which  are  steeped  in  the  foul  exhala- 
tions rising  from  cesspools  and  vaults  in  the  immediate 
vicinit}';  if,  therefore,  offensive  odors  are  noticed  only 
when  the  wind  is  from  certain  directions,  the  inspector 
would  do  well  to  look  for  the  nuisance  in  that  direction. 
The  inspector  should  be  systematic  in  his  methods  and 
all  the  observed  facts  should  be  carefully  noted  in  a 
memorandum  book. 

1.  The  examination  of  tlie  site  should  include  its  rela- 
tions to  sources  of  soil,  water,  and  air  pollution,  such  as 
proximity  to  marshes,  factories,  and  other  nuisances,  the 
presence  of  ponds  and  stagnant  pools  with  special  ref- 
erence to  mosquitos  as  carriers  of  malaria.  Attention 
should  be  paid  to  the  elevation  of  the  site  and  its  relation 
to  adjoining  lands  as  regards  drainage ;  to  the  amount  and 
duration  of  sunlight,  prevailing  winds,  and  the  charac- 
ter and  amount  of  dust;  and  to  the  influence  of  trees  close 
to  the  house  in  causing  dampness  by  shutting  off  sun- 
light and  air.  The  examination  should  also  be  directed 
to  the  cleanliness  of  the  yards,  outhouses,  and  the  char- 
acter of  tlie  diseases  in  the  neighborhood.  The  writer  in 
1895  recorded  a  number  of  house  epidemics  of  typhoid 
fever  in  which  the  infection  was  doubtless  carried  from 
privies  to  the  food  supply  of  neighboring  houses  by  the 
agency  of  flies. 

2.  The  examination  of  the  soil  on  which  the  house 
stands,  with  special  reference  to  dip  of  strata,  porosity, 
and  soil  pollution,  height  and  fluctuations  of  the  ground 

■  water  as  determined  by  the  water  level  in  neighboring 
wells.  A  porous  soil  like  sand,  unless  upheld  by  a  stra- 
tum of  clay,  is  usually  dry  and  salubrious ;  clay  and  rock 
are  impervious  to  moisture,  and  the  water  usually  flows 
along  the  surface  to  some  lower  point ;  situations  at  the 
base  of  a  hill  are  especially  objectionable,  as  the  ground 
water  from  higher  levels  generally  comes  here  near  the 
surface  and  renders  the  soil  and  air  by  capillary  attrac- 
tion and  evaporation  more  moist  than  at  any  other  point, 
and  this  dampness  may  extend  to  the  walls  of  the  house 
unless  special  precautions  have  been  taken  in  the  manner 
described  on  page  752  ("  Construction  of  the  House  "). 

3.  The  examination  of  the  plans,  number  of  stories, 
construction  and  interior  arrangement  of  the  house  should 
include  the  permeabihty  and  hygroscopic  properties  of 
the  building  material.  Our  general  knowledge  of  the 
relative  permeability  of  different  kinds  of  building  mate- 
rial will  enable  us  to  form  an  opinion,  but  for  exact  deter- 
minations the  use  of  a  poroskop,  or  gasometer  and  manom- 
eter becomes  necessary.  The  capillary  attraction  may 
be  determined  by  drying  a  suitable  piece  of  the  material, 
placing  the  lower  end  in  water,  and  noting  the  height 
to  which  the  moisture  ascends.  The  effective  humidity 
of  certain  building  materials  is  determined  by  weighins; 
a  certain  sample  and  after  drying  it  at  a  temperature  of 
100'  C.  to  weigh  it  again.  The  loss  in  weight  indicates 
the  amount  of  moisture.  The  relative  capacity  of  cer- 
tain building  materials  for  parting  with  their  "moisture 
can  be  determined  by  placing  two  equal-sized  pieces  in 
water  until  completely  saturated,  and  then,  after  wiping 
them  off  rapidly,  exposing  them  to  a  uniform  current  of 
perfectly  dry  air.  From  the  length  of  the  time  consumed 
in  drying,  the  capacity  for  evaporating  moisture  may  be 
calculated.  The  material,  character,  and  condition  of  the 
roof,  gutters,  and  rain  leaders  should  receive  careful  at- 
tention. 

4.  The  examination  of  the  air  in  the  interior  is  impor- 
tant. Here  we  should  remember  that  whenever  the 
volume  of  COj  amounts  to  seven  volumes  per  10,000,  with 
a  proportionate  increase  of  organic  impurities,  a  want  of 
freshness  is  obseived,  and  when  nine  ormore  volumes  are 
present  the  organic  odor  becomes  quite  pei-ceptible, 
although,  as  pointed  out  by  Dr.  Smart,  Vol.  I.,  p.  153^ 
the  continucil  occupancy  of  an  apartment  may  give  rise 
to  organic  odors,  clinging  to  the  walls  and  other  surfaces, 
when  COa  may  not  be  present  in  large  quantity.     Before 
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■entering  into  a  systematic  examination  of  tlie  air  for  tlie 
determination  of  its  impurities  (see  Air,  pp.  147-l."i.-),  Vol. 
I.)  as  regards  carbonic  acid,  organic  matter,  ammonia, 
hydrogen  sulpliide,  carbon  monoxide,  micro-organisms, 
and  Immidity ,  and  for  tlie  determination  of  cubic  air  space 
for  tlie  occupants,  it  will  be  well  to  note  the  character  and 
habits  of  the  inmates  as  regards  cleanliness,  the  amount 
of  household  dirt  and  dust  which  has  accumulated  on  the 
walls,,  floors,  and  furniture,  and  to  examine  the  closets, 
slop-pails,  garbage,  and  ash  receptacle,  as  well  as  the  con- 
dition of  the  water-closets.  The  latter  are  often  found 
with  no  connection  with  the  outer  air,  being  located  in 
the  middle  of  the  house.  Most  of  the  private  dwellings 
have  no  other  waj-  of  changing  the  air  than  through- 
doorways,  windows,  transoms,  and  the  seams  of  imper- 
fect workmanship. 

5.  AVe  sliould  study  the  arrangement  of  rooms,  their 
length,  breadth  and  height,  floor  and  cubic  air  space  for 
each  occupant,  distribution  of  light,  number  of  doors, 
transoms  and  windows,  sufficiency  of  A-entilation,  the  size 
of  fresh-air  inlets  and  outlets,  their  cleanliness  and  free- 
dom from  obstruction.  We  should  also  test  the  humidity 
■of  the  air  in  different  stories  by  means  of  a  reliable  hy- 
grometer, remembering  that  a  humidity  of  00°,  saturation 
heiijg  100,  is  the  limit  for  healthy  dwellings  in  this  coun- 
try. If  the  house  is  found  to  be  noticeably  damp,  we 
may  find  the  cause  in  imperfect  cementing  of  cellars  or 
basements,  in  the  absence  of  damp-proof  courses  in  the 
walls  to  prevent  capillary  attraction,  in  leaking  down- 
spouts, house  drains  or  water-pipes,  in  ash  heaps  piled 
against  the  wall,  absorbing  and  retaining  moisture,  in 
obstructions  to  air  and  sunlight,  etc. 

6.  The  methods  of  heating,  as  by  stoves,  open  fire- 
places, steam,  hot  water,  or  hot-air  furnaces.  If  the  house 
is  heated  by  a  furnace,  the  position  of  the  fresh-air  inlet 
with  reference  to  sewer  drains,  underground  ducts,  and 
other  impure  sources  sliould  be  noted.  The  very  place 
which  should  be  well  cemented  to  exclude  ground  air- 
namely,  right  under  the  furnace — is  frequently  neglect- 
ed. Basements  and  cellars  must  be  cemented  to  exclude 
not  only  dampness  but  the  equally  objectionable  ground 
air  with  its  excess  of  CO2  and  other  impurities.  We  should 
also  note  the  character  of  fuel,  the  provision  of  dampers 
aiid  presence  of  coal  gas,  the  amount  of  heat  obtained, 
and  the  quality  of  the  air. 

7.  The  question  of  natural  and  artificial  light  should 
receive  consideration,  and  the  average  amount  and  dura- 
tion of  sunshine  should  be  noted.  Thus,  for  example, 
the  proportion  of  window  to  floor  space  should  be  one- 
sixth  or  one-flfth,  and  in  temperate  climates  direct  sun- 
shine should  reach,  when  practicable,  all  parts  of  the 
room.  The  sufficiency  of  artificial  lighting  may  be  ap- 
proximately determined  by  observation,  and  quite  accu- 
rately by  the  employment  of  Bunsen's  photometer.  In 
this  country,  the  unit  adopted  for  the  measurement  and 
comparison  of  lights  is  a  No.  6  sperm  candle,  burning 
8  gm.  per  hour  and  giving  out  a  light  known  as  "  one- 
candle-power. "  Such  a  candle,  according  to  Munson, 
contains,  on  analysis,  carbon  80  percent,,  hydrogen  13  per 
■cent  oxygen  6  per  cent.  The  quality  of  the  air  and 
the  temperature  of  the  room  lighted  with  ordinary  illu- 
minants  should  also  receive  attention. 

8  The  inspection  of  the  plumbing  is  one  of  the  most 
important  features  of  a  sanitary  inspection.  If  an  offen- 
sive odor  is  perceived  in  the  basement  it  will  suggest  the 
possibility  of  a  leaking  drain  pipe ;  and  if  inquiry  reveals 
the  frequent  presence  of  rats,  we  may  infer  that  the  house 
drain  is  in  direct  communication  with  the  sewer  and  that 
the  traps  and  lead  bends  are  likely  to  be  gnawed  and 
leaky  Unfortunately,  in  most  buildings  the  pipes  are 
hidden  behind  woodwork  and  underneath  floors,  and  the 
owner  never  appreciates  the  importance  of  exposed  work 
until  the  workmen  have  to  tear  up  floors  and  walls  to 
permit  of  the  necessary  inspection  and  repairs.  Ut 
course  this  should  not  be  done  until  a  general  examina- 
tion and  the  tests  for  plumbing  already  referred  to  indi- 
cate defective  work.  Very  often,  too,  the  owner  has  not 
the  faintest  idea  of  the  location  of  the  house  drains  and 
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soil  pipes,  and  this  suggests  the  necessity  of  a  law  com- 
pelling every  householder  to  preserve  a  set  of  drawings, 
showing  the  location  of  drains  and  vertical  soil  pipes. 

The  inspection  of  plumbing  should  begin  with  the  main 
drain  and  proceed  upward  to  all  the  ramifications,  special 
attention  being  paid  to  imperfect  caulking  of  joints,  open 
connections,  putty  joints,  holes  plugged  with  corks,  rag- 
patches,  spots  of  corrosion,  lead  pipes  gnawed  open  by 
rats.  etc. 

The  fixtures  should  be  carefully  examined  and  their 
traps  or  water  seals  tested  in  order  to  learn  their  elH- 
cu'ncy  against  the  entrance  of  .sewer  air;  this  unsealing, 
unless  special  precautions  have  been  taken,  is  sure  to 
occur  if  the  fixtures  remain  unused  for  a  certain  time 
and  the  water  in  the  traps  has  evaporated.  To  make 
this  test  Mr.  Owen  suggests  that  "  all  the  basins,  baths, 
and  other  fixtures  .above  the  traps  to  be  tested  and  on  the 
same  line  of  piping  should  lie  filled  with  -water  and  then 
discharged  simultaneously,  care  being  taken  that  all  the 
pipes  are  free  fi'om  obstruction.  The  fixtures  below  the 
trap  should  then  be  filled  and  discharged  in  the  same  wa}'. 
If  the  trap  retain  its  seal  under  these  tests,  it  is  safe  to 
assiune  that  it  is  an  effectual  barrier  to  the  entrance  of 
sewer  air."  For  the  detection  of  pin  holes  in  the  pipes, 
etc..  which  cannot  be  seen  b}'  the  naked  e}'e,  the  "pep- 
permint," "smoke  test,"  or  some  otherpungent  chemicals 
should  be  employed  in  the  manner  described  on  page  766. 

The  following  list  of  defects  in  plumbing  and  drainage 
liave  been  encountered  by  Jlr.  Owen,  and  numerous 
specimens  illustrating  these  defects  have  been  observed 
b>-  the  writer  in  the  Museum  of  Hj'giene,  in  the  Cit}'  of 
Washington ; 

1.  Earthen-pipe  drains,  either  broken  or  with  leakj^ 
joints,  laid  under  the  cellar  floor,  saturating  earth  with 
sewage.  2.  Section  of  earthen  pipe  drains  completely 
obstructed  by  the  insinuation  and  growth  of  the  roots 
of  trees.  3.  Pipe  drains  without  sufficient  grade  or  with 
the  fall  in  the  wrong  direction.  4.  Drains  without  run- 
ning traps  admitting  sewer  air  from  sewer  or  cesspools 
to  the  pipes  in  the  house.  5.  Drains  without  a  free  cur- 
rent of  air.  6.  Rat  burrows  from  sewers  and  along 
drains  undermining  floors  and  admitting  foul  air  to  the 
house.  7.  Section  of  soil  pipe,  the  lumen  of  which  was 
completely  obstructed  by  urinary  deposits, ,  because  of 
the  exposure  of  the  soil  pipe  on  the  outside  walls  of  the 
house  in  (^old  climates.  8.  Soil  or  waste  pipes  without 
any  or  sufficient  ventilation.  Defective  connections  be- 
tween fixtures  and  waste  pipes.  9.  Lead  pipes  and  traps 
gnawed  by  rats.  10.  Water-closets,  cistern  with  overflow 
joined  til  soil  pipe  or  drain.  11.  Safes  under  closets  or 
basins  connected  to  soil  pipe  or  drain.  12.  Two  or  more 
fixtures  with  unventilated  traps  on  the  same  hne  of  pipe, 
siphoning  each  other  when  used.  18.  Sink  overflow 
pipes  joined  to  soil  pipes  untrapped  or  with  trap  liable 
to  siphon.  14.  Overflows  from  fixtures  connected  with 
waste  pipe  on  sewer  side  of  trap  admitting  foul  gases  to 
rooms.     15.  Faulty   traps   and  fixtures  without  traps. 

16.  "Water  supplies  to  sinks  taken  from  water-closet  or 
other  contaminated  tanks  and  used  for  drinking  purposes. 

17.  Rain  leaders  used  as  soil  pipes  or  ventilators  to 
drains,  delivering  foul  air  to  bedroom  windows  or  under 
eaves  or  roofs.  18.  Ash  pits  near  larders  and  pantries, 
or  liable  to  soak  moisture  to  walls.  19.  Defects  of  drain- 
age and  rat  burrows  from  neighboring  houses,  especially 
from  those  located  on  a  higher  level.  20.  Cesspools  near 
houses,  wells,  or  cisterns,  polluting  the  drinking-water. 

If  an  outbreak  of  contagious  or  infectious  disease  is 
being  studied,  and  up  to  this  point  the  inspector  has  not 
readied  auj-  conclusion,  it  is  desirable  to  consider  the 
possibility  of  the  germs  being  carried  by  flies,  mosquitos, 
and  other  insects.  Our  investigation  should,  of  course, 
extend  to  the  water  supply,  milk,  food,  and  even  the  ice 
supply. 

The  general  principles  set  forth  in  the  foregoing  pages 
are  equally  applicable  to  the  inspection  of  public  build- 
ings, schools,  hospitals,  prisons,  barracks,  asylums,  etc. 
(For  inspection  of  dairies,  etc.,  see  If  ilk-Borne  Diseases.) 

George  M.  Kober. 
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HOWARD  SPRINGS,  LAKE  COUNTY,  CALIFOR- 
NIA.— 

Post-Office.— Putah.     Hotel  and  cottages. 

Access.— From  San  Francisco,  Sacramento,  or  Wood- 
land to  Calistoga,  thence  by  stage.  These  springs  are 
fourteen  in  number  and  are  picturesquely  located  in  a 
mountainous  pine  region  3,340  feet  above  the  level  of  the 
sea.  Following  is  a  quantitative  analysis  of  the  prmci- 
pal  springs  by  Prof.  W.  T.  Wenz.ell,  California  College 
of  Pharmacy : 


One  United  States  Gallon  Contains 


Solids. 

1  o  » 

No.  2— 

Twin 

Springs. 

Grains. 

1    .  » 

z°4 

101.67 
1.13 
8.35 
34.10 
2.81 
6.30 
1.85 
.03 

30.96 

19.71 

.03 

73.97 

114.10 

10.88 

1.14 

.15 

9.24 
.32 

35.70 

25.6.5 

.09 

82.a5 

110.25 

5.84 

.10 
4.95 
3.40 

.20 

29.61 

14.64 

.06 

'  73.34 
32.14 

.19 

.20 

8.34 

.25 

9.38 

Potassium  cbloride 

12.81 

Sodium  bicarbonate 

Ma^esium  bicarbonate.. 
Calcium  bicarbonate 

37.72 
59.32 
35.62 

.13 

.09 

Silica    

34.10 
.14 

6.95 

.26 

Total 

190.48 

260.50 

268.53 

1.58.77 

152.28 

Cu.  in. 

Cu.  in. 

Cu.  in. 

Cu.  in. 

Cu.  In. 

Free  carbonic  acid  gas  . . . 
Temperature  of  water 

134.00 
75°  F. 

77.50 
102°  F. 

150.00 
110°  F. 

120.00 
85°  F. 

117.00 
60°  F. 

It  will  be  observed  that  the  "Excelsior"  spring  is  quite 
similar  to  some  of  the  Saratoga  springs  of  New  York. 
The  percentage  of  sodium  chloride,  however,  is  much  less 
than  that  of  its  Eastern  namesake,  the  Saratoga  E.xcelsior, 
while  the  amount  of  sodium  bicarbonate  is  about  twice 
as  great.  The  water  is  mildly  purgative,  and  on  account 
of  the  considerable  quantity  of  lithia  which  it  contains 
is  useful  in  a  number  of  urinary  complaints,  especially 
calculus  and  gravel.  The  "  Twins  "  No.  3,  although  only 
six  feet  apart,  show  a  remarkable  difference  of  temper- 
ature, one  being  cold  at  50°  P.,  the  other  thermal  at 
108°  F.  The  water  of  the  hot  spring  is  a  very  efficient 
cathartic,  and  is  used  in  habitual  constipation,  chronic 
dyspepsia,  and  in  certain  diseases  of  the  liver  and  kid- 
neys. On  account  of  the  large  quantity  of  iron  contained 
in  the  "  Eureka  "  spring,  No.  3,  it  has  gained  great  celeb- 
rity in  the  treatment  of  anajmia,  debility,  etc.  The 
"Neptune,"  No.  4,  is  also  quite  rich  in  iron,  besides  con- 
taining considerable  quantities  of  magnesia,  lime,  and 
sodium.  The  water  is  tonic  and  mildly  laxative  in  its  ac- 
tion. The  "  Soda  "  spring,  No.  5,  being  very  rich  in  car- 
bonic gas,  forms  a  pleasant  cooling  effervescent  draught, 
if  the  water  be  taken  directly  from  the  spring.  It  con- 
tains a  little  iron  and  has  mild  tonic  properties. 

James  K.  Crook. 

HOWARD  SPRINGS,  LAUDERDALE  COUNTY,  ALA- 
BAMA.— 

Post-Opfice,— Florence.     Hotels  at  Florence. 

The  springs  are  located  one  mile  and  a  half  from  the 
Tennessee  River,  and  half  a  mile  from  Florence  at  the 
junction  of  the  Memphis  and  Charleston,  and  Louisville 
and  Nashville  railroads.  The  river  is  navigable  for  ten 
months  in  the  year.  Florence  has  a  population  of  8  000 
and  possesses  abundant  liotel  facilities. 

The  climate  in  this  section  is  mild  and  e(iuable  and  the 
weather  is  not  subject  to  sudden  changes.  In  1890  It  is 
S  o  -I,  i'**^  ^'Sliest  temperature  was  89. 5°  F. ,  the  lowest 
™=  ^'oAo  average  summer  temperature  ranges  from 
■  *°  XI ; .,  *'^'^  °'Shts  are  almost  always  cool,  requir- 
ing light  blankets.  The  usual  winter  temiDerature  ranges 
•  ?.  rru°  59,  durmg  the  day,  and  from  40°  to  48°  at 
night.  The  coldest  weather  ever  known  in  Florence  was 
m  January,  1893,  when  the  mercury  fell  to  9.5°  above 
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zero.  The  elevation  here  is  about  1,100  feet  above  the 
sea  level,  and  the  surrounding  country  is  gently  undulat- 
ing. The  springs  are  three  in  number.  No  quantita- 
tive analysis  has  been  made,  but  according  to  an  old 
qualitative  examination  by  Professor  Tuomey,  State  Ge- 
ologist, Spring  No.  1  contains: 


Hydrochloric  acid. 
Sulphuric  acid. 
Calcium  carbonate. 
Iron  carbonate. 


Sulphurous  acid. 
Sulphuric  a«id. 
Alum. 
Ma^esia. 


Anotlier  spring  is  said  to  contain  ferric  alum  in  large 
proportions,  and  has  a  considerable  reputation  in  the 
treatment  of  diarrhoea  and  dysentery.  The  third  spring, 
about  500  feet  distant  from  No.  1,  contains  sulphur,  and 
is  used  in  skin  diseases.  The  waters  of  No.  1  have  an 
extensive  reputation  in  the  treatment  of  Bright's  dis- 
ease, diabetes,  and  other  disorders.  For  various  reasons 
these  springs  have  been  more  or  less  neglected  since  the 
Civil  War.  James  K.  Crook. 

HUANUEO  BARK.     See  CimlMna. 

HUBBARD  SPRINGS.— Lee  County,  Virginia. 

Post-Office. — Jonesville. 

Access. — ViS  Louisville  and  Nashville  Railroad  to 
Hubbard  Springs  station,  thence  a  walk  of  two  hun- 
dred yards  to  springs.  These  springs  are  located 
seven  miles  from  Jonesville  in  southwest  Virginia. 
The  surrounding  country  is  rugged  and  broken  in 
character,  the  springs  being  in  a  charming  valley  at 
the  foot  of  the  Cumberland  Jlountains,  The  elevation  is 
about  1,450  feet  above  the  sea  level.  There  are  four 
springs  located  in  a  space  of  thirty  feet  square,  and 
known  respectively  as  the  "  White  Sulphur, "  the  "  Black 
Sulphur,"  the  "Chalybeate,"  and  the  "Frustom."  An 
analysis  has  been  made,  but  the  results  are  not  known  at 
this  time.  The  waters  are  stated  to  be  much  valued  in 
rheumatism  and  in  disorders  of  the  liver,  kidneys,  and 
gastro-intestinal  mucous  membrane.  No  special  accom- 
modations are  provided  for  visitors,  but  board  and  lodg- 
ing may  be  obtained  in  the  neighborhood. 

James  K.  Crook. 

HUDSON  HOT  SPRINGS.— Grant  County,  New  Mex- 
ico. 

Post-Ofpice. — Hudson.     Hotel. 

Access.— Via  Atchison,  Topeka,  and  Santa  Fe  Railroad 
(Silver  Cit}'  branch  to  Hudson,  thence  by  coach  to 
springs).  The  location  is  twenty -five  miles  from  Deming, 
at  the  junction  of  the  Southern  Pacific  and  Atchison  rail- 
roads. At  present  the  accommodations  for  guests  are 
limited,  the  hotel  having  been  destroj'ed  by  fire  and  not 
rebuilt.  Plans  are  completed,  however,  for  the  erection 
of  a  hotel  of  fifty  rooms  with  all  modern  conveniences, 
and  it  will  no  doubt  be  ready  for  occupancy  before  this 
work  is  printed.  The  location  is  5,000  feet  above  the 
sea  level,  and  is  in  a  broad  valley  open  on  the  south  for 
many  miles,  and  surrounded  on  other  sides  by  mountains 
distant  from  ten  to  fifteen  miles.  On  the  east,  four  miles 
distant,  flows  the  jMimbres  River,  whose  valley,  from  one 
to  two  miles  in  width,  is  dotted  with  a  succession  of  fine 
farms  and  orcliards.  The  variations  of  temperature  are 
never  extreme  in  this  region,  the  air  being  pure  and  dry 
and  the  rainfall  light,  occurring  almost  entirely  in  July 
and  August.  The  flow  of  water  from  the  .springs  has 
not  been  measured,  but  it  is  sufl3cient  to  irrigate  eight 
acres  of  land.  The  following  analysis  of  the  Hot  Springs 
was  made  by  Prof.  W.  D.  Church,  chemist: 

One  U.nited  States  Gallon  Contains: 

Solids.  Grains. 

Silica 1.55 

Oxide  ol  iron  and  alumina 50 

Calcium  carbonate 4.45 

Magnesium  carbonate 2.62 

Soluble  sulphates  and  carbonates  of  sodium  and  potassium  13.55 
Sodium  chloride 2.27 

Total 24.94 

Temperature  of  water,  142°  F. 
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It  is  said  that  certain  of  tlie  disfusos  of  the  blood,  liver, 
kidneys,  and  stomach  are  much  benefited  by  the  hot- 
water  baths  conjoined  with  the  internal  administration 
of  water  of  the  cold  spring.  On  account  of  the  equable 
climate  it  is  safe  to  visit  this  resort  at  any  season  of  the 
year.  James  K.  Grook. 

HUNTER'S  HOT  SPRINGS.— Gallatin  County,  Mon- 
tana. 

Post-Ofpiob. — Springdale.     Hotel  and  sanitarium. 

Access. — Via  Northern  Pacific  Railroad  to  Springdale, 
where  stages  connect  with  the  springs,  three  miles  dis- 
tant, the  road  crossing  a  magnificent  iron  bridge  on  the 
Yellowstone  River.  Hunter's  Springs  are  situated  at  the 
base  of  the  foothills  of  what  is  known  as  the  Crazy 
Range  of  mountains.  The  location  is  1,000  miles  west 
of  St.  Paul  and  920  miles  east  of  Portland,  Ore.,  and 
has  an  altitude  of  4,480  feet  above  the  sea  level.  The 
surrovmding  scenery  is  of  the  grand  and  romantic  char- 
acter commonljr  found  in  the  Rockjr  Mountains.  The 
climate  is  dry  and  salubrious,  and  severe  storms  are  un- 
known. The  thermometer  seldom  reaches  as  high  as  98° 
P.  in  summer  or  as  low  as  zero  in  winter.  The  springs 
boil  up  from  a  rocky  ledge  in  the  bottom  of  a  little  val- 
ley or  basin  enclosed  by  gently  undulating  hills.  They 
are  twenty-seven  in  number  and  are  arranged  in  three 
principal  groups,  varying  in  heat  from  148°  P.  to  168° 
P.,  with  a  combined  outpour  of  about  90,000  gallons  per 
hour.  The  water  is  clear  and  sparkling  and  remarkablj- 
soft.  At  present  only  the  waters  from  the  upper  springs 
are  used  for  the  baths  of  the  sanitarium.  The  baths  for 
ladies  and  gentlemen  aie  in  separate  buildings,  each  fitted 
with  a  plunge,  tub,  and  vapor  baths,  and  heated  by  the 
hot  waters.  About  eighty  rods  from  the  bath-house  is 
an  outdoor  summer  bath,  about  one  hundred  and  five 
feet  square  and  from  four  to  six  feet  deep,  supplied  with 
water  from  the  lower  group.  This  is  said  to  be  the 
largest  bath  of  hot  mineral  water  in  the  United  States. 
The  sanitarium  connected  with  the  springs  has  recently 
been  enlarged  and  is  adequately  prepared  for  the  recep- 
tion of  various  classes  of  patients.  Cases  of  rheumatism, 
liver  disorder,  bronchial  catarrh,  asthma,  gout,  and  ute- 
rine diseases  have  been  benefited  or  cured  by  a  sojourn  at 
this  resort  and  the  use  of  the  waters  and  baths.  An  anal- 
ysis by  Professor  Noyes,  of  the  Minnesota  State  Univer- 
sity, resulted  as  follows : 

OXE  United  States  Gallon  Contains: 

Solids.  Grains. 

Silica 4-5? 

Alumina' ■"' 

Iron  carbonate irace. 

Calcium  carbonate •■*> 

Magnesium  carbonate Trace. 

Lithium  carbonate ^''^S; 

Potassium  carbonate ■°'' 

Potassium  Iodide Trace. 

Potassium  bromide '  ™e. 

Sodium  chloride i-** 

Sodium  sulphide °Y 

Sodium  sulphate -"J- 

Sodium  phosphate irace. 

Sodium  biborate a*™ 

Sodium  carbonate 8.i» 

Ammonium  (free) •"'' 

Albuminous  ammonia irme. 

Total 1^-^^ 

Jaiii(.i  K.  Grook. 

HUNTER'S     PULASKI     ALUM     SPRINGS.— Pulaski 

County,  Virginia. 

Post-Ofj'ice. — Sassin.     Hotel. 

These  springs  are  located  eight  and  one-half  miles  north 
of  Pulaski  City,  from  which  point  they  are  reached  by 
carriages  and  stages.  The  location  is  very  pleasant  and 
picturesque,  being  about  3,000  feet  above  the  sea  level, 
and  surrounded  by  beautiful  mountain  scenery.  "The 
average  summer  temperature  at  Pulaski  Springs  is  71.  b 
p  and  malarial  disorders  are  said  to  be  unknown.  Im- 
mediately surrounding  the  springs  are  shady  lawns  and 
charming  walks  and  drives,  which,  with  the  pure  air  and 


roiiiantio  landscapes,  render  the  place  very  attractive 
during  the  summer  months.  Excellent  fishing  and  hunt- 
ing may  be  had  in  the  vicinity.  The  springs  are  two  in 
number.  They  have  been  analyzed  by  Dr.  William  H. 
Taylor,  State  Assayer  and  Chemist,  with  the  following 
results : 

ONE  United  States  Gallon  Contains: 
Solids.  Grains. 

Potassium  sulphate 0.31 

Sodium  sulphate .33 

Lithium  sulphate Trace. 

Calcium  sulphate 99 

Magnesium  sulphate 1.26 

Aluminum  sulphate IB. 40 

Iron  sulphate 1.99 

Manganese  sulphate Trace. 

Sodium  chloride 11 

Silica 3.87 

Free  sulphuric  acid 63 

Total ; 35.88 

The  chemist  states  that  his  analysis  was  not  complete, 
and  that  further  tests  would  show  the  presence  of  addi- 
tional mineral  ingredients.  The  water  is  recommended 
in  dyspepsia,  diarrhoea,  and  dysentery,  and  locally  in 
catarrhal  states  of  the  mucous  membranes.  It  is  used 
commercially.  James  K.  Crook. 

HYALIN. — This  is  the  chief  organic  constituent  of  the 
walls  of  hydatid  cysts,  and  is  related  chemically  to  chitin. 
The  walls  of  the  older  transparent  cysts  are  composed  of 
pure  ash-free  hyalin ;  those  of  the  younger  cloudy  cysts 
are  albuminous  and  contain  various  salts.  Hyalin  has 
been  found  only  in  echinococcus  cj'sts.  Prom  the  older 
cyst  walls  it  is  obtained  in  water  solution  under  high 
pressure. 

Pure  hyalin  is  opalescent,  transparent,  insoluble  in  cold 
water,  alcohol,  and  ether,  but  soluble  in  over-heated 
water  (150°  C).  It  is  not  soluble  in  acetic  acid,  and  only 
slightly  in  cold  hj^drochloric  and  nitric  acids,  but  dis- 
solves completely  in  hot  solutions  of  the  latter  two.  In 
concentrated  potassium  and  sodium  hydroxides  it  is 
slowly  and  incompletely  dissolved.  According  to  Lucke 
its  composition  is  as  follows:  C.  44.1-45.3,  H.  6.5-6.7, 
N.  4.5-5.2,  O.  43-44.7  per  cent.  From  the  water  solution 
it  is  precipitated  by  alcohol,  acetate  of  lead,  and  mercuric 
nitrate,  but  not  by  acetic  acid  and  potassium  ferrocyanide 
or  mercuric  chloride.  By  the  latter  reactions  it  is  distin- 
guished from  albumin.  Neither  tannic  acid  nor  chlorine 
water  precipitates  it.  If  the  water  solution  is  boiled  with 
dilute  sulphuric  acid  reducing  substances  are  formed, 
which  with  yeast  yield  alcohol  and  carbonic  acid,  and  are 
strongly  dextrorotatory,  proving  to  be  grape-sugar.  It 
has  been  estimated  that  the  older  cyst  walls  yield  fifty 
per  cent,  of  their  weight  of  this  substance.  Prom  chitin, 
to  which  it  is  most  closely  related,  hyalin  is  distinguished 
by  its  solubility  in  water  at  150°  C. 

Aldred  Scott  WartJiiii. 

HYALINE  DEGENERATION.— Under  this  head  there  is 
classed  by  various  writers  a  large  number  of  pathological 
processes  of  widely  differing  origin  and  nature,  character- 
ized in  common  by  the  production  of  a  clear,  homoge- 
neous, refractive  material  to  which  the  name  hyalin  Is 
applied.  The  most  comprehensive  use  of  this  term  is 
that  employed  by  von  Recklinghausen  who  defines  hya- 
lin as  a  homogeneous,  refractive,  albuminous  body,  stain- 
ing well  with  eosin,  carmine,  picrocarmine,  and  acid 
f uchsin,  resistant  to  water,  alcohol,  acids,  and  ammonia ; 
in  these  respects  resembling  amyloid,  but  giving  none  of 
the  specific  amyloid  reactions  with  iodine  or  the  aniline 
stains.  In  accordance  with  this  definition,  he  classes  as 
hyaline  substances  epithelial  colloid  and  keratohyalin 
(epitJielial  hyalin),  the  hyaline  products  of  connective- 
tissue  cells  and  intercellular  substance  {connectim-tissue 
m-  conjunctual  hyalin),  hyaline  products  of  coagulation 
(blood  hyalin),  hyaline  inflammatory  exudations  on  sur- 
faces, into  tissues,  urinary  tubules,  etc.  (exudation  hya- 
lin), and  tissue  necroses  presenting  a  hyaline  appearance 
(hyaline  necrosis).     Further,  the  hyalin  formed  in  connec- 
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tive  tissues  is  to  be  divided  into  two  classes ;  tliat  formed 
by  a  secretory  process  on  tlie  part  of  tlie  connective-tis- 
sue cells,  and  that  resulting  from  a  degeneration  or  infil- 
tration of  the  interstitial  substance.  Since  these  various 
substances  are  of  different  origin  and  are  not  chemicall}- 
identical,  as  shown  by  their  great  difference  in  stainmg, 
the  above  classification,  resting  as  it  does  only  upon  a 
common  physical  property,  has  not  been  accepted  by  the 
majority  of  pathologists,  who  class  the  greater  part  ot 
these  processes  under  otlier  heads  than  that  of  hyahn, 
and  restrict  the  term  hyaline  degeneration  almost  entire!)' 
to  the  hyaline  changes  occurring  in  connective  tissue. 

Hyaline  Degeneration  of  Vonnertiee  TiK.me.—The  group 
of  changes  occurring  in  connective  tissue,  in  which  the 
fibrous  basic  substance  becomes  structureless  and  homo- 
geneous, is  at  the  present  time  usually  understood  by 
pathologists  when  the  term  hyaline  degeneration  is  used. 
In  the  earlier  stages  of  this  degeneration  the  connective- 
tissue  flbrillic  become  swollen  and  are  gradually  trans- 
formed into  coarse,  irregular  hyaline  strands  or  even  into 
nodular  masses ;  in  other  cases  they  may  become  conflu- 
ent, forming  uniformly  homogeneous  masses;  or  masses 
of  hyaline  substance  may  be  formed  between  the  fibrilhe, 
the  latter  gradually  disappearing.  Neither  the  hyaluK; 
material  into  which  connective  tissue  may  be  transformed 
nor  that  by  which  it  maybe  replaced  has  yet  been  shown 
to  be  a  distinct  chemical  entity.  In  both  cases  the  sub- 
stance closely  resembles  amyloid,  but  differs  from  it  in 
that  it  has  no  specific  reactions  with  iodine  and  the  ani- 
line dyes.  There  are,  however,  reasons  for  believing  that 
the  chemical  relationship  of  these  substances  is  very  close, 
inasmuch  as  it  has  been  shown  that  the  two  are  frequently 
found  in  combination  and  that  under  certain  conditions 
amyloid  may  lose  its  specific  reactions  and  become 
changed  into  hyaliu.  The  formation  of  hyalin,  similar 
to  that  of  amyloid,  in  many  cases  partakes  more  of  the 
nature  of  a  deposit  than  a  tnie  deneneration. 

The  most  characteristic  staining  reaction  of  hyalin  is 
with  acid  fuchsin.  This  is  best  brought  out  by  the 
methods  of  Van  Gieson  and  Pianese.  By  means  of  this 
reaction  it  may  be  distinguished  from  amyloid,  colloid, 
mucin,  though  its  behavior  with  this  stain  is  not  always 
constant.  The  staining  variations  are,  however,  largely 
dependent  upon  the  age  and  density  of  the  hyaline  sub- 
stance, and  the  ease  with  which  it  is  penetrated  by  the 
staining  fluid.  Recently  formed  hyalin  stains  light  rose- 
red  ;  old  hyalin  a  very  deep  red  wlien  penetrated  by  the 
stain,  but  with  Van  Gieson's  method  it  often  stains  yel- 
lowish, the  acid  fuchsin  not  having  penetrated.  It  is 
very  probable,  however,  that  the  hyaline  changes  in  con- 
nective tissue  are  not  identical,  but  represent  a  class  of 
closely  related  conditions. 

As  in  the  case  of  amyloid,  hyalin  is  most  frequentlj^ 
found  in  the  walls  of  blood-vessels,  but  differs  from  the 
former  in  being  found  in  connecti^'e  tissue  without  show- 
ing any  relation  to  the  vessels,  particularly  in  the  case  of 
glandular  stroma.  Physiological  hyalin  occurs  in  large 
masses  in  ovarian  corpora  filji'osa,  where  it  constitutes  a 
normal  formation  in  the  process  of  obliteration  of  the 
corpus  luteum.  The  formation  of  hyalin  in  the  l)loo(l. 
vessels  in  old  age  is  also  to  be  regarded  as  of  the  nature 
of  a  physiological  jwocess.  Under  normal  conditions  the 
blood-vessels  of  the  ovary  are  the  first  to  show  this 
change,  and  this  organ  at  the  menopause  shows  exten- 
sive hyaline  change  in  the  walls  of  its  arterioles.  A 
similar  change  is  found  at  this  time  in  the  uterine  vessels. 
The  pathological  formation  of  hyalin  may  occur  in  ap- 
parently normal  connective  tissue,  or  in  that  altered  1))- 
pathological  processes,  in  newly  formed  connective  tissue 
following  inflammatory  processes  or  that  developing  in 
tumors.  Hyaline  degeneration  occurs  most  frequently 
in  the  walls  of  the  blood-vessels,  heart  valves,  endocar- 
dium, kidney  glomeruli,  lymph  glands,  splenic  follicli's 
connective  tissue  of  the  thyroid,  parotid,  lachrymal  and 
mammary  glands,  tunics  of  the  testis,  periosteum,  liursie 
and  tendon  sheaths.  In  the  connective  tissue  of  tumors 
it  is  of  very  frequent  occurrence,  particularly  in  tlie  case 
of  the  endotheliomata  of  the  serous  glands  and  meninges. 
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The  reticulum  of  tubercles  is  often  hyaline  in  character, 
and  hyaline  connective  tissue  is  not  infrequently  formed 
about  old  tubercles,  in  old  scars,  granulomata,  etc,  ^ 

Hyaline  change  is  rarely  massi^•e  enough  to  be  visible 
to  the  naked  eye.  When  present  to  such  an  extent  it  is 
manifested  by  whitish,  semitranslucent.  hard  and  dense 
areas  resembling  scar  tissue,  replacing  the  normal  struct- 
ure It  is  usually  whiter  and  less  translucent  than  amy- 
loid In  blood-vessels  showing  much  change  the  walls 
may  be  thickened,  stiffened,  and  the  lumen  partially  or 
wholly  blocked.  From  the  hard  and  dense  character  of 
the  process  hyaline  degeneration  is  usually  spoken  of  as 
sclerosis;  in  blood-vessels,  either  arterio-  or  phleboscle- 

rosis.  i,    X     , 

Sclerosis  of  veins  is  not  nearly  so  common  as  that  ot 
arteries,  but  is  of  quite  constant  occurrence  in  organs  and 
tissues  affected  by  chronic  inflammatory  processes.  The 
sclerosis  of  arteries  may  be  considered  pathological  when 
it  occurs  at  an  early  age  or  to  an  excessive  degree.  The 
small  arterioles  of  the  splenic  follicles,  kidney  glomeruli, 
brain  and  spinal  cord,  and  the  intima  of  the  larger  arteries 
are  particularly  subject  to  hyaline  change.  In  many 
cases  the  hyaline  substance  is  formed  immediately  be- 
neath the  endothelium  in  a  manner  similar  to  that  of 
amyloid;  in  other  cases  there  is  first  a  proliferation  of 
connective  tissue  beneath  the  endothelium,  the  new  tis- 
sue gradually  losing  its  nuclei  and  becoming  converted 
into  hyalin.  Nut  infrequently  the  formation  of  hyalin 
takes  place  only  in  the  outer  coat  of  the  vessel.  The 
small  arterioles  "of  the  splenic  follicles  and  the  kidney 
glomeruli  are  often  the  first  vessels  in  the  body  to  .show 
sclerotic  change.  The  extent  and  location  of  this  change 
are,  however,  very  variable;  in  some  cases  it  may  be 
confined  to  the  coronary  arteries,  while  in  others  the 
small  arterioles  of  the  central  nervous  system  may  alone 
be  affected. 

The  connective  tissue  of  flbromyomata  very  often  un- 
dergoes hyaline  change.  Similar  processes  occur  in  the 
endothelial  tumors  of  the  brain,  meninges,  and  serous 
glands.  In  these  tumors  the  chief  part  of  the  growth 
may  sometimes  consist  of  hyaline  material.  When 
formed  into  cylinders  or  columns  about  the  vessels  the 
tumor  is  designated  u,  cylindroma.  In  the  mixed  endo- 
thelial tumors  of  the  serous  glands  hyaline  material  is 
formed  after  the  manner  of  a  secretion  on  the  part  of  the 
endothelial  cells  lining  the  lymph  spaces.  A  similar 
formation  of  hyalin  at  the  expense  of  the  interstitial 
cells  occurs  in  the  connective  tissue  of  the  conjunctiva 
and  thyroid.  In  the  latter  the  formation  of  hyalin  in 
large  amounts  causes  atrophj'  and  compression  of  the 
glandular  elements,  so  that  not  infrequently  there  is  but 
little  functionating  gland  structure  left,  the  entire  organ 
becoming  changed  into  a  hyaline  mass  in  which  the  gland- 
ular remains  are  with  difficulty  made  out.  The  base- 
ment memlirane  of  Bowman's  capsule  and  of  the  acini  of 
the  mammary  gland,  as  well  as  that  of  the  tubules  of  kid- 
ne3'  and  testis  under  certain  conditions,  becomes  hyaline. 
Atrophy  of  the  parenchyma  usualh'  follows  this  change. 
Hyaline  gkmierular  scars  (obliterated  glomeruli)  are 
almost  constantly  found  in  the  kidneys  as  the  result  of 
the  destruction  of  the  glomerular  parencln'ina ;  a  similar 
sclerosis  of  the  areas  of  Langerhans  in  the  pancreas  may 
occur  in  association  with  advanced  general  arterioscle- 
rosis. 

Fibrinous  exudates  upon  serous  membranes  may  be- 
come organized  and  the  newly  formed  connective  tissue 
suffer  hyaline  change.  Such  hyaline  formations  are  not 
infrequently  seen  upon  the  surface  of  the  spleen,  liver, 
pericardium  (so-called  soldier  or  milk  spots),  and  pleura. 
Old  pleuritic  and  piM-icardial  adhesions  may  be  entirely 
composed  of  hyaline  material,  all  cells  having  disap- 
peared. The  hyaline  bodies  called  rice  bodies  or  corpus- 
cula  oryzoidea  "found  in  pathological  conditions  of  the 
tendon  sheaths  and  bursoB  are  for  the  greater  part  com- 
posed of  loosened  masses  of  organized  fibrin  which  have 
undergone  hyaline  change.  In  cirrhosis  of  the  liver  and 
in  chronic  nephritis  the  new  connective  tissue  frequently 
is  hyaline  in  character.     Old  infarct  scars  show  a  like 
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t.T^v-  I'M  7  t.implete  oi-gauization  of  obtiiratinir 
^.vhJ  '«''•?  7"?"''?  '"'^y  ''«'="""'  replace,!  by  iiyaline 
cords  bimilavly  in  chronic  obliterative  appendicitis  the 
appendix  may  become  changed  into  a  hyaline  cylinder  in 
which  even  all  truces  of  the  muscle  coats  may  have  dis- 
appeai'cd.  -' 

In  lymphalic  glands  large  masses  of  hyalin  are  fre- 
quently found,  particularly  in  the  atrophic  glands  of  old 
age,  or  in  association  with  chronic  inlianimatory  processes 
Here  the  change  seems  to  be  more  of  the  nature  of  a  de- 
posit or  infiltration.  Large  deposits  of  hyaliu  occur  also 
in  the  lisemolymph  glands.  Rarely,  a  progressive  hya- 
line degeneration  of  many  organs  occurs— heart  vessels 
serous  membranes,  spleen,  lymph  glands,  intestinal  wall' 
etc.,— involving  these  either  simultaneously  or  one  after 
the  other.  In  these  cases  portions  of  the  hyaline  sub- 
stance may  give  an  amyloid  reaction.  From'this  it  may 
be  inferred  that  there  is  a  form  of  hyaline  degeneration 
which  IS  closely  related  to  amyloid. 

Of  the  nature  of  hyalin  practically  nothing  is  known 
1  lie  disappearance  of  the  nuclei,  the  subsequent  retro- 
grade changes  in  the  hyaline  substance,  and  its  seques- 
tration from  normal  tissue  stamp  the  process  as  being 
essentially  degenerative  in  character.     The  causes  of  the 
thickening  and  homogeneous  transformation  are  entirely 
obscure.     It  has  been  believed  by  some  writers  to  be  due 
to  a  coagulation  of  proteid  material  after  the  death  of  the 
cells,  or  that  it  is  due  to  a  local  disturbance  of  metabol- 
ism.    According  to  the  latter  theory  the  cells  are  unable 
to  make  use  of  the  proteid  material  brought  to  them  ■  this 
becomes  precipitated  or  infiltrated  into  the  interstitial  sub-' 
stance.     The  cells  are  thus  pushed  apart,  and  gradually 
atrophy.      In  many  cases  the  formation  of  hyalin  ius"t 
Iieneath  the  endothelium  of  the  blood-vessels  points,  as  in 
the  case  of  amyloid,  to  a  secretory  action  on  the  part  of 
these  cells  in  removing  certain  substances  from  the  blood. 
In  the  cylindroma  and  also  in  the  mixed  endothehomata 
of   the    parotid,  the  formation  of  hyalin  appears  to  be 
due  partly  to  a  secretory  action  on  the  part  of  the  tumor 
cells  and  partly  to  a  degeneration  of  these  cells.     In  the 
case  of  the  lymphatic  glands  the  appearances  more  often 
suggest  a  deposit  than  a  degenerative  process.     While 
not  bearing  the  same  relation  to  tuberculosis,  chronic 
suppurations,  etc.,  that  amyloid  does,  hyaline  degenera- 
tion is  most  frequently  associated  witli  chronic  intoxica- 
tions.    Syphilis,  lead  poisoning,  alcoholism,  over-eating, 
etc. ,  are  conditions  favoring  or  leading  directly  to  liyaline 
change  in  the  blood-vessels.     It  is  probable  that  hya- 
line material  can  be  reconverted,  absorbed,  or  removed. 
The  corpora  fibrosa  of  the  ovary  undergo  contraction  and 
decrease  of  size  until  they  come  to  consist  of  a  narrow 
line  of  h3'alin  only.     Further,  hyalin  is  very  unstable, 
being   frequently  calcified,  converted  into  myxomatous 
tissue,  or  undergoes  complete  disintegration.  "  The  hya- 
lin of  sclerotic  vessels  frequently'  suffers  a  fatty  change 
with  later  formation  of  cholesterin.     The  effects  of  hya- 
line change  upon  the  tissues  are  similar  to  those  of  amy- 
loid. 

Hyaline  Bodies. — In  this  connection  should  be  consid- 
ered also  the  so-called  hyaline  bodies  (fuchsinophile 
bodies,  Russell's  bodies,  etc.)  which  are  frequently  found 
in  normal  tissues  as  well  as  in  a  great  variety  of  path- 
ological processes.  They  are  globular,  hyaline  bodies 
of  varying  size,  often  occurring  in  mulberry-like  conglom- 
erations. They  may  be  found  both  within  cells  and  free 
in  the  stroma.  AVith  acid  fuchsin  they  stain  red,  and 
with  Weigert's  fibrin-stain  a  deep  blue.  They  are  found 
particularly  in  glandular  proliferations  of  the  stomach 
mucosa,  chronic  inflammatory  processes,  lymphadenoid 
tissue,  and  in  malignant  tumors.  They  may  occur  in 
either  epithelial  or  mesoblastic  cells.  Their  frequent 
presence  in  malignant  tumors  has  led  them  to  be  re- 
garded as  parasites,  either  blastomycetes  or  protozoa. 
They  are  almost  constantly  present  in  the  haemolymph 
glands  where  they  undoubtedly  represent  products  of  the 
disintegration  of  red  blood  cells.  In  pernicious  anaemia 
phagocytes  filled  with  these  bodies  are  found  in  large 
numbers  in  these  glands.     Many  of  the  bodies  give  an 


fVom  t  ,•','   "t^'-';«'«^'S  the  granules  may  arise 

nnT.lH  "7?  "■'^  ^""1  basophile  granules,  the  process 
paitakmg  ot  the  nature  of  a  coagulation.  The  exact 
cheniical  nature  of  hyaline  bodies  is  not  known 

ihe  iiyaine  bodies  found  in  the  central  nervous  system 
are  more  closely  related  to  colloid  and  the  corpora  amy- 
acea.  _  Under  certain  conditions  in  gliomata  arising  from 
Uie  spinal  cord  glistening  hyaUne  masses  are  formed  from 
degenerating  glia  cells.  The  condition  is  known  as  de- 
fjniei-HtK,  miciis.  In  other  varieties  of  tumors  arising 
irrmi  the  central  nervous  .system,  hyaline  masses  staining 
red  with  fuclism  are  frequently  found.  In  the  maiority 
of  cases  they  are  pi„ljably  obliterated  blood-vessel's  that 
have  become  hyaline.  Aldred  Scott  Waiihiii. 

-K^)P3^^^'^^^—^^''-<^*yh'>heiiyl-Jt}/drann,  Co  IL„  NH,- 
NHC2H3O.  Ilydracetin  is  a  derivative  of  hydiazin  in 
which  two  atoms  of  hydrogen  are  replaced  by  the  phenyl 
and  acetyl  groups.  It  differs  from  acetanilid  only  by  the 
presence  of  an  imulo  group  (NH).  Pynidin  of  commerce 
IS  an  impure  form. 

Hydracetiu  occurs  as  a  white,  odorless,  and  almost 
tasteless,  crystalline  powder.  It  is  soluble  in  fifty  parts 
of  cold  water,  more  soluble  in  hot  water,  and  very  solu- 
ble in  alcohol.  Dose,  from  one-sixth  to  three-quarters  of 
a  grain.  It  was  brought  to  the  notice  of  the  profession 
by  baltman  (Pliarm.  Central,  May  16th,  1889)  as  an  anti- 
pyretic and  analgesic.  It  was  thought  to  be  of  much 
service  in  rheumatic  fever,  phthisis,  and  tj-phoid  fever. 
Its  employment  has  not  become  general  owing  to  its  in- 
tense action  and  the  frequency  of  toxic  symptoms.  It  is 
a  very  decided  blood  poison,  exerting  a  destructive  ac- 
tion on  the  corpuscles  and  giving  rise  to  hfemoglobinuria. 
Seven  and  a  half  grains  are  sufficient  to  kill  a  rabbit.  It 
produces  marked  depression,  coldness  of  the  extremities, 
cold  sweating,  and  enfeebled  respiration  and  pulse.  A 
ten-percent,  ointment  has  been  used  for  p.soriasis  and 
other  skin  diseases,  its  value  being  due  to  its  reducing 
power,^  but  this  has  also  caused  toxic  symptoms  'Lancet, 
1890,  ii.,  38).  Beaumont  imall. 

HYDRAMNION,  HYDRAMNIOS.— The  normal  quan- 
tity of  amniotic  fluid  at  full  term  is  from  400  to  1,000  c.c. 
An  excessive  accumulation  of  this  fluid  is  known  as 
hydramnion;  ten  to  fifteen  times  the  normal  amount  may 
be  present.  A  slight  excess  is  probably  of  frequent  oc- 
currence, and  passes  unnoticed,  but  an  increase  over  3 
litres  is  very  likely  to  give  rise  to  symptoms.  In  the 
majority  of  cases  the  formation  of  the  fluid  is  slow  at 
first,  but  toward  the  end  of  pregnancy  it  increases  at  a 
more  rapid  rate.  Occasionally  the  fluid  may  accumulate 
very  rapidly,  giving  rise  to  serious  symptoms  from  the 
.sudden  distention  of  the  uterus  (acute  hydramnion). 
The  condition  is  said  to  occur  in  one  of  every  one  hun- 
dred cases  of  pregnancy.  It  usually  develops  in  the 
fourth  to  sixth  month.  Hydramnion  in  itself  is  not  a 
disease,  but  is  to  be  regarded  as  a  secondary  condition  to 
many  widely  differing  processes,  both  of  the  foetus  and 
the  mother. 

No  constant  pathological  changes  in  the  amnion  itself 
have  been  found  in  this  condition ;  Assuring  of  the  epi- 
thelial layer,  fatty  degeneration  of  the  epithelial  cells, 
etc.,  have  been  described.  Hypertrophy  of  the  decidua 
and  hyperplasia  of  the  chorionic  villi  have  also  been 
found  in  cases  of  hydramnion,  but  the  connection  be- 
tween these  conditions  has  not  been  proved.  Neither 
physiological  nor  chemical  investigations  as  to  the  com- 
position of  the  fluid,  have  yielded  positive  information 
as  to  its  source. 

The  etiology  of  hydramnion  is  in  many  cases  obscure. 
Inasmuch  as  the  question  of  the  origin  of  the  normal 
amniotic  fluid  remains  unsettled,  we  are  not  yet  in  a  posi- 
tion to  solve  the  more  complicated  problem  of  the  man- 
ner of  formation  of  the  fluid  under  pathological  condi- 
tions. The  view  most  generally  held  at  the  present  time 
that  the  normal  fluid  is  the  product  of  both  foetal  and 
maternal  structures  is  borne  out  by  the  fact  that  hj'dram- 
nion  is  produced  by  or  at  least  accompanies  pathological 
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changes  in  both  mother  and  foetus.  We  may  therefore 
distinguish  two  classes  of  hydramnion,  one  of  foetal  ori- 
gin, the  other  of  maternal. 

Hydramnion  of  Maternal  0?'af/Ni.— Hydramnion  due  to 
pathological  conditions  of  the  mother  is  of  much  less  fre- 
quent occurrence  than  that  associated  with  diseased  proc- 
esses of  the  foetus.  It  occurs  particularly  in  ana;inic, 
dropsical,  tuberculous,  leukiemic,  and  syphilitic  women. 
In  pneumonia,  hepatic  cirrhosis,  failure  of  compensation 
in  valvular  lesions,  and  all  other  conditions  leading  to 
venous  stagnation  in  the  maternal  body,  hydramnion  may 
occur.  In" such  cases  the  condition  is  usually  chronic, 
but  acute  heart  failure  with  sudden  development  of  as- 
cites or  general  (edema  may  lead  to  an  acute  hydramnion. 
Loss  of  tone  of  the  uterine  wall  is  also  said  to  favor  the 
production  of  an  excessive  amount  of  amniotic  fluid. 
Hydramnion  is  very  likely  to  recur  in  successive  preg- 
nancies of  the  same  individual. 

Hydramnion.  of  Foetal  O/'/y/H.— Hydramnion  occurs  fre- 
quently in  connection  with  ascites  and  general  O-'dema  of 
the  foetus  caused  by  cardiac  and  renal  disease,  and  syphilis 
of  the  lungs  and  liver ;  less  commonly  in  cases  of  obstruc- 
tion of  the  ductus  Botalli,  stenosis  of  the  umbihcal  vein, 
twisting  of  the  cord,  velamentous  insertion  of  the  cord, 
foetal  tumors  interfering  with  the  circulation,  tumors  of 
the  placenta,  placental  hypertrophy,  hydrocephalus, 
anenccphalus,  etc.  In  general,  any  condition  raising  the 
blood  pressure  in  the  umbilical  vein  and  placenta  may 
give  rise  to  hydi-amniou. 

Hydramnion  has  also  been  explained  as  being  due  to  a 
persistence  of  the  vasa  propria  of  Jungbluth,  but  the 
presence  of  these  \-cssels  in  the  late  stages  of  pregnancy 
is  considered  by  some  writers  to  be  secondary  to  an  in- 
crease of  blood' pressure  in  the  umbilical  vein.  Exces- 
sive urinary  secretion  in  fatal  dial)etes  and  cardiac  hy- 
pertrophy, increased  activity  of  the  foetal  skin,  serous 
inflammations  of  the  amnion,  deficient  absorption  of  the 
amniotic  fluid,  and  increased  activity  of  the  chorion  are 
other  causes  assigned  by  various  authors.  Both  foetus 
and  mother  may  under  rare  conditions  contribute  to  the 
formation  of  the  increased  amount  of  fluid.  This  occui's 
most  frequently  in  cases  of  syphilis  of  both  mother  and 
child  when  botli  ai'c  dropsical. 

A  more  recent  theory  lor  the  explanation  of  hydram- 
nion is  based  upon  the  hypothesis  that  there  is  in  the 
foetal  blood  a  substance  which  causes  an  increased  pas- 
sage of  fluid  from  the  maternal  \essels  to  those  of  the 
chorion,  so  that  the  foetus  becomes  plethoric.  As  a  res\ilt 
of  the  plethora  the  heart's  action  is  increased,  and  this  in 
turn  leads  to  increased  urinary  secretion.  The  lymph- 
forming  substance,  being  excreted  in  the  urine,  passes 
into  the  amniotic  fluid.  When  the  latter  is  swallowed  by 
the  foetus  the  substance  is  again  absorbed  into  the  fa^tal 
blood  and  a  vicious  circle  is  thus  set  up.  This  hypotheti- 
cal substance  in  the  end  produces  toxic  effects  upon  the 
liver  and  kidneys  leading  to  foetal  drops_y. 

Hydramnion  is  not  infrequently  associated  with  unioval 
twin  pregnancy,  in  that  in  the  case  of  one  foetus  there 
is  a  normal  or  lessened  amount  of  amniotic  fluid  while 
in  the  case  of  the  other  tlieie  is  hydramnion  and  hyper- 
trophy of  the  foetal  organs.  This  has  been  explained  in 
various  ways,  but  none  of  the  theories  presented  is  ade- 
quate. According  to  Kustner  one  of  the  twins  receives 
more  abundant  nourishment  than  the  other,  and  this  over- 
nutrition  leads  to  increased  heart  action  and  resulting 
cardiac  hypertrophy.  Increased  urinary  secretion  into 
the  amniotic  sac  consequently  follows  and  causes  an  in- 
crease in  the  amniotic  fluid.  Ultimately  insufficiency  of 
the  heart  oecui's  with  venous  stasis  and  liver  cirrhosis, 
both  of  which  factors  add  to  the  hydramnion  alresidy  ex- 
isting. According  to  Schatz  one  fcetus  transfuses  moi-e 
blood  into  the  circulation  of  its  twin  than  the  latter  gives 
back  to  it,  whereby  the  heart  of  the  latter  becomes  hyper- 
trophic and  increased  urinary  secretion  follows.  Against 
both  of  these  theories  may  be  rai.sed  the  objection  that  in 
the  circulation  of  the  twins  a  condition  of  equilibrium 
must  ultimately  be  reached  so  that  in  one  case  blood  must 
transfuse  from  the  circulation  of  the  stronger  to  that  of 
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the  weaker ;  and  in  the  other,  as  soon  as  the  hypertrophic 
heart  becomes  insufficient,  the  normal  heart  of  the  weaker 
foetus  must  act  relatively  with  much  greater  strength 
than  the  insufficient  hypertrophic  one.  In  the  case  of 
twins  arising  from  two  ova  either  one  or  botli  sacs  may 
become  hydramniotic. 

Sympto.ms. — In  acute  hydramnion  the  sudden  disten- 
tion of  the  uterus  causes  intense  pain,  and  there  are  ex- 
treme dyspmea,  cyanosis,  frequent  and  severe  vomiting 
and  fever.  In  chronic  hydramnion  the  symptoms  are 
very  much  like  those  of  C3'stic  ovarian  tumors.  As  the 
uterus  becomes  more  and  more  distended  it  may  give  rise 
to  pressure  symptoms,  dyspnoea,  pain  in  the  sides,  oedema 
of  legs  and  genitals,  varices,  etc.  In  cases  of  very  grad- 
ual development  the  uterus  may  attain  a  very  large  size 
without  causing  much  discomfort. 

Proonosis.— The  pressure  symptoms  may  be  so  severe 
as  to  endanger  life,  but  inasmuch  as  the  process  may  be 
controlled  by  the  production  of  abortion  the  prognosis,  in 
so  far  as  the  mother  is  concei-ned,  is  a  favorable  one.  In 
the  majority  of  cases  the  fa?tus  is  either  under-developed 
or  malformed,  only  about  one-third  of  the  children  sur- 
viving. H\'dramnion  of  moderate  degree  may  produce 
no  symptoins  and  does  not  endanger  either  foetus  or 
mother. 

Treatment. — Against  the  formation  of  hydramnion 
there  are  no  therapeutic  measures  of  avail.  When  the 
fluid  accumulates  in  such  large  quantity  or  so  rapidlyas 
to  produce  serious  symptoms,  relief  by  evacuation  is  in- 
dicated. This  is  accomphshed  by  rupturing  or  punctur- 
ing tlie  membranes  and  allowing  the  amniotic  fluid  to 
escape.  Premature  labor  usually  follows  this  procedure 
and  the  foetus,  in  case  it  has  not  reached  a  viable  age,  is 
lost.  In  the  mild  cases  no  treatment  is  neces.sary,  but  it 
is  to  be  remembered  that  in  such  cases  abnormal  presen- 
tations of  the  fa>tus  ai'e  of  frequent  occurrence. 

Aldred  Sn,tt  Warthin. 

HYDRANGEA.— '-.Seven  Barks."  The  diied  root  of 
Hydrangea  arborescejiis  L.  (fara.  Haxifragaceir).  This  is  a 
medium-sized  shrub  with  softish  stems,  opposite,  gla- 
brous, ovate,  serrate,  bright  green  leaves,  and  flatfish 
cymes  of  greenish  flowers.  It  is  a  native  of  the  middle, 
and  especially  of  the  southern  United  States.  The  root 
is  very  much  and  crookedly  branched,  from  a  knott)' 
crown  an  inch  or  two  in  diameter,  and  is  usually  cut  into 
pieces  from  one  to  several  inches  in  length  before  market- 
ing. The  largest  of  these  roots  are  usuallj'  of  about  the 
thickness  of  the  little  finger.  The  color  is  a  verj-  pale 
grayish-yellow,  with  rusty  yellow  patches  and  streaks, 
but  the  bark  has  a  great  tendency  to  peel  off,  leaving  the 
nearly  white,  very  smooth  wood  exposed.  The  wood  is 
light,  tough,  and  splintery,  and  is  tasteless  and  inactive. 
The  bark  is  first  sweetish  and  feebly  aromatic,  then 
sliglitly  acrid. 

It  contains  starch,  a  little  resin,  saponin;  and  a  crystal- 
line glucoside  (hydrangin,  -^j^  per  cent.).  It  has  had 
some  employment  in  urinary  disorders,  especially  those 
accompanying  "  gravelly  deposits, "  and  is  mildly  diuretic. 
Dose  from  3  to  4  gm.  (gr.  xxx.  ad  3  i.). 

Henry  H.  Runhy. 

HYDRASTIS.— Golden  Se.u..  "The  rhizome  and 
I'oots  of  Jli/draniix  canadeiiniK  Linne  (natural  order, 
lianunciilaiva')."  (U.  S.  P.). 

The  Hydrastis  canadennix  is  a  small  herbaceous  peren- 
nial plant  with  an  erect,  simple,  pubescent  stem,  from 
six  inches  to  one  foot  in  height.  There  are  usually  but 
two  leaves,  one  at  the  top  of  the  stem,  the  other  attached 
a  short  tlistauce  below.  The  leaves  are  pubescent, 
roundish,  generally  flve-lobed.  The  flower' is  solitary 
and  rises  from  the  base  of  the  upper  leaf.  It  is  whitish 
or  purplish  and  consists  of  a  colored  calyx  which  falls 
very  shortly  after  the  flower  expands.  The  fruit  is  a 
globose,  compound  berry,  somewhat  resembling  a  rasp- 
berry. The  rhizome  is  of  oblique  growth,  2.. 5  to  near  5 
cm.  (1  to  nearly  3  in.)  long,  and  0.5  to  1  cm.  (^  to  f  in.) 
thick,  cjlindraceous,  usually  with  a  few  short  branches 
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longitudinally  wrinkled,  but  plump,  somewlmt  annulate, 
externally  bvownish-gray,  often  with  a  yellow  tinge  or 
yellowish  patches;  fracture  short  and  sharp,  ^^'axy, 
golden-yellow  or  bright  reddish-yellow,  with  a  thickisli 
bark,  about  ten  short  and  narrow  wood  wedges  and 
broad  medullary  rays;  roots,  if  present,  rather  coarse, 
brittle,  with  a  thick  bark  and  somewhat  quadrangular 
wood;  odor  slight,  characteristic;  taste  very  bitter,  but 
not  disagreeable,  producing  a  somewhat  astringent 
effect. 

The  plant  is  indigenous  to  North  America  and  grows 
abundantly  in  the  north  and  west  of  the  United  States 
and  Canada.  Only  one  other  species  of  hydrastis  is 
known,  II.  Jeza'nsis  Sieb.,  which  is  found  in  Japan. 

The  therapeutic  properties  of  hydrastis  depend  upon 
the  active  principle  liydrastine,  which  is  separated  in 
white  crystals,  without  odor  or  taste,  and  insoluble  in 
water.  With  acids  it  forms  salts  which  are  freely  solu- 
ble in  water.  Much  trouble  has  arisen  from  the  confus- 
ing of  this  name  with /i2/rf!'rts(iH,  an  "eclectic"  extract, 
which  is  made  uxs  of  the  various  alkaloids  and  resin,  and 
is  many  times  weaker.  It  is  a  yellowish  powder. 
Hydrastinine  is  an  artificial  alkaloid  formed  by  the  oxi- 
dation of  hydrastine,  which  breaks  up  into  hydrastinine 
and  opianic  acid.  The  hydrochlorate  is  official  in  the 
United  States  Pharmacopoeia,  and  oceui-s  as  light  3'ellow, 
amorphous  granules,  or  as  a  pale  jellow,  crystalline 
powder,  odorless,  but  with  a  bitter,  saline  taste.  It 
deliquesces  upon  exposure  and  is  verjf  soluble.  Berhrririe 
is  also  present  and  the  tonic  properties  of  the  plant  are, 
in  a  manner,  due  to  its  action. 

Hydrastis  exercises,  both  locally  and  after  absorption, 
an  action  upon  tlie  system  which  is  beneficial  in  all  states 
of  congestion  and  hyperoemia.  The  results  of  physiologi- 
cal experiments  with  hydrastine  show  that  it  increases 
the  activity  of  the  nerve  centres.  Both  the  sensoiy  and 
motor  functions  are  stimulated  and  reflex  action  becomes 
very  marked.  Tlie  tone  of  all  muscular  tissues  is  par- 
ticularly raised,  the  striped,  unstriped,  and  cardiac  cells 
being  influenced,  as  a  i-esult  of  which  effect  there  is  pro- 
duced an  acceleration  of  the  heart's  action  and  of  the  cir- 
culation throughout  all  tissues.  A  like  effect  is  mani- 
fested upon  the  uterine  tissue,  and  this  effect,  if  the 
uterus  is  in  the  pregnant  state,  may  prove  sufficient  to 
cause  abortion.  There  is  also  produced  an  increased 
activity  in  all  the  secreting  organs,  the  flow  of  saliva,  bile 
and  other  intestinal  secretions  being  greatly  augmented. 
The  urine  is  also  increased,  and  the  alkaloid  may  be  de- 
tected in  the  urine  within  twenty-flve  minutes  of  its  hy- 
podermic injection. 

In  excessive  doses  the  action  of  the  drug  someAvhat 
resembles  that  of  strychnine.  There  are  excessive  motor 
activity  with  cardiac  distress,  and  convulsions  which 
may  prove  fatal.  In  the  latter  event  death  results  from 
extreme  depression  followed  by  respiratory  failui'e.  In  a 
case  reported  '  two  doses  of  twenty  drops  of  the  liquid 
extract  produced  most  alarming  cardiac  distress  in  a  case 
of  bronchitis  with  copious  expectoration.  The  lethal 
dose  is  given  by  Cerna  as  0.5  gm.  for  each  kilogram  of 
body  weight.'  Phillips  and  Pembrey^  during  experi- 
mental work  upon  animals  found  that  death  followed 
15  4  grains  when  given  to  a  full-grown  cat. 

The  action  exerted  upon  the  blood-vessels  has  led  to  its 
employment  as  an  hemostatic.  Attention  was  directed 
to  its  use  for  this  purpose,  in  Germany,  in  1883,  by  Dr 
Schatz,  at  a  meeting  of  the  Association  of  Pliysicians  and 
Naturalists.  He  reported  decidedly  in  its  favor  for  the 
treatment  of  chronic  hyperaemia  and  chronic  inflamma_ 
tion  of  the  internal  genital  organs  attended  by  losses  of 
blood  Since  that  time  it  has  been  extensively  em- 
ployed with  very  general  satisfaction.  In  menorrhagia 
and  metrorrhagia  without  organic  disease,^  as  in  the 
various  forms  of  metritis  and  endometritis,  it  is  said  to 
check  the  flow  more  rapidly  than  any  other  remedy. 
In  the  hemorrhages  occurring  at  the  climacteric,  anil  the 
excessive  menstruation  of  young  girls  in  which  the  tissues 
are  relaxed  and  congested,  it  has  proved  itself  particu- 
larly useful.     It  also  relieves  all  conditions  of  congestion 


"f  the  pelvic  organs,  ovarian  pains,  dysmenoriluea,  and 
other  distressing  symptoms  arising  from  this  cause.  Its 
effect  when  tlie  hemorrhage  is  due  to  myomata  appears 
to  be  uncertain,  some  observers  claiming  for  it  decided 
curative  properties,  while  others  have  failed  to  derive 
an}'  benefit  from  its  employment.  It  should  be  admin- 
istered with  care  during  pregnancy  on  account  of  its 
tendency  to  provoke  abortion,  although  many  claim  to 
have  used  it  without  any  ill  effect.  One  of  the  earliest 
applications  of  hydrastis  was  as  a  cardiac  tonic,  and  its 
effect  upon  the  heart  makes  its  action  A-evy  similar  to  that 
of  digitalis.  It  is  not  eq  ual  to  the  older  drug,  but  has 
been  found  very  serviceable  when  a  change  from  digitalis 
is  necessary. 

As  a  local  remedy  hydrastis  exerts  a  marked  action 
upon  mucous  membranes  wlienever  altered  by  local  con- 
.H'cstion.  It  is  astringent  and  tonic,  lessening  the  conges- 
tion, and  promoting  a  freer  and  better  circulation  in  the 
part.  It  is  employed  in  all  catarrhal  conditions  of  the 
vagiua,  urethra,  rectum,  nose  and  pharynx,  in  their  sub- 
acute or  chronic  stages.  It  also  exercises  the  same  local 
effect  upon  the  mucous  membrane  of  the  stomach  and 
bowels  when  administered  internally,  and  has  proved  of 
benefit  in  all  catarrhal  conditions  of  these  organs,  its  local 
action  being  assisted  by  the  increased  secretions  of  the 
liver  and  other  intestinal  secretions.  In  hemorrhoids  it 
is  thought  to  act  with  much  advantage. 

The  fluid  extract  is  the  preparation  looked  upon  with 
most  favor  for  local  use.  AVhen  diluted  with  water  it 
makes  an  undesirable-looking  mixture,  but  it  offers  the 
advantage  of  depositing  the  insoluble  resinous  material 
directlv'  upon  the  mucous  surface,  which  is  considered 
most  necessary  if  its  full  effect  is  to  be  secured.  The 
strength  of  tlie  solution  should  be  from  ten  minims  to 
two  drachms  to  the  ounce.  For  rectal  and  vaginal  use 
it  may  be  applied  in  the  form  of,  suppositories.  For  in- 
ternal use  the  dose  is  from  one-half  to  one  fluidrachm. 

Hydrastine  has  been  used  as  a  wash,  in  the  strength  of 
two  to  five  grains  to  the  ounce,  as  a  substitute  for  the  ex- 
tract, but  has  not  proved  as  serviceable.  For  internal  use 
it  is  to  be  preferred,  as  it  pos.sesses  the  haemostatic  and 
tonic  action  of  the  drug,  and  is  of  a  more  definite 
strength.  The  dose  is  from  one-eighth  to  one-half  grain, 
and  may  be  given  in  all  conditions  in  which  hjdrastis  is 
indicated. 

The  eclectic  remedy,  hydrastin,  has  been  employed  for 
many  years  as  a  stomachic,  tonic,  and  antiperiodic,  but 
is  never  used  for  any  haemostatic  action. 

Hydrastinine  hydrochlorate  is  probably  the  most  desir- 
able preparation  for  internal  administration.  It  acts 
rapidly,  and  reports  indicate  that  its  action  is  more  trust- 
worthy than  is  that  of  hydrastine  or  the  fluid  extract. 
The  dose  is  from  one-half  of  a  grain  to  one  grain  and  a 
half,  evei-y  three  to  six  hours.  It  may  also  be  given  hy- 
podermically  in  a  ten-por-cent.  solution  in  distilled  water. 

Seamiiont  Stnall. 

'  British  Medical  Journal,  report  No.  258,  September  8tli,  1899. 

2  The  Therapeutic  Gazette,  May,  1891. 

3  British  Medical  Journal,  Octoher  8th,  1901. 

HYDRIODIC  ACID.— Hydriodic  acid  (HI)  isa  gaseous 
body,  freely  soluble  in  water.  The  aqueous  solution, 
however,  is"  very  unstable,  constantly  tending  to  disen- 
gage free  iodine.  Accordingly  the  United  States  Phar- 
macopoeia makes  official  Sympiis-  Acidi  Hydriodici,  Syrup 
of  Hydriodic  Acid,  wherein  the  acid  is  preserved  from 
change  by  the  presence  of  sugar.  The  syrup  is  clear  and 
colortess,  or  slightly  straw-colored,  and  contains  one  per 
cent.,  by  weight,  of  absolute  hydriodic  acid.  It  has  a 
sweet,  acidulous  taste. 

Svrup  of  hydriodic  acid  has  similar  general  properties 
to  the  other  diluted  sour  mineral  acids  (see  Sulphuric 
Acid),  but  its  special  employment  in  medicine  is,  because 
of  the  iodine  of  its  composition,  as  a  substitute  for  the 
alkaline  iodides.  It  seems  beyond  question  to  possess 
the  general  medicinal  properties  of  the  iodides,  and  may 
be  given  in  doses  of  from  one-half  to  one  teaspoonful, 
well  diluted,  several  times  daily.  Edward  Curtis. 
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HYDROA  VACCINIFORME— This  affection  ^vas  first 
described  b}'  Bazin  in  1855,  but  for  a  long  time  thereafter 
was  generally  lost  sight  of.  In  1888  Hutcliinson  de- 
scribed what  is  undoubtedly  the  same  affection,  under 
the  title  "summer  eruption."  A  year  later,  Haiidtord 
published  in  the  llliistntted  Medical  News  a  series  ot 
cases  which  he  proved  were  identical  in  nature  with  both 
Hutchinson's  summer  eruption  and  Bazin's  liydroa  vac- 
ciniforme. Since  then  numerous  cases  have  been  re- 
ported by  English,  German,  and  American  writers,  and 
it  has  been  shown  that  the  disease,  although  rare,  is 
not  so  uncommon  as  had  been  supposed.  In  Prance, 
strangely  enough,  the  nffiection  escaped  recognition  after 
Bazin's  original  description,  but  of  late  it  has  been  again 
described  by  Brocq  and  others. 

The  affection  usually  begins  in  the  first  years  of  life 
and  has  been  found  to  be  much  more  frequent  in  the 
male  sex.  The  parts  of  the  body  chiefly  affected  are 
those  that  are  unprotected  and  exposed  to  the  rays  of  the 
sun,  although  in  a  number  of  instances  it  has  been  seen 
on  other  pai-ts  as  -svell.  The  bridge  of  the  nose,  the 
cheeks,  and  the  ears  are  most  jjrominently  affected,  and 
next  in  order  come  the  backs  of  the  hands.  Other  parts 
of  the  body,  if  exposed  to  the  sun,  will  be  equally  af- 
fected, as  in  one  instance  in  which  it  appeared  on  the 
legs  of  a  boy  who  Avent  about  with  trousers  rolled  up. 
In  a  case  seen  by  the  writer,  however,  no  lesions  ever 
appeared  on  the  lower  extremities,  although  the  child 
went  barefoot  during  the  summer.  The  affection  comes 
in  attacks,  usually  in  the  summer  season  and  on  exposure 
to  the  sun,  although  this  cannot  be  laid  down  as  an  ab- 
solute rule,  as  in  some  instances  there  have  been  quite 
numerous  attacks  in  winter.  There  is  no  itching,  as  a 
rule,  yet  in  one  of  the  writer's  cases  it  was  marked. 

At  the  outset  of  an  attack  there  may  be  slight  constitu- 
tional disturbance.  The  first  appearances  are  either  vesi- 
cles or  small  red  papules  which  rapidly  become  trans- 
formed into  vesicles  and  buUte  of  varying  size  and  which 
often  become  confluent.  A  marked  feature,  which  has 
given  the  affection  a  part  of  its  title,  is  the  umbilication 
that  occurs  in  many  of  the  lesions,  so  that  a  vaccination 
vesicle  is  closely  simulated.  The  depressed  centre  is 
usually  surrounded  by  a  ring  of  fluid,  while  there  is  a  red 
areola  at  the  periphery.  The  centre  is  dark  blue  or  black, 
due  to  the  hemorrhagic  and  necrotic  condition  of  the 
corium,  which  is  seen  through  the  overlying  vesicle. 
The  lesions  frequently  become  purulent.  As  a  rule  the 
attacks  last  several  weeks,  but  may  be  much  prolonged 
by  exacerbations.  The  centre  of  the  lesions  dries  into  a 
thick,  black  crust,  extremely  adherent,  and  which  finally 
on  dropping  off  leaves  a  distinct  pit.  In  many  of  the 
cases  the  scarring  is  quite  severe,  and  reminds  one  forci- 
bly of  that  left  by  a  severe  variola.  The  tip  of  the  nose 
and  the  edges  of  the  outer  ear  are  in  some  cases  much  de- 
formed. 'The  attacks  become  milder  and  less  frequent 
toward  puberty  and  usually  cease  by  the  time  adult  life 
is  reached. 

Histologically,  according  to  the  writer's  examination, 
which  has  since  been  essentially  confirmed  by  Mibelli,  the 
small  primary  vesicle  is  shown  to  have  its  seat  in  the 
middle  layers  of  the  rete  Malpighii.  The  upper  portion 
of  the  rete  is  somewhat  reticulated,  but  the  fluid  divides 
the  middle  from  the  upper  layers  so  that  a  large  cham- 
ber without  network  is  produced.  In  the  fully  devel- 
oped lesion,  with  dark  umbilicated  centre,  there  is  found 
a  necrosis  of  the  central  portion  of  the  nodule.  The 
outer  horny  layer  is  unbroken  and  stains  well,  while  the 
lower  horny  layers  have  become  necrotic.  Tlifi  middle 
and  lower  layers  of  the  rete  are  converted  into  a  reticular 
tissue,  forming  a  network  filled  with  granular  detritus 
and  leucocytes,  and  this  network  has  become  necrotic. 
'This  necrosis  extends  downward  through  the  entire  co- 
rium, ceasing  just  above  the  subcutaneous  tissue.  The 
corium  has  a  distinctly  abnormal  appearance,  the  con- 
nective-tissue cells  having  lost  in  great  part  their  capac- 
ity for  receiving  stains.  The  connective-tissue  fibres  are 
broken  up  and  forced  apart  and  contain  in  their  inter- 
stices deeply  staining   granules  and   detritus.     In  the 
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papillary  layer  are  large  necrotic  blood-vessels  filled  with., 
blood  cells,  together  with  some  free  hemorrhage  into  the 
tissue.  The  necrosis  ceases  abruptly  at  the  sides  and  base- 
of  the  lesion.  There  is  some  increase  in  thickness  of  the^ 
epidermis  adjacent  to  the  necrotic  portion. 

Prom  these  appearances  it  is  seen  that  the  disease  be- 
gins with  an  inflammation  in  the  rete  and  upper  portion 
of  the  corium  in  a  circumscribed  area,  and  quickly  pro- 
duces a  vesicle  in  the  rete.  Immediately  after  this  a 
necrosis  sets  in,  which  affects  the  epidermis  and  almost, 
the  entire  corium.  The  dilated  and  necrotic  blood-vessels 
can  be  seen  through  the  transparent  vesicular  covering, 
and  give  rise  to  the  dark  red  hemorrhagic  centre  seen 
clinically.  .     . 

The  cause  of  this  peculiar  dermatosis  is  unknown. 
The  most  plausible  theory  is  that  of  a  vaso-motor  neuro- 
sis, which  in  certain  individuals  causes,  when  they  are 
exposed  to  the  sun's  rays,  a  circumscribed  inflammation 
followed  by  necrosis. 

White  has  described  several  instances  which  probably 
belong  in  this  group,  which  presented  some  unusual  feat- 
ures, so  that  it  seems  probable  that  the  classical  descrip- 
tion ought  to  be  enlarged  somewhat.  The  exceptional 
features  in  these  cases  were  the  cessation  of  all  activity 
during  the  warm  months  for  ten  consecutive  years  in  one 
case,  the  continuance  of  the  attacks  throughout  the 
whole  year  in  another,  together  with  failure  to  be  influ- 
enced by  exposure  to  sun  or  weather,  and  an  extensive 
distribution  of  lesions  covering  a  large  portion  of  the 
body,  instead  of  a  limitation  to  the  portions  exposed  to 
the  influence  of  the  sun.  The  lesions  in  these  cases  were 
also  very  large,  and  the  scars  left  very  prominent  and. 
disfiguring. 

Dr.  McCall  Anderson  has  recently  (1898)  published  two- 
cases  of  this  disease  in  brothers,  in  which  the  urine  con- 
tained hiematoporphyrin.  In  the  other  cases  In  which 
this  symptom  has  been  looked  for  it  has  not  existed. 

It  is  very  difficult  to  classify  hydroa  vacciniforme, 
although  there  are  several  affections  which  seem  to  be' 
somewhat  related  to  it.  Boeck's  acne  necrotica  has  nu- 
merous points  in  common  with  the  affection  we  are  con- 
sidering, such  as  the  circumscribed  necrosis,  the  umbili- 
cation, and  the  enlargement  of  the  blood-vessels  with, 
hemorrhage.  The  histological  appearances  in  a  case  re- 
ported by  Teuton  were  also  similar.  It  is  still  a  matter 
of  discussion  whether  acne  necrotica  and  acne  varioli- 
formis are  the  same  disease,  so  that  the  relationship  of 
hydroa  vacciniforme  and  acne  varioliformis  is  also  indi- 
cated. We  have  also  a  peculiar  congenital  bullous  der- 
matitis, first  described  by  Hallopeau  and  characterized 
often  by  the  persistence  of  scars  and  epidermic  cysts, 
which  offers  some  analogy  to  hydroa  vacciniforme, 
chiefly  in  the  repeated  occurrence  of  bullae  followed  by 
scars  and  the  fact  that  a  favorite  but  by  no  means  exclu- 
sive seat  is  the  head  and  the  backs  of  the  hands.  It 
may  also  sometimes  be  excited  by  the  action  of  the  sun. 

It  is  possible  that  the  chemical  rays  of  the  sun  may 
play  some  part  in  this  affection  as  they  have  been  sup- 
posed to  do  in  eczema  solare,  etc.  Hutchinson  has  de- 
scribed cases  of  recurrent  papular,  pruriginous,  and 
eczematous  eruptions  occurring  chiefly  on  the  exposed 
parts  of  the  body  during  the  summer  months.  Hence  we 
have  evidence  that  the  sun's  rays  may  cause  not  only 
superficial  inflammatory  cutaneous  changes,  but  deep, 
sharply  bounded  necroses. 

Treatment. — The  importance  of  prophylaxis  is  ap- 
parent— to  guard  the  iiatient  from  the  sun's  rays,  or  from 
wind  and  storm.  Protecting  and  soothing  applications 
are  indicated  when  the  eruption  is  active.  Veils  of  red 
and  turmeric,  which  are  supposed  to  neutralize  the 
chemical  rays,  have  been  recommended  by  Unna  in  ec- 
zema solare  and  may  be  employed  in  this  affection. 
Crocker  recommends  the  trial  of  arsenic,  quinine,  and 
belladonna  internally.  John  T.  Boicen. 

HYDROBROMIC  ACID.— Hydrobromic  acid,  HBr,  is 
a  gaseous  body  which,  in  ten-per-cent.  aqueous  solution, 
constitutes  the  preparation  official  in  the  United  States 
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Pharmacopoeia  under  the  title  Acithiin  iri/drobroiiiinim 
BUiitum,  Diluted  Hydrobromic  Acid.  This  preparation 
is  "a  clear,  colorless  liquid,  odorless,  and  having  a 
strongly  acid  taste.  Specific  gravity  about  1.077  at  l.T 
0.  (59°  F.).  Miscible,  in  all  proportions,  with  water  and 
alcohol.  By  heat  it  is  completely  volatilized  "(U.  hi.  P.). 
Diluted  hydrobromic  acid  ranks  among  the  sour  min- 
eral acids,  and  is  perfectly  competent  to  fulfil  the  pur- 
poses described  under  diluted  sulphuric  acid.  Its  special 
application  in  medicine,  however,  is  not  the  utilization 
of  its  sour  qualities,  but  its  employment  on  the  one 
hand  as  a  bromide,  in  substitution  for  the  alkaline  bro- 
mide salts,  and  on  the  other  as  a  vehicle  for  quinine, 
claimed  to  lessen  the  disagreeable  by-effects  of  the  alka- 
loid, while  not  interfering  with  the  mechciual  activities 
of  the  same.  As  a  bromide-bearing  medicine,  the  diluted 
hydrobromic  acid  has  proved  itself  efficient  if  given  in 
adequate  dose,  and  to  have  less  tendency  tlian  the  bro- 
mides to  jiroduce  acne  and  the  other  .symptoms  of  brom- 
ism.  In  using  the  acid  for  its  bromine  influence,  its 
comparatively  feeble  strength  must  be  borne  in  mind, 
and  the  dose  made  to  correspond,  in  proportion  of  bro- 
mine represented,  to  the  average  dose  of  the  alkaline 
bromides.  This  correspondence  is  no  less  than  about 
seven  to  one,  so  that  it  takes  nearly  seven  parts  of  the 
pharmacopceial  acid  to  equal,  in  bromine  strength,  one 
part  of  potassium  bromide.  To  get.  therefore,  the  bro- 
mine effect  of  the  moderate  daily  allowance  of  4  gm. 
(  3  i.)  of  potassium  bromide,  from  si.K  to  seven  teaspoon- 
fuls  of  the  acid  would  require  to  be  given.  Such 
doses,  however,  are  liable  to  irritate  the  stomach,  and 
accordingly  the  medicine  is  used  most  commonly  in  as- 
sociation with  some  bromide  salt,  in  cases  in  which  a  full 
bromine  effect  is  wanted.  The  acid  should  be  diluted, 
for  administration,  ten-  or  twelve-fold,  and  the  mouth 
well  rinsed  after  each  dose.  Edward  Curtis. 

H  YD  ROC-EL  E.    See  Testes,  etc. 

HYDROCEPHALUS.CHRONIC— (Synonyms:  Internal' 

hydrocephalus;  congenital  hydrocephalus;  hydrops  ven- 
triculorum  cerebri.) 

Definition. — An  affection  which  maybe  defined  as  an 
abnormal  accumulation  of  serous  fluid  within  the  cere- 
bral ventricles,  tending  gradually  to  increase  in  amount, 
and  to  give  rise  to  undue  pressure  on  the  cranial  contents ; 
in  infancy  and  early  childhood  leading  also  to  gradual 
enlargement  of  the  head  with  separation  of  the  cranial 
bones. 

The  term  external  hydrocephalus  is  sometimes  employed 
to  denote  an  abnoi'mal  accumulation  of  fluid  in  the  sub- 
arachnoid space.  It  is  a  condition  only  rarely  met  with, 
and  either  is  secondary  to  cerebral  hemorrhage  or  pachy- 
meningitis, or  is  associated  with  a  congenital  atrophy  or 
defect  of  the  brain.  The  effusion  in  this  case  is  of  a  pas- 
sive character,  and  does  not  give  rise  to  pressure  symp- 
toms. ^  ,     ,  , 

Etiology.— In  the  great  majority  of  cases  hydrocepha- 
lus makes  its  appearance  in  early  infancy;  sometimes, 
however,  it  is  congenital,  and  the  enlarged  head  presents 
a  serious  obstacle  to  the  birth  of  the  infant.  Out  of  one 
hundred  and  three  cases  collected  by  Rufler,  in  nme  the 
enlargement  was  present  at  birth,  and  in  ninety-three  it 
began  before  the  patient  was  si.x  months  old.  As  this 
list  does  not  include  infants  born  dead  or  destroyed  dur- 
ing labor  to  save  the  mother,  it  is  not  to  be  regarded  as 
representing  the  absolute  relative  frequency  of  the  two 

Instances  occasionally  occur  in  which  an  abnormal  ac- 
cumulation of  fluid  in  the  ventricles  makes  its  appear- 
ance in  adult  age.  These  cases,  however,  form  but  an 
insignificant  percentage,  and  in  them  there  is  seldom  any 
enlargement  of  the  cranium  or  separation  of  its  sutures. 

Many  explanations  have  been  offered  for  the  presence 
of  fluid  in  such  abnormally  increased  amount  in  the  ven- 
tricles, but  we  are  still  much  in  the  dark  and  for  the  pres- 
ent it  is  better  to  regard  hydrocephalus  as  a  mere  symp- 


tom associated  with,  or  consequent  upon,  certain  diseased 
conditions  rather  than  as  a  di.stinct  disease. 

It  has  been  likened  to  ascites,  an  affection  in  which  we 
meet  with  either  a  direct  obstruction  to  the  venous  return 
of  the  blood  or  a  chi'onic  inflammation  of  the  peritoneum, 
and  in  confirmation  of  this  theory  we  were  told  that  in 
some  cases  the  fluid  which  distends  the  ventricles  is 
clear,  resembling  transudation  fluid  found  in  other  serous 
cavities,  while  in  other  cases  it  is  turbid  and  contains 
fibrinous  flakes  and  even  pus.  In  the  latter  case  the  lin- 
ing membrane  of  the  ventricles  will  be  found  more  or 
less  thickened  and  its  vessels  distended.  On  this  account. 
Hugucniu  proposed  to  make  the  fluid  itself  the  test  as  to 
^\■hether  the  action  was  of  a  passive  or  of  an  inflammatory 
character.  With  increased  knowledge,  however,  this 
comparison  is  not  at  present  legarded  as  entirely  satisfac- 
tory. 

Many  years  ago  Hilton  advanced  the  theory  that  this 
affection  -was  due  to  an  obliteration  by  inflammation  of 
the  channels  of  communication  between  the  fourth  ven- 
tricle and  the  subarachnoid  space  interfering  with  the 
outflow  of  fluid  from  the  ventricles  of  the  brain,  and  in 
recent  years  this  view  has  received  much  support.  Halli- 
burton (Jonr.  Physiol.,  vol.  x.,  p.  332)  has  demonstrated, 
that  normal  cerebro-spinal  fluid  is  a  clear,  colorless, 
faintly  alkaline  fluid  with  a  specific  gravity  of  about 
1.00.5,  and  is  to  be  regarded  as  a  distinct  secretion  differ- 
ing from  the  mere  transudative  fluids  met  with  in  other 
serous  cavities,  in  the  presence  of  a  distinct  copjier-re- 
ducing  agent,  at  one  time  thought  to  be  sugar,  but  now 
regarded  as  pyrocatechin,  and  in  the  chai-acter  of  its  pro- 
teids  which  he  found  to  consist  of  globulin,  albumose, 
and  occasionally  peptone,  rarelj'  of  albumin  and  never 
of  fibrinogen.  More  recently  Vaughan  Harley  examined 
the  fluid  present  in  hydrocephalic  cases  and  stated  that 
in  many  it  closely  resembled  cerebro-spinal  fluid  in  its- 
specific  gravity  and  in  its  reactions.  In  others,  however, 
indications  of  a  distinctly  inflammatory  process  were' 
superadded,  albumin  was  present,  and  the  specific  grav- 
ity had  risen  to  1.008  or  1.009. 

Following  out  the  thoughts  suggested  by  these  inves- 
tigations, Drs.  Barlow  and  Lees  regard  the  choroid  plex- 
uses as  a  special  apparatus  for  the  secretion  of  the  cere- 
bro-spinal fluid,  and  in  proof  of  their  view  point  to  the- 
following  facts :  Each  ventricle  is  provided  with  its  own 
vascular  plexus,  those  in  the  lateral  ventricles  having  a 
double  arterial  supply  indicating  a  function  of  special 
importance,  and  the  epithelium  of  the  ventricles,  where 
it  covers  these  plexuses,  changes  its  character  from  col- 
umnar to  one  similar  in  structure  to  that  of  a  secreting 
epithelium.  From  these  plexuses  a  continuous  secretion, 
they  think,  takes  place  of  the  bland  fluid  on  which  the- 
delicate  structures  of  both  brain  and  spinal  cord  rest. 
As  this  secretion  is  constant,  means  must  be  provided  for- 
the  removal  of  any  excess,  either  by  absorption  or  by 
drainage.  Absorption  through  the  plexuses  would  ap- 
pear impossible,  for  the  supply  of  blood  in  the  arteries, 
must  be  kept  at  a  higiier  pressure  than  that  of  the  ven- 
tricular fluid,  else  circulation  would  cease;  and  the  veins 
are  far  withdrawn  into  the  interior  of  the  velum  inter- 
positum.  To  provide  drainage,-  therefore,  communica- 
tion is  provided  from  the  lateral  ventricles,  through  the^ 
third  into  the  fourth  ventricle  by  means  of  the  several 
foramina;  thence  into  the  subarachnoid  space  through, 
the  foramina  of  Magendie  and  the  lateral  foramina,  and 
along  the  lymphatic  sheaths  of  all  outgoing  nerves. 
The  small  diameter  of  these  passages  insures  that  the- 
outflow  shall  not  be  too  rapid.  The  careful  experiments, 
of  Key  and  Retzius  would  indicate  that  this  is  the  only 
way  of  escape  for  fluid  from  the  ventricles. 

In  what  way  is  obliteration  of  these  channels  of  com- 
munication brought  about?  '  In  the  opinion  of  these- 
writers  it  is  invariably  the  result  of  some  inflammatory 
action  and  not  infrequently  of  a  previous  attack  of  basic- 
meningitis.  Attacks  of  posterior  basic  meningitis,  in 
their  opinion,  may  occur  at  a  very  early  period  of  in- 
fancy, and  in  some  cases  the  symptoms  may  be  of  so- 
indefinite  a  character  as  to  be  overlooked  or  forgotten. 
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In  illustration  the  authors  mention  the  following  case. 

George  A ,  seen  first  when  ten  months  old,  "wth 

large  hydrocephalic  head;  was  an  eight-months  cliild. 
When  one  week  old  had  jaundice  and  frequent  convul- 
sions; at  three  weeks  would  not  allow  his  head  to  be 
raised  and  was  comfortable  only  when  lying;  at  two 
months  the  head  was  observed  to  be  abnormally  large, 
and  since  then  it  has  progressively  increased  m  size. 
They  state  that. in  many  cases  of  congenital  nydroce- 
phalus  the  post-mortem  examination  has  revealed^  tne 
presence  of  adhesions,  evidently  of  inflammatory  origin, 
blocking  the  channels  of  exit.  In  some  of  these  cases 
constitutional  vice,  more  especially  syphilis,  plays  an  im- 
portant part.  Dr.  Lewis  Smith  referred  many  of  his  con- 
genital cases  to  this  cause,  and  a  recent  writer  considers 
that  the  greater  number  of  them  are  due  to  chronic  in- 
flammation of  syphilitic  origin.  .        -    , 

In  a  small  percentage  of  cases  compression  of  the  veins 
by  a  tumor,  either  in  the  cerebellum  or  in  the  neighbor- 
hood of  the  aqueduct  of  Sylvius,  appears  to  play  an  im- 
portant role.  Drs.  Barlow  and  Lees  consider  that  mere 
compression  of  the  veins,  without  blocking  of  the  chan- 
nels of  exit,  cannot  by  itself  account  for  the  accumula- 
tion. Both  Gibson  and  Collins,  however,  within  the  past 
few  years  have  reported  cases  in  which  a  tumor  pressing 
on  the  aqueduct  of  Sylvius  was  apparently  the  chief 
cause  of  the  hydrocephalus.  .    . 

Although  an  occlusion  of  these  foramina  of  exit  is  the 
very  frequent  condition  met  with  in  hydrocephalus,  a 
few"  instances  have  been  reported  in  which  this  affection 
has  existed,  and  yet  the  post-mortem  examination,  al- 
though revealing  traces  of  what  appears  to  have  been  a 
previous  meningitis,  has  not  shown  the  presence  of  any 
obstruction.  No  thoroughly  satisfactory  explanation  of 
these  cases  has  yet  been  given.  Drs.  Barlow  and  Lees 
advance  the  suggestion  that  owing  to  the  previous  in- 
flammation a  paretic  dilatation  of  the  basilar  and  its 
branches  has  taken  place,  leading  to  an  augmented  blood 
supply  to  the  choroid  plexus  and,  as  a  consequence,  to  a 
more  rapid  secretion  of  fluid  than  can  escape  through  the 
foramina  of  exit. 

As  a  very  exceptional  cause  of  hydrocephalus  in  the 
adult,  we  may  mention  the  case  reported  by  Kratz  in 
which  hemorrhage  from  an  aneurism  in  the  internal  car- 
otid artery  closed  the  foramen  of  Magendie  by  causing 
an  adhesion  of  the  telea  choroidea;  to  the  floor  of  the 
fourth  ventricle. 

Morbid  Anatomy. — The  results  of  such  an  increasing 
intraventricular  pressure  will  be  modified  by  the  amount 
of  resistance  presented  by  the  cranial  bones,  and  by  the 
quantity  of  the  fluid  present.  In  congenital  cases,  and 
in  those  in  which  the  hydrocephalus  began  soon  after 
birth,  the  resistance  offered  by  the  sutures  is  slight, 
and  great  enlargement  of  the  head  may  result.  In  these 
•cases,  the  effusion  may  reach  the  amount  of  several  pints. 
In  the  majority  of  instances,  however,  it  does  not  ex- 
ceed a  pint,  As  a  result  of  the  pressure  exerted  by  this 
fluid  the  cranial  cavity  is  expanded  in  all  directions,  but 
the  parts  entering  into  the  formation  of  the  vault  suffer 
most;  the  fontanels  become  prominent,  the  sutures  are 
gradually -opened,  and  the  vertical  plate  of  the  frontal  and 
the  upper  part  of  the  squamous,  parietal,  and  occipital 
bones  are  increased  in  size  and  become  thin,  even  to  the 
point  of  transparenc.y.  To  the  hand  of  the  observer  the 
head  feels  soft  and  fluctuating,  and  with  electric  light 
may  be  seen  to  be  distinctly  translucent. 

The  enlargement  goes  on  slowly,  but  is  not  always 
continuous.  Periods  of  quiescence  may  occur,  during 
which  nature  may  attempt  to  cover  in  the  open  places 
not  only  by  new  growth  along  the  edges  of  the  bones  of 
the  vault,  but  also  by  islets  of  new  bony  tissue  which  are 
occasionally  found  filling  in  the  fontanels. 

The  bones  at  the  base  of  the  brain  are  seldom  much 
affected.  A  few  instances  are  reported  in  which  the 
bones  of  the  middle  fossa  have  been  displaced,  and  in  ex- 
treme cases  the  orbital  plates  of  the  frontal  bone  are  not 
infi-equently  depressed  by  the  fluid,  thus  altering  the  di- 
rection and  position  of  the  eyeball. 

■ns 


Though  the  face  in  these  cases  looks  small,  on  account 
of  the  enormous  distention  of  the  skull,  Ruffer  states  that 
it  will  generally  be  found  to  be  quite  as  large,  if  not 
larger  than  normal. 

On  the  soft  structures  of  the  brain  the  effect  ot  this 
pressure  is  disastrous,  the  convolutions  become  flattened, 
tlie  sulci  obliterated,  and  the  cerebral  substance  owing 
to  compression  is  gradually  absorbed.  This  absorption 
and  thinning  is  especially  noticeable  toward  the  vertex, 
where  in  extreme  cases  it  may  be  found  not  more  than  a 
tew  lines  in  thickness.  The  lateral  ventricles  are  enor- 
mously distended,  their  ependyma  is  thickened,  and  the 
choroid  plexuses  are  engorged.  The  structures  at  the  base 
of  the  brain  suffer  in  general  less  than  those  of  the  cor- 
tex but  in  advanced  cases  the  large  ganglia,  the  pons, 
and  the  cerebral  peduncles  are  altered' in  shape  and  their 
nutrition  is  impaired.  . 

A  hydrocephalic  cranium  is  always  an  unsymmetricai 
one  ■  measurements  show  that  one  lateral  half  of  the  head 
is  always  larger  than  the  other.  Keen  and  Robinson 
have  reported  cases  in  which  the  hydrocephalus  was  par- 
tial and  the  distention  limited  to  one  side.  In  some  the 
anterior  half  may  be  increased  out  of  all  proportion  to 
the  posterior,  or  vice  versa,  and  instances  are  recorded  in 
which  the  expansion  has  been  limited  to  one  or  more 
bones. 

Associated  with  congenital  hydrocephalus  it  is  not  in- 
frequent to  meet  with  other  vices  of  conformation.  One 
of  the  most  frequent  is  spina  bifida.  Among  other  de- 
formities occasionally  encountered  are  hare-lip,  cleft  pal- 
ate, and  the  various  forms  of  talipes. 

Symptoms.— In  some  cases  the  first  symptom  to  attract 
attention  is  the  slow,  gradual  enlargement  of  the  head, 
which  may  go  on  for  some  months  before  any  indication 
of  pressure  on  or  irritation  of  the  nerve  ganglions  makes 
its  appearance.  Bastien  reported  a  case  in  which  the 
head  had  gone  on  enlarging  for  eighteen  months  without 
the  intervention  of  any  other  notable  morbid  symptom. 
In  other  cases,  however,  symptoms  of  irritation  of  the 
.  nerve  centres  are  present  from  the  very  beginning  and 
sometimes  even  precede  the  enlargement  of  the  head. 
West  states  that  in  twelve  out  of  fort_v-five  cases,  recur- 
ring convulsions  were  the  earliest  symptom ;  in  four  more 
the  enlargement  was  preceded  b_y  other  indications  of 
irritation  such  as  squinting,  severe  headache,  and  nystag- 
mus. In  a  third  class  the  affection  begins  with  symp- 
toms resembling  cerebellar  disease,  and  in  a  fourth  class 
the  symptoms  are  acute  from  the  onset. 

As  the  disease  advances,  however,  the  prominent  feat- 
ure in  all  becomes  the  gradually  enlarging  head,  the 
fontanels,  instead  of  closing,  increase  in  size,  the  sutures 
open,  and  the  head  assumes  more  or  less  a  spherical 
shape.  The  amount  of  the  enlargement  is  indicated  bj' 
two  measurements:  that  of  the  maximum  circumference, 
and  that  over  the  vertex  from  the  centre  of  one  auditory 
meatus  to  the  centre  of  the  other.  As  a  guide  to  the 
amount  ot  the  enlargement  the  following  average  meas- 
urements obtained  from  the  heads  of  eight  healthy  male 
infants  may  be  taken  : 

Over  vertex. 
Circumference.      From  meatus  to 
meatus. 

At  birth lli^-U     In.  9  in. 

At  two  monttis 1.5    -1.5}^  in.  10    -10^  In. 

At  tour  montlis 165'4-17     m.  11    -11)^  in. 

At  9lx  months 17    -ITMin.  im-H«in. 

At  twelve  months 18    -18U  in.  13    -12U  in. 

At  two  years 20    -SOVS  In.  13    -13j|  in. 

Owing  to  the  enlargement  of  the  bones  of  the  vertex 
the  face  assumes  a  triangular  appearance  with  the  base 
at  the  forehead  and  the  apex  formed  by  the  chin ;  the 
root  of  the  nose  is  flattened  and  broadened,  and  the  up- 
per eyelids  are  stretched.  The  nutrition  of  the  hair  folli- 
cles suffers  owing  to  the  continuous  tension  of  the  scalp, 
and  the  hair  becomes  scanty,  and  through  it  can  be  seen 
the  large  veins  ramifying  over  the  scalp  especially  in  the 
region  of  the  temples. 

While  the  enlargement  of  the  head  goes  on,  other 
symptoms  show  themselves.     The  general  nutrition  be- 
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comes  defective  even  though  the  appetite  may  remain 
good  and  symptoms  of  indigestion  be  wanting.  The  de- 
velopment of  the  body  is  retarded,  growth  is  stunted,  and 
the  muscular  system  becomes  soft  and  poorly  nourished. 
Efforts  at  walking  are  long  delayed,  and  if  at  last  the  en- 
deavor Is  made,  the  infant's  gait  is  more  than  ordinarily 
tottering  and  uncertain.  The  increased  \\'eiglit  of  the 
head  throws  an  abnormal  strain  on  the  poorly'nourislied 
muscles  of  the  neck.  In  young  infanta  the  power  to 
raise  it  from  the  pillow  may  be  altogether  lost  and  assist- 
ance may  be  required  even  to  turn  it.  Older  children 
frequently  rest  the  head  by  supporting  it  with  both 
hands. 

Loss  of  control  over  the  sphincters  and  complete  pa- 
ralysis are  of  rare  occurrence.  Sometimes  at  the  onset  of 
the  affection  a  more  or  less  spastic  condition  of  the  limbs 
may  exist.  Pain  in  the  head  is  not  an  infrequent  com- 
plaint, and  judging  by  the  moaning  and  crying  of  the 
thild  is  often  severe. 

Clifford  Allbutt  regards  ischwmia  papilla'  as  an  early 
sj'mptom ;  nystagmus  and  strabismus  are  often  seen  in 
advanced  cases.  Blindness  the  result  of  complete  atro- 
phy is,  however,  infrequent.  When  depression  of  the 
orbital  plates  takes  place,  the  direction  of  the  eyeball  is 
altered  and  more  or  less  exophthalmos  may  be  observed. 
Convulsions  occur  as  an  occasional  symptom;  in  some  in- 
stances thej'  are  limited  to  one  side,  but  more  frequently 
they  are  bilateral.  Not  uncommonly  they  are  followed 
"by  a  temporary  paralysis. 

As  the  disease  progresses  to  its  close  symptoms  of 
pressure  become  more  manifest,  di'owsiness  may  set  in, 
and  finally  coma,  from  which  the  child  cannot  be  roused, 
may  end  the  case.  Hydrocephalic  children,  however, 
ofier  but  a  feeble  resistance  to  infection,  and  death  is 
more  frequently  due  to  intercurrent  disease,  such  as 
pneumonia,  bi'onchitis,  intestinal  catarrh,  or  to  one  of  the 
eruptive  fevers. 

When  the  disease  runs  a  prolonged  course,  all  degrees 
of  impairment  of  the  mental  powers  may  be  met  with, 
f  i-om  slight  backwardness  to  more  or  less  complete  idiocy. 
In  nearly  e\-ery  case  periods  of  remission  are  noticed. 
The  cephalalgia  seems  to  cease,  general  nutrition 
improves,  and  for  the  time  the  head  ceases  to  enlarge.  The 
duration  of  these  periods  varies  much.  Sometimes  thej^ 
are  so  prolonged  that  the  anxious  mother  indulges  the 
dream  of  permanent  recovery.  In  a  few  instances  this 
does  appear  actually  to  take  place.  The  effusion  re- 
mains stationary,  the  sutures  ossify,  and  the  fontanels 
■close  by  means  of  additional  plates  of  bone,  while  growth 
increases  and  nutrition  improves  in  the  trunk  and  the 
extremities.  Such  patients  may  live  many  years.  Dr. 
Bright's  patient.  Cardinal,  died  at  the  age  of  twenty- 
nine.  His  mental  faculties  shortly  before  his  death  were 
said  to  be  "  very  fair  "  ;  his  memory  was  tolerable.  He 
-was  able  to  read  and  write  and  was  fond  of  society.  A 
few  cases  are  reported  in  which  a  spontaneous  evacuation 
of  a  large  quantity  of  watery  fluid  has  taken  place  from 
the  nose  with  immediate  relief  to  the  symptoms  which 
may  have  become  very  grave.  In  one  or  two  cases  the 
relief  has  been  permanent.  In  one  case  in  which  the 
child  eventually  died,  a  small  passage  conducting  from 
the  cranium  to  the  ethmoid  bone  was  found  at  the  au- 
topsy. 

In  hydrocepluilus  of  later  years  the  symptoms  are  very 
obscure.  It  would  appear  to  be  almost  impossible  to  dis- 
tinguish between  it  and  other  chronic  affections  of  the 
brain.  The  enlargement  of  the  head,  which  in  the 
hydrocephalus  of  infancy  makes  the  diagnosis  compara- 
tively easy,  is  in  these  cases  absent.  Among  the  symp- 
toms that  have  been  recorded  are  the  following:  vomit- 
ing, more  or  less'  persistent  headache  and  slow  pulse, 
nuinbnesi  of  the  hands  and  feet,  attacks  of  petit  mal, 
strabismus,  dilated  and  slu.ggish  pupils,  and  optic 
neuritis.  Unconsciousness  sometimes  supervenes  sud- 
denly and  death  takes  place  by  coma.  The  post-mortem 
appearances  are  similar  to  those  of  the  hydrocephalus  ot 
infancy,  with  the  exception  that  the  amount  of  fluid 
rarely  exceeds  eight  or  twelve  ounces. 


Duration. — The  duration  of  the  disease  is  very  varia- 
ble. The  course  is  sometimes  a  rapid  one  and  fatal 
symptoms  supervene  in  the  course  of  a  few  months. 
Few  congenital  cases  survive  two  years.  Many  cases  in 
which  the  affection  made  its  appearance  in  the  later 
months  of  infancy  or  in  early  cliildhood  live  for  four  or 
six  years. 

PiiooNosis, — The  prognosis  in  this  affection  is  neces- 
sarily very  unfavorable,  but  if  the  quantity  of  fluid  is  not 
great  and  tiic  tendency  to  accumulate  has  at  no  time  been 
very  active,  it  may  happen  that  one  of  the  periods  of 
remission  may  be  prolonged,  the  general  nutrition  may 
improve,  and  as  the  body  gnjws  the  size  of  the  head  may 
become  less  disproportionate.  Cases  of  permanent  re- 
c<ivery  are,  however,  extremely  rare,  and  in  some  of 
them  in  later  life  symi)t(mis  of  grave  mental  trouble 
develop.  "W'e  slioulil  remember,  however,  that  a  few  in- 
stances of  complete  and  permanent  recovery  from  the 
earlier  stages  of  the  disease  liave  been  recorded, 

DiAdXOSis, — In  the  absence  of  any  enlargement  of  the 
head  hydrocephalus  cannot 'be  diagnosed  with  certainty. 
On  the  other  hand,  when  the  head  becomes  distinctly  en- 
larged, with  widely  separated  sutures  and  open  bulging 
fontanels,  there  can  be  no  room  for  any  uncertainty. 
When  the  head  is  only  shghtly  enlarged  and  the  sutures 
are  not  distinctly  opened,  it  may  be  ditlicult  to  distinguish 
it  from  the  enlarged  head  met  with  in  lachitis.  The  fol- 
lowiny-  points  may  assist  us:  In  rachitis  the  head  is 
s(|uare  rather  than  round,  the  vertex  is  flattened,  the 
frontal  eminences  are  prominent,  but  the  frontal  bones 
themselves  are  not  bulging  and  the  sutures  are  closed; 
there  is  no  deviation  in  the  direction  of  the  eyeballs,  and 
palpation  fails  to  communicate  any  sense  of  fluctuation. 
In  h}'pertropliv  of  the  brain  the  increase  is  very  gradual, 
the  skull  is  Arm  and  unyielding,  and  the  enlargement  is 
more  marked  at  the  vertex  than  elsewhere.  Occasionally 
we  have  a  thickening  of  the  bones  of  the  skull  cap  due 
to  .syphilis,  but  no  great  difficultj^  should  be  experienced 
in  distinguishing  this. 

In  hydrocephalus  of  adult  hfe  the  diagnosis  must  al- 
ways be  extremely  diflflcult.  Martin  Prince  laj's  much 
importance  upon  "the  variation  in  the  intensit_y  of  the 
symptoms  from  day  to  day  in  this  affection  as  compared 
with  their  \iniformity  in  cases  of  brain  tumor. 

Tkeatmknt. — In  a  disease  such  as  this,  in  which  the 
prognosis  is  so  grave,  it  is  impossible  to  speak  with  any 
confidence  of  the  treatment  by  drugs.  In  congenital 
cases  in  which  there  is  a  distinct  syphilitic  history  the 
administration  of  mercury  and  potassium  iodide  has  in  a 
few  cases  appeared  to  be  of  much  service.  Their  ad- 
ministration should  be  commenced  as  early  as  possible 
and  pushed  energetically,  and  it  is  to  be  remembered  that 
young  children  bear  both  of  these  drugs  proportionately 
much  better  than  do  adults. 

External  compression  of  the  skull  by  means  of  strips 
of  adhesive  plaster  may  in  congenital  cases  produce  some 
slight  diminution  in  the  circumference  of  the  skull,  but 
its  employment  without  aspiration  of  some  of  the  fiuid 
appears  to  be  irrational  and  is  not  free  from  danger. 
Aspiration  of  the  lateral  ventricles,  if  performed  antisep- 
tically  anil  the  fluid  drawn  off  slowly  with  the  head  well 
deprc'ssed,  is  an  operation  which  does  not  appear  to  be 
attended  with  much  danger,  and  is  one  which  in  many 
cases  will  be  followed  by  temporary  improvement.  AVith 
the  infant  under  an  anijesthetic  a  small  trocar  may  be 
thrust  downward  and  inward  into  one  of  the  outer 
corners  of  the  anterior  fontanel,  care  being  taken  to 
avoid  the  longitudinal  sinus.  This  little  operation  often 
gives  good  residts  in  those  cases  in  which  the  symptoms 
of  compression  are  advancing  rapidly,  but  have  not  ex- 
isted for  a  long  period,  removing  the  tendency  to  con- 
vulsions, relieving  pain,  and  leading  to  a  general  im- 
provement of  both  bodily  and  mental  functions.  The 
chief  dangers  associated  with  it  are  the  introd\iction  of 
infectious  material  and  the  possibility  of  inducing  a 
state  of  collapse,  both  of  which  may  be  avoided  with 
care.  After  the  aspiration  it  is  well  to  use  some  com- 
pression over  the  vault,     Ewart,  of  Loudon,  at  the  meet- 
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ing  of  the  British  Medical  Association  (1901),  advised  the 
introduction  of  aseptic  air  into  the  ventricles  at  the  same 
time  that  the  fluid  was  drawn  off.  This  he  accomplished 
by  the  introduction  of  two  cannulse  into  the  right  spheno- 
parietal region,  allowing  the  fluid  to  escape  by  the  one, 
and  permitting  carefully  filtered  air  to  enter  by  the  other. 
He  claimed  for  this  method  a  more  complete  evacuation 
of  the  ventricular  fluid,  and  an  avoidance  of  the  danger 
resulting  from  the  sudden  and  complete  removal  of  press- 
ure. In  one  of  the  cases  which  he  reported  he  removed 
in  ten  separate  tappings  fluid  amounting  in  all  to  eleven 
pints.  At  the  time  the  report  was  made  the  condition 
of  the  child  was  greatly  improved.  Any  such  operation, 
however,  rarely  afEords  more  than  a  temporary  benefit. 

Lumbar  puncture,  advocated  in  this  affection  some 
years  ago  by  Quincke,  has  in  a  few  cases  appeared  to  be 
of  some  benefit,  but  it  oft'ers  a  hope  of  service  only  in 
those  rare  cases  in  which  there  is  no  blocking  of  the 
channels  of  exit.  Considering  the  excellent  temporary 
results  obtained  in  many  cases  by  aspiration  during  the 
past  few  years,  efforts  have  been  made  by  some  sui-geons 
to  establish  permanent  drainage  of  the  ventricles  by  es- 
tablishing an  artificial  communication  between  them  and 
the  subarachnoid  space.  Sutherland  and  Cheyne  repcjrt 
three  cases  in  which  a  small  opening  was  made  in  the 
dura,  and  one  end  of  a  number  of  strands  of  catgut  tied 
together  was  passed  into  the  ventricle  while  the  other 
end  was  retained  in  the  subdural  space.  The  results, 
however,  were  unfortunate,  although  temporary  im- 
provement followed  in  two  cases.  Drs.  Barlow  and 
Lees,  however,  report  one  case  treated  in  this  way  as  a 
remarkable  success. 

More  recently  Mr.  McAdam  Eccles  reports  continuous 
improvement  in  a  case  on  which  he  operated,  using  horse 
hair  instead  of  catgut  as  a  drain,  passing  one  end  of  the 
strands  under  the  dura  mater  and  the  other  into  the  right 
lateral  ventricle.  The  possibility  of  thus  replacing  the 
natural  channels  of  exit  from  the  ventricle  into  the  cav- 
ity of  the  subarachnoid  or  even  into  the  subcutaneous 
spaces  appears,  by  the  results  obtained  in  these  opera- 
tions, to  be  feasible,  and  we  are  hopeful  that  with  im- 
proved technique  we  may  yet  be  able  to  do  much  in  the 
way  of  relief  for  this  very  unfortunate  class  of  cases. 

Alexniuler  D.  BUwkader. 
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HYDROCHLORIC  ACID.— Muriatic  Acid,  HCl.  Under 
the  title  Ackhim  liyclrochlorUum,  Hydrochloric  Acid,  the 
United  States  Pharmacopoeia  recognizes  "  a  liquid  com- 
posed of  31.9  per  cent.,  by  weight,  of  absolute  hydro- 
chloric acid,  and  68. 1  per  cent,  of  water. "  Such  grade  of 
acid  is  "  a  coloriess,  fuming  Hquid,  of  a  pungent  odor,  and 
an^mtensely  acid  ta,ste.  Specific  gravity;  about  1.163  at 
15°  C.  (59°  F,).  Miscible,  in  all  proportions,  with  water 
and  alcohol  "  (U.  S.  P.).  Hydrochloric  acid  mu.st  be  kept 
m  glass-stoppered  bottles  and  protected  from  the  light 

The  physiological  effects  and  therapeutic  applications 
of  hydrochloric  acid  so  closely  resemble  those  of  nitric 
acid  that  a  separate  description  is  unnecessary  (see  J^itric 
Acid).  For  medicinal  use,  proper,  the  following  official 
preparation  is  established  by  the  United  States  Pharma- 
copceia : 

_  Aeidnm  Tlydrocliloricum  Dibitum.  Diluted  Hydrochlo- 
ric Acid.— This  preparation  is  a  simple  dilution  of  the 
strong  acid  of  the  Pliarmacopaia  with  di.stilled  water 
It  represents  ten  percent,  of  absolute  hydrochloric  acid' 
IS  a  colorless  and  very  sour  fluid,  irritant  though  not  cor- 
rosive and  of  the  specific  gravity  1.050.  Dose,  from  ten 
to  thirty  drops,  largely  diluted  with  water,  and  the  moutli 
to  be  rinsed  well  after  the  taking  of  each  dose. 

Edwdrd  (Jiiiiia. 
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HYDROCOTYLE.     See  Umhelliferm. 

HYDROCYANIC  ACID.— Hydrocyanic,  or,  as  it  is  so 
commonly  called,  pnixxlc  acid  (HCN),  is,  in  pure  or  an- 
hydrous condition,  a  thin,  colorless,  very  volatile,  verjr 
unstable,  and  fearfully  poisonous  fluid.  Being  so  un- 
manageable in  the  concentrated  state,  the  acid  is  used  in 
medicine  only  in  dilute  solution  in  water  or  in  alcohol 
and  water.  In  continental  Europe  solutions  of  various 
strengths  are  to  be  met  with,  ranging  from  two  to  twenty- 
five  per  cent.  What  is  known  as  Sclieele's  acid  is  an  aque- 
ous solution  from  four  to  five  per  cent,  in  strength. 
Under  the  title  Acidmn  Hydroeyanicuin  Bihitum,  Diluted 
Hydrocyanic  Acid,  the  United  States  Pharmacopoeia 
cstiblislies  "a  liquid  composed  of  two  per  cent.,  by 
weight,  of  aljsolute  hydrocyanic  acid,  and  ninety-eight 
per  cent,  of  water."  This  preparation  is  made  hy  dis- 
tilling a  mixture  of  potassium  ferrocyanide  and  diluted 
sulphuric  acid,  receiving  the  distillate  in  a  receiver  con- 
taining water.  The  product  isfinall}'  brought  to  standard 
strength,  as  determined  by  assay,  by  the  addition  of 
distilled  water.  Diluted  hydrocyanic  acid  may  also  be- 
prepared  extemporaneously  by  "the  following  process, 
officially  authorized :  "  Silver  C3'anide,  6  gm.  :  hydro- 
chloric acid,  5  c.c. :  distilled  water,  55  c.c.  ]\rix  the- 
hydrochloric  acid  witli  the  distilled  water,  add  the  silver 
cyanide,  and  shake  the  whole  together  in  a  glass- 
stoppered  bottle.  When  the  precipitate  has  subsided, 
pour  off  the  clear  liquid."  In  this  process  double  decom- 
position ensues  between  the  silver  cyanide  and  the  hydro- 
chloric acid,  with  the  formation  of  hydrocyanic  acid 
which  remains  in  solution,  and  silver  chloride  wliich  pre- 
cipitates. 

Diluted  hydrocyanic  acid  is  "a  colorless  liquid,  of  a 
characteristic  odor  and  taste,  resembling  those  of  bitter 
almonds.  As  it  is  very  poisonous,  great  care  should  be- 
taken in  tasting  it.  It  is  completely  volatilized  by  heat " 
(U.  S.  P.).  The  acid  is  more  or  less  prone  to  decom- 
pose, thereby  losing  strength,  and  in  such  decomposition, 
commonly  turns  dark,  even  getting  in  rime  to  look  hke 
a  thin  ink.  TJiis  decomposition  will  certainly  and  rap- 
idly go  on  under  exposure  to  the  air  in  an  open  vessel, 
and  is  also  hastened  by  the  action  of  light.  The  prepara- 
tion must,  therefore,  be  put  up  in  small,  dark,  amber- 
colored  vials  and  kept  in  a  cool  place  protected  from  the 
light.  An  important  point  is  to  have  the  vials  cork- 
stoppered,  and  not  (/Z««.s-stoppered,  since,  for  some  rea- 
son, the  preparation  deteriorates  much  -faster  in  glass- 
stoppered  bottles  than  in  those  closed  by  cork.  The  acid 
will  keep  better,  furthermore,  according  to  Squibb,  if,  la 
dispensing,  quantities  be  drawn  from  the  stock  bottle  by 
a.  pipette  instead  of  by  pouring. 

Physiologically,  hydrocyanic  acid  is  remarkable  for 
deranging,  swiftly  and  strongly,  the  functions  of  nerve 
apparatus,  apparently  irritating  and  quickly  exhausting- 
certain  nerve  centres,  and  also  tending  to  destroy  the- 
conducting  power  of  nerves  and  the  contractility  of  mus- 
cles generally.  Probably  by  virtue  of  these  actions,  hy- 
drocyanic acid  is  a  peculiarly  speedy  and  powerful  poi- 
son.    (See  Hydrocyanic  Arid  :  Toiicoloc/y.) 

The  application  of  hydrocyanic  acid  in  iherajjevtic^ 
does  not  amount  to  much.  By  reason  of  its  poisonous 
nature,  the  medicine  can  bo  used  only  in  insignificant 
doses,  and  the  only  medicinal  virtues  that  such  doses. 
Jiossess  are  to  allay  pain  or  irritability  of  the  stomach, 
and,  less  certainly,  the  irritability  of  the  air  passages  ia 
disea.se  that  leads  to  dry  cough.  The  local  use  of  livdro- 
cyanic  acid  solutions  as  lotions  in  skin  disease,  to  "allay 
pain  and  itching,  is  not  without  danger  of  inducing  con- 
stitutional poisoning  by  absorption  through  unobserved 
abrasions. 

Hydrocyanic  acid  in  the  form  of  the  dilute  solution  of 
the  United  States  Pharmacopoeia  is  commonly  prescribed 
in  doses  of  from  two  to  four  drops  only,  but  there  cer- 
tainly is  no  danger  in  doses  of  0.50  gm.  (Tt),  vij.  or 
viij.),  and  such  doses  are  used  by  many  practitioners. 
Furthermore,  since  the  effect  of  the  drug  is  very  evanes- 
cent, and  there  is  no  evidence  of  any  so-called  cumulative 
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action,  there  is  no  objection,  physiologically,  to  the  repe- 
tition of  even  a  full  dose  so  often  as  evei'y  hour.  The 
dose  may  be  administered  in  water,  or  syrup  and  water, 
and  may  be  combined  with  alkaloidal  salts,  but  not  with 
salts  of  the  metals.  For  a  skin  lotion,  the  pharmaco- 
poeial  acid  is  variously  diluted  from  ten-  to  flfty-fold  by 
■different  practitioners. 

Quite  recently  there  has  been  published*  an  account  of 
.some  interesting  experiments  by  Jacques  Loeb  and  AVar- 
ren  H.  Lewis  in  the  Hull  Physiological  Laboratory  of  the 
University  of  Chicago,  on  the  prolongation  of  the  life  of 
the  unfertilized  eggs  of  sea-urchins  by  potassium  cya- 
nide. Ordinarily  such  eggs,  kept  in  sea- water  at  a  tem- 
perature of  about  20°  C'lose  their  power  of  develop- 
ment, on  fertilization,  in  from  twenty-three  to  forty -eight 
hours,  or  less.  But  if  to  the  sea-water  be  added  a  certain 
percentage  of  potassium  cyanide  (one  part  of  an  "  ^"^"  cj'a- 
nide  solution  to  100  i^arts  of  sea-water),  the  time  during 
which  the  capacity  for  fertilization  jiersists  is  very  mate- 
rially lengthened — from  one  hundred  and  twelve"  to  one 
hundred  and  sixty-eight  hoiu's,  according  to  degree  of 
■development  attainable.  And  such  prolongation  obtains 
for  partheuogenetic  as  w;ell  as  for  sexual  development. 
The  experimenters  account  for  these  results  b\-  the  theory 
that  normal  death  of  the  unfertilized  eggs  is  due  to 
"speciiic  mortal  processes"  which  "are  checked  or  modi- 
fled  by  the  process  of  sexual  or  osmotic  fertilization," 
and  which  also  may  be  checked  by  potassium  cyanide, 
"  which  substitutes  for  the  destructive  action  of  these 
processes  a  condition  of  suspension  of  life  ('  vie  latente  ' 
■of  Bernard)."  Edimrd  Curtis. 

HYDROCYANIC  ACID.    (TOXICOLOGICAL.)— As  the 

various  cyanic  poisons — hydrocyanic  acid,  the  cyanids, 
impure  oil  of  bitter  almonds,  cherry-laurel  water,  etc. — 
all  owe  their  poisonous  qualities  to  the  presence  in  them, 
or  liberation  from  them,  by  the  action  of  the  liquids  of 
the  economy,  of  hydi-ocyanic  acid,  their  action  is  in  the 
main  the  same.  The  rapiditj'  of  their  action  depends 
upon  the  proportion  of  hydrocyanic  acid  which  they  con- 
tain, and  is  modified  somewhat  in  kind  by  the  nature  of 
the  substance  with  which  the  acid  is  combined,  as  in  the 
•case  of  potassium  cyanid. 

Although  Dioscorides  casually  mentions  the  poisonous 
nature  of  bitter  almonds,  and  Madden,  in  1731,  called 
attention  to  the  toxic  powers  of  cherry-laurel  water,  the 
toxicological  history  of  hydrocyanic  acid  itself  begins 
with  the  year  1803,  when  its  poisonous  nature  seems  to 
have  been  first  recognized  by  Schrader!  The  existence 
•of  the  acid  had  been  discovered  twenty  years  earlier 
(1780)  by  Scheele,  whoso  death  has  been  frequently  at- 
tributed to  accidental  inhalation  of  its  vapor.  It  would 
seem  however,  from  the  account  given  by  Crell  at  the 
time  {Annalen,  1787,  i.,  193)  of  Scheele's  last  illness, 
that  his  death  was  due  to  disease  and  not  to  poison. 

According  to  Stille,  Borda  (1804)  first  suggested  the 
use  of  the  artificially  prepared  hydrocyanic  acid  as  a 
a-emedy  in  cases  in  which  cherry -laurel  watei-  had  been 
previously  used.  A  few  years  later  (Hufeland's  Journal, 
1813  p  113)  occurred  the  first  case,  of  which  we  have 
Toeen'able  to  find  record,  of  death  of  a  human  subject  by 
the  action  of  this  poison.  This  was  the  case  of  a  child 
who  swallowed  a  quantity  of  the  dilute  acid  which  a 
physician  had  prescribed  for  the  mother.  Within  the  few 
succeeding  years  deaths  occurring  in  a  similar  manner, 
from  misadventure,  or  .by  reason  of  the  varying  degree 
of  concentration  of  the  medicinal  acid  used,  became  very 
numerous,  and  in  consequence  the  drug  fell  into  disrepute. 

In  more  recent  years  the  extensive  use  of  the  cyamds 
of  potassium,  silver,  etc.,  in  the  processes  of  photogra- 
phy, electroplating,  and  gilding  has  placed  these  active 
poisons  at  the  easy  disposal  of  many,  has  led  to  numer- 
ous cases  of  poisoning  through  carelessness  and  misad- 
venture, and  has  brought  potassium  cyanid  into  promi-^ 
nent  notice  as  one  of  the  most  frequently  employed  of 
poisons. 


*  The  American  Journal  ot  Pbysiology,  January  1st,  1903. 


The  statistics  of  poisoning  in  different  countries  afford 
somewhat  contradictory  information  as  to  the  degree  of 
frequency  of  the  use  of  the  cyanic  poisons.  Tardieu 
gives  a  table  of  criminal  poispnings  in  France  from  1851 
to  1863,  including  617  cases,  of  which  theie  is  none  by 
tlic  cyanic  poisons.  The  Reports  of  the  Registrar-General 
of  Great  Britain  for  1868-67  include  2,850  poisonings 
from  all  causes,  of  which  151  were  caused  by  hydrocy- 
anic acid  and  potassium  cyanid,  a  number  only  exceeded 
in  the  cases  of  laudanum  and  the  salts  of  lead.  During 
the  same  period  there  were  6,696  suicides,  of  which  673 
were  by  jioison,  and  of  these  the  cyanic  poisons  head  the 
list  with  121  cases.  Of  1,263  murders  IDweie  by  poison, 
and  of  these,  5  were  by  laudanum  and  4  by  the  cyanic 
poisons.  Lesser  gives  a  table  of  431  cases  of  poison  oc- 
cnrring  in  Berlin,  from  1876  to  1883,  of  which  74  were 
by  potassium  cyanid  and  12  by  hydrocyanic  acid,  while 
the  only  substance  which  caused  a  greater  number  of 
deaths  than  the  former  is  carbonic  oxicl,  185.  In  our  own 
couutr}'  statistics  of  poisonings  are  exceedingly  meagre, 
and  such  as  exist  are  valueless  by  reason  of  insufficient 
and  inaccurate  data. 

Murder  by  the  cyanic  poisons  does  not  seem  to  be  fre- 
quently attempted.  By  suicides  hydrocyanic  acid  is 
often  the  agent  selected,  because,  probably,  of  i'-s  rapid 
action,  while  the  facility  with  which  potassium  cj'anid 
can  be  obtained  by  any  one  is  a  reason  of  its  frequent  use 
for  the  same  purpose.  Accidental  poisonings  by  the  cy- 
anic poisons  are  the  result  of  carelessness  or  ignorance. 
A  solution  of  potassium  cyanid  has  been  hastily  drunk  in 
mistake  for  water.  The  same  substance  in  the  solid  form, 
bought  to  clean  brass  buttons,  has  been  swallowed  in 
mistake  for  another  solid  purchased  at  the  same  time. 
Numerous  poisonings  by  oil  of  bitter  almonds  used  for 
flavoring  articles  of  food  are  recorded.  Instances  of 
death  or  serious  poisoning  caused  by  the  medicinal  ad- 
ministration of  hydrocyanic  acid  are  by  no  means  as  in- 
frequent as  they  should  be.  In  several  cases  the  intent 
of  the  physician  has  been  called  in  question,  and  a  trial 
for  murder  or  manslaughter  has  resulted. 

Experiments  on  Animals. — Method  of  Action. — As  in 
the  great  majority  of  cases  in  which  the  human  subject 
has  succumbed  to  the  action  of  the  cyanic  poisons,  the 
clinical  history  has  reached  the  last  chapter  before,  or 
shortly  after,  the  arrival  of  the  physician,  Avhat  knowl- 
edge we  possess  concerning  their  mode  of  action  has  been 
deiived  mainly  from  experimentation.  ITnfortunately 
the  experimental  method  has,  in  the  hands  of  different 
observers,  led  to  widely  varying  opinions  regarding  the 
mode  of  action  of  these  poisons. 

The  following  is  the  usual  train  of  appearances  follow- 
ing the  administration  of  a  lethal,  yet  not  overwhelming 
dose  of  hydrocyanic  acid  to  a  warm-blooded  animal: 
There  is  dyspncra,  beginning  with  a  few  hurried  respira- 
tory movements,  the  animal  staggers  and  falls  in  a  pow- 
erful tetanic  spasm,  with  opisthotonus,  during  which  the 
diaphragm  is  fixed  in  contraction ;  the  pupils  are  dilated; 
the  tongue  and  eyeballs  protruding,  the  latter  glassy; 
there  is  involuntary  evacuation  of  urine  and  faeces;  the 
pulse  rapidly  diminishes  in  force  and  frequency,  and,  if 
the  dose  be  large,  the  animal  dies  without  any  further 
symptoms.  If  the  animal  do  not  die  at  this  point,  the 
muscles  relax  ;  the  condition  of  tetanus  passes  into  one 
of  general  paralysis,  with  total  loss  of  refiex  irritability ; 
respiration  is  resumed,  the  expiratory  acts  being  quite 
long  and  the  inspiratory  very  short,  aiid  the  intervals  be- 
tween the  movements  being  very  long.  The  pulse  is  ir- 
regular, frequent,  and  barely  perceptible.  If  the  animal 
recover,  the  respiration  and  pulse  gradually  return  to  the 
normal ;  if  it  die,  the  intervals  between  the  respirations 
increase  in  length,  the  pulse  becomes  imperceptible.  No 
further  convulsive  movements  are  observed,  except,  im- 
mediately preceding  death,  a  single  convulsive  expira- 
tory effort  attended  by  a  piercing  cry  or  shriek. 

That  hydrocyanic  acid  destroys  life  by  the  disorders 
of  respiration  "which  it  produces  may  be  regarded  as 
certain ;  but  concerning  the  underlying  causes  of  these 
disorders  no  such  certainty  can  at  present  be  said  to  exist. 
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Preyei-,  from  a  number  of  carefully  conducted  experi- 
ments, lias  concluded  that  hydrocyanic  acid  causes  death 
by  irritation  of  the  peripheral  branches  of  the  vagus  in 
the  lungs  and  heart.  In  his  experiments  doses  otherwise 
certainly  lethal  did  not  kill  animals  in  which  the  vagi 
had  been  previously  divided ;  and  when  animals  so  pre- 
pared were  killed  by  larger  doses  of  the  poison,  they  did 
not  die  from  suffocation,  as  they  otherwise  would  have 
done,  but  from  the  paralyzing  action  of  the  poison  upon 
the  heart.  Preyer  has  further  shown,  not  only  in  his 
earlier  experiments,  but  in  others,  made  subsequently  to 
the  publication  of  BOhm's  views  (see  below),  that  while 
rabbits  and  guinea-pigs  were  invariably  killed  by  0.2  c.c. 
of  a  two-per-cent.  solution  of  hydrocyanic  acid,  they  did 
not  die,  but  recovered  after  more  or  less  severe  symptoms 
of  poisoning,  if  the  same  dose  was  administered  to  them 
shortly  after  they  had  received  hypodermatically  0.5  c.c. 
of  a  one-per-cent.  solution  of  sulphate  of  atropin.  Atro- 
pin  having  been  shown  to  produce  paralysis  of  the  per- 
ipheral branches  of  the  vagus,  an  antagonism  of  the  two 
drugs  is  explainable  on  the  supposition  that  hydrocyanic 
acid  possesses  the  power  of  irritating  those  nerves. 

B8hm  not  only  does  not  substantiate  the  views  of 
Preyer,  but  reaches  very  different  conclusions,  which  he 
thus  summarizes:  "1.  The  action  of  hydrocyanic  acid  is 
upon  the  central  nervous  system,  whose  functions  are 
destroyed  by  larger  quantities  after  a  short  period  of 
stimulation.  3.  The  disturbances  of  respiration  and  cir- 
culation have  their  origin  in  analogous  modifications  in 
the  activity  of  their  centres  in  the  medulla  oblongata. 

3.  The  vagus  plays  no  part  whatever  in  the  action  of 
hydrocyanic  acid  upon  the  respiration  or  upon  the  heart. 

4.  Atropin  is  no  antidote  to  hydrocyanic  acid.  The  only 
rational  method  of  treatment  of  this  form  of  poisoning  is 
in  the  early  use  of  artilncial  respiration. " 

It  may  be  said  in  support  of  the  views  of  Preyer,  as 
against  those  of  Bohm,  that,  while  the  experiments  of 
the  former  were  performed  upon  rabbits  or  guinea-pigs 
in  a  condition  as  near  the  normal  as  possible,  and  free 
from  restraint,  those  of  the  latter  were  conducted  upon 
cats,  confined  in  the  dorsal  position,  upon  which  trache- 
otomy had  been  performed,  the  jugular  vein  being  in 
communication  with  a  cardiograph,  and  which  had  been 
narcotized  with  varying  quantities  of  chloral.  Certainly 
the  conditions  of  Preyer's  experiments  were  the  more 
likely  to  afford  evidence  of  the  normal  action  of  the 
poison. 

Aniory  differs  from  both  BOhm  and  Preyer.  He  holds 
that  artificial  respiration  neither  prevents  poisoning  by 
hydrocyanic  acid  nor  materially  aids  its  elimination,  al- 
though it  may  prevent  the  occurrence  of  convulsions  or 
muscular  spasm ;  that  muscular  irritability  and  nervous 
conduction  are  not  impaired  by  hydrocyanic  acid,  if  arti- 
ficial respiration  have  been  maintained,  until  after  cessa- 
tion of  cardiac  pulsations ;  that  death  from  hydrocyanic 
acid  is  due  to  some  other  cause  than  asphyxia,  "and  it 
may  be  suggested  that  the  fundamental  cause  is  a  state 
of  blood-poisoning,  due  to  some  alteration  either  of  the 
physical  or  the  chemical  condition  of  the  blood." 

The  last  sentence  of  Amory,  quoted  above,  expresses 
a  view  which  is  conceded  by  Preyer,  Bohm,  and  all  other 
observers,  that  whatever  may  be  the  action  upon  any 
portion  of  the  nervous  system,  a  distinct  change  in  the 
chemical  composition  of  the  blood  occurs  in  poisoning  by 
hydrocyanic  acid.  Upon  this  point  much  light  has  been 
shed  by  the  observations  of  Preyer,  Hoppe-Seyler,  and 
Gaethgena.  CI.  Bernard  observed  that  under  the  influ- 
ence of  hydrocyanic  acid  the  venous  blood  becomes  red. 
According  to  the  observations  of  Gaethgens,  at  the  mo- 
ment when  the  convulsive  seizure  marks  the  beginning 
of  the  action  of  the  poison  the  venous  blood  assumes  a 
bright  red  color,  and  a  similar  change  in  color  from  the 
usual  venous  tint  to  bright  red  is  seen  in  the  blood  of  the 
right  heart.  At  a  later  stage,  however,  the  venous  blood 
m  the  cavsB,  portal  vein,  and  the  right  heart  assumes  a 
darker  hue  than  that  of  normal  venous  blood;  and  this 
dark-colored  blood  is  found  in  the  veins  of  warm-blooded 
animals  which  have  died  from  the  action  of  the  poison, 
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even  if  the  autopsy  be  made  immediately  after  death. 
Quantitative  analysis  of  the  gases  absorbed  and  exhaled 
by  animals  under  the  influence  of  hydrocyanic  acid 
showed  that  in  the  beginning  of  the  poisoning,  while  the 
venous  blood  is  bright  red,  less  carbon  dioxid  is  produced 
than  normally,  and  at  the  same  time  the  expired  air  is 
richer  in  oxygen  than  usual— conditions  which  are  the 
opposite  to  those  observed  in  ordinary  suffocation.  In 
the  later  stages  the  elimination  of  carbonic  acid  is  in- 
creased. Gaethgens  also  showed  that  prussic  acid  doea 
not  destroy  the  power  of  reduced  hiemoglobiu  of  taking 
up  oxygen  from  the  atmosphere;  that  fresh  blood,  sat- 
urated with  oxygen,  does  not  give  up  any  of  its  oxygen 
by  the  action  of  hydrocyanic  acid ;  that  blood  containing 
hydrocyanic  acid  does  not  give  up  carbonic  acid  to  an 
atmosphere  free  from  tliat  gas ;  and  that  the  separation 
of  oxygen  from  fresh  blood  is  impeded  by  the  presence 
of  hydrocyanic  aid. 

Preyer,  and  also  Hoppe-Seyler,  have  obtained,  by  the 
action  of  hvdrocyanic  acid  upon  oxyhasmoglobin,  a  crys- 
talline product,  formed  without  separation  of  oxygen, 
which  difters  materially  from  oxyhaemoglobin  and  from 
reduced  haemoglobin  in  appearance  and  in  properties, 
which  has  not  the  power  of  ozonizing  oxygen,  and  which 
is  not  converted  into  oxyhaemoglobin  by  exposure  to  at- 
mospheric air. 

It  seems  clear,  therefore,  that  hydrocyanic  acid  has  the 
property  of  preventing  the  proper  appropriation  of  oxy- 
gen by  the  tissues,  as  well  as  the  formation,  or  at  least  the 
elimination  of  carbon  dioxid,  by  entering  into  chemical 
composition  with  the  blood  pigment.  It  is  probable  also- 
that  this  property  is  an  important  factor  in  the  action  of 
the  poison  upon  the  animal  economy,  although  it  can 
hardly  be  stated  that  this  is  its  only  method  of  action. 

Symptoms. — Inhalation. — Owing  to  the  ready  volatil- 
ity of  hydrocyanic  acid,  its  absorption  by  the  pulmonary 
surfaces  is  rapid.  Coullon  observed  that  "the  odor  of 
the  acid  caused  one  to  fall  unconscious  and  motionless." 
Ittner  suffered  from  "  constriction  of  the  chest,  interfer- 
ence with  respiration,  vertigo,  lassitude,  and  shuddering," 
in  consequence  of  having  inhaled  the  vapor.  Heller  men- 
tions a  case  in  which  severe  tetanic  spasms  were  produced 
by  smelling  a  bottle  containing  a  five-per-cent.  solution. 
Dr.  Letheby  was  rendered  unconscious  by  smelling  a  bot- 
tle containing  the  concentrated  acid.  Taylor  relates  the 
case  of  a  lady  who  "  was  immediately  seized  with  dizzi- 
ness, stupor,  inability  to  stand,  and  faintness,"  from  in- 
halation of  the  vapors  produced  by  spilling  a  quantity 
of  the  five-percent,  solution  upon  her  dress.  A  student, 
engaged  in  preparing  the  acid  in  an  apparatus  whose 
joints  permitted  the  escape  of  vapor,  was  found,  after 
several  hours,  insensible,  with  closed  eyelids,  widely  di- 
lated pupils,  cold  limbs,  and  barely  perceptible  pulse. 
The  muscles  of  the  arms  and  legs  were  firmly  contracted, 
the  patient  was  in  a  condition  of  profound  coma,  but  re- 
covered after  several  hours  (Regnauld).  Coullon  records 
a  case  in  which  inhalation  of  prussic  acid  vapor  destroyed 
human  life — that  of  a  chemist  who  died  in  consequence  of 
having  spilled  a  quantity  of  the  acid  upon  his  naked  arm. 
As  but  little,  if  any,  absorption  could  have  occurred 
through  the  skin,  the  fatal  result  was  probably  due  to  in- 
halation of  the  vapor. 

Industrial  poisoning  by  inhalation  of  prussic-acid  va- 
por sometimes  occurs  in  woi-kshops  devoted  to  electro- 
plating and  gilding,  in  which,  by  reason  of  imperfect 
ventilation,  the  vapors  constantly  emanating  fi'om  the 
cyanid  baths  are  allowed  to  ucc'umulate.  Persons  ex- 
posed for  a  number  of  hours  to  such  an  atmosphere  suffer 
from  shooting  pains  in  the  forehead,  pain  in  the  region 
of  the  heart,  palpitation,  difflcult  respiration,  a  sense  of 
constriction  of  the  throat,  and  fits  of  weakness  and  som- 
nolency. 

By  the  titomneh. — The  action  of  hydrocj'anic  acid,  when 
taken  by  the  mouth,  varies  with  the  magnitude  of  the 
dose,  the  degree  of  concentration  having  little,  if  any, 
influence.  When  taken  in  quantities  above  the  medic- 
inal dose,  but  still  below  that  capable  of  causing  death 
(ni  x.  to  XX.  of  the  U.  S.  P.  acid),  it  causes  a  sense  of 
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constriction  of  the  chest,  a  feeling  of  impending  suffoca- 
tion, iiritation  of  the  throat,  a  sense  of  heat  in  tlie  epi- 
gastrium, dizziness,  impeded  locomotion,  a  sense  of  con- 
striction and  heaviness  of  tlie  head,  and  in  some  cases 
nausea  or  a  craving  for  food.  Salivation  and  ulceration 
of  the  mouth  frequently  occur. 

When  small  poisonous  doses  are  taken,  the  patient,  in 
the  act  of  svyallowing,  notices  the  hot,  bitter  taste  of  the 
acid,  and  almost  immediately  a  sense  of  constriction  of 
the  throat.  In  the  course  of  one  or  two  minutes  there 
are  severe  pain  and  sense  of  pressure  in  the  head,  increas- 
ing vertigo,  progressive  confusion  of  intellect,  obscura- 
tion of  vision,  insensibility,  with  loss  of  muscular  power. 
The  face  is  pale  and  bloated,  the  eyes  are  prominent  and 
glassy,  the  mouth  is  marked  with  froth.  The  patient  is 
then  seized  with  convulsions  of  a  tetanic  character,  with 
the  jaws  firmly  clenched.  The  pulse  is  quick,  the  respi 
ration  slow  and  stertorous,  and  mucous  rales  are  heard 
over  the  chest.  Vomiting  is  uncommon;  if  it  occur,  it 
Is  usually  the  beginning  of  recovery.  The  vomited  mat- 
ter, as  well  as  the  breath,  has  the  odor  of  bitter  al 
monds.  If  the  case  terminate  in  death  there  are  usually 
strong  tetanic  convulsions,  involuntary  evacuation  of 
urine  and  fneces,  opisthotonus ;  then  succeeds  a  condition 
of  general  paralysis,  and  death  from  asphyxia  follows  in 
a  p'eriod  varying  from  two  hours  to  two  days.  When 
recovery  occurs,  it  does  so  gradually,  the  respiration  and 
circulation  slowly  returning  to  the  normal  condition 
without  any  further  complications. 

With  large  doses  subjective  symptoms  are  entirely  ab- 
sent. In  less  than  a  minute  consciousness  is  suddenly 
lost  and  the  patient  falls  if  standing  or  sitting.  Then 
usually  follows  a  short  convulsive  seizure,  during  which 
there  is  in  most  cases  involuntary  evacuation  of  urine 
and  faeces.  After  this  the  patient  lies  perfectly  still, 
with  prominent,  glassy  eyes,  jaws  firmly  clenched,  mouth 
covered  with  foam,  face  at  first  bloated,  afterward  pale 
and  sunken,  pupils  dilated  and  insensible,  surface  cold 
and  clammy,  and  muscles  completely  relaxed.  The 
pulse,  at  first  somewhat  more  frequent  than  normal,  rap- 
idly becomes  weaker,  until  in  the  later  stages  it  is  imper- 
ceptible. The  respiration  is  spasmodic,  the  inspirations  are 
short,  and  immediately  followed  by  a  protracted  expira- 
tion, after  which  succeeds  a  pause  of  considerable  dura- 
tion, increasing  as  the  case  progresses  to  a  fatal  termina- 
tion. Death  occurs  during  one  of  these  pauses,  the  only 
apparent  difference  between  the  condition  of  the  patient 
before  and  that  after  death  being  that  no  succeeding  in- 
spiration occurs.  . 

Lethal  Dose,— The  determination  of  what  is  the  mm- 
imum  lethal  dose  of  any  poison  is  difficult,  and  more  diffi- 
cult in  the  case  of  hydrocyanic  acid  than  in  that  of  any 
other  poison.  This  is  chiefly  because  of  the  great  varia- 
tion in  the  strength  of  the  medicinal  acid,  which,  even  if 
made  of  the  proper  degree  of  concentration  originallj', 
deteriorates  rapidly  by  exposure  to  light  or  air. 

Two  cases  are  recorded  in  which  the  hves  ot  adults 
were  destroyed  by  m  xx.  of  Scheele's  acid  (=  one  grain 
or  0  065  gm  anhydrous  acid,  if  the  preparation  was  ot 
the  proper  strength).  It  is  probable,  therefore,  that  one 
ffrain  of  anhydrous  hydrocyanic  acid  (=  m  xlv.  U.  b. 
P  acid)  is  the  minimum  lethal  dose.  It  by  no  means 
follows  that  this  amount  is  necessarily  fatal.  In  a  case 
in  which  so  large  a  dose  as  3.4  grains  (0.156  gm.)  ot  an- 
hvdrous  acid  was  taken,  the  patient  recovered  under  ac- 
tive and  immediate  treatment.  Records  of  large  doses, 
followed  by  recovery,  are  to  be  regarded,  however  as 
of  little  value  unless  the  true  strength  of  the  acid  has 
been  determined.  Thus,  in  a  French  case,  m  which  an 
adult  male  took  3ij.  of  Scheele's  acid  in  two  doses 
without  ill  effects,  and  subsequently  3  ij.  of  Vauquelin  s 
acid  (in  all  10.3  grains  =  0.66  gm.  of  the  anhydrous  acid), 
from  which  he  suffered  the  usual  symptoms,  but  finally 
recovered,  the  former  preparation  probably  contained 
little,  if  any,  hydrocyanic  acid,  and  the  latter  was  much 
deteriorated.  .  .,,  ,     .       j       n 

Treatment.— As  a  rule  the  patient  will  be  found  well 
under  the  influence  of  the  poison,  frequently  apparently 


lifeless;  yet  treatment  should  not  be  neglected,  however 
desperate  the  case  may  seem.  The  clothing  should  be 
instantly  removed  and  cold  water  dashed  upon  the  head 
and  spine,  which  are  then  to  be  rubbed  dry  with,  prefer- 
ably warm,  towels,  and  the  cold  affusion  repeated ;  this 
should  be  done  even  if  the  patient  is  in  convulsions.  Any 
poison  remaining  in  the  stomach  is  t(j  be  removed  by  the 
use  of  the  siphon,  the  stomach  being  subsequently 
washed  out  with  warm  water.  Artificial  respiration  is 
strongly  recommended  by  some  authorities,  by  others  con- 
sidered to  be  useless.  The  constant  current  from  twenty- 
five  cells  may  be  applied,  one  pole  over  the  apex  of  the 
heart,  the  other  over  the  pneumogastric  in  the  neck,  con- 
tact being  made  and  broken  coincidently  with  the  inspi- 
rations. Friction  with  hot  liniment  is  to  be  applied  to 
the  chest  and  abdomen.  Ammonia  and  chlorin  by  inha- 
lation have  been  frequently  recommended.  When  used 
they  should  be  much  diluted  with  air;  the  former  ob- 
tained by  saturating  a  cloth  with  Hq,  ammon.  dil.,  the 
latter  by  moistening  chlorid  of  lime  in  a  wide-mouth  bot- 
tle with  dilute  vinegar.  Ammonia  and  chlorin  do  not 
act  as  chemical  antidotes,  but  as  .stimulants  to  the  capil- 
lary circulation,  an  effect  which  is  best  attained  by  the 
injection  of  ammonia  into  a  vein,  Atropin  hypodermi- 
cally  administered  is  regarded  by  Preyer  as  the  physi- 
ological antidote  of  hydrocyanic  acid,  but,  although 
Preyer's  experiments  have  shown  that  animals  already 
under  the  influence  of  atropin  are  more  or  less  protected 
from  the  action  of  hydrocyanic  acid,  the  use  of  atropin 
in  cases  of  poisoning  by  hydrocyanic  acid  does  not  seem 
to  be  of  much  benefit.  Although  a  mixture  of  per.sul- 
phate  and  protosulphate  of  iron  acts  as  a  good  chemical 
antidote  to  hydrocyanic  acid,  by  converting  it  into  the 
insoluble  Prussian  blue,  its  value  is  much  diminished  by 
the  fact  that  it  cannot  usually  be  administered  in  time 
to  prevent  the  absorption  of  the  poison.  It  should  be 
administered  if  possible ;  3  ij.  of  magnesia  are  first  given 
to  neutralize  the  acidity  of  the  contents  of  the  stomach, 
and  immediately  afterward  a  mixture  composed  of  liq. 
ferr.  tersulphat.,  3  ij.,  and  ferri  sulph.  pra?cip.,  gr.  xv., 
dissolved  in  water;  afterward,  in  a  few  moments,  the 
stomach  should  be  washed  out. 

PosT-MoRTE.-M  Appeakances.— Rigor  mortis  usually 
sets  in  early,  and  persists  sometimes  for  days,  particu- 
larly in  the  lower  jaw.  As  in  sudden  death  from  any 
cause,  putrefaction  is  rather  more  rapid  than  usual.  The 
face  is  usually  placid,  sometimes  bloated;  the  eyes  are 
prominent  and  glassy,  the  pupils  dilated;  the  mouth  is 
more  or  less  covered  with  foam.  The  veins  everywhere 
are  distended  with  dark,  fluid  blood.  The  brain  tissue  is 
normal,  the  cerebral  vessels  are  full  of  dark,  fluid  blood. 
The  left  ventricle  of  the  heart  is  usually  firmly  contracted 
and  empty,  the  right  heart  full  of  dark,  uncoagulated 
blood.  But  if  death  occur  very  rapidly,  the  blood  may  be 
bright  red  in  color  (see  above).  The  larynx  and  trachea, 
are  filled  with  a  bloody  foam,  and  the  lungs  are  highly 
congested.  The  stomach  frequently  presents  no  abnor- 
mal appearance,  but  usually  it  is  red  and  infiamed,  either 
over  its  entire  extent  or  in  patches.  The  most  distinctive 
character  noticeable  is  the  odor  of  bitter  almonds._  This, 
in  some  cases,  may  be  distinguished  before  any  incision 
is  made,  sometimes  only  on  opening  the  cranial  cavity, 
the  stomach,  or  the  pericardium ;  while  in  some  cases  of 
undoubted  poisoning  by  hydrocyanic  acid  the  odor  can- 
not be  detected  with  certainty. 

Detection  after  Death.— Owing  to  the  great  vola- 
tility and  instability  of  hydrocyanic  acid,  the  probability 
of  its  detection  by  analysis  in  the  cadaver  diminishes 
rapidly  as  time  elapses,  particularly  if  the  conditions  fa- 
voring putrefaction  obtain.  The  analysis,  therefore,  if 
one  be  desirable,  should  be  made  as  soon  as  may  be  after 
death.  Nevertheless,  instances  are  not  wanting  in  which 
the  presence  of  the  poison  has  been  demonstrated  several 
weeks  after  death.  Thus  Brame  detected  hydrocyanic 
acid  one  month  after  burial  in  winter ;  Reichardt,  two 
months  after  death,  in  a  corpse  undergoing  putrefaction ; 
and  Tillner,  four  months  after  death. 

Analysis.- The  parts  which  should  be  first  examined! 
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are  the  blood  and  the  contents  of  the  stomach.  If  death 
have  been  rapid  the  urine  will  not  contain  the  poison. 
The  material  to  be  examined  is  subjected  to  distillation  in 
order  to  separate  the  acid  in  such  form  that  the  distin- 
guishing tests  may  be  applied.  If  the  indications  do  not 
point  very  decidedly  to  hydrocyanic  acid  tlie  distillation 
should  be  combined  -with  the  search  for  phosphorus  and 
other  volatile  poisons,  the  tests  being  applied  to  the  first 
portions  of  the  distillate.  When  hydrocyanic  acid  (or  a 
■cyanic  poison)  only  is  to  be  searched  for,  the  apparatus 
is  to  be  somewhat  modified  and  no  precautions  with  re- 
gard to  light  are  necessary.  If  the  material  under  exam- 
ination be  the  contents  of  the  stomach,  certain  sources  of 
■error  are  to  be  provided  against.  In  the  subsequent  dis- 
tillation in  presence  of  an  acid,  hydrocyanic  acid  would 
be  produced  if  a  thiocyanate,  usually  a  normal  constitu- 
ent of  the  saliva,  or  potassium  fei'rocyanid,  or  the  pips  of 
apples,  pears,  and  other  fruits  were  present,  The  last- 
named  bodies  are  to  be  searched  for,  with  the  aid  of  a 
magnifier  if  necessary,  in  a  portion  of  the  contents,  and, 
if  found,  are  to  be  removed  from  the  portion  to  be  ana- 
lyzed by  filtration  of  the  liquid,  with  tlie  least  possible 
■exposure  to  air.  Potassium  ferrocyanid  may  have  been 
taken  as  such,  or  it  may  be  present  as  an  impurity  of 
potassium  cyanid,  and  in  the  latter  event,  if  not  separ- 
:ated,  would  affect  the  quantitative  result  with  a  plus 
error.  A  portion  of  the  filtered  contents  is  dialysed,  and 
the  dialysate  tested  for  ferrocyanid  and  thiocyanate  by 
acidulation  with  hydrochloric  acid  and  the  addition  of 
ferric  chlorid.  A  blue  precipitate  indicates  the  presence 
-of  a  ferrocyanid,  and  a  red  color  in  the  liquid  that  of  a 
thiocj'anate. 

In  the  absence  oi  ferroc3'auids  and  of  thiocyanates  the 
liquids  to  be  examined — blood  or  contents  of  the  stomach 
— are  diluted,  if  necessaiy,   with  a  known  volume  of 
water;  100  c.c.  of  the  liquid  are  introduced  into  a  200 
■c.c.  fiask,  connected  with  a  Liebig's  condenser,  the  lower 
■end  of  which  communicates  by  an  air-tight  joint  with  a 
small  tubulated  receiver,  from  the  tubulus  of  which  a 
tube,  bent  twice  at  right  angles,  is  in  air-tight  commu- 
nication with  one  hmb  of  a  bulbed    U-tube.     About  20 
•c.c.^of  a  strong  solutionof  silver  nitrate  are  placed  in  the 
receiver  and  in  the  bend  of  the  U-tube.     The  200  c.c. 
flask  is  now  disconnected  from  Ihe  condenser,  enough 
aqueous  solution  of  tartaric  acid  added  to  its  contents  to 
render  them  strongly  acid,  and  the  flask  again  connected 
with  the  condenser  without  loss  of  time.     The  flask  is 
supported  on  a  piece  of  asbestos  board,  and  the  distilla- 
tion is  slowly  proceeded  with  until  10  to  15  c.c.  of  liquid 
have  distilled  over,  or  until  the  drops  of  distillate,  as  the\' 
fall  into  the  silver  solution,  cease  to  produce  any  further 
precipitate.     If  the  distilled  liquid  cantain  hydrocyanic 
acid,  a  white,  caseous  precipitate  will  be  formed  in  the 
silver  solution,  the  non-formation  of  which  may  be  con- 
sidered to  be  proof  of  the  absence  of  cyanic  poisons.     If 
silver  cyanid  have  formed,  it  is  to  be  collected  with  the 
usual  precautions  upon  a  filter,  whose  dry  weight  has 
been  determined,  washed,  dried  at  100°  C,  and  weighed 
The  weight  so  obtained,  minus  -the  weight  of  the  filter 
multiplied  by  0.20194,  gives  the  weight  of  hydrocyanic 
acid  (CNH)  in  the  amount  of  material  distilled.     The 
precipitate  of  silver  cyanid  is  formed  in  solutions  con- 
taining one  part  of  CNH  in  2.50,000 ;  beyond  that  dilution 
the  reaction  fails  (Link  antl  MSckel). 
_    The  filter,  -jvith  the  adherent  precipitate,  is  then  placed 
m  a  flask,  moistened  with  a  few  cubic  centimetres  of 
water,  agitated,  treated  with  0.74  c.c.  of  a  deeinormal 
hydrochloric  acid  (3.64  HCl  in  1,000)  for  every  0  01  sm 
ot  silver  cyanid  found,  again  thoroughly  agitated  after 
corking,  allowed  to  clear  by  subsidence,  and  dewuitod 
through  a  filter.     The   clear   liquid   so  obtained  is    t<, 
low"'''^  application  of  the  tests  described  lie- 

If  the  materials  to  bo  examined  contain  a  ferrocyanid 
or  a  thiocyanate  the  operation  is  conducted  as  above  di- 
rected, except  that  the  material  is  rendered  strongly  alka- 
line with  sodium  carbonate,  in  place  of  acid  with  tartaric 
acia.    bhould  the  cyanic  poison  be  mercuric  cyanid  its 
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presence  may  not  be  revealed  by  either  of  the  above 
methods. 

Tests.— 1.  Thiocyanate  Test  (Liebig,  1847).— Place  a 
portion  of  the  liquid  in  a  porcelain  capsule ;  add  a  few 
drops  of  a  dilute  solution  of  sodium  hydrate  and  a  few 
drops  of  a  yellow  solution  of  ammonium  sulphydrate; 
evaporate  to  dryness  over  the  water-bath;  add  water; 
acidulate  with  hydrochloric  acid,  and  then  add  two  or 
three  drops  of  solution  of  ferric  chlorid.  If  the  liquid 
contained  hydrocyanic  acid  it  will  be  converted  by  this 
treatment  into  sodium  thiocyanate,  which,  with  the  fer- 
ric salt,  gives  a  fine  red  color.  Finally,  add  solution  of 
mercuric  chlorid,  which  discharges  the  red  color  formed 
by  the  thiocyanate,  but  does  not  affect  a  similar  color 
formed  by  meconic  acid. 

This  is  the  most  delicate  of  the  tests  for  hydrocyanic 
acid,  a  distinct  reaction  being  obtained  with  a  solution  of 
1  to  4,000,000  (Link  and  MOckel). 

3.  Pnisniaii  Blue  ?'e««  (Ittucr,  1809). — Render  a  portion 
of  the  liquid  alkaline  by  the  addition  of  dilute  caustic 
potassa  solution,  add  a  few  drops  of  a  solution  of  ferrous 
sulfate  which  has  become  yellow  by  exposure  to  air, 
agitate,  and  let  stand  ten  minutes.  Adirty  greenish  pre- 
cipitate is  formed.  Now  add  hydrochloric  acid  in  slight 
excess,  warm  slightly,  and,  if  no  blue  or  green  color  be 
immediately  observed,  examine  again  after  several  lioifrs' 
standing.  In  the  presence  of  small  quantities  of  hydro- 
cyanic acid  the  liquid  is  colored  green,  and  deposits  Prus- 
sian blue  only  after  long  standing ;  Avith  larger  quantities 
the  liquid  is  colored  blue,  and,  immediately  or  after  a 
short  time,  deposits  a  flocculent  dark-blue  precipitate, 
while  the  color  of  the  liquid  gradually  changes  to  yellow. 
This  test  tails  (Link  and  Mockel)  when  the  dilution  ex- 
ceeds 1  to  50,000. 

3.  Ouaiar  5"«-<  (Schonbein,  1868).— Moisten  a  strip  of 
filter  paper  with  a  freshlj-  prepared  three-]>er-cent.  alco- 
holic solutionof  guaiac,  dry,  moisten  with  a  drop  of  0.05 
per  cent,  solution  of  cupric  sulfate,  and  then  with  a  drop 
or  two  of  the  suspected  solution.  In  the  presence  of 
hydrocyanic  acid  the  paper  is  colored  a  beautiful  blue. 
With  very  concentrated  solutions  (one  per  cent. )  the  reac- 
tion is  attained  by  simply  bringing  the  moistened  paper 
over  the  solution.  With  highly  dilute  solutions  a  larger 
quantity  of  tlie  suspected  liquid  is  to  be  brought  upon 
the  paper  by  slow  dropping  from  a  pipette. 

A  distinct  reaction  is  obtained  (Link  and  Mockel)  with 
a  solution  of  1  to  3.000,000,  or  (Hermann)  1  to  120,000,000. 
This  reaction  is  of  i-alue  only  as  confirmatory  of  others, 
or  as  a  preliminary  test,  as  the  same  appearances  are  pro- 
duced by  ammonia,  A-olatile  ammonium  compounds,  hy- 
drochloric acid,  tobacco  smoke,  ozone,  etc. 

4.  JS^'troprnssid  Test  (Yortmann,  1887).— Add  a  few 
drops  of  a  sodium  nitrite  solution,  then  two  or  three 
drops  of  ferric  chlorid  solution,  and,  finally,  enough  di- 
lute sulfuric  acid  to  cause  the  brown  color  to  just  change 
to  light  yellow,  heat  to  boiling,  cool,  add  ammonium 
hydroxid  solution,  filter,  and  add  to  the  filtrate  a  drop 
or  two  of  very  dilute  ammonium  liydrosulfid  solution. 
A  fine  violet  color  is  produced,  whicli  passes  into  blue  in 
a  few  minutes,  then  to  green,  and  finally  to  yellow. 

Other  tests  have  been  suggested:  AVith  starch  and  po- 
tassium iixhd  (Schonbeiu);  with  cupric  sulfate  alone 
(Lassaigne);  with  picric  acid  (Braun):  with  cobaltous 
chlorid  (Braun):  with  mercuric  oxid  (Henry  and  Hum- 
bert), and  with  ur:i,nic  nitrate  (C.  Lea).  These  are,  how- 
ever, all  inferior  to  those  given  above,  which  are  sufli- 
cient  to  charaeleri/.e  hydrocyanic  acid  with  certainty. 

('vANic  Poisons  other  than  Hydkocyamc  Acid. — 
What  has  been  said  above  concerning  ]i.ydroc3'anic  acid 
applies  in  the  main  to  all  substances  owing  their  poison- 
ous ([ualities  to  the  presence  of  that  acid.  A  few  points, 
however,  of  variation  or  special  interest  require  mention. 
I'litimxiiiiii  cyanid  is  at  present  far  more  frequently  tlie 
cause  of  death  than  the  acid  itself,  the  potency  of  which 
is  in  no  way  diminished  by  its  being  in  combination  in 
a  soluble  salt.  The  symptoms  are  those  of  hydrocyanic 
acid  poisoning,  to  wliich,  if  death  do  not  occur  with 
great  rapidity,  are  added  symptoms  referable  to  the  cor- 
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rosive  action  of  the  potassium  salt— burning  pain  in  all 
parts  with  which  the  corrosive  has  come  in  contact. 
Vomiting  is  of  much  more  frequent  occurrence  than  in 
poisoning  by  hydrocyanic  acid. 

Potassium  cyanid  e.xerts  a  chemical  action  upon  the 
skin,  and  is  also  readily  absorbed  through  slight  abra- 
sions or  excoriations.  Serious  poisonings,  and  even 
death,  have  in  many  instances  resulted  in  this  way  in 
photographers,  galvano-platers,  or  by  the  handling  of 
plate-polisliing  powders  containing  potassium  cyanid. 

The  post-mortem  appearances  differ  markedly  from 
those  observed  in  cases  of  poisoning  by  hydrocyanic 
acid.  While  in  the  latter  class  of  cases  the  autopsy  may 
be  said  to  reveal  nothing  of  moment  if  the  odor  be  ab 
sent,  in  cases  of  deatli  from  potassi\im  cyanid  tlic  appear- 
ance of  the  stomach  and  intestines  is  highly  characteristic 
if  tlie  poison  have  been  taken  in  the  solid  form  or  in  strong 
solution.  Lesser  ("Atlas  d.  gerichtl.  Med.,"  PI.  ix., 
xiv.)  has  illustrated  the  appearances  in  atypical  case. 
The  mucous  surface  of  the  stomach  is  rugous,  and  of  a 
light  purple-red  coloi-,  fading  to  a  more  brownish  tint  in 
the  pyloric  portion.  The  mucous  membrane  is  more 
transparent  than  normal,  and  the  red  color  is  due  more 
to  an  imbibition  of  the  epithelium  with  blood  pigment 
altered  by  the  poison  than  to  fulness  of  the  vessels.  If 
the  autopsy  have  been  long  delayed,  post-moitem  corro- 
sion may  be  extensive.  In  the  duodenum,  at  the  pylo- 
rus, is  a  narrow  band  of  normal  tissue ;  below  this  the 
mucous  membrane  is  of  an  intense  light-red  color,  and  of 
greater  transparency  than  normal.  The  remainder  of  the 
small  intestine  presents  portions  of  normal  tissue  irregu- 
larly alternating  with  sections  which  are  of  tlie  same 
light-red  color  as  the  duodenum,  hypersemic,  and  marked 
here  and  there  with  patches  of  extravasation  varying  in 
size  up  to  the  diameter  of  a  quarter-dollar. 

When  pure,  potassium  cyanid  contains  forty  per  cent, 
of  hydrocj'anic  acid.  The  commercial  article  usually 
contains  carbonate,  and  sometimes  potassium  ferrocyanid, 
the  former  frequently  In  considerable  quantity. 

Other  metallic  cyanids,  if  i-apable  of  yielding  hydrocy- 
anic acid  on  contact  with  an  acid  in  the  cold,  produce, 
when  taken,  the  effects  of  the  acid.  Those  which  are 
decomposed  by  an  acid  only  with  the  aid  of  heat  are 
inert.  Mercuric  cyanid  behaves  more  as  a  mercurial  than 
as  a  cyanic  poison,  having  produced  effects  very  similar 
to  those  of  corrosive  sublimate  in  the  few  recorded  cases. 
In  a  recent  case  in  which  it  was  administered,  mixed 
with  a  powder  capable  of  liberating  free  hydrobromic 
acid,  it  was  decomposed  and  caused  death  in  twenty 
minutes  from  cyanic  poisoning.  The  metallocyanids  are 
for  the  most  part  non-poisonous. 

Potassium  thiocyannte  is  possessed  of  poisonous  proper- 
ties which  are,  however,  referable  to  the  potassium  rather 
than  to  the  acid.  Mercuric  thiocyanate  is  the  material  of 
which  the  toys  called  Pharaoh's  serpents  ,are  made.  A 
few  cases  of  irritant  poisoning  produced  by  swallowing 
these  toys  have  been  recorded. 

Bitter  almonds  on  contact  with  water  at  a  slightly  ele- 
vated temperature  produce  hydrocyanic  acid  by  decom- 
position of  the  amygdalin  which  they  contain.  A  few 
cases  of  poisoning  by  eating  bitter  almonds  have  been 
recorded.  They  do  not  differ  from  cases  of  poisoning  by 
small  doses  of  hydrocyanic  acid. 

Oil  of  bitter  almonds,  when  insufficiently  purified,  con- 
tains as  much  as  ten  to  fifteen  per  cent,  of  hydrocyanic 
acid,  and,  being  in  common  use  by  confectioners  and  in 
the  kitchen,  is  a  prolific  source  of  so-called  accidental, 
as  well  as  of  suicidal  poisoning.  The  symptoms  are  sim 
liar  to  those  caused  by  potassium  cyanid,  and  are  usually 
comparatively  slow  in  their  development,  although  in 
some  instances  the  action  has  been  as  rapid  as  that  ot 
hydrocyanic  acid.  From  twenty  to  forty  drops  is  the 
probable  lethal  dose  for  an  adult. 

Clierry-lmirel  water  contains  about  0.35  per  cent,  ot 
hydrocyanic  acid,  and  produces  effects  similar  to  those 
of  the  dilute  acid.  It  is  of  historical  interest,  having 
been  used  in  medical  practice  and,  as  a  poison,  as  the 
precursor  of  hydrocyanic  acid.  It  was  the  agent  used 
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by  Donellan  in  the  murder  of  Sir  Theodosius  Boughton, 
in  1781 ;  and  by  Price,  the  last  claimant  to  the  discovery 
of  the  transmutation  of  baser  metals  into  gold,  to  make 
away  with  himself,  in  1784,  when  the  falsity  of  his  claim 
was  about  to  be  demonstrated. 

Medico-legal  Qi-estions.— The  following  points  liave 
arisen  in  trials  for  murder  by  prussic  acid,  and  have 
proved  to  be  the  questions  upon  which  the  case  mainly 
turned : 

1.  Was  dentil  dve  to  prussic  acid,  mid  not  to  apoplexy  f 
As,  in  the  absence  of  a  distinct  and  unmistakable  odor  of 
hydrocyanic  acid,  there  exists  no  post-mortem  appear- 
ance which  is  characteristic  of  this  poison,  and  as  the 
symptoms  in  tmrnii  cases  closely  resemble  those  of  an 
apoplectic  seizure,  it  is  highly  desirable  that  in  cases  of 
suspected  poisoning  a  distinct  answer  to  the  above  ques- 
tion be  hud  in  unmistakable  chemical  evidence  of  the 
presence  of  the  poison  in  the  blood. 

There  are  certain  points  of  symptomatology  and  of 
morbid  anatomy  which  are  of  great  value  in  this  connec- 
tion if  they  exist.  If  a  person  poisoned  with  hydrocy- 
anic acid  do  not  die  within  a  short  time,  there  occur  vio- 
lent convulsions,  with  opisthotonus  and  rigidity  of  all  the 
mu.scles.  In  apoplexy  there  may  be  rigidity  of  an  ex- 
tremity, but  never  of  all  the  voluntary  muscles.  But  if 
the  poison  cause  death  rapidly,  the  convulsions  do  not 
usually  occur. 

After  death  from  hydrocyiinic  acid  the  meningeal  ves- 
sels and  the  cerebral  sinuses  are  found  gorged  with 
blood;  but  never,  as  in  sanguineous  apoplexy,  is  there 
extravasation  of  blood  into  the  ventricles,  the  mem- 
branes, or  the  substance  of  the  brain,  nor  are  there  clots. 

In  a  classic  French  case,  "1 'affaire  Heritier,"  tried  at 
Camb^ry,  in  1841,  the  prisoner  was  sentenced,  and  would 
have  been  executed  had  not  Orfila  shown  from  t\\t  facts 
of  the  evidence  that  the  deatli  of  the  deceased,  Praslin, 
was  due  to  apoplexy,  and  that  the  ojniiions  of  the  chem- 
ical artd'  medical  experts  upon  which  the  conviction  was 
based  were  of  the  most  flimsj'  character,  even  for  that 
period. 

2.  Are  certain  symptoms  and  appearances  necessarily 
present?  The  argument  has  been  frequently  advanced 
that  death  could  not  have  been  due  to  hydrocyanic  acid 
because  a  certain  supposed  characteristic  symptom,  such 
as  the  shriek,  convulsions,  or  involuntary  evacuations, 
was  not  observed  or  could  not  have  occurred. 

When  rabbits  and  other  animals  are  poisoned  with  hy- 
drocyanic acid  they  usually  emit  a  loud  cry  or  shriek. 
In  some  of  the  earlier  trials  for  poisoning  by  this  sub- 
stance the  defence  was  raised  that  death  was  due  to  other 
causes  because  this  cry  had  not  been  heard.  The  records 
of  numerous  eases  of  undoubted  death  from  prussic  acid 
show  that  in  the  human  subject  the  occurrence  of  this 
cry  has  not  been  observed. 

Attempts  have  also  been  made  to  argue  that  death 
could  not  have  been  due  to  prussic  acid  because  the  de- 
ceased was  found  calmly  disposed  in  bed,  reposing  upon 
and  covered  by  clean  and  evenly  folded  bedclothing,  and 
consequently  neither  convulsions  nor  involuntary  evacu- 
ations could" liave  occurred.  Convulsions  are  not  usually 
observed  when  large  doses  of  the  poison  have  been  taken, 
and  when  they  do  occur  they  are  frequently  of  a  mild 
type.  In  the  greater  number  of  the  many  cases  in  which 
the  body  is  found  without  any  observation  of  symptoms 
having  been  had,  the  countenance  bears  a  calm  and  placid 
expression,  which  would  not  indicate  that  convulsions 
had  occurred. 

Involuntary  evacuations  of  faeces  or  urine,  or  both, 
have  occurred  in  about  one-half  of  the  recorded  cases. 

The  characteristic  ocloi'  of  hydrocyanic  acid,  which  may 
be  described  as  that  of  bitter  almonds,  does  not  belong  to 
any  other  known  substance,  except  the  oil  of  bitter  al- 
monds (benzoic  aldehyd)  and  nitrobenzol;  the  former, 
in  its  pure  state,  a  substance  only  "found  in  chemical 
laboratories,  the  latter  an  active  poison. 

In  some  instances  of  death  from  the  cyanic  poisons  the 
odor  is  easily  recognized  and  distinct.  Sometimes  it  may 
be  observed  on  entering  the  apartment  in  which  is  the 
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corpse;  sonu-times,  during  life,  in  the  expired  air,  oi, 
after  death,  at  the  mouth;  sometimes  only  after  opening 
one  of  the  cavities  of  the  body,  or  the  stomach,  or  on 
cutting  into  the  lungs  or  liver. 

Whin  the  odor  has  been  distinctly  recognized  by  moie 
than  one  person,  its  existence  Is  a  factor  of  great  moment 
in  the  evidence  to  prove  the  cause  of  death:  but  a  lailure 
to  detect  the  odor  is  by  no  means  of  correspondingly 
great  significance  in  the  opposite  direction.  Several  in- 
stances are  recorded  in  which  analysis  has  proved  the 
presence  of  the  poison,  although  the  odor  could  not  be 
distinguished  either  during  Ufe  or  after  death. 

3  ^VM  ft  person  killed  by  hydrocyimw  acid  capable  oj 
certain  eoluntary  acts?  Because  hydrocyanic  acid  is  ca- 
pable, if  taken  in  sufficient  quantity,  of  destroying  the 
power  of  voluntary  motion  almost  instantaneously, 
within  a  few  seconds  after  having  been  swallowed,  it  has 
been  argued  that  death  could  not  have  been  suicidal  m 
a  case  in  which  the  deceased  was  found  in  such  a  position 
as  implied  voluntary  acts  on  his  part  after  having  taken 
the  poison,  or  the  presence  of  another  person.  Numerous 
cases  are  recorded,  however,  in  which  the  person  was 
capable  of  considerable  voluntary  effort  after  having  vol- 
untarily taken  a  dose  of  hydrocyanic  acid  sufficient  to 
cause  death. 

4.  Was  the  hydrocyanic  acid,  detected  in  the  body  by  anal- 
ysis after  death,  introduced  during  life?  is  a  question 
which  may  arise  upon  a  trial  for  murder  by  this  poison. 
The  defence  may  adopt  either  of  the  following  methods 
of  accounting  for  its  presence ; 
(a)  It  toas  in  traduced  after  death. 

\b)  It  was  given  medicinally.  These  claims,  if  false,  are 
to  be  met  in  the  same  way  whatever  poison  has  been 
used,  consequently  they  require  no  particular  considera- 
tion in  this  place.  It  cannot  be  claimed  that  hydrocy- 
anic acid  was  used  for  embalming. 

(c)  Hydrocyanic  acid  is  a  nm-mal  constituent  of  the  body. 
The  only  cyanogen  compound  which  has  been  shown  to 
exist  in  the  normal  human  body  is  the  thiocyanate  of  the 
saliva  and  urine.  If  the  precautions  mentioned  above 
have  been  taken,  this  substance  cannot  be  mistaken  for 
hj'drocyanic  acid. 

(d)  Sydrocyanic  acid  is  a  morbid  product  of  the  economy. 
Hydrocyanic  acid  has  been,  it  is  claimed,  detected  in  the 
urine  in  dropsy  (Brugnatelli),  typhus,  cholera,  and  hepa- 
titis (Fourcroy,  Osborn),  and  in  the  fluid  of  ascites  (Gol- 
defy-Dorhs).  Although  Buchner  admits  the  possibility 
of  the  formation  of  hydrocyanic  acid  in  certain  patho- 
logical processes,  Husemann  very  properly  considers 
that,  even  if  these  somewhat  doubtful  observations  be 
accepted,  they  have  no  forensic  interest,  as  it  is  not  in 
the  urine  or  in  pathological  exudations  that  prussic  acid 
is  found  in  cases  of  poisoning. 

(e)  Hydrocyanic  acid  is  a  product  of  putrefaetion.  This 
argument  was  advanced  by  the  defence  in  two  English 
trials,  cited  by  Taylor,  and  is  based  solely  upon  opinion. 
Several  writers  upon  toxicology — Orfila,  Buchner,  Bon- 
jean,  Preyer — admit  the  possibility  that  hydrocyanic  acid 
may  be  one  of  the  numerous  products  of  putrefaction,  j'ct 
no  writer  has  yet  asserted  that  it  is  so  produced,  and 
numberless  analyses  of  contents  of  stomach,  blood,  etc. , 
in  every  stage  of  decomposition,  have  been  made  by  many 
chemists  without  any  evidence  of  its  presence. 

Rudolpli  A.  Witthaus. 

HYDROCYANIC  ETHER.— This  body,  chemically  «%; 
cyanide,  CaHs.CN,  is  a  colorless  ethereal  fluid  miscible 
with  water,  alcohol,  and  ether,  and  possessed  of  poison- 
ous properties  analogous  to  those  of  hydrocyanic  acid. 
It  is  not  used  in  medicine.  Edward  Curtis. 

HYDROFLUORIC  ACID.— Hydrofluoric  acid  is  a  pun- 
gent, corrosive  gas,  very  soluble  in  water.  The  acid  of 
commerce  is  an  aqueous  solution  containing  from  thirty- 
six  to  thirty-eight  per  cent,  of  the  anhydrous  acid;  it 
emits  fumes  which  are  extremely  irritating.  When  ap- 
plied to  the  skin  it  destroys  the  epithelium  and  underly- 
ing tissue,  rendering  the  parts  hard  and  structureless.         | 
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Hydrofluoric  acid  is  an  eflicient  bactericide  and  anti- 
septic, and  for  this  purpose  Dujardin-Beanmetz  advo- 
cated its  employment  in  the  treatment  of  tuberculosis  by 
inhalation.  He  vaporized  one  grain  in  an  air-tight  com- 
partment of  the  capacity  of  23  cubic  metres.  In  this  the 
patient  is  placed  for  an  hour  daily,  the  period  being 
Eiadually  prolonged.  In  some  instances  the  results  were 
very  favorable,  but  in  others  it  produced  an  irritation  of 
the  lungs  and  increased  the  pulmonary  trouble.  Inhala- 
tions have  also  been  used  in  diphtheria  and  whooping- 
cough  In  the  latter  much  benefit  is  reported  from  the 
use  of  a  tablespoonful  in  a  quart  of  water,  in  an  inhaler, 
every  second  day.  .  ,     ,    i  j. 

Internally,  hydrofluoric  acid  is  a  marked  depressant 
acting  upon  the  vaso-motors  and  lowering  the  force  and 
frequency  of  the  pulse.  In  excessive  doses  it  causes 
death  by  profound  collapse  and  failure  of  respiration. 

As  a  vaso-motor  dilator  its  employment  has  been' sug- 
gested in  chronic  rheumatism,  epilepsy,  and  goitre.  In 
the  latter  condition  it  was  thought  to  be  of  especial  value 
by  Woakes,  of  London,  but  it  has  not  proved  to  be  of 
much  service.  .   . 

The  alkaline  fluorides  are  selected  for  internal  adminis- 
tration. The  fluoride  of  sodium  or  of  potassium  in  doses 
of  one  grain  are  quite  unirritating,  and  may  be  used  for 
a  prolonged  period. 

Locally,  solutions  of  the  strength  of  one  part  in  three 
thousand  may  be  used  for  ordinary  andseptic  purposes. 
Under  the  title  oifluorol,  sodium  fluoride  has  been  used 
in  a  two-per-cent.  solution  to  replace  perchloride  of  mer- 
cury. The  solutions  are  unirritating  and  free  from  any 
toxic  action.  A  half-percent,  solution  may  be  used  for 
the  eye.  Beaumont  Small. 

HYDROGEN  DIOXIDE.— Hydrogen  dioxide,  H^O.,, 
commonly  called  peroxide  of  hydrogen,  is  formed  by  reac- 
tion between  barium  dioxide  and  mineral  acids  in  the 
cold.  Obtained  in  concentrated  condition,  this  body  ap- 
pears as  a  colorless,  transparent,  heavy,  oily  fluid,  of 
specific  gravity  1.452,  neutral  to  test  paper,  remaining 
fluid  at  temperatures  far  below  the  freezing  point  of 
water,  but  rapidly  and  even  explosively  suffering  decom- 
position into  water  and  gaseous  oxygen  upon  even  a 
slight  elevation  of  temperature,  or  upon  contact  with 
charcoal  and  certain  metals  and  oxides.  Even  at  ordi- 
nary temperatures  the  same  decomposition  occurs  spon- 
taneously to  a  greater  or  less  extent. 

Hydrogen  dioxide  mixes  in  all  proportions  with  water 
and  dissolves  also  in  ether.  As  a  medicine,  it  is  used  In 
solution  in  one  or  other  of  those  fluids,  the  aqueous  solu- 
tion being  commonly  known  as  oxygenated  trater,  and  the 
.  ethereal  as  ozonic  or  ozonized  ether.  The  cujueoui  solution 
in  common  use  contains  three  per  cent,  of  hydrogen  diox- 
ide by  weight,  a  strength  representing  a  charge  of  ten 
volumes  of  oxygen  to  one  of  the  water  of  the  solution. 
Such  a  solution  is  official  in  the  United  States  Pharma- 
copoeia under  the  title  Aqua  Hydrogenii  Bioxidi,  Solution 
of  Hydrogen  Dioxide.  It  contains  a  little  sulphuric  acid, 
purposely  allowed  to  remain,  as  a  preservative,  from  the 
charge  of  acid  used  to  clarify  the  solution.  This  solu- 
tion is  a  sparkling,  clear,  colorless  aqueous  fluid,  odor- 
less, but  having  an  acidulous  and  disagreeable  chlorinous 
taste,  and  producing  a  curious  sensation  and  a  soapy 
froth  in  the  mouth,  through  evolution  of  oxygen.  Its 
specific  gravity  ranges  from  1.006  to  1.012  at  ordinary 
temperatures.  It  tends  to  decompose  spontaneously  into 
water  and  oxygen,  and  accordingly  will  deteriorate  by 
age,  especially  if  exposed  to  light  or  to  warmth.  If  sub- 
jected to  evaporation  at  a  temperature  not  exceeding 
140°  F.  the  solution  will  gain  in  strength  through  loss 
of  water,  but  if  heated  rapidly  it  is  liable  to  decompose 
at  once  and  with  explosive  violence.  Because  of  these 
various  properties,  the  solution  should  be  kept  in  dark 
amber-colored  bottles,  loosely  stoppered  and  in  a  cool 
place.  A  tight  stopper  may  be  blown  violently  from  the 
Ijottle,  or  the  bottle  itself  niay  be  burst,  if  the  stopper  be 
immovably  seated.  Furthermore,  since  deterioration  by 
keeping  is  inevitable,  a  freshly  made  sample  should  be 
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procured  always,  when  possible,  for  use.  Old  specimtiis 
will  certainly  be  under  standard  in  strength,  auil  even 
may  be  wholly  spoiled  and  inert. 

Solution  of  hydrogen  dioxide  is  neither  corrosive  nor 
poisonous,  and  is  irritant  only  to  especially  sensitive 
parts,  such  as  the  eyes,  the  urcthi'a,  or  raw  surfaces. 
Its  use  in  medicine  is  because  of  its  readj-  decomposition, 
with  yield  of  free  oxygen.  Such  decomposition  is  deter- 
mined by  mere  contact  of  tlie  solution  with  many  things, 
among  which  are  the  organic  matters  found  in  blood, 
mucus,  pus,  and  other  morbid  discharges,  diphtheritic 
membrane,  the  bodies  of  pathogenic  micro-organisms, 
and  decaying  organic  substances  generally.  It  coagu- 
lates albumen  powerfully.  By  virtue  of  the  yield  of 
oxygen  the  solution  destroys,  by  oxidation,  the  morbific 
quality  of  animal  secretions  and  excretions.  When 
added  to  pus,  brisk  effervescence  ensues  and  the  pus 
corpuscles  are  quickly  disintegrated.  Similarly,  when 
washed  over  a  secreting  surface,  frothing  occvirs,  crusts 
of  dried  secretion  are  loosened,  and  foul  odors  disapY^ear. 
The  foaming  will  continue  till  all  adhering  pus  or  muco- 
pus  is  destroyed,  when,  after  washing,  the  surface  will 
be  found  to  be  perfectly  cleansed  and  of  healthy  appear- 
ance. Solution  of  hydrogen  dioxide  is  thus  powerfully 
detergent  and  disinfectant  to  all  styles  of  morbid  surface 
conditions,  whether  of  skin,  mucous  or  serous  membrane, 
or  wounds  or  ulcers.  The  action,  however,  is  evanes- 
cent and  does  not  seem  to  include  any  intrinsic  healing 
virtue,  such  as  is  shown  by  silver  nitrate.  For  ordinary 
purposes,  the  pharmacopoeial  ten- volume  solution  may 
be  used  in  full  strength,  but  for  application  to  sensitive 
surfaces  such  as  the  eye,  the  upper  nasal  passages,  or  the 
urethra,  it  should  be  diluted  with  from  one  to  four  or 
more  parts  of  water.  It  may  be  applied  by  swabbing, 
hf  injection,  or  by  spraying,  but  only  instruments  or 
utensils  of  hard  rubber,  glass,  or  porcelain  should  be  al- 
lowed contact  with  the  solution.  To  affect  the  surfaces 
of  the  stomach  or  intestines  the  solution  may  be  given, 
without  fear,  by  swallowing  or  by  enema.  From  one  to 
two  or  three  teaspoonfuls  may  be  given  at  a  dose  by  the 
mouth.  This  dose  should  he  well  diluted  with  water  and 
taken  from  a  vessel  of  porcelain  or  glass.  Other  medi- 
cines should  not  be  combined  with  the  solution. 

Attempts  have  been  made  to  utilize  the  solution  of  hy- 
drogen dioxide  as  an  oxidizing  agent  within  the  system 
for  the  cure  of  disease.  But  when  given  by  swallowing, 
a  dose  of  the  solution  is  almost  wholly  decomposed  in  the 
stomach,  and,  when  administered  hypodermatically,  sim- 
ilar decomposition  takes  place  at  once  in  the  juices  of  the 
part  receiving  the  charge.  In  either  case,  therefore,  but 
little  of  the  solution  can  enter  the  blood  unchanged,  so 
that  there  is  at  best  but  small  chance  for  a  constitu- 
tional effect  of  any  moment.  If  injected  into  the  vems, 
the  solution  is  instantly  decomposed  by  the  blood,  and, 
in  cases  in  which  this  procedure  has  been  tried  upon  ani- 
mals, it  has  often  been  followed  quickly  by  death  from 
embolism,  due  to  coagulation  of  the  blood  by  the  disen- 
gaged oxygen.  ^, 

tqueous  solutions  of  hydrogen  dioxide  stronger  than 
that  of  the  Pharmacopoeia  are  to  be  found  m  the  market 
(so-called  "  hydrozone  "),  and  also  solutions  with  glyce- 
rin as  the  basis  (so-called  "  glycozone  "),  and  solutions  m 
ether  ("  ozonic  ether  " :  " pyrozone  ").  The  ethereal  solu- 
tion is,  naturally,  highly  inflammable. 

Solutions  of  hydrogen  dioxide  W«acA  powerfully,  and 
are  much  used  for  such  purpose.  Edward  Curtis. 

HYDROPERICARDIUM:  DROPSY  OF  THE  PERI- 
CARDIUM—By  hydroperlcardlum  is  meant  a  collection 
of  non-infl'ammatory  fluid  in  the  pericardial  sac.  It  is 
distinctly  a  transudate  and  not  an  exudate.  Some  au- 
thorities include  all  collections  of  fluid  in  the  pericar^ 
dium.  inflammatory  and  non-inflammatory,  under  this 
one  term  By  general  consent,  however,  hydroperlcar- 
dlum and  hydrothorax  are  understood  to  mean  trans- 
udates. A  few  cubic  centimetres  of  fluid  are  practically 
always  found  in  the  pericardial  sac  after  death.  Ihe 
fait  that  the  amount  varies  with  the  lapse  of  time  before 


the  autopsy, — the  longer  the  wait,  tli(.'  larger  the  amount 
of  fluid, — suggests  that  most  of  this  fluid  is  a  post-mortem 
transudate.  It  may  amount  to  even  two  or  three  ounces. 
Not  until  the  fluid  exceeds  100  c.c.  (about  three  ounces) 
is  the  condition  spoken  of  as  hydropericardium. 

Anatomic  Alterations. — Like  transudates  in  other 
parts  of  the  body,  this  fluid  is  light  yellow,  or  slightly 
greenish-yellow  in  color,  usually  clear,  of  low  specific 
gravity,  and  containing  few  formed  elements.  There 
may  be  some  floccules  of  coagulated  albumin.  It  may 
contain  urea  or  bile,  especially  in  renal  and  hepatic  dis- 
eases. The  percentage  of  albumin,  according  to  Reuss,  is 
less  than  in  pleural  transudates,  and  greater  than  in  peri- 
toneal transudates.  The  c(uantity  of  fluid  varies  very 
much,  depending  on  many  circumstances.  It  may  reach 
from  500  to  750  c.c.  Corvisart  has  reported  the  enor- 
mous quantity  of  eight  pounds — about  4,000  c.c. 

The  pericardial  sac  is  distended  according  to  the 
amount  of  fluid;  in  the  large  collections  the  lungs  are 
compressed  and  the  diaphragm  is  forced  downward .  The 
pericardium  proper  is  thinned,  or  if  the  case  is  of  long 
duration  may  be  thickened.  In  chronic  cases,  the  sub- 
serous fat  about  the  heart  disappears,  the  subserous  cel- 
lular tissue  appears  adematous,  and  the  endothelia  are 
relaxed,  swollen,  and  of  granular  opacity.  The  muscu- 
lar substance  of  the  heart  is  pale  and  flabby. 

Scientific  opinion  is  as  yet  divided  in  the  explanation 
of  the  presence  of  transudates.  By  many  transudation 
is  considered  a  process  of  filtration ;  others  hold  that  the 
cajiillary  walls  are  to  be  regarded  as  living  organs,  with 
a  capacity  for  secretion,  under  the  stimulating  influence 
of  irritating  substances  in  the  blood. 

Etiology. — Hydropericardium  is  never  a  primary  dis- 
ease, but  always  secondary  to  some  other  disease.  In 
comparison  with  the  frequency  of  similar  collections  of 
fluid  in  the  pleural  and  abdominal  cavities,  and  the  sub- 
cutaneous tissues,  it  is  a  rare  condition.  The  explana- 
tion of  this  fact  probably  lies  in  the  incessant  activity  of 
the  heart.  It  occurs  occasionally  as  a  very  rapid  collec- 
tion of  fiuid  in  some  cases  of  acute  nephritis,  as  in  scar- 
latinal nephritis.  Jlost  commonly  it  is  a  part  of  a  chronic 
dropsy  associated  with  diseases  of  the  heart  and  kidneys. 
Less  commonly  it  is  found  in  the  various  cachexias  which 
produce  an  anasmic  condition  of  the  blood,  such  as  tuber- 
culosis, cancer,  scurvy,  and  the  severe  anajmias.  In  these 
diseases  the  pericardial  dropsy  almost  always  follows 
transudation  into  the  pleural' cavity.  Very  rarelj'  the 
dropsy  has  a  predilection  for  the  pericardial  sac,  rather 
than  for  its  usual  locations.  Probably  some  local  altera- 
tions in  the  pericardium  would  explain  this.  It  may  occur 
as  a  result  of  some  local  interference  with  the  circulation, 
which  hinders  the  return  flow  in  the  pericardial  or  car- 
diac veins.  Atheroma  of  the  coronary  arteries,  aneurism, 
disease  of  the  lungs,  pleura,  or  the  heart  itself,  tumors 
and  inflammations  of  the  mediastinum,  all  may  impede 
the  circulation  in  these  veins.  In  rare  cases  the  sudden 
development  of  a  pneumothorax  is  followed  by  hydro- 
pericardium. 

Sy.mptoiis. — These  are  very  indefinite,  and  can  scarcely 
be  separated  from  those  of  the  associated  disease.  The 
condition  comes  on  insidiously  and  would  not  be  recog- 
nized were  it  not  for  careful  physical  examination.  A 
familiarity  with  the  possible  complications  of  chronic 
heart  and  kidney  disease  puts  the  physician  on  his  guard. 
The  dyspnoea  and  cardiac  distress  rarely  may  be  chiefly 
dependent  upon  the  hydropericardium.  There  is  never 
any  acute  praBcordial  pain,  as  in  inflammation  of  the  peri- 
cardium. Pericardial  friction  sounds  are  never  present. 
If  the  fluid  is  large  in  amount  compression  of  the  lungs 
may  add  to  the  dyspnoea. 

Physical  Signs. — The  reader  is  referred  to  the  article 
on  Pericarditis  for  a  discussion  of  these,  as  they  are  the 
same  except  for  the  fact  referred  to  above — viz.,  that 
pericardial  friction  sounds  are  never  present  in  hydro- 
pericardium, either  before  the  collection  or  after  the  ab- 
sorption of  the  fluid.  The  transudate  is  said  to  move 
more  quickly  with  change  of  body  position  than  the  in- 
flammatory exudate. 
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Pkognosis.— It  is  always  grave  liocauso  of  the  funda- 
mental disease.  The  fluid  in  the  pericardium  adds  an 
extra  impediment  to  the  already  weak  lieart  and  thus 
hastens  tlie  fatal  issue.  In  rare  eases,  as  in  the  effusions 
associated  with  acute  nephritis,  there  may  be  recovery. 

Treatment.— This  consists,  in  the  nia.iority  of  cases, 
in  the  treatment  of  the  primary  disease,  with  cardiac 
tonics  and  diuretics.  Usually  paracentesis  only  dela3's 
the  fatal  issue  a  short  time.  However,  in  rare  cases  it 
■may  be  distinctly  useful— «.<?.,  when  the  patient  seems  to 
be  dying  as  a  result  of  great  local  obstruction  in  the  peri- 
cardium, which  is  overwhelming  the  heart.  The  opera- 
tion is  not  difficult,  hut  must  never  be  undertaken,  unless 
the  diagnosis  he  certain.  For  a  description  of  the  opera- 
tion see  the  article  on  Perimrditis. 

JariHS  Ufie  Ameill. 

HYDROQUINONE. — Ilydroquinone,  or  hydrochinon,  as 
it  is  called  by  Gorman  authors,  is  chemically  paradioxy- 
benzem,  C«Hi(0H)2,  one  of  a  trio  of  isomeric  diatomic 
phenols,  of  which  resorcin  and  pyrocatechin  are  the  other 
two  members.  Hydroquinone  appears  in  transparent, 
colorless,  rhombic  plates  or  prisms,  fusible  at  169°  C. 
(336.2°  F.),  and  subliming  without  decomposition.  The 
crystals  dissolve  readily  in  alcohol,  ether,  and  hot  water, 
but  in  not  less  than  seventeen  parts  of  cold  water.  The 
reaction  is  neutral  and  the  taste  slightlj'  bitter. 

Hydroquinone  has  been  proposed  as  an  antipj'retic.  It 
is  capable  of  producing  convulsions  and  other  derange- 
ments in  the  lower  animals,  but  in  therapeutic  doses,  in 
man,  operates  as  a  speedy,  but  transient,  antipyretic  in 
fever.  In  such  operation  the  medicine  is  remarkably  well 
borne,  even  so  large  a  dose  as  fort}'  grains  producing 
no  derangement  worse  than  a  very  transient  feeling  of 
fulness  in  the  head  and  slight  giddiness,  and  ordinary  doses 
being  free  from  even  this  effect.  The  fall  of  temperature 
begins,  as  a  rule,  within  half  an  hour  after  administration 
of  a  single  dose,  reaches  its  maximum  in  from  two  to  two 
and  a  half  hours,  and  the  ensuing  rise  attains  the  original 
temperature  in  from  one  to  two  hours  additional.  For  a 
transient  impression  such  as  described,  a  dose  of  from 
1.00  to  1.33  gm.  (from  fifteen  to  twenty  grains)  suffices, 
while  for  a  continuous  one,  three  or  four  such  doses 
should  be  given  during  the  twenty -four  hours.  Duiiug 
continuous  medication  with  hydroquinone  the  urine  may 
appear  of  a  dark-brown  color,  due  to  the  presence  of 
products  of  decomposition  of  the  medicine. 

Ed(riird  Ciirtin. 

HYDROTHERAPY.— In  the  present  enlightened  era  of 
medicine  the  chief  aim  of  the  physician  is  to  aid  the  in  - 
herent  powers  of  the  human  organism  to  eliminate  mor- 
bific agents  and  reinstate  the  disturbed  equilibrium  of 
the  economy,  by  all  means  which  enhance  the  patient's 
capacity  to  resist  the  inroads  of  disease.  In  the  accom- 
plishment of  the  latter  water  plays  an  important  part 
The  simplicity  of  this  remedial  agent  and  the  neglect  of 
precision  in  its  application  have  been  the  chief  obstacles 
in  the  wayof  its  more  universal  acceptance.  The  fact 
that  water  is  one  of  the  few  remedies  which  has  survived 
since  the  day  of  Hippocrates  and  has  been  advocated  and 
used  by  the  most  eminent  physicians  of  every  time,  was 
the  writer's  incentive  to  its  investigation  twenty-five 
years  ago.  The  clinical  results  obtained  by  him  have  won 
his  highest  esteem,  especially  since  he  discovered  that  its 
action  is  based  upon  recognized  physiological  principles 
The  latter  must  be  clearly  understood  before  the  real 
value  of  hydrotherapy  can  be  appreciated. 

The  action  of  water  upon  the  human  organism  is  de- 
rived from  its  physical  and  mechanical  effects. 

The  physical  qualities  of  water  are  utilized  in  hydro- 
therapy because  it  is  an  excellent  vehicle  for  convevinc 
the  thermic  and  mechanical  effects  aimed  at  Water  ab- 
sorbs and  gives  up  heat  readily;  it  may  be  used  in  solid 
liquid  or  gaseous  form ;  it  may  be  applied  to  any  limited 
part  of  the  body  or  to  its  entire  surface.  Hence  'its  nh^■s- 
ical  property  alone  makes  it  a  most  flexible  theiapcu'tie 
agent.  ' 
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Thermic  agents  affect  living  tissues  in  the  most  pro- 
nounced manner.  Smooth  muscular  fibre  contracts  under 
cold  and  expands  under  heat,  and  its  contractility  may 
be  entirely  destroyed  by  an  excess  of  either.  By  the  con- 
veyance of  cold  or  heat  by  means  of  water  we  are,  there- 
fore, enabled  to  produce  striking  effects  upon  vital  proc- 
esses which  depend  upon  muscular  activity.  As  cold 
and  heat  are  irritants,  their  reflex  eft'ects  conveyed 
through  the  nervous  system  also  become  valuable  thera- 
peutically. Applying  these  axiomatic  principles,  we  find 
that  circulation,  respiration,  tissue  change,  and  heat  pro- 
duction may  be  positively  influenced  by  the  application 
of  water  as  a  medium  of  conveyance  of  cold  and  heat,  and 
that  abnormal  conditions  of  the  functions  may  be  reme- 
died and  their  healthy  equilibrium  restored.  That  such 
effects  are  really  produced,  laboratory  experiment  as  well 
as  observation  at  the  bedside  has  again  and  again  demon- 
strated. 

In  my  book  on  hydrotherapy*  many  experiments  are 
detailed  showing  the  influence  of  hydriatic  procedures 
upon  the  calibre  of  blood-vessels,  the  action  of  the  heart, 
and  even  upon  the  composition  of  the  blood,  the  respira- 
tion, and  the  secretions.  All  applications  of  cold  involv- 
ing the  entire  surface  of  the  body,  or  a  considerable  part 
thereof,  result  in  an  increase  of  the  number  of  blood 
cells;  the  percentage  ot  hsemoglobin  and  the  specific 
gravity  of  the  blood  are  also  increased  when  reaction, 
manifested  bj'  cutaneous  hyperaemia,  ensues.  When  re- 
action fails,  the  erythrocytes,  and  often  the  leucocytes 
also,  are  diminished. 

That  these  effects  maj^  be  utilized  to  explain  the  ra- 
tionale of  cold  applications  in  disease  has  been  often 
demonstrated.  For  instance,  Thayer,  of  Johns  Hopkins 
University,  observed  that  the  blood  drawn  from  the  lobe 
of  the  ear  of  a  typhoid-fever  patient  after  a  Brand  bath, 
contained  three  times  the  number  of  leucocytes,  ascer- 
tained by  actual  count  to  be  present  previous  to  the  bath. 
This  has  been  confirmed  by  Winternitz,  Breitenbach. 
myself,  and  others,  in  chronic  cases  and  in  healthj-  per- 
sons. Since  tliis  enormous  increase  could  not  be  the  re- 
sult of  new  production  during  the  fift«en-minute  bath, 
the  conclusion  is  inevitable  that  the  increased  activity  of 
the  circulation,  induced  by  the  changing  ansemia  and 
hypersemia  of  the  cutaneous  surface  resulting  from  the 
cold  bath  and  friction,  has  driven  these  cells  from  their 
hiding-places  on  the  outskirts  of  the  blood  stream  and 
elsewhere,  and  lias  brought  them  into  active  service. 

Cold  improves  the  muscular  tone  of  the  vessels,  i.e.,  it 
increases  tension:  warmth  relaxes,  causing  passive  dilata- 
tion and  loss  of  tone.  Although  both  produce  a  hyper- 
aemia, one  is  the  result  of  reaction  and  is  tonic,  while  the 
other  is  the  result  of  relaxation  and  is  atonic.  This  trite 
fact  is  sadly  disregarded  in  practice.  Its  more  general 
recognition  will  do  much  to  neutralize  and  remove  the 
fear  of  shock  from  cold  applications  in  atonic  condi- 
tions. 

The  reflex  effect  of  cold  and  heat  conveyed  from  the 
skin  to  the  central  and  sympathetic  system,  thence  to 
organs  and  tissues,  is  an  important  therapeutic  factor 
and  demonstrates  that  the  thermic  action  of  water  upon 
the  human  organism  is  capable  of  influencing  its  every 
part  and  function  in  the  most  pronounced  manner. 

By  guiding  and  directing  these  well-ascertained  effects 
of  cold  and  lieat.  as  conveyed  by  water  to  the  skin,  we 
may  evoke  changes  in  the  circulation,  remove  stasis  in 
one  and  fill  another  vascular  area,  deplete  others,  and 
thus  aid  powerfully  in  removing  pathological  states. 

AVuter  may  be  applied  with  accurate  dosage  by  vary- 
ing the  temperature,  duration,  and  pressure.  A  vt-fy 
high  or  a  very  low  temperature  produces  destruction  of 
tissue,  while  cold  and  moderately  hot  water  produce  a 
rubefacient  effect.  Water  driven  under  high  pressure 
destroys  tissues,  and  under  moderate  pressure  causes  ru- 
befacient or  stimulating  effects. 

There  are  also  various  modifications  in  hydriatric  tech- 


*  "  Tbf  Priuclples  and  Practice  of  Hydrotherapy,"  William  Wo<3d 
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niquf  wliicli  must  be  clearly  imderstuod  before  we  employ 
hydrotherapy  in  disease. 

Tc.i'hiiiqiic. — It. is  the  aim  of  this  article  to  simplify  hy- 
drotherapy and  .render,  it.  accessible  to  the  general  prac- 
titioner. Jlinute  attention  to  deta,ils  is  the  first  essential 
for  tlie  successful  application  of  all  hydriatric  procedures ; 
withcnit  this,  failuie  is  sure  to  ensue.  The  following- 
procedures  are  best  adapted  for  the  application  of  water 
in  disease :  Ablution,  affusion,  sheet  bath,  drip  sheet,  com- 
presses, wet  pack,  tub  bath,  douche.  Their  application 
in  various  diseases  will  be  shown. 

Ablution  consists  of  tlie  application  of  water  by  the 
hand,  oi-  with  a  wash  cloth,  o\X'r  successive  parts  of  the 
body.  The  meth- 
od and  tlie  tem- 
perature of  the 
water  vary  with 
the  object  in 
view.  In  febi'ile 
conditions  the 
chest,  the  back, 
I'he  abdomen,  and 
the  lower  extrem- 
ities as  far  down 
as  the  knees  are 
successively 
bathed  every  two 
or  three  hours,  be- 
ginning at  75°  and 
reducing  the  tem- 
perature by  one 
degree  at  each  ap- 
plication until  60' 
F.  is  reached.  It 
is  important  to 
avoid  chilling  and 
to  bear  in  mind 
that  reaction  is 
aimed  a1. 

In  chronic  affec- 
tions the  ablution 
is  a  useful  pre- 
liminary to  the 
more  active  hydri- 
atric procedures. 
The  patient  is  first 
warmed  by  being 
snugly  wrapped 
nude,  in  two  long- 
haired  woollen 
blankets,  like  a  mummy 
bathed  in  water  of  60°  P 
opened   over   bis  chest 
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for  one  hour.     The  face  is 
the  blankets  are  successively 

„       „,   „  „._„„  abdomen,  back,  lower   e-xtrem- 

ities  to  the  knees,  and  these  are  bathed  witli  the  hand, 
each  part  being  immediately  dried  and  replaced  under 
cover.  A  general  dry  rubbing  Avith  a  woollen  cloth,  or 
tlie  hand,  follows.  .  ^     ,    ■    ^     ,„„ 

For  tlie  General  Ablution  the  patient  stands  m  t\\elve 
inches  of  water  at  95°  to  100"  F.,  and  is  rapidly  washed 
down  with  the  hands,  while  water-of  a  temperature  ot 
80'  F  at  first,  but  on  each  succeeding  day  ot  a  little  lowei 
temperature  until  60°  F.  is  reached-is  poured  upon  h,m 
with  the  hand  or  from  a  vessel.  Afterward  he  should  be 
subjected  to  gentle  friction.     Reaction  must  always  be 

"^^Thi^^nihonale  of  the  action  of  ablutions  may  be  found 
in  the  gentle  shock  and  reactive  stimulus  which  is  re 
freshing  The  superficial  capillaries  are  dilated,  as  evi- 
denced bv  the  rosy  hue  of  the  skin  following  ablution 
with  friction,- the  inspiration  is  deepened,  and  cardiac  ac- 
tion is  bettered.  ,      ,    ., 

yl7f«.?w»,.— Having  a  wet  cloth  around  tin;  h^■a^\.  the 
patient,  sitting  or  standing  in  a  tub  containing  twelve 
fnches  of  water  at  100°  P.,  receives  a  broad  stream  ot 
water  poured  with  force  from  a  basin,  bucket,  or  pitchei 
According  to  the  height  from  which  the  water  is  poured 
and  the  lowness  of  the  temperature  will  be  the  stimulat- 
ing effect      Tlie  affusion  is  u.seful  in  loma  and  in  stupor- 


ous delirium,  indicating  adynamia  and  nerve  prostration. 
By  this  method  Currie  made  liis  remarkable  cures  in 
typhus  fever,  using  cliiefly  se;i  water,  the  patients  Ij'ing 
on  tlic  deck.  In  Kmrlotinn,  when  the  system  is  over- 
Avhelmed  by  the  poison,  the  circulation  embarrassed,  the 
skin  pale  or  marbled  or  cyanotic,  the  respiiutioii  shallow, 
temperature  high,  pulse  rapid  and  feeble,  truly  marvel- 
lous results  may  be  obtained  by  the  judicious  use  of 
brief  affii.sions.  Reaction  occurs  rapidly,  and  with  it 
come  an  improved  peripheral  and  general  circulation, 
dee])eniMl  inspiration,  bright  countenance,  and  roseate 
skin.  Rapid  affusions  of  watei-  at  a  tcnipcniture  of 
from  70°  to  60°  P.,  have,  in  my  experieiiee,  saved  lives 

ill  these  desperate 
cases. 

S/ieet  ISiith.—h. 
rubber  sheet  cov- 
(^-I'd  by  a  lilanket 
is  laid  upon  one- 
half  of    the  bed. 
A  linen    sheet  is 
now   dipped  into 
water    having     a 
temperature   of 
from  60' to  70°  P., 
according    to   the 
effect    desire  d, 
and,  without  being 
toning  nut,  is  laid 
upon  the  blanket; 
the  patient,  \\liose 
face   has  been 
bathed   with    ice- 
water,    and   upon 
whose  head  a  wet 
cloth  is  placed,  is 
moved  over  to  the 
wet  sheet,  which 
is  wrapped  snug- 
ly   around     him. 
The  first  impres- 
sion will  be  a  sur- 
prise  —  called 
shock — to  the  cu- 
taneous nerves. 
Reaction      ensues 
from  the  patient's 
own  temperature, 
and   its  establish- 
ment is  aided  by 
the  manipulations  of  the  nurse,  who,  with  out -stretched 
hands,  gentlv  but  firmly  sweeps  over  the  wet  sheet,  omit- 
ting the  legs  and  forearms.    So  soon  as  one  part  of  the  body 
becomes  thoroughly  warmed,  water  from  50°  to  60°  is 
poured  from  a  cup  or  squeezed  from  a  sponge  over  it,  until 
it  again  cools.     These  passes,  or  frictions,  are  alternated 
with  the  pouring  on  of  small  ciuantities  of  cold  water, 
until  the  entire  body  feels  cooled  or  the  patient  shivers. 
Rigor  must  always  be  avoided,  because  it  is  an  evidence 
of  contraction  of  the  vessels.     As  the  friction  prevents 
this  objectionable  feature  of  all  cold  baths  we  have  in  the 
sheet  bath  an  admirable  roborant  antipyretic,  the  effect  of 
which  may  be  greatly  enhanced  by  allowing  the  patient 
to  remain  in  it,  after  wrapping  him  in  the  blanket,  for 
half  an  hour.    Its  mildness  as  ccmipared  with  the  full  cold 
baths,  fcjr  which  it  is  an  excellent  substitute,  renders  it 
more  acceptable  to  tlie  patient  and  his  friends,  and  it 
may  thus  be  utilized  as  a  valuable  initiatory  antipyretic 
measure.     It  is  applicable  in  all  acute  diseases  in  which 
an  elevated  temperature  is  a  leading  manifestation. 

]>riji  s/iei'f  (Pig.  2756).— In  chronic  cases  the  sheet 
bath  is  a  useful  adjunct,  and  in  many  cases  an  important 
element  of  the  treatment— as,  for  example,  in  phthisis, 
in  neurasthenia,  and  in  chlorosis.  Here  it  is  called  a  drip 
sheet,  and  is  applied  while  the  patient  stands  in  water  of 

100°  F-  .  ■     ,     ,  J 

Tlie  flexibility  and  simplicity  of  the  method  commend 

it  especially.     By  wringing  the  sheet  well  out  (cold  rub), 
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or  by  using  a  coarser  sheet,  or  u  lower  temperature,  for  a 
short  time,  or  by  slapping  with  the  wet  sheet,  instead  of 
simply  rubbing  the  hand  over  it,  the  local  excitation  ol' 
the  cutaneous  nerves  and  vessels  may  be  enhanced.  By 
saturating  it  Avith  more  water,  the  anti]3yretie  effect  is 
increased,  and  this  may  be  still  more  intensitied  Ijy  a 
more  prolonged  application. 

The  ft/inpress  is  made  by  cutting  four  folds  of  old  linen 
to  fit  the  part.     The  cloth  is  more  or  less  ^N-rung  out  oC 
vv'ater  at  or  a  little  above  60°  P.  and  secured  by  a  flannel 
bandage  wider  than  the  cloth.     For  tonsillitis  it  is  very 
useful  if  ajjplied,  not  around  the  neck  but  from  ear  to  eai' 
and  secured  by  a  fiannel  bandage  pinned  on  top  of  the 
head.     For  artic- 
ular rheumatism 
a  compress  snugl}' 
secured  by  a  thin 
flannel  bandage  of 
one  layer  hastens 
r  e  c  o  V  e  r  y.     In 
pneumonia    the 
compress,  s  u  r- 
rounding  the  tho- 
rax like  a  vest  and 
secured   over  the 
shoulder  and 
around  the  chest 
by  pins,  is  of  par- 
a  mount    value. 
The    abdominal 
compress  is  useful 
in  all  fevers,  as  is 
the    trunk    com- 
press, enveloping 
the   entire  trunk. 
Compresses  are 
usually     renewed 
ever y  hour  in 
acute    cases,    and 
always    covered 
by    one   layer   of 
flannel  to   permit 
evaporation — 
never  covered  by 
oiled   silk,   which 
w  o  u  1  d     con\-ert 
them  into  a  poul- 
tice. 

The  Ire  Bag  may  liere  be  I'cferred  to.  This  should  al- 
ways be  covered  with  flannel  and  nevei-alloN\ed  to  remain 
contmuously  for  a  longer  time  than  forty -five  minutes 
It  should  be  replaced  at  the  end  of  fifteen  minutes  Its 
utihtyin  internal  hemorrhages  is  fallacioiis,  because  the 
blood  IS  driven  from  the  surface  into  the  collateral  circu- 
lation beneath  Its  beneficial  effect  as  an  antipvretic  for 
parts  situated  deeply  is  fallacious,  as  pi„ve,l  bv  he  experi- 
ments of  M,  Oilman  Thompson  and  others.'  The  same 
remark  holds  true  fr.r  the  ice  coil.  As  an  application™ 
feeble  and  irregular  heart  action  the  i.^e  bag  is  invaluable 
cZpTV'  P"-"""*^^-  -^'^^  "■•'■  ™"  '«  .1  fallacious  pre,: 
mal  in.  th^In"'''  ^"'T''  '*  S"°''  ™"y  ""^  P'^rt"  beneath  it, 
ation  ^■yanotic,  and  therefore  retards  the  circu 


should  be  folded  over  the  feet  (Pig.  ST.")!).  Success  de- 
pends ujwii  e.rclmidn  of  the  air  by  the  blanket  c-ocer.  If  the 
latter  has  been  skilfully  applied,  the  patient  will  resemble 
a  mummy,  and  v\-ill  get  warm  in  an  hour  or  less. 

Tlie  wet  pack  must  be  followed  by  some  li\-driatric 
method  wliich  restures  tone  to  the  cutaneous  vessels 
Avhich  have  been  relaxed  by  it.  A  sheet  bath  or  a  cold 
affusion  will  serve  this  purpose. 

The  cold  sheet  pi'oduces  irritation   of  the  cutaneous 
nerves,  and  contraction  of  the  peripheral  vessels,  and  the 
latter  state  persists  until  reaction  ensues.     Inasmuch  as 
no  mechanical  aid  is  given  by  the  attendants,  the  reaction 
must  depend  entirely  upon  the  vital  powers  of  the  pa- 
tient.    As  soon  as 
the  first  .shock  is 
over — whicli  lasts 
from     fi  ■(■  e     to 
twenty     minutes, 
and     sometimes 
produces    shiver- 
ing—  the  cutane- 
ous vessels  begin 
to  dilate,  and  the 
temjjeratures  of 
the    skin    and  of 
the    sheet    ap- 
proach   equality. 
This  equalization 
of   the   two   tem- 
peratures    occurs 
quickly    in    fever 
patients,    and 
slowly  in  persons 
havinir  a  normal 
temperature.   The 
sheet    bath  is. 
therefore,    superi- 
or to  the  wet  pack 
as  an  antithermic 
procedure.    ^lauy 
failures  are  due  to 
tlie  use  of  the  wet 
pack  in  fever;   it 
is  far  more  useful 
in  chronic  cases. 

In  chronic  dis- 
eases the  patient 
is  wrapped  in  a 
"       '0"  F  as  indi- 


Wet  Pack,  Sbowlng  Method  of  Tightening  Blanket  irouud  Neck. 


-A  large  Avoollen  blanket 


Wet  Pack^^^v  laige  woollen  ijianUet  is  spread  uiion  n 
mattress.     Up,m  this  is  spread  smoothly  L  linen  slu'et 
wrung  ont  of  water  of  a  temperature  of  from  ,50°  t o  70  P 
iccrrting  to  the  nature  of  the  case ;  the  blanketsliou  d  b^ 
long  enougli  to  e.xlend  from  the  nucha  to  a  foot  oi  more 
T^eyond  the  patient's  extremities.     The  pat  cnt    w  H?  n 
we    cap  upon  his  head,  pla,.es  himself  i      n  th'c  s      ■( 
with  his  arms  raised  from  the  br,d>-.     One  ha      ,d  t  c 
sheet  IS  now  rapidly  folded  around  his  body  and  pes 
between  the  arms.    It  is  snugly  secured  arminrn 


It  is  snugly  secured  around  tlu^  neck 
^m  the  left  and  ^^^'^r^S!^2^:^X:::^y 
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se- 
ind 


sheet  wrung  out  of  water  at  from  60°  to  .„  ^  „,.„„.- 
CHted ;  the  higher  temperature  being  employed  at  first  and 
this  being  graduallj-  reduced  bv  one  or  two  deirrees  at  each 
succeeding  treatment.  Lying  for  an  iiour  in  this  pack 
the  patient  s  body  is  enveloped  in  a  vapor  of  its  own 
creation.  The  reactive  labor  thus  involved  is  a  o-reat 
benefit  to  the  circulation,  and  it  has  been  demonstrated 
to  aid  in  enhancing  tissue  metamorphosis.  The  patient 
olt^n  falls  asleep.  The  calming  effect  of  an  hour's  sleep 
in  the  wet  pack  is  valuable  in  functional  neuroses,  hys 
teria,  and  some  heart  troubles.  It  is  superior  to  the  hot 
pack  in  insomnia  and  excited  mental  states 

1  he  therapeutic  application  of  the  wet  pack  is  exten- 
sive, 1  he  procedure  being  valuable  in  all  chronic  cases  in 
AMucli  (lelcctiN-e  tissue  metamorphosis  is  a  prominent  ele- 
meiit,  as  in  <liahetes.  rheinuatism.  f/o„t,  aiaeiiiia.  chlorosis 
and  some  disorders  of  the  iligeslive  apparatus 

I  he  luiH  Bath.~\  tin  tub  .six  feet  long,  and  filled  to 
three-fourths  of  its  depth  with  water  at^a  temperature 
ol  trom  «(»  to  ().>'  P.,  is  ]ilaced  near  the  patient's  bed  in 
acute  ca.ses  and  shut  out  trom  view  by  a  screen  A 
double  blanket  covered  bv  a  linen  sheet  'is 
the  side  of  the  bed  to  be 

the  li.ath,  the  pillow  being  ccn-i-red  by  a  towel  The 
patient  now  reeeiv<'S  a  cuji  of  hot  black  coffee.  He  is 
undressed  and  a  light  napkin  is  applied  over  the  sex- 
ual organs.  His  face  is  bathed  with  ice-water  and  if 
too  feeble  to  step  into  the  bath,  he  is  lifted  into  it  bv 
tw(_i  assistants,  pri'ferably  on  a  small  hammock,  froiii 
which  the  sticks  lia\  e  been  removed.     "With  the  greatest 


spi-ead  upon 
occupied  by  the  patient  after 
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gc'iitlfness  and  least  fuss  lie  is  lowered  into  tlie  water. 
He  gasps  and  shudders  a  moment,  or  jierliaps  cries  out. 
But  gentle  I'eassurauee  by  word  and  deed,  a  calm  de- 
nieanoi',  devoid  of  haste,  and  the  absence  of  all  actual 
force  or  argument  will  cjuiet  him.  Friends  or  relatives 
must  be  kept  out  of  the  room.  An  air  cushion  suspended 
at  the  head  of  the  tub  will  make  a  head  rest,  and  a  large 
water  cushion  ring  makes  a  comfortable  support  for  his 
nates.  Two  niirses  must  constantly  practise  good  fric- 
tion 01-  chafing  over  siKresx/re  ]iarts  of  the  body.  These 
frictions  are  of  snproiie  impo/iinin'  in  picventing  chilling, 
collapse,  cyanosis,  and  heart  failui-e.  The  ell'eet  of  the 
continuous  gentle  chafing  is  a  sullused  redness,  which 
demonstrates  that  the  calibre  of  the  cutaneous  vessels  is 
considerablj'  enlarged.  As  this  is  being  done  in  succes- 
sive parts  of  the  body,  we  leally  manage  to  maintain  a 
constant  contraction  and  dilatation  of  the  peripheral  ves- 
sels, the  former  being  accomplished  by  the  contact  with 
the  cold  water  in  motion,  the  latter  by  the  friction  and 
its  attendant  reaction.  Complaints  of  chilhness  must  not 
be  regarded  as  an  indication  for  removal  of  the  patient 
fi'om  the  bath,  unless  thejf  be  accompanied  by  clecided 
chattering  of  the  teeth,  or  the  face  becomes  cyanotic. 
Several  times  during  the  bath,  which  usually  lasts  fifteen 
minutes,  a  basin  of  water  at  50°  F.  is  gently  poured  over 
the  patient's  head  and  shoulders.  If  the  patient  is  som- 
nolent or  delii'ious,  several  basins  of  cold  water  are  poured 
over  head  and  shoulders.  The  bath  being  finished,  the 
patient  is  gentl)'  lifted  out,  the  napkin  covering  the  sex- 
ual organs  rapidly  dropped,  and  he  is  placed  upon  the 
]5reviously  prepared  linen  sheet,  so  that  the  upper  edge 
extends  above  his  shoulders  to  the  nucha.  He  is  now 
carefully  wrapped  in  the  sheet,  a  fold  being  pressed  in 
between 'the  arms  and  the  body  and  between  the  lower 
extremities.  The  blanket  is  now  wrapped  around  the 
patient.  If  the  body  temperature  has  been  high,  above 
103'  F.,  in  the  rectum,  the  patient  is  allowed  to  lie  in  the 
sheet  for  five  or  ten  minutes ;  if  the  temperature  is  lower 
he  should  be  at  once  dried  with  the  sheet  and  afterward 
with  soft  towels.  In  either  case  hot  bottles  are  to  be  placed 
against  the  feet.     Usually  the  patient  will  fall  asleep. 

When  a  bath  having  a  temperature  of  from  70°  to  65°  F. 
is  given  ever}'  three  hours  in  the  case  of  a  patient  who  has 
a  rectal  temperature  of  103°  F,,  this  may  be  looked  upon 
as  the  ideal  bath  designed  by  Ernest  Brand,  of  Stettin, 
for  the  treatment  of  typhoid  fever. 

In  the  case  of  the  graduated  bath,  devised  by  von 
Zierassen,  the  jireparation  for  bathing  and  drying  the 
patient  is  the  same  as  in  the  Brand  bath.  The  tub  is 
filled  with  water  at  90°  F.  Colder  water  is  added  for 
half  an  hour  until  the  water  temperature  reaches  68°  F. 
Cliafiiid  i-f  here  aim  <ni  all-imporiant  element  of  the  bath. 
The'  patient  is  wrapped  in  a  prepared  sheet  and  blanket 
without  iM^ing  dried,  for  a  quarter  of  an  hour,  and  then 
he  is  dried  and  his  clothing  replaced. 

The  rationale  of  the  cold  baths,  which  have  been 
chiefly  applied  in  typhoid  and  other  infectious  fevers,  is 
so  exact  and  scientific  that  it  must  lend  firmness  born  of 
conviction  to  the  attendant  who  applies  them  with  a 
clear  understanding  of  their  aims  and  capabilities.  The 
nervous  system  is  overwhelmed  by  toxaemia.  An  inde- 
finable malaise  is  followed  by  ataxia,  general  lassitude, 
somnolence,  and  other  adynamic  manifestations,  whicli 
culminate  in  severe  cases  in  stupor,  delirium  and  coma, 
subsultus,  tremor,  etc.  The  heart,  being  called  upon  to 
do  extra  duty,  threatens  to  fail,  and  often  does  fail,  not 
owing  to  the  elevated  temperature  only,  but  to  a  paretic 
condition  of  the  capillary  circulation,  induced  by  the  in- 
fective jiroccss,  which  embarrasses  the  propulsive  action 
of  the  cutaneous  arterioles. 

The  depreciated  condition  of  the  nerve  centres,  which 
in 
attack, 

originates  „  >.„„. ,.,,.-11      ^ 

feet  upon  the  peripheral  vessels,  not  only  disturbs  heat 
radiation,  and  thus  develops  temperature  elevation,  tym- 
panites, etc,  l)ut  later  gives  rise  to  other  most  penlo.us 
conditions,  such  as  failure  of  the  heart,  local  hypostases. 


The  depreciated  condition  of  the  nerve  centres,  wmcn 
1  typhoid  and  similar  fevers  is  the  leading  point  of 
ttack,  must  be  the  leading  point  of  defence.  Prom  it 
riglnates  a  condition  of  the  circulation  which,  by  its  et- 


bed-sores,  etc.  The  stimulating,  refreshing  effect  of  cold 
water  and  friction  upon  the  terminal  fibrillK  of  the  sen- 
sory cutaneous  nerves  is  conveyed  to  the  central  nervous 
system;  the  gasp  emitted  by  the  patient  is  evidence  of 
a  reflex  elTect.  The  cutaneous  arterioles  ai'e  stimulated 
and  dilated  in  reaction,  filling  with  cooled  blood,  and 
thus  the  heart,  laboring  ineffectively  to  overcome  these 
paretic  conditions,  is  afforded  some  relief.  Elastic  resis- 
tance at  the  periphery  being  thus  increased,  the  ventricu- 
lar contraction  becomes  more  complete,  and  the  blood 
courses  witli  increased  vigor  through  the  entire  organism, 
E.vcreticni  is  enhanced,  and  the  vitality  of  the  patient 
rises.  The  patient's  condition  is  the  best  evidence  that 
these  effects  are  .salutary.  He  who  has  witnes.sed  the 
didl  eye  of  a  typhoid  patient  glisten  after  a  cold  friction 
bath,  who  has  felt  the  dicrotic  pulse  rebound,  who  has 
seen  the  apathetic  countenance  brighten,  the  urine  in- 
crease, and  slumber  ensue,  must  be  convinced  of  the 
value  of  cold  procedui'es  in  infectioas  fevers.  Reaction 
must  always  !»■  induced  by  friction  during  the  bath. 

///  Tyi>hoiil  lu-rer,  the  Brand  bath,  above  de.scribed,  is 
of  the  .greatest  value,  as  clearl}'  shown  by  the  onlj'  abso- 
hitely  reliable  medical  statistics  extant.  Dr.  Vogl,  medi- 
cal director  of  the  Bavarian  army,  has  published  the 
records  of  a  period  of  forty  years,  covering  all  types  of 
epidemics  of  tj'phoid  fever  and  all  kinds  of  treatment; 
and  according  to  these  statistics,  based  upon  8,500  cases 
of  the  disease  occurring  in  soldiers,  the  mortality  has 
been  reduced,  by  the  Brand  bath,  from  twent3'-two  per 
cent,  down  to  three  per  cent.  The  subjects  being  all  of 
the  same  sex,  occupation,  age,  and  environment,  and  the 
inquiry  covering  large  numbers  and  a  long  period,  these 
statistics  are  unique  and  absolutely  reliable. 

The  writer's  method  of  pi'ocedure  is  as  follows:  "When 
he  suspects  that  he  is  dealing  with  a  case  of  typhoid 
fever  he  proceeds  at  once  to  use  ablutions  every  two  or 
three  houi-s,  applies  an  abdominal  compress  between  the 
ablutions,  and  then  orders  a  sheet  bath  of  from  80°  to 
70°  F.  On  the  foiu-th  day  he  orders  a  friction  bath  at  90° 
for  fifteen  minutes,  as  above  described,  to  be  succeeded  in 
four  hours  by  others  at  85°,  80°,  75°,  and  70°  F.  These 
maj'  be  taken  in  tin-  bath-room.  When  the  diagnosis  be- 
comes positive  the  baths  must  be  administered  in  a  six-foot 
tin  tub,  placed  alongside  of  the  bed,  eighteen  inches  from 
the  floor.  The  temperatui-e  of  the  bath  should  never  be 
less  than  65 "  F. ,  but  cold  enough  to  pi'oduce  good  reaction 
— 70°  to  75°  F.  being  the  average.  Active  friction  must 
be  continued  for  fifteen  minutes,  and  affuisions  given  as 
above  described.  This  is  the  Brand  bath  given  every 
four  hours  as  long  as  the  rectal  temperature  regi.sters 
103"  F.  Abdominal  compresses  at  60°  F.  are  always 
applied  between  the  baths.  When  this  bath  cannot  for 
any  reason  be  obtained,  the  sheet  bath  is  an  excellent  sub- 
stitute, because  it  furnishes  the  thermic  excitation  and 
the  reaction  is  furthered  by  friction  over  the  sheet.  A 
towel  bath  is  also  useful  when  the  sheet  bath  is  positively 
inapplicable.  This  consists  of  a  towel  smoothed,  drip- 
ping, over  the  back  and  successively  over  the  glutei  and 
the  front  of  the  body,  and  friction  with  a  block  of  ice  held 
in  gauze,  until  each  part  is  cooled.  The  patient  is  dried 
and  left  to  rest.  This  may  be  repeated  every  two  or  three 
hours.  All  cold  baths  must  be  given  with  friction,  and 
chattering  of  the  teeth  and  cyanosis  must  be  avoided. 

Ill  Scarlet  Ferer  and  MeaxJe's  the  tub  bath  of  90°  F.  grad- 
ually reduced  to  85  F.  without  friction,  continued  for 
from  eight  to  twelve  minutes,  and  repeated  every  four 
hours,  is  soothing  and  antithermic. 

P«f»)no))iV(.— Happily,  the  day  of  fighting  pneumonia 
as  a  disease  is  passing  away.  The  enlightened  practi- 
tioner prepares  the  pneumonia  patient  by  providing  him 
with  a  comfortable  bed,  pure  air,  easily  assimilated  food 
and  drink,  and  good  nursing.  He  no  longer  lelies  upon 
aconite,  veratrum,  quinine,  repeated  antipyretics,  mor- 
phine, srimulants,  and  stuffing,  because  he  recognizes 
these  to  be  impedimenta,  when  the  patient  should  be 
stripped  for  the  fight.  They  embarrass  the  eliminating 
function,  impair  the  appetite,  and  cripple  his  resources. 
The  application  of  cold  water,  on  the  contrary,  meets  all 
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the  indications  for  wliieli  these  powerful  reinedies  were 
foi-merly  applied— and  it  accomplishes  it  without  then 
depreciating  effects.  What  affords  more  comfort  to  a 
child  suffering  from  pneumonia  than  a 


tuh  bath  ^itii 


good  friction  in  water  of  95°,  reduced  durmg  five  to  eight 
minutes  to  85°  or  80'  F.  ?  A  few  baths  of  this  kind  re- 
peated every  fotir  to  six  hours,  without  fuss  or  contu- 
sion, at  the  bedside  (not  in  a  batli-roora),  calm  the  respi- 
ration, reduce  temperature,  promote  sleep,  slow  ana 
strengthen  the  pulse,  and  refresh  the  oppressed  nervous 
system.  In  the  interval  between  the  batlis  1  am  in  the 
habit,  if  the  temperature  and  pulse  are  high,  of  wrap- 
ping around  the  upper  half  of  the  trunk  a  eoinpress 
made  of  three  folds  of  old  linen  and  wrung  out  of  water 
at  65°  F.  and  ahvays  covered  by  a  wider  bandage  of  one 
layer  of  thin  flannel  (without  oiled  silk),  snugly  secured 
over  the  compress.  ,    w    + 

Bv  renewing  this  compress  every  hour  the  good  ellects 
of  the  bath  are  maintained  and  their  frequent  repetition 
is  rendered  unnecessary. 

In  the  adult  patient  the  tub  bath  is  not  so  useful,  be- 
cause it  involves  more;  trouble  to,  and  disturbance  of,  the 
patient  especially  if  pleurisy  be  present.  Here  the  wet 
compress  around  the  chest,  not  too  firmly  wrung  out  of 
water  at  60°  F. ,  usually  fills  all  therapeutic  indications.  It 
becomes  hot,  and  when  removed  the  re-application  causes 
a  deep  inspiration,  a  betterment  of  pulse  quality,  and  an 
increase  of  urine.  The  latter  is  also  enhanced  by  drauglits 
of  from  four  to  si-X  ounces  of  water  at  45°  F.,  administered 
regularly  every  two  hours. 

No  claim  is  made  that  cold  water  cures  the  disease. 
The  object  of  these  mild  cold  procedures  is  to  fortify  the 
patient's  resisting  powers  and  thus  to  aid  him  in  main- 
taining a  successful  defence  against  the  disease  until  its 
natural  limitations  are  reached.  The  frequency  of  appli- 
cation, the  temperature  of  the  water,  the  extent  of  the 
saturation  of  the  compress,  the  duration  of  the  bath,  the 
selection  of  the  procedure,  are  matters  for  judgment  in 
each  individual  case.  That  we  can  utilize  all  these,  and 
thus  adapt  them  to  conditions  as  they  arise  in  each  indi- 
vidual case,  gives  this  remedial  agent  a  positive  advan- 
tage over  all  others  and  entitles  it  to  more  extensive  trial 
and  study  than  it  has  received.  Large  clinical  observa- 
tion is  the  basis  of  these  views. 

The  Douche  is  a  procedure  by  which  water  is  driven 
upon  the  patient's  body  from  the  nozzle  of  a  hose  the  in- 
ternal diameter  of  which  varies  from  one-eighth  to  one- 
half  inch.  The  ordinary  shower  bath  and  the  needle  bath 
are  multiform  douches.  The  water  is  usually  supplied 
from  a  reservoir  placed  at  a  height  of  from  thirty  to  sev- 
enty feet,  and  giving  a  pressure,  at  the  nozzle,  of  from 
fifteen  to  thirty-five  pounds  to  the  square  inch.  A  douche 
table  has  been  devised  by  the  author  (1894)  by  which  the 
temperature,  duration,  and  pressure  are  regulated  before 
the  patient  receives  the  water.  This  apparatus  is  useful 
only  in  institutions.  It  has  been  adopted  in  the  United 
States  (St .  Elizabeth)  Hospital  in  Washington  and  in  many 
other  lunatic  asylums.  It  is  adapted  only  to  hospitals 
treating  chronic  cases  in  large  numbers.* 

Chronic  Dise.vsbs. — Chronic  diseases  furnish  such  a 
favorite  field  for  hydrotheraijy  that  no  internal  disease 
should  be  yielded  up  as  hopeless  until  this  mode  of  treat- 
ment has  lieen  systematically  tried,  in  connecticm  with  all 
those  hygienic  agencies  which  are  usually  of  more  avail 
than  medicinal  agents,  viz.,  exi;rcise  or  rest,  diet,  drink, 
clothing,  climate,  etc. 

The  general  ablution,  drip  sheet,  wet  pack,  and  dou<;h<> 
are  useful  if  they  are  employed  in  a  properly  graded  man- 
ner. Beginning  with  the  general  ablution  and  gradually 
lowering  the  temperatui-e,  and  doing  the  same  with  the 
drip  sheet,  always  producing  reaction,  and  then,  if  need 
be,  going  on  to  the  wet  pack,  we  have  a  varicity  of  modes 
and  measures  which  afford  great  latitude  in  energizing 
the  system,  enhancing  its  vital  capacity  so  as  to  throw  off 
the  materies  raorbi  or  re-establish  the  equilibrium  of  the 
circulation  and  nerve  centres.     (Sec;  above  for  technique  ) 


*Sfe  autbor's  treutisi;  mnntioneci  on  p.  788. 


A  case  of  anaemia,  for  instance,  which  has  resisted  iron, 
strychnine,  malt,  digestives,  etc.,  often  assumes  a  differ- 
ent aspect  when  the  neuro-vascular  discipline  'produced 
by  this  treatment  is  secured.  The  effect  of  increased 
oxygenation  may  be  greatly  aid-ed  by  following  daily 
treatment  with  exercise  in  the  open  air.  The  pallid  lips 
assume  a  ruddier  hue,  the  languid  eye  brightens,  the 
step  becomes  lighter.  Appetite  and  assimilation  are  im- 
proved because  of  the  enhanced  hiematosis  and  improved 
circulatory  conditions  in  the  gastro-intestinal  mucous 
lining.     (For  rationale  see  above.) 

Neiirasthenia.—X  type  of  cases  which  I  see  quite  often 
is  that  trying  class  of  neurasthenics  who  wander  from  one 
doctor's  office  to  another,  and  sooner  or  later  become  the 
prey  of  charlatans.  These  patients  present  every  phase 
of  depreciated  vascular  and  nerve  condition  ;  some  are  the 
prey  of  morbid  fears  and  become  the  despair  of  family, 
friends,  and  physician.  If  such  a  case  be  subjected  to  a 
methodical  course  of  hydrotherapy  the  result  will  often 
prove  a  revelation,  provided  there  be  no  organic  basis  for 
the  malady.  If  mild  procedures  do  not  meet  the  indica- 
tions, douches  adapted  with  regard  to  temperature,  dura- 
tion, and  pressure  to  each  individual  case,  play  the  most 
important  role  here.  These  are  capable  of  arousing  the 
dormant  neurons,  enhancing  vascular  activity,  and  im- 
proving general  and  local  nutrition.  The  cortical  centres, 
which  are  the  chief  points  of  failure  in  these  depressed 
neurasthenics,  feel  the  impulse  of  a  better  circulation  and 
nutrition.  The  morbid  ideas  and  illusions  vanish.  The 
hypochondriacal  introspection  ceases,  and  the  patient 
slowly  but  surely  regains  his  neuro-vascular  equilibrium. 
The  results  of  hydrotherapy  in  such  cases  are,  in  my  ex- 
perience, far  more  enduring  than  those  following  other 
methods  of  treatment. 

Insomnia  is  markedly  affected  by  hydriatric  measures. 

Bheumatism,  Scidtica,  Qoni,  Neuritis. — Another  set  of 
cases  which  are  greatly  benefited  by  hydrotherapy  are 
those  unsatisfactory  rheumatic,  gouty,  and  lithsemic  con- 
ditions which  are  the  bane  of  the  doctor's  life  and  which 
we  are  often  so  glad  to  rid  ourselves  of  by  sending  them 
to  the  hot  springs.  These  may  be  very  satisfactorily 
treated  at  home. 

My  personal  experience  with  hydrotherapy  in  chronic 
diseases  extends  over  a  period  of  ten  years  and  embraces 
a  very  large  number  of  cases  of  the  most  varied  patho- 
logical conditions.  The  application  of  this  method  of 
treatment  to  such  varied  diseased  conditions  is  rendered 
possible  by  its  flexible  nature,  which  enables  the  physician 
to  adapt  it,  bj'  modifications  of  temperature,  pressure 
and  duration,  and  numerous  technical  details,  to  the  most 
varied  pathological  manifestations,  provided  he  has  mas- 
tered the  rationale  of  its  mode  of  action,  and  provided 
the  carrying  out  of  the  details  is  not  left  entirely  to  the 
judgment  of  bath-nurses  It  would  be  much  better  to 
consult  some  work  on  hydrotherapy  than  trust  the  latter. 

When  douches  are  needed,  only  institutions  under  the 
supervision  and  direction  of  a  tiained  physician  should 
be  resorted  to,  for  in  no  other  way  shall  we  be  likely  to 
avoid  the  dangers  of  the  empirical  application  of  the  pro- 
cedure, which  has  so  often  brought  disaster  to  both  and 
discredit  .to  this  remedial  agent.  Siimm  Baruch. 

HYDROXYLAIVIINE.— This  compound  base  is  very  un- 
stable and  exists  only  in  solution.  It  is  ammonia  in  which 
one  atom  is  replaced  by  the  hydroxyl  group.  The  for- 
mula is  NH2OH.  Ihidni.rjiUtinine  hydrochlonde  forms  in 
colorless  crystiils  resembling  ammonium  hydrochloride ; 
it  is  hygroscopic  and  very  soluble  in  water,  alcohol,  and 
glycerin.  It  possesses  active  reducing  properties,  in 
consequence  of  which  it  has  been  proposed  as  a  substi- 
tute for  chrysaiobin  aiifl  other  reducing  agents  in  the 
treatment  of  skin  diseases,  such  as  psoriasis,  parasitic 
alfections,  and  in  lupus.  The  disadvantage  attending  its 
use  is  the  toxic  symptoms  that  may  arise  from  absorp- 
tion. These  ill  elTects  are  due  to  its  reducing  action  on 
the  ha-moglobin  of  the  blood.  It  may  also  prove  very 
irritating  to  the  skin.  For  ordinary  use,  a  strength  of 
one  part  in  a  thousand  should  be  commenced  with  and 


792 


IIEFERENCE   HANDBOOK   OF  THE   MEDICAL  ^^CIENCBS. 


Hydroxylainlne. 

Hyeres. 


iucreased  lo  one  ia  a  luinchrd,  if  no  local  irritation  is  pro- 
•  liicfd.  The  application  may  be  made  twice  or  three  times 
"  Jay.  Beaumont  Suuill. 

HYERES  AND  COSTEBELLE.-Hyeres,  situated  in 
tlic  department  of  the  Var,  is  tlie  most  southern  of  all 
the  winter  stations  along  the  French  Riviera.  It  is  tifty 
live  miles  southeast  of  Marseilles  and  seventy-two  and  a 
half  miles  west  of  Cannes.  Unlike  the  other  Meditena 
iican  resorts,  it  is  three  miles  from  the  sea,  lying  at  the 
foot  of  a  steep  hill  having  an  elevation  of  about  seven 
liundred  feet.  It  is  sheltered  by  the  mountains  from  the 
north  and  northeast  winds,  but  exposed  to  the  northwest 
and  west  winds;  hence  it  suffers,  like  the  other  resorts 
on  the  coast,  from  the  disagreeable  "Mistral,"  which  is 
especially  frequent  in  February  and  Jlarch.  It  is  less 
affected  by  the  sea  breezes,  not  only  on  account  of  its 
distance  from  the  sea,  but  also  on  account  of  the  protec 
tion  afforded  by  the  islands  lying  off  tlie  coast — the  Isles 
d'Hyferes. 

Costebelle,  a  suburb  of  Ilyferes,  consisting  of  a  few 
houses  and  several  hotels  surrounded  by  pine  woods,  is 
almost  on  the  coast,  so  that  patients  can  easily  have  the 
change  from  the  more  sedative  air  of  Hyeres  to  the  more 
bracing  and  stimulating  atmosphere  of  the  seaside. 

The  town  of  Hyeres  itself  contains  17,700  inhabitants, 
and  consists  of  the  old  and  the  new  town,  the  latter  being 
the  resort  of  invalids  and  visitors, — a  place  whei-e  there 
are  villas,  hotels,  line  avenues,  and  public  gardens. 

The  winter  climate  is  mild,  diy,  and  sunny,  but,  as  has 
been  said,  there  exists  the  one  great  disadvantage  of  the 
cold  northwest  wind  (mistral).  "  Favorable  as  I  believe 
this  station  to  be,"  says  Cazalis.  quoted  by  Burney  Yeo, 
•'  up  to  the  time  that  the  mistral  begins  to  blow,  equally- 
dangerous  do  I  believe  it  to  be  from  that  moment."  "It 
is  a  most  searching  wind,"  says  Cormack  ("The  French 
Jfiviera — Hyeres  as  a  Health  Resort,"  The  C'Umatologist, 
January  15th,  1892),  "and  very  trying  to  invalids  and 
those  of  a  nervous  temperament.  Patients,  as  a  general 
rule,  are  much  better  at  home  than  out  of  doors  while  it 
lasts." 


CLIMATIC  Data  of  Hyeres. 

From  Biden  and  Cormack.) 
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Days  on  which  rain 

39 

84 

*  At  midday  and8  a..m. 

In  looking  over  the  climatic  table  of  Hyeres  arranged 
from  data  of  Drs.  Biden  and  Cormack.  it  will  be  observed 
that  the  mean  average  temperature  for  tlie  months  from 
November  to  April  inclusive,  does  not  vary  very  much 
from  month  to  month.  Neither  do  the  extremes  appear 
to  be  very  great.  The  average  daily  range  is  large,  owing 
to  the  rapid  fall  of  tlie  thermometer  after  sunset,  which 
frequently  amounts  to  as  much  as  seven  or  eight  degrees. 

Between  the  hours  of  8  a.m.  and  4  p.m.,  however,  says 
Cormack,  the  winter  temperature  may  be  said  to  vary 
between  50°  and  59"  F.  in  the  shade,  and  from  75"  to 
85°   F.  in  the  sun.     Occasionally   the  freezing  point  is 


reached.  Tlie  air  is  luodeiutelv  di'v,  as  indicated  by  the 
relative  humidity,  and  there  are  no  mists.  The  rainfall 
is  small,  and  for  the  six  montlis  rain  falls  on  an  average 
only  on  39  days. 

There  is  a  very  large  anioinit  of  sunshine,  an  average 
of  135  days  out  of  a  possible  181  days,  or  three-fourths. 
There  is  an  average  of  23  days  of  light  winds  and  32  of 
strong  ones.  If  the  winds,  especially  the  mistral,  could 
only  be  eliminated,  tliis  resort,  as  indeed  the  others  of 
tlie  Riviera,  wliicli  in  like  manner  suffer,  would  be  most 
delightful;  but  the  iiealth  resort  is  yet  to  be  discovered 
in  which  every  climatic  factor  is  favorable.  As  has  been 
referred  to  in  the  article  upon  Cannes,  the  climate  of  the 
Riviera,  in  the  writer's  opinion,  is  far  inferior  to  that  of 
southern  Cahfornia,  with  which  it  is  comparable,  espe- 
cially in  temperature,  dryness,  the  amount  of  sunshine, 
and,  more  than  all,  in  regard  to  the  winds.  Southern 
California  is  free  from  high,  cold  Avinds  like  the  mistral. 
In  Southern  California  we  have,  moreover,  that  degree 
of  equability  which  is  nowhere  found  on  the  Riviera. 

In  like  manner  comparing  the  Riviera  with  southern 
Florida,  we  find  that  the  climate  of  the  latter  possesses 
that  measure  of  warmth  and  equability  which  is  not 
found  in  the  former,  and  is  free  from  cold  winds,  though 
on  the  other  hand,  Florida  is  considerably  moister  than 
the  Riviera.  Speaking  in  general  of  the  winter  climatic 
characteristics  of  Hyei-es,  we  may  say  that  they  are  mild- 
ness, purity  of  air,  abundant  sunshine,  and  moderate  dry- 
ness. On  the  other  hand,  the  chief  feature  of  an  unfavoi-- 
able  natni-c  is  the  "  fearful  "  mistral.  "  It  rakes  the  valley 
from  end  to  end,  with  no  obstacle  to  stop  it  or  turn  it;  it 
blows  sometimes  for  six  or  seven  days  together,  and 
nights  too!"  (Cazalis,  quoted  by  Burney  Yeo.)  Al- 
though cold,  this  mistral  is  a  very  dry  wind,  and  a  wind 
which  generally  brings  line,  clear  weather.  The  air  loses 
its  humiditj'  and  becomes  dry,  cold,  penetrating,  and 
irritating.  As  has  been  before  noted,  it  is  not  frequent 
until  February  or  March. 

The  invalid's  day,  as  given  b}'  Cormack  {f/p.  n't.),  is 
comprised  between  the  hotirs  of  iO  a.m.  and  3  p.m.  for 
the  warmest  months,  and  between  11  a.m.  and  3  p.m.  5vhen 
the  days  are  colder.  A  t  sunset  there  is  a  rapid  fall  of  tem- 
perature which  renders  it  dangerous  for  delicate  persons 
to  go  out  after  that  time.  There  is  also  a  marked  differ- 
ence between  the  sun  and  shade  temperatures,  so  that  it 
is  always  wise  to  be  provided  with  a  wrap.  The  vege- 
tation is  luxtuiant  and  varied.  "The  mountains  and 
hills  are  covered  with  trees  as  green  in  the  winter  as  in 
the  summer. "  The  orange,  olive,  and  palm  trees  are  seen 
on  every  hand.  Roses,  violets,  anemones,  hyacinths, 
etc.,  are  sent  in  great  quantities  during  the  winter  to  the 
European  markets,  and  early  fruit  and  vegetables  are 
cultivated  for  the  Paris  market.  There  are  many  charm- 
ing and  picturesque  promenades,  and  in  this  respect,  says 
Burney  Yeo,  Hj'Jres  is  much  better  off  than  most  other 
resorts  on  the  Riviera.  The  outdoor  diversions  are  many 
and  varied ;  botanizing,  butterflj''  catching,  antiquarian 
research,  boating,  fishing,,  golf,  tenuis,  etc.,  are  some  of 
them.  'The  valley  in  which  Costebelle  is  situated  is  bet- 
ter sheltered  from  the  mistral,  and  is  "  enbosomed  in  pine 
5voods,  broken  here  and  there  by  vineyai'ds  and  olive  or- 
chards. .  .  Near  the  shore  there  are  large  groves  of 
olive  trees,  which  are  finer  than  at  Hyeres  itself,  and  in- 
dicate a  warmei-  climate  "  (Sparks,  "  'The  Riviera  ").  The 
water  supply  of  HySres  is  said  to  be  good  and  the  sani- 
tary condition  satisfactory,  except  in  the  old  portions  of 
the  town.     The  accommodations  are  good  and  abundant. 

As  to  the  class  of  invalids  for  Avliich  the  climate  of 
HySres  is  beneficial,  the  testimony  is  conflicting.  Cor- 
mack says  it  is  "admirably  suited  for  cases  of  phthisis," 
while  Drs.  Sparks,  Weber,  and  Yeo,  says  Richards,  are 
rather  non-committal.  In  the  writer's  opinion,  the 
value  of  this  climate  for  phthisis  is  very  slight,  and  while 
there  are  so  many  other  resorts  of  approved  value  for  this 
disease,  he  would  never  think  of  sending  a  phthisis  pa- 
tient there,  for  the  reason  that  the  cure  cannot  be  a 
continuous  one  on  account  of  the  heat  in  summer,  and, 
secondly,  on  account  of  the  winds,  especially  the  mistral. 
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Of  other  diseases  said  to  receive  benefit  here,  theie  are 
mentioned  various  broncliial  affections,  liver  complaints, 
Bright's  disease,  diabetes,  asthma,  heart  disease,  rheuma- 
tism, gout,  and  the  feeble  condition  of  delicate  children 
This  resort  is  also  suitable  for  that  large  class  of  the  feeble 
from  age  or  other  cause  who  sustain  life  with  les_s  etlort 
in  any  mild,  sunny  climate  like  this ;  and,  finally,  for  that 
class  "who  temporarily  are  worn  out  with  all  the  demands 
of  citv  life,  who  desire  a  change,  'per  w.  and  who  preter 
a  place  where  they  can  lead  a  simple  life  out  of  doors 
under  sunny  skies'and  in  pure  air,  and  devote  themselves 
to  rest,  and  freedom  from  exacting  business  or  social 
duties.  EflinnrI  0.  Otis. 

HYGROMA— The  term  " hygroma "  has  been  applied 
to  a  variety  of  conditions  involving  cy.st-like  spaces  tiled 
with  fluid."  Thus,  widely  different  processes  have  been 
classified -under  the  same  head.  It  seems  desii-able  to 
abandon  the  use  of  the  word  and  to  apply  to  the  various 
conditions  names  more  suggestive  of  their  pathology. 
An  increase  in  the  amount  of  fluid  in  a  tendon  sheath 
leads  to  the  formation  of  a  cyst  sometimes  called  hygro- 
ma. The  term  has  been  applied  also  to  synovial  bursa' 
distended  with  fluid. 

Hyrpmna  Congeiiitiim  f'»ff/.— This  term  has  been  ap- 
plied'to  a  form  of  lymphangioma  of  the  neck.  The  ad- 
mirable description' by  Konig  ("Lehrbuch  d.  speciellen 
Chirurgie,"  i.,  538. 1893)  has  been  largely  drawn  upon  m 
the  following  account. 

The  tumor  is  present  at  birth.  The  surface  is  irregu- 
lar and  the  tumor  itself  is  lobulated.  The  lobules  some- 
times fluctuate,  and  at  other  times  are  very  tense.  The 
location  is  almost  always  in  the  submaxillary  region.  It 
may  grow  very  rapidly  and  become  very  large.  In  this 
case  it  involves  the  entire  anterior  surface  of  the  neck, 
extends  to  the  face,  and  hangs  over  the  clavicle  and 
sternum  upon  the  thoracic  wall.  Cystic  lymphangio- 
mata  may  also  occur  over  the  clavicle  and  on  the  dorsal 
surface  of  the  neck.  The  ventral  tumors  may  penetrate 
toward  the  pharynx,  larynx,  and  oesophagus,  and  disturb 
the  functions  of  these  organs.  The  skin  over  the  tumors 
is  usually  thin  and  may  be  even  translucent.  The  growth 
is  very  prominent,  and  the  portions  lying  directly  over 
the  great  vessels  may  pulsate. 

The  functional  disturbances  in  man}'  cases  are  not 
marked;  in  others  pressure  upon  the  organs  of  the  neck 
leads  to  dysphagia  and  dyspna^a  and  congestion  of  the 
vessels  of  the  liead.  The  patients  maj-  succumb  to  these 
symptoms,  but  this  is  not  the  rule.  The  prognosis  is 
unfavorable,  as  the  majority  of  the  cases  soon  become 
cachectic  and  die.  Openitiou  usually  hastens  the  fatal 
result. 

The  tumors  occupy  the  subcutaneous  and  deep  con- 
nective tissues,  extending  close  to  the  vertebral  column. 
They  displace  and  may  infiltrate  organs,  as  do  the  ma- 
lignant tumors.  They  are  multiloeular  and  consist  of 
relatively  thin  connective-tissue  walls  whicli  may  be  lined 
by  endothelium.  They  are  fllled  with  a  clear  or  yellow- 
ish liquid,  which  as  a  result  of  hemorrhage  may  "become 
thick  and  chocolate-colored.  The  larger  cysts  are  usually 
superficial;  the  smaller  ones  lie  more  deeply  in  the  tis- 
sues, even  at  the  base  of  the  skull,  in  the  mediastinum, 
and  about  the  trachea  and  oesophagus. 

In  the  tumors  there  occur  spaces  in  the  connective 
tissue  of  various  forms  which  are  not  separated  from 
the  connective  tissue  by  any  special  membrane.  The 
larger  spaces  are  rounded  in  -form,  or  ai-e  divided  into 
pockets  by  septa  springing  from  the  wall.  Tliey  com- 
municate with  each  other  by  larger  or  smaller'  open 
iugs. 

It  is  probable  that  the  spaces  arise  secondarily,  because 
the  smaller  they  are  the  more  clearly  defined  are  the 
communications.  The  smallesi  spaces'  consist  of  a  sys- 
tem of  vessels  constricted  at  irregular  intervals,  or  of  a 
cavernous  tissue  wliose  luniina  present  an  anastomosing 
system  of  channels.  In  either  ease  the  condition  is  con- 
tinuous with  a  system  of  small  anastomosing  vessels 
whose  lumina  are  cylindrical  or  cleft-like,  and  have  the 
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characteristic  distribution  of  lymph  vessels.  The  spaces 
and  channels  are  lined  by  endothelium. 

The  cystic  spaces,  then,  consist  of  enlarged  and  dis- 
tended lymph  vessels.  According  to  Konig  this  view  is 
supported  by  Koster,  von  Winiwarter,  Wegner,  and 
others.  It  was  formerly  held  by  Rokitansky,  Virchow, 
and  Arnold  that  they  originate  from  the  connective 
tissue.  .   . 

Perhai>s  most  of  ilie  forms  observed  in  adults  origi- 
nate in  the  same  way.  In  these  rare  cases  the  tumor 
usually  contains  only'a  few  cyst-like  spaces  and  occurs 
near  the  trachea  or  in  the  region  of  the  clavicle.  It  is 
jiossible  that  some  of  them  originate  from  aberrant 
thyroids. 

'it  seems  desirable  to  abandon  the  name  '-hygroma 
for  this  condition,  and  to  use  instead,  "lymphangioma," 
a  term  more  suggestive  of  its  pathology. 

11.  t^.  iSteenslarid. 

HYGROPHILA.— The  herb,  also  tlic  .seeds,  of  H.  .yiino- 
nil  T.  And.  (fam.  Acanthacea),  an  annual  or  biennial  plant 
of  India,  very  largely  used  medicinally  by  the  natives. 
The  herb  contains  a  "crystallizable  body  which  is  proba- 
bly alkaloidal;  the  seeds;  considerable  gum;  and  much 
fi.xed  oil,  with  indications  of  an  alkaloid  (Hooper).  The 
drug  acts  as  a  diuretic  and  lias  been  sparingly  used  as 
such  in  British  practice.  It  has  also  been  marketed  as 
an  adulterant  of  chiretta.  Henry  H.  Rmhy. 

HYOID  BONE,    FRACTURES   ANC  DISLOCATIONS 

OF. — Of  the  few  cases  on  record  of  fracture  of  the  hyoid 
bone,  three  were  produced  by  banging;  three  by  the 
throat  having  been  seized  between  the  thumb  and  fin- 
gers; three  b.y  direct  blows  or  falls  upon  the  front  of  the 
neck;  and  one  by  muscular  action  alone. 

In  those  cases  in  which  the  injury  %vas  produced  by 
hanging,  the  body  of  the  bone  was  broken.  In  all  of  the 
other  examples  the  fracture  involved  one  of  the  great 
cornua.  or  occurred  at  the  junction  of  the  cornua  with 
the  bod}'.  Crepitus  is  generally  absent.  In  two  of  the 
recorded  instances  the  adjacent  mucous  membrane  of  the 
pharynx  was  ruptured. 

The  symptoms  observed  have  been  a  sudden  sensation 
as  if  a  bone  had  been  broken ;  in  a  few  instances  a  pro- 
fuse bleeding  fi-om  the  fauces;  difficulty  in  opening  the 
mouth ;  in  some  cases  dj'sphagia  and  aphonia ;  pain  in 
movements  of  the  tongue,  with,  usuall.y,  more  or  less 
swelling  about  the  neck,  and  ecchymosis;  later,  cough, 
expectoration,  and  hoarseness.  The  circumstances  which 
indicate  with  certainty  the  nature  of  the  accident  are  uu- 
natuial  mobility  of  the  fragments,  with  or  ^vithout  crep- 
itus, and  an  angular  inward  projection,  which  may  gen- 
erally be  felt  in  a  careful  examination  of  the  pharynx. 
The  accident  can  be  regarded  as  dangerous  only  in  -siew 
of  its  complications.  Ot  three  cases  in  which  it  resulted 
from  a  direct  blow  onlj'  one  survived,  while  of  three  re- 
sulting from  lateral  pressure  upon  the  cornua  all  recov- 
ered. 

The  amount  of  difficulty  in  replacing  the  fragments  of 
the  bone  will  depend  largely  upon  the  extent  of  displace- 
ment and  the  consequent  laceration  of  the  neighboring 
tissues.  An  attempt  should  be  made  to  accomplish  re- 
placement hy  introducing  one  finger  into  the  mouth, 
while,  with  ihc  opposite  hand,  the  fragments  are  sup- 
liorted  from  without.  From  the  nature  of  the  parts,  any 
attempt  at  the  application  of  a  splint  or  support  will  be 
useless. 

Rest  t(i  the  parts,  together  with  general  measvires  to 
allay  inflammation,  will  generally  constitute  the  avail- 
able treatment. 

Luxation  of  the  hyoid  bone  is  a  veiy  rare  acciilent. 
The  i)rincipal  symptoms  noted  have  been  pain  at  the  seat 
of  injury  and  difficulty  in  swallowing.  In  a  case  ob- 
servf'd  by  Daly  (Airhuv-i  of  Lki-i/iihoIiiih.  vol.  i..  p.  163) 
luxation  of  the  left  cornu  had  been  of  frequent  oc- 
currence, caused  usually  by  laughing  or  yawning.  A 
larvngosiopie  cxaniina"tion  showed  no  internal  lesion. 
Ue'ducliim  was  cflfected  by  grasping  the  throat  firmly 
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with  the  thumb  ami  index  fiiig-ei-  of  one  luiml,  stciidying 
the  head  with  the  otlier  lumd.  and  then  directing  the  pa- 
tient to  swallow  vigorouslj',  while  at  the  same  moment 
the  parts  were  corapi-essed  between  the  tliumb  and  linger, 
and  then  quickly  i-eleased  again.  After  the  third  effort 
the  patient  suddenly  declared  that  he  was  relieved,  and, 
in  proof  of  this,  he  moved  his  head  rapidly  in  all  direc- 
tions with  ease  and  comfort,  and  drank  successfidly  a 
glass  of  water.  I).  Bn/i.iiii  Dditraii. 

HYOSCINE,  SCOPOLAMINE.— (C,ai,,N()^.)  An  al 
kaloid  obtained  from  henbane  and  scopola,  and  existing 
in  other  Solanacea'.  Itoccursasa  tliiek,  colorless  syrup, 
soluble  in  alcohol,  only  slightly  in  water,  but  all  its  salts 
form  in  large,  white,  prismatic  crystals,  freeh'  soluble  in 
water,  insoluble  in  alcohol  antl  ether.  The  salts  also 
resemble  each  other  in  therapeutic  as  well  as  physical 
properties.  Thehydrobromate,  hydrochlorate,  sulphate, 
and  hydriodate  are  prepared,  and  the  tirst-named  is  official. 

As  a  mydriatic,  it  is  rapid,  energetic,  and  brief,  but  its 
action  is  readily  maintained.  During  the  administration 
of  the  drug  its  effect  on  the  pupil  is  an  early  symptom. 
Dilatation  is  said  to  be  more  marked  with  a  one-fourth 
to  one-half-per-cent.  solution  than  with  a  one-percent, 
solution  of  atropine;  it  has  to  be  used  with  caution  on 
account  of  the  readiness  with  which  the  system  is  affect- 
ed. In  this  direction,  therefore,  if  is  to  be  classcd-with 
atropine.  For  its  effects  upon  the  peripheral  nervous 
system,  and  upon  the  secretions,  the  action  of  atropine 
may  also  be  consulted.  Centrally,  however,  its  action  is 
very  different.  The  stimulant  action  so  characteristic  of 
atropine  is  here  present,  if  at  all,  only  as  a  very  brief 
primary  stage,  and  is  followed  by  sedation,  or  depression, 
which  constitutes  the  characteristic  action  of  the  drug. 
In  very  sensitive  subjects  the  period  of  excitement  ma}' 
be  prolonged,  but  usually  it  constitutes  the  slightest  pre- 
liminary stage,  and  is  followed  b}'  drowsiness,  and  if  the 
dose  be  full,  by  a  natural  sleep.  The  spinal  centres  are 
similarly  depressed,  especially  the  reflexes.  Depre.ssion 
of  the  .sensory  centres  is  very  mild  and  does  not  materi- 
all}'  affect  painful  conditions.  Circulation  and  respiration 
are  both  reduced,  though  the  pulse  rate  is  increased. 

Its  toxic  action  is  shown  by  the  dilated  pupil,  rapid 
pulse,  relaxed  arteries  and  redness  of  the  surface,  dry, 
hot  skin,  rapid  breathing,  and  coma  and  convulsions. 
Therapeutically,  hyoscine  has  come  into  prominence  as 
a  sedative  and  hj'pnotic.  It  has  largely  supplanted  mor- 
phine in  the  treatment  of  acute  mania  and  delirium 
tremens,  in  i-estlessuess,  in  the  violent  manifestations  ob- 
served in  all  forms  of  mental  disorders,  and  in  hysteria 
and  epilepsy.  Its  sedative  action  is  very  rapidly  produced, 
and  in  the  majoritv  of  cases  a  calm  and  refre.shiug  sleep 
ensues.  From  this  sleep  the  subject  can  be  readily  and 
completely  roused.  When  pain  is  the  cause  of  insomnia, 
the  remedy  is  not  of  much  service.  Its  action  is  purely 
calmative  and  sedative  on  the  bi-ain,  and  it  should  not  be 
administered  as  a  powerful  or  decided  hypnotic.  _  In  in- 
somnia it  is  applicable  only  in  cases  in  which  this  arises 
from  central  or  nervous  excitement.  In  mania,  and  when 
there  is  much  excitement,  it  should  be  given  in  full  doses 
of  gr.  ^V  t>y  the  mouth,  or  gr.  -^-^  to  yj^  hypodermically  ; 
a  small  dose  is  generally  suiflcient.  When  the  symptoms 
are  less  acute,  smaller  doses  should  be  given. 

Hyoscine  has  also  proved  itself  very  efficient  in  the 
treatment  of  chronic  mania  and  all  nervous  affections 
accompanied  by  mental  restlessness;  also  in  nervous  dis- 
eases characterized  by  debility  and  tremors,  as  in  paraly- 
sis agitans,  disseminated  sclerosis,  and  chrrmic  alcohol- 
ism. In  these  cases  the  stimulating  action  of  small  doses 
is  taken  advantage  of,  and  gr,  ^J^  daily  or  twice  a  day  is 
a  sufficient  dose.  "  Its  antispasmodic  action  is  also  secured 
with  the  same  small  dose,  and  it  may  be  used,  and  with 
benefit,  in  chorea,  asthma,  and  other  spasmodic  troubles 
of  a  nervous  origin.  The  system  readily  becomes  accus- 
tomed to  it,  and  calls  for  increasing  doses.  When  car- 
diac disease  Is  present  the  use  of  hyoscine  should  be 
avoided  or  it  should  be  given  with  great  caution,  on  ac- 
count of  its  depressing  action  on  the  heart  and  circulation. 


The  early  pliysiological  effects  of  the  drug  are  mani- 
fested far  in  advance  of  dangerous  symptoms,  but  in 
some  ca.ses  very  severe  toxic  symptoms  have  been  pro- 
duced liy  doses  of  gr.  ^\,  and  j\.  Pilocarpine  and  mor- 
phine are  pliysiological  antidotes.  The  former  has  proved 
very  serviceable  and  may  be  administered  freely,  as  much 
as  two  grains  ha\ing  been  required  in  a  case  of  delirium 
tremens  in  which  a  comatose  condition  followed  frequent 
(loses  of  hyoscine.  Ileurij  11.  Rimby. 

HYOSCYAMINE,      HYOSOYAIVIINA.  —  (C,,II.,.,NO,.) 

All  alkaloid  obtained  from  henbane  and  also  existing  in 
otlier  species  of  Jlnnacjiininii,,  and  in  belladonna,  stramo- 
nium, and  other  SuJimareu-  Professor  Ladenburg  de- 
monstrated that  atropine,  daturine,  and  duboisine  are 
identical  with  hyoscyamine,  both  in  chemical  constitu- 
tion and  in  physiological  action.  Any  difference  is  to  be 
found  in  the  molecular  arrangement  of  the  constituents, 
and  not  in  any  fundamental  change.  The  terms  "atro- 
pine" and  "hyoscyamine"  have  been  applied  to  the 
heavy  and  light  mydriatic  alkaloids  obtiiined  from  the 
belladonna  and  henbane  plants,  the  former  being  the 
beavy  and  the  latter  the  light  alkak)id.  It  is  now  known 
that  both  the  heavy  and  the  light  alkaloids  may  be  ob- 
tained from  cither  jilant,  according  to  the  process  of  man- 
ufacture. The  light  may  be  converted  into  the  heavy 
by  melting  under  I'edueed  pressure,  by  the  addition 
of  caustic. soda  to  its  alcoholic  solution,  and  in  other 
ways. 

Hyoscyamine  occurs  in  light,  silk_y,  snow-white  crys- 
tals, without  odor,  .soluble  in  one  hundretl  and  twent_y 
IKirts  of  water,  freelj'  soluble  in  alc-ohol,  and  in  acidu- 
lated water.  There  is  also  an  unciystallized  or  amor- 
phous hyoscyamine,  of  a  dark-brown  extract-like  mass, 
with  a  strong  disagreeable  odor.  This  appears  to  be  a 
mixture  of  the  various  alkaloids  and  extractive  matters. 
A  sulphate,  hydrochlorate,  hydrobromate,  and  hj'drio- 
date  of  liyoscyamine  are  prepared,  the  first  and  third  of 
which  are  official;  they  are  alike  in  degree  of  .strength 
and  character,  forming  white,  fine  crystals  very  soluble 
in  water.  A  sul]iha1e  and  hydrobromate  prepared  from 
the  amorphous  alkaloid  are  amorphous,  deliquescent  salts, 
and  less  acti\-e  and  certain  in  their  effects. 

The  therapeutic  properties  of  hyoscyamine  are  very 
uncertain.  At  times  it  exactly  resembles  atropine,  at 
others  quite  closel}'  hyoscine.  The  cause  of  this  varia- 
tion is  not  determined,  but  it  appears  probable  that  it  is 
due  to  the  jiresence  respectiveh'  of  atropine  and  hyoscine 
in  the  commercial  article,  as  such  is  the  effect  when  these 
impurities  are  known  to  exist.  The  degree  of  activit}'  is 
equally  \ariable.  It  is  normally  weaker  than  both  atro- 
pine and  hyoscine,  and  is  often  so  weak  as  to  require 
doses  which  would  be  dangerous  in  the  case  of  either  of 
those  alkaloids.  On  the  other  hand,  alarmingly  poison- 
fius  symptoms  sometimes  follow  the  ordinar}-  dosage, 
which  is  larger  than  that  of  the  others.  The  presence  of 
the  amorphous  salts  in  the  market  is  the  source  of  much 
of  the  uncertaint}'  of  its  action,  and  the  cause  of  many  of 
the  toxic  .symptoms.  The  dose  of  these  salts  is  usually 
much  larger,  being  from  gr.  \  to  i,,  but  they  should  never 
be  employed.  E\'en  the  "pure"  alkaloid  of  Merck  is 
given  in  one-quarter-grain  doses,  while  his  "chemically 
pure  "  alkaloid  must  not  be  given  in  excess  of  gr.  -^-^. 

The  mydriatic  action  of  hyoscyamine  is  rapid  and  pow- 
erful, but  not  so  manageable  as  that  of  atropine.  Cases 
are  reported  in  which  it  produced  spasms  of  the  ciliary 
muscle  and  intense  pain  and  distress ;  the  solution  used  was 
gr.  \  to  the  drachm,  and  relief  was  obtained  by  placing 
in  tiie  eye  a  stronger  solution  of  the  same  alkaloid.  The 
toxic  effects  produced  are  the  same  as  those  of  hyoscine, 
viz.,  dryness  of  the  throat  and  mouth,  and  of  the  skin, 
accelerated  pulse,  dilated  vessels,  and  excitement  fol- 
lowed by  convulsions  and  coma. 

This  alkaloid  is  employed  as  an  hypnotic,  nerve  seda- 
tive, and  antispasmodic,  in  mania,  restlessness,  delirium, 
insomnia,  and  all  conditions  accompanied  by  mental  ex- 
citement; also  in  asthma,  chorea,  epilepsy,  etc. 

Henry  II.  Rushy. 
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HYOSCYAMUS.    See  Henbane. 


HYPERIDROSIS  is  a  functional  disorder  of  the  sweat 
apparatus  accompanied  by  a  more  or  less  excessive  in^ 
crease  of  the  normal  amount  of  sweat  excreted.  This 
increase  may  be  local  or  general.  Local  forms  are  sym- 
metrically confined  to  certain  regions  such  as  the  palms 
of  the  hands,  soles  of  the  feet,  axillae,  or  genital  regions. 
Cases  of  unilateral  excessive  sweating,  confined  to  one 
side  of  the  body  wliolly,  have  been  observed,  but  they 
are  rare ;  of  more  frequent  occurrence,  although  still  not 
common,  are  the  cases  of  imilateral  sweating  limited  to 
one  side  of  the  head  or  to  one  limb.  Usually  inlei-mittcnt, 
the  sweating  in  some  cases  may  be  continuous  and  is 
aggravated  by  hot  weather,  emotion,  depression  of  gen- 
eral health,  etc.  ;  and  the  disturbance  may  be  temporary 
or  permanent,  depending  upon  its  exciting  cause.  Sub- 
jects of  the  disorder  are  nearly  always  in  a  lowered  state 
of  health,  sometimes  hysterical  and  often  nervous.  The 
direct  causes  which  lead  to  local  hyperidrosis  arc  quite 
undetermined.  E.xaminations  of  sections  from  the  palms 
of  the  hand  fail  to  show  any  abnormal  features  of  either 
the  glands  or  the  epithelium.  The  disorder  is  to  be  re- 
garded as  purely  functional,  connected  with  a  distui-bance 
of  the  vaso-motor  control,  no  doubt,  but  as  yet  the  exact 
links  of  the  chain  have  not  been  definitely  placed. 

In  the  treatment  of  hyperidrosis,  whether  local  or  gen- 
eral, the  condition  of  the  patient's  general  health  is  of 
prime  importance;  the  various  ferruginous  tonics,  min- 
eral acids,  arsenic,  strychnine,  and  quinine,  are  all  of 
value.  Belladonna  and  atropine,  though  but  of  tem- 
porary benefit,  ai-e  of  service  at  the  outset  of  treatment  in 
most  cases.  Cold  baths  for  general  toning  of  the  circu 
latiou  are  strongly  recommended.  External  treatment 
ihust  be  resorted  to  and  is  often  ver}'  efiicacious.  In  the 
local  form  that  attacks  the  hands,  much  benefit  will  be 
derived  from  immersing  the  palms  for  a  few  moments  only 
in  water  as  hot  as  can  be  borne,  dobbing  dry  with  a  soft 
cloth,  and  then  dusting  ou  boric  acid  powder.  The  same 
treatment  for  the  soles  of  the  feet  may  be  employed.  A 
saturated  alcoholic  solution  of  boric  acid  dobbed  on  the 
palms  during  the  day  will  control  vei-y  well  the  exeessi\(' 
sweating  of  the  hands  that  is  so  annoying  to  those  who 
do  much  writing.  Hebra's  treatment  for  hyperidrosis  of 
the  feet  consists  of  enveloping  the  feet,  the  toes  separately, 
after  thorough  washing  and  drying,  in  strips  of  cotton 
cloth,  over  which  is  spread,  to  the  thickness  of  a  knife 
blade,  his  Unguentum  diachyli.  The  parts  are  well  band 
aged  and  the  patient  may  subsequently  either  remain  at 
rest  or  pursue  his  vocation,  wearing  shoes  and  stockinus 
that  have  not  been  previously  used.  In  twenty-four  houis 
the  feet  are  redressed  without  washing,  after  dry  rubbing 
and  a  dusting  powder.  This  process  is  repeated  daily 
for  from  ten  to  twenty  days,  after  which  a  dusting  pow- 
der, preferably  boric  acid,  may  be  substituted  for  the 
local  dressing.  There  occurs  a  parchment-like  desquama- 
tion of  the  skin  in  thick,  yellowish-brown  flakes,  beiK.'ath 
which  is  formed  a  new  and  at  first  tendeV,  but  apparently 
normal,  epidermis.  When  the  latter  has  lost  its  tender- 
ness, the  feet  are  for  the  first  time  washed  with  water. 
The  pi-oeess  is  to  be  I'epeated  in  case  of  failure. 
^  Pi-ocjiKmh  in  any  case  of  hyperidrosis  is  uncertain.  At 
times  treatment  may  meet  with  brilliant  success;  again 
it  is  followed  by  complete  failure.  The  disorder  may  dis- 
appear spontaneously,  only  to  recur  and  prove  obstinate 
to  all  measures.  C'Jiiirlni  TowiixlinKl  Dude. 

HYPERIVIETROPIA-H-(from  !--f,,^eTf>„^,  ,,vcrmeas- 
ure,  aiid  M.  eye— leas  correctly  hyiieropia;  [',-hn:sir/,/i,/- 
Iceii.  Ruete,  1853;  incorrectly  hyperpreshi/apiK,  Stellwa" 
18.'5,'5)  IS  the  name  given  by  Donders  (18(i())  to  the  abmn- 
mal  refractive  condition  of  the  eye  in  which  its  iinnciiial 
tocus—i.r-..  Its  focus  for  parallel  or  practicully  parallel 
rays,  such  as  are  received  from  a  distant  object— lies  at 
some  point  beyond  the  actual  position  of  the  retina  In 
H  the  anteroposterior  axis  of  the  eyeball  is  too  shoiM 
relatively  to  the  focal  length  of  th<^  eve  as  dete,n,ined 
by  tlie  radii  of  curvature  of  its  three  refracting  surfaces, 
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namely,  the  anterior  surface  of  the  cornea  and  the  ante- 
rior and  posterior  surfaces  of  the  crystalline  lens,  and  in 
typical  H  the  axis  is  actually  shorter  than  in  the  normal 
or  emmetropic  eye.  H  is  ordinarily  an  inherited  condi- 
tion, and  may  then  be  regarded  as  a  result  of  incomplete 
development  of  the  great  posterior  segment  of  the  eye- 
ball, in  consequence  of  which  the  axis  remains  shorter 
than  in  the  normal  eye.* 

The  essential  points  of  difference  between  the  emme- 
tropic and  the  hypermetropic  eye  are  shown  in  Fig. 
2758,  in  which  the  dotted  outline  represents  in  section, 
the  normal  or  emmetropic  eye,  and  the  continuous  out- 
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Fig.  2758. 

line  a  hypermetropic  eye.  It  is  a  property  of  the  emme- 
tropic eye,  when  in  a  state  of  accommodative  rest  (see- 
Acciiiniiiodation  and  lief  radii  >ii),  that  the  sum  of  the  re- 
fractions at  the  surface  of  the  cornea  and  at  the  two  sur- 
faces of  the  crystalline  lens  is  just  sufficient  to  unite  all 
the  rays  of  a  parallel  pencil,  A,  E,  B,  in  a  focus  iL|jon  the 
retina  at  E.  When  the  retina  is  so  misplaced  as  to  lie 
within  the  principal  focus  of  the  dioptric  media,  the  pen- 
cil is  cut  by  the  retina  before  its  rays  have  come  together, 
and  the  image  of  a  distant  point  upon  which  the  eye  is 
directed  is  formed  at  i/  as  a  circular  spot  of  appreciable 
diameter  (circle  of  confusion).  What  is  true  of  a  pencil 
of  rays  emanating  from  one  point  of  the  distant  object 
is  true  of  pencils  emanating  from  other  points  of  the  same 
object;  the  inverted  retinal  image  is,  therefore,  more  or 
less  confused,  and  all  the  finer  details  of  the  object  are 
lost.  This  confusion  of  distant  vision  is  experienced  by 
every  hypermetrope  whenever  his  accommodation  is  fully 
relaxed,  and  it  may  be  evoked  artificially,  in  any  case  of 
H,  by  paralyzing  the  accommodation  byinstilling  a  drop 
or  two  of  a  mydriatic  solution,  such  as'atropine,  into  the 
conjunctival  sac. 

As  the  emmetropic  eye,  when  in  a  state  of  complete 
accommodative  relaxation,  is  adjusted  for  the  focussing 
of  parallel  rays  upon  its  retina,  so  the  hypermetropic  eye 
isada]itcd  lor  the  focussing  of  rays  of  "some  definite  de- 
gree of  convergence.     Fig.  2759  shows  a  convergent  pen- 
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cil,  ,1  ,  11,  B',  focussed  upon  the  retina  of  the  hyperme- 
tropic eye  at  //,  and  also  a  pencil,  A.  IT,  B,  of  rays 
originally  parallel,  but  rendered  convergent  by  passing 

*  H  is,  in  fiiit,  {\w  normal  condition  In  tbe  Quadrumana,  and  in  the 
liipher  Mammalia  trenerally. 
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through  a  convex  leus,  L  The  hj-pei'iuetnipic  eye  re- 
ceiving and  focussing  sucli  a  convergent  pencil  tiecomes 
practically  equivalent  to  an  emmetropic  eje  receiving 
and  focussing  a  pencil  of  parallel  rays,  and  as  any  re- 
quired degree  of  convergence  may  be  given  to  an  origi- 
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nally  parallel  pencil  b}'  allowing  it  to  traverse  a  convex 
lens  of  suitable  power,  so  the  vision  of  a  liypermetrope 
may  always  be  perfectly  corrected  for  distance  b)'  wear 
ing  properly  chosen  (neutralizing)  convex  glasses. 

H  does  not  ordinarily  give  rise  to  defective  vision  at  a 
distance  so  long  as  the  range  of  accommodation  (A)  re- 
mains unimpaired,  as  in  the  case  of  yoimg  persons.  The 
reason  of  this  will  appear  from  an  inspection  of  Fig.  2760, 
■which  shows  a  hypermetropic  eye  adjusted  for  the  fo- 
cussing of  a  pencil  of  parallel  rays,  A,  H,  B,  through  the 
increase  in  the  convexity  of  its  crystalline  lens  incident 
to  the  act  of  accommodation.  The  focussing  of  the  sev- 
eral pencils  of  rays  which  form  the  retinal  image  is  here 
as  perfect  as  in  the  case  shown  in  Fig.  2759,  but  with 
the  difference  that  some  part  of  the  accommodation  is 
expended  in  advancing  the  focus  from  its  normal  position 
at  E  to  the  actual  position  of  tlie  retina  at  II,  so  that 
only  the  unexpended  part  is  available  for  the  further 
adjustment  of  the  eye  to  meet  the  requirements  of  near 
vision. 

Fig.  3761  shows  a  hypermetropic  eye,  in  its  condition 
of  fullest  accommodative  adjustment,  focussing  a  diver- 
gent pencil.  A,  H,  B,  emanating  from  an  object  situated 
at  its  nearest  point  of  distinct  vision. '  Fig.  2762  similarly 
shows  the  emmetropic  eye  focussing  a  more  divergent 
pencil,  A,  E,  B,  emanating  from  a  nearer  object  situ- 


cxercise  of  the  accommodation,  advanced  t(i  H,  which, 
however,  still  lies  b(.'hind  the  actual  position  of  the  retina 
at  J  1(1.  A  point  in  the  distant  object,  which  in  the  em- 
metropic eye  would  be  depicted  as  a  point  at  E,  is, 
therefore,  actually  depicted  as  a  circular  spot  (circle  of 
confusion)  at  lln.  Even  under  the  full  exercise  of  the 
accommodation  this  circle  of  confusion  still  remains  a 
spot  of  appi'eciable  diameter;  the  retinal  image  of  the 
distant  object  is  therefore  made  up  of  circles  of  confu- 
sion instead  of  points,  and,  although  it  may  be  improved 
in  definition  through  the  exercise  of  the  acconmiodation, 
the  picture  remains  confused  in  its  details. 

This  distinction,  in  young  persons,  between  H  abnohita 
(H  >  A)  and  the  lesser  grades  of  II  (H  <  A)  is  important. 
In  H  <  A  the  hypermetrope  is  able  to  see  at  a  distance 
by  using  only  a  part  of  his  accommodation,  and  he  has 
still  a  residual  accommodative  power  sufficient  to  meet, 
in  some  measure,  the  requirements  of  near  vision.  He 
therefore  forms  the  habit  of  using  some  part  of  his  ac- 
commodation in  every  act  of  vision,  and  by  a  strong  ex- 
ercise of  the  same  faculty  he  may  even  be  able  to  read, 
although  necessarily  at  the  cost  of  excessive  effort,  and 
generally  for  a  limited  time  only.  Hence  a  hypermetro- 
pic child  is  apt  to  be  judged  harshly  by  parents  or  teach- 
ers, who,  recognizing  the  fact  that  he  is  able  to  apply 
himself  effectively  to  his  books  for  a  short  time,  are  slow 


FIG.  3761. 

atedatits  nearest  point  of  distinct  vision.  Cor  ;aring 
these  two  figures,  it  will  be  seen  that  the  near-pomt  of 
distinct  vision  for  the  hypermetropic  e3'e  lies  faithei 
from  the  eye  than  the  near-point  of  distinct  vision  tor  the 
emmetropic  eye,  so  that  the  hypermetropic  eye  as  com- 
pared with  the  emmetropic  eye,  is  limited  m  its  region 
of  adjustment  for  near  vision  (region  of  accommodation), 
and  the  higher  the  grade  of  H  the  greater  the  limitation. 
In  very  high  grades  of  H  the  absolute  range  ot  accom- 
modation (A)  may  be  insufficient,  even  in  young  persons, 
for  the  perfect  fo'cussing  of  parallel  rays  upon  tlie  retina. 
in  which  case  H  is  said  to  be  absolute  (H  absolutn).  1  his 
condition  is  shown  in  Fig.  2763,  in  which  the  focus  of 
the  parallel  pencil,  A,  H,  B,  which,  without  aid  from 
the  accommodation,  would  lie  at  E,  is,  through  the  tuU 
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to  comprehend  that  he  becomes  quickly  wearied  and  is 
incapable  of  sustained  application  (see  Astheiwpia).  In 
certain  cases,  however,  impelled  by  the  strong  desire  to 
see  distinctly,  the  child  learns  to  force  his  accommoda- 
tion by  concentrating  an  abnormally  powerful  impulse 
npon  the  two  correlated  functions  of  accommodation 
and  convergence,  and  thus  acquires  the  power  of  sus- 
tained application  by  sacrificing  binocular  vision  and  lay- 
ing the  foundation  of  a  convergent  squint.  (See  Asthe- 
nopia, and  Strabimnvs,  also  later  in  this  article.)  In  H  > 
A  (H  absolvta),  on  the  other  hand,  distinct  vision  is  im- 
possible even  at  a  distance,  and,  although  the  definition 
of  objects  may  be  considerably  improved  by  a  strong 


Fig.  2763. 


accommodative  effort,  it  nevertheless  falls  so  far  short  of 
perfect  vision  as  not  to  offer  a  sufficient  motive  for  con- 
tinuous or  prolonged  exertion.  In  H  absoluta,  therefore, 
the  case  is  apt  to  be  regarded  as  one  of  defective  vision, 
and  o-lasses  are  perhaps  tried  at  random  until  a  pair  of 
convex  spectacles  is  found,  which  renders  the  use  of  the 
eyes  comparatively  easy.  But  even  here  prejudice  may 
come  in  to  deter  a  parent  from  permitting  the  child  to 
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wear  "  spectacles  old  enough  fov  its  gramlfather 
efficient  aid  from  glasses  may  be  withheld. 

H  abwhita  is  but  rarely  met  with  in  tlie  hist  years  ol 
childhood,  for  the  reason  that  at  this  early  age  the  nor- 
mal ranffc  of  accommodation  is  very  large;  but  olteii  iii 
youth,  and  still  more  in  adult  life,  the  progressive  lim- 
itation of  the  range  of  accommodation  comes  into  play  to 
increase  the  disability  of  the  hypermetrope,  and,  with 
advancing  years,  to  render  it  complete,  llnis  all  c-ascs 
of  H  <  A  pass  sooner  or  later  through  the  stage  H  -  A 
to  H  >  A  (H  ahsoluta),  and  the  hypermetrope  suffers  in 
turn  from  disabilities  incident  to  successive  stages  ot  Jus 
refractive  anomaly,  to  find  rest  and  distinct  vision,  per- 
haps after  the  lapse  of  many  years,  in  convex  glasses  ol 
which  he  should  have  had  the  benefit  in  childhood. 

As  the  emmetrope  at  about  the  age  of  forty-hve  years 
ias  generally  lost  so  much  of  his  power  of  accommoda- 
tion as  to  require  aid  from  convex  glasses  to  enable  him 
to  see  distinctly  at  the  usual  reading  distance  of  about 
one-third  of  a  metre  (twelve  to  fourteen  inches),  so  the 
hypermetrope  finds  his  near-point  receding  beyond  this 
limit  of  distance  at  an  earlier  age  dependent  on  the  grade 
of  H.  Hence  he  will  need  convex  glasses  for  reading, 
comparatively  early  in  life,  and  will  be  compelled  to 
change  them  from  time  to  time  for  other  glasses,  which 
must  always  be  of  greater  power  than  those  which  would 
suffice  for  an  emmetrope  of  the  same  age.  For  the  em- 
metrope the  limit  of  power  of  the  convex  glasses  required 
in  old  age  for  reading  does  not  much  exceed  5  dioptrics ; 
the  hypermetrope,  however,  requires  in  old  age  reading- 
glasses  of  a  power  equal  to  H  -|-  5  dioptrics,  which  in  an 
extreme  case  may  amount  to  as  much  as  10  +  5  =  IS  di- 
optrics, or  even  a  little  more,  although  generally  mucli 
less  than  this.  It  will  be  observed  that  the  limit  of  aid 
required  by  the  hypermetrope  is  expressed  by  the  sum 
of  two  quantities  which  are  themselves  limited,  thus 
meeting  the  objection  not  infrequently  urged  by  venders 
of  spectacles,  that  a  time  will  come  when  no  glasses  can 
be  found  of  sufficient  strength  to  admit  of  reading.  In 
fact,  the  power  of  the  convex  glass  which  fully  corrects 
the  refractive  deficiency  in  childhood  will  never  require 
to  be  increased  by  more  than  four  or,  at  most,  six  or  eight 
dioptrics  to  meet  the  further  disability  incident  to  loss 
of  accommodation,  to  the  diminution  of  the  refractive 
power  of  the  crystalline  lens  in  old  age,  and  to  senile  de 
terioration  of  the  acuteness  of  vision.  (See  Presbyopia.  ; 
also  H  acquisita,  later  in  this  article.) 

We  have  seen  {md.  Fig.  3760)  that  a  hypermetrope  who 
sees  distinctly  at  a  distance  necessarily  makes  use  of  some 
part  of  his  accommodation,  and  that  he  is  compelled  to 
accommodate  in  excess  ft  the  normal  degree  in  order  to 
see  nearer  objects  distinctly.  He  thus  forms  the  habit  of 
associating  some  degree  of  accommodation  with  the  act 
of  directing  the  eyes  upon  any  distant  object,  and  he 
generally  continues  to  accommodate  to  some  extent  even 
when  he  is  made  to  look  through  neutralizing  convex 
glasses.  Hence  it  may  happen  that  a  hypermetrope  will 
reject  as  incompatible  with  distinct  distant  vision  not  only 
such  convex  glasses  as  completely  correct  his  refractive 
defect  but  even  notably  weaker  convex  glasses,  and,  in 
exceptional  cases,  this  habitual  tension  of  accommodation 
may  be  so  great  as  even  to  simulate  myopia.  In  such  a 
case  the  grave  mistake  may  be  made  of  having  recourse 
to  concave  glasses  to  correct  a  supposed  but  non-existent 
myopia,  and  so  materially  aggravating  the  actual  disa- 
bility. 

We  have,  therefore,  to  recognize  a  hidden  or  latent  11 
(H  latens — HI),  which  eludes  discovery  by  the  ordinary 
subjective  tests  made  with  convex  glasses,  and  also  a 
manifest  H  (H  manifesta~llm),  which  is  readily  detected 
and  measured  by  this  mode  of  examination.  Thus  we 
mayhave  to  do  with  a  case  of  apparent  emmetropia,  or 
possibly  even  of  apparent  myopia,  which,  on  thoroughly 
paralyzing  the  accommodation  by  atropine,  turns  out  to 
be  really  a  case  of  H;  and  in  every  case  of  H  in  a  young 
person  with  normal  accommodation  we  obtain,  by  tests 
with  convex  glasses  alone,  a  measurement  which  falls 
notably  short  of  the  total  refractive  defect  (H  totalis— 
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Ht)  as  measured  by  means  of  convex  glasses  after  artifi- 
cial paralysis  of  the  accommodation. 

HI  is  then  the  expression  of  the  degree  of  accommoda- 
tive tension  which  persists  during  the  fixation  of  a  dis- 
tant object,  and  the  ratio  which  it  bears  to  Hm  is  depen- 
dent upon  the  extent  of  the  range  of  accommodation. 
Hence  it  is  great  I'st  in  childhood,  and  it  diminishes  year 
by  year  throughout  youth  and  adult  life  until,  at  the  age 
of  sixty,  or  perhaps  somewhat  earlier,  it  becomes  wholly 
merged  in  Hm,  which  then  becomes  equal  to  Ht.  Hm 
=  Ht  is  also  realized  as  a  pathological  condition  as  a 
result  of  paralysis  of  the  third  (motor  communis)  nerve, 
or  of  its  terminal  bi'anches,  and  it  is  produced  artificially 
by  the  instillation  of  atropine  or  other  sufficiently  power- 
ful mydriatic  drug.  It  is  also  generally  true  that  the 
hypermetrope  relaxes  his  accommodation  almost  com- 
pletely when  the  eyes  arc  not  in  use,  so  that  it  is  practi- 
cable, in  a  large  proportion  of  cases,  to  measure  Ht 
objectively  by  means  of  the  ophthalmoscope,  either  by 
the  direct  method  of  examination  or  by  employing  the 
shadow  test  (see  Shadow  Test).  More  frc(|uently,  how- 
ever, we  first  measure  Hm  subjectively,  by  successive 
trials  with  convex  glasses,  until  we  have  fixed  upon  the 
strongest  glass  through  which  a  test-object,  such  as  the 
appropriate  selection  from  the  test-letters  of  Snellen,  is 
seen  distinctly  at  a  distance  of  five  or  six  metres,  and 
then  measure  Ht  by  the  use  of  the  same  test -letters  at  the 
same  distance,  after  having  fully  paralyzed  the  accommo- 
dation by  means  of  atropine  or  of  hyoscyamine ;  we  then 
calculate  HI  by  means  of  the  equation,  HI  =  Ht  —  Hm.* 

We  have  thus  far  considered  H  in  its  relations  to  A 
mainly  as  if  it  were  a  question  of  vision  with  a  single 
eye ;  as  a  fact,  however,  we  see  with  the  two  eyes  at  one 
and  the  same  time,  so  tliat  every  act  of  binocular  vision 
involves  two  simultaneous  adjustments — namely,  ac- 
commodation for  some  particular  distance,  and  conver- 
gence of  the  axes  of  the  two  eyes  upon  the  object  for 
which  they  are  severally  accommodated.  In  emmetropia 
these  two  adjustments  go  hand-in-hand,  so  that  parallel- 
ism of  the  visual  axes  is  associated  with  complete  relaxa- 
tion of  the  accommodation,  and  convergence  upon  any 
near  object  is  associated  with  accommodation  for  the 
same  distance;  or,  taking  as  units  of  measurement  the 
degree  of  accommodation  required  for  distinct  vision  at 
the  distance  of  one  metre  (1  dioptric),  and  the  degree  of 
convergence  necessary  for  single  vision  at  the  same  dis- 
tance of  one  metre  (1  metre-angle),  we  find  in  emmetro- 
pia /(  units  of  accommodation  (n  dioptrics)  always  asso- 
ciated with  n  units  of  convergence  («  metre-angles).  In 
ametropia  this  harmony  of  relation  is  essentially  dis- 
turbed, for  with  convergence  equal  to  n  metre-angles  the 
corresponding  accommodation  of  n  dioptries  is  either  too 
great  (in  M)  or  too  little  (in  H)  for  distinct  vision  at  the 
distance  of  the  point  of  intersection  of  the  visual  axes. 
Confining  our  attention  to  the  conditions  as  they  exist  in 
H,  we  find  that  with  convergence  of  /t  metre-angles  the 
accommodation  necessary  for  distinct  vision  amounts  to 
ft  -|-  H  dioptries ;  or,  inverting  the  form  of  the  statement, 
witli  accommodation  of  n  dioptries,  the  convergence  nec- 
essary for  single  vision  is  only  h— H  metre-angles;  in 
other  words,  any  given  degree  of  convergence  calls  for  a 
relatively  strong  effort  at  accommodation  to  meet  the  re- 
quirements of  distinct  vision,  and,  cicerersa,  the  degree  of 
accommodation  required  for  distinct  vision  must  be  asso- 
ciated with  a  relatively  weak  effort  at  conxergence  in 
order  to  admit  of  single  vision  with  the  two  eyes. 

The  maximum  of  accommodation  {absolute  A)  is  attained 
only  when  the  eoiivergence  is  simultaneously  exerted  to 
the  utmost,  and  even  in  emmetropia  this  involves  a  very 
strong  crossing  of  one  of  the  eyes.  In  H,  however,  ex- 
cessive convergence  is  the  rule  in  every  act  of  accom- 
modation whenever  the  conditions  are  such  as  not  to- 
admit  of  binocular  vision,  and  absolute  A  is  attained  only 

*  As  a  rule,  HI  Is  less  than  Ht,  and  the  latter  is  the  arithmetical  sum 
ot  H I  and  Hm,  hut  In  the  exceptional  cases  in  which  H  simulates  em- 
metropia Hm  =  0  :  In  the  still  rarer  cases  In  which  an  apparent  my- 
opia gives  place  to  H  after  artificial  paralysis  ot  the  accommodation,. 
Hm  appears  as  a  negative  quantity,  and  HI  is  greater  than  Ht. 
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in  conjuuction  with  even  stronger  crossing  tliau  in  eni- 
metropia. 

H  absoliila  includes,  tlierefore,  only  those  cases  in 
whicli,  even  under  the  condition  of  extreme  crossing  of 
one  of  the  eyes,  the  accomniodatiou  is  slill  insufficient 
for  distinct  vision  as  a  distance. 

In  convergence  for  any  given  distance  the  associated 
accommodation  is  found  by  e.xperiment  to  be  always  less 
than  when  the  convergence  is  for  some  shorter  distance  ; 
in  other  words,  every  act  of  <'onvergence  not  only  com- 
pels an  approximately  proportional  exercise  of  the  ac 
commodation,  but  inhibits,  within  certain  limits,  its 
greater  exercise.  Hence,  in  binocular  vision,  the  irla- 
tive  A  (Ai,  /.('.,  the  range  of  accommodation  as  related  to 
the  convergence)  is  always  less  than  the  absolute  A;  we 
have,  therefore,  to  recognize  a  type  of  H  in  which  the 
absolute  A  is  sufficient  for  distinct  uniocular  vision  at  an 
infinite  or  at  some  finite  distance,  but  in  which  the 
relatiee  X  is  insufficient  for  perfect  binocular  vision  at 
any  distance  (H  relatira). 

In  H  reUitirii  perfect  uniocular  vision  is  possible,  not 
only  for  distant,  but  in  most  cases  also  for  near  objects, 
but  only  on  the  condition  of  crossing  tlie  non-participat 
ing  eye. 

It  has  already  been  stated  that  the  link  by  which  the 
accommodation  and  the  convergence  are  tied  together  is 
not  au  absolutel}'  rigid  one.  This  is  proved  by  the  fact 
that,  as  a  rule,  perfect  binocular  vision  is  still  possible 
when  moderately  strong  concave  or  conve.v  glasses,  or 
convergent  or  divergent  prisms,  are  placed  before  the 
two  eyes.  In  the  former  case  the  convergence  remains 
unchanged  notwithstanding  the  altered  accommodation, 
and  in  the  latter  case  the  accommodation  remains  un- 
changed notwithstanding  the  altered  convergence;  but 
to  these  adjustments  of  the  convergence  to  varying 
states  of  the  accommodation,  and  of  the  accommodation 
to  varying  states  of  the  convergence,  there  is  a  limit  well 
defined  in  each  case,  but  differing  in  different  cases. 
This  binocular  range  of  accommodation  (Aj)  may  under- 
go considerable  modification,  according  as  it  is  habitually 
exercised  in  a  negative  or  in  a  positive  sense,  and  the 
ability  to  relax  the  binocular  accommodation  in  M,  or  to 
force  it  in  H,  is  usually  considerably  greater  than  in  em- 
metropia,  thus  conserving  in  a  measure  the  harmony  of 
the  two  adjustments.  Confining  our  attention  to  the 
conditions  as  they  exist  in  H,  we  find  that  in  moderate 
grades  of  H,  with  ample  range  of  accommodation,  it  is 
often  perfectly  easy  to  accommodate  accurately  for  a 
distance  without  convergence  of  the  visual  axes,  and  in 
many  cases,  at  least  in  childhood  and  youth,  also  to  ac- 
commodate and  converge  correctly  for  the  ordinary  read- 
ing distance,  without  conscious  fatigue. 

This  type  of  H,  in  which  binocular  vision  is  perfect 
for  a  distance,  and  in  which  it  may  be  also  possible 
to  read  easily  with  the  two  eyes,  is  called  H  facultK- 

As  the  power  of  convergence  remains  practically  con- 
stant throughout  life,  while  the  range  of  accommodation 
diminishes  progressively  through  the  periods  of  youth 
and  maturity  tintil  it  is  reduced  to  zero  in  old  age,  it  fol- 
lows that  UfacuUativa  is  but  an  early,  and  often  a 
quickly  passing  stage  in  the  life-history  of  most  hyper- 
metropes,  changing  sooner  or  later  to  KrelaUva,  and 
ultimately  to  H  ^isoZMto ;  nevertheless,  the  duration  of 
each  of  these  earlier  stages  is  not  infrequently  measured 
by  years  and  may  then  afford  abundant  time  to  develop 
the  characteristic  disabilities  and  to  work  out  the  special 
tendencies  to  mischief  incident  to  each  type. 

*  Professor  Bonders,  wHo  made  the  flrst  thorough  study  of  hyper- 
iriPrroDil^anS  in  English  ("Anomalies  of  Accommodation  and 
KrfraSnTthe  Eye,"  London,  1864),  gave  the  name  facultative  H 
S'tSfco"ndfflon.^'ln  Its  French  and  Italian  forms  this  word  ha^a 
well-recognized  meaning,  and  from  these  languages  It  has  been 
adopted  in  German.  In  English  it  can  hardly  be  said  to  be  f ul^y  nat^ 
nrallzed  It«  meaning,  as  given  in  the  "  Dictionnaire  de  I'Acad^mie, 
fs  "alsse  Sf^nl^  defaire  on  de  ne  pas  la^eune  chose ;  dont  ™ 
pent,  a  son  gr^,  faire  ou  ne  pas  falre  usage."  The  wnter  of  this  arti- 
&e  ventured,  to  the  first  edition  of  this  Handbook  to  ^opt  a  Latin- 
ized form  of  the  word,  with  a  view  to  more  perfect  uniformity  of  no- 
tation. 


These  disabilities  and  tendencies  must  now  be  consid- 
ered in  detail. 

((()  In  Hfafulfatii'ii  binocular  vision  is  perfect  at  a  dis- 
tance without  glasses,  and  also  willi  convex  glasses  of 
anj'  power  up  to  that  whiili  measures  the  manifest  hy- 
permetropia.  In  the  case  of  many  young  liy  permetropes, 
(•(mvergenee  for  some  short  distance  is  also  associated 
with  good  aeconimodation  for  the  same  distance,  so  that 
it  may  be  possible  to  use  the  eyes  easily  in  near  work. 
In  other  words,  the  sphere  of  the  habitual  exercise  of  tlie 
accommodation  (region  of  accommodation)  has  become  so 
adjusted  to  the  ubnoriiial  condition  of  refraction  as  to 
allow  the  two  correlated  functions  of  convergence  and 
accommodation  to  work  harmoniously  together.  This 
compensatory  displacement  of  the  region  of  accommoda- 
tion is  sometimes  so  perfect,  in  childhood  and  youth, 
that,  even  with  Ht  =  3  or  4  dioptries,  the  prolonged  use 
of  the  eyes  in  reading  or  other  close  work  may  be  unat- 
tended with  noticeable  fatigue,  and  in  many  other  cases 
the  available  binocular  A  proves  equal  to  all  ordinary 
demands  upon  it.  A  young  hypermetrope  may  thus  re- 
main for  years  in  complete  unconsciousness  of  his  defect, 
but  sooner  or  later,  as  a  consequence  of  the  progressive 
physiological  limitation  of  A,  or  perhaps  of  a  temporary 
impairment  of  this  function  incident  to  some  transient 
illness,  or  in  connection  with  the  change  to  a  new  voca- 
tion which  calls  for  an  unwonted  exercise  of  the  accom- 
modation, he  finds  that  his  eyes  are  no  longer  equal  to 
the  demands  made  upon  them.  The  inability  to  use  the 
eyes  continuously  in  near  work  may  be  first  discovered 
in  connection  with  the  increased  requirements  of  the 
higher  grades  in  school,  or  the  assiduous  employment  of 
the  eyes  in  fine  sewing.  In  other  cases  the  disability 
manifests  itself  in  early  childhood,  as  when  the  eyes  are 
first  exercised  in  the  more  delicate  tasks  of  the  kinder- 
garten, or  in  beginning  the  study  of  geography  from 
maps  crowded  with  names  engraved  in  minute  letters. 
Small  near  objects  are,  perhaps,  still  seen  clearly  for  a. 
little  while,  and  apparently  without  great  effort,  but  the 
accommodation  soon  becomes  fatigued,  and  fine  print 
then  appears  blurred,  or  may  become  altogether  illegi- 
ble. Under  the  strong  stimulus  of  emulation,  or  dread 
of  censure,  the  child  may  perhaps  persevere  in  his 
efforts,  though  at  the  cost  of  physical  and  mental  strain 
and  with  increasing  sense  of  fatigue,  until  at  length  he 
is  compelled  to  desist.  After  a  short  rest  he  may  be  able 
to  resume  his  work,  but  only  for  a  shorter  time  than 
before,  and  he  soon  finds  himself  unable  to  read  at  all. 
Thus  the  familiar  picture  of  accommodative  asthenopia 
is  developed,  to  give  place,  sooner  or  later,  to  inability 
to  see  distinctly  at  the  distance  of  the  point  of  intersec- 
tion of  the  visual  axes  (see  Asthenopia). 

(b)  H  relativn,  by  its  definition,  implies  a  state  of  con- 
flict between  the  convergence  and  the  accommodation  at 
all  distances.  Either  the  two  eyes  are  habitually  directed 
upon  the  object,  in  which  case  the  lagging  accommoda- 
tion is  insufficient  for  the  perfect  focussing  of  the  retinal 
images,  or  the  accommodation  asserts  itself  in  a  strong 
effort  to  see  clearly  with  a  single  eye,  and  the  axis  of  the 
fellow-eye  assumes  a  crossed  direction.  The  conflicting 
impulses  on  the  one  hand  to  focus  perfectly  for  the  dis- 
tance of  the  object,  in  order  to  see  it  distinctly,  and  on 
the  other  hand  to  direct  the  two  eyes  accurately  upon  it, 
in  order  to  avoid  seeing  it  doubled,  thus  contend  for  the 
mastery  until  at  length  one  of  two  alternative  condi- 
tions is  established— namely,  distinct  vision  with  a  single 
eye,  the  other  eye  assuming  a  crossed  direction  (periodic 
or  confirmed  convergent  strabismus),  or  single  vision 
with  the  two  eyes,  but  with  insufficient  accommodation 
and  consequent  imperfect  recognition  of  the  finer  details 
of  the  object. 

Any  condition  which  detracts  from  the  perfection  of 
binocular  vision  may  predispose  to  the  development  of 
convergent  strabismus  in  the  presence  of  H.  Prominent 
among  such  conditions  is  an  original  or  acquired  imper- 
fection of  one  of  the  eyes.  Thus  an  imperfect  eye  is 
easily  thrown  out  of  use  whenever  the  vision  of  the  fel- 
low-eye may  be  materially  improved  by  so  doing.     In 
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fact,  we  find  tliat  in  bv  far  the  greater  number  of  cases 
of  strabismus  the  crossed  eve  is  decided!}'  inferior  to  its 
fellow  in  visual  acuteness,  even  though  no  structural 
defect  is  to  be  detected.  Again,  any  pathological  condi- 
tion of  one  eye,  attended  with  temporary  or  permanent 
impairment  of  its  visual  acuteness,  may  so  detract  from 
the  importance  of  the  part  which  it  plays  in  binocular 
vision  as  to  allow  it  to  be  easily  excluded  from  partici- 
pation in  the  act  of  vision.  Under  this  category  fall 
cases  of  strabismus,  dating  from  the  appearance  of  a  cor- 
neal phlyctennla,  or  following  the  formation  of  a  corneal 
scar.  Again,  it  would  appear  that  the  faculty  of  per- 
fectly controlling  the  convergence  to  meet  the  reqiiirc;- 
meuts  of  binocular  vision  is  often  more  tardily  acquired 
than  that  of  perfect  accommodation,  so  that  a  hj'perme- 
tropic  child  with  normal  acuteness  of  vision  in  both  eyes 
may  acquire  the  habit  of  crossing  one  eye  in  order  to  see 
clearly  with  the  other  before  he  has  become  confirmed  in 
the  habit  of  using  the  two  eyes  together.  In  such  cases 
the  crossing  is  apt  to  alternate  between  the  two  eyes 
(strabismus  alternans),  and  this  alternation  may  either 
persist  for  years  or  may  give  place  to  the  more  common 
condition  of  habitual  crossing  of  one  and  the  same  eye. 
A  difference  in  the  grade  of  H  in  the  two  e.yes  is  often 
sufficient  to  determine  the  crossing  of  the  more  hyperme- 
tropic eye,  and  this  in  some  cases  even  when  this  eye  is 
in  other  respects  somewliat  the  better  eye. 

(c)  H  abmluta,  the  ultimate  stage  to  which  every  case 
of  H  necessarilj'  tends,  has  been  already  defined  as  a  con- 
dition in  which  distinct  vision  is  impossible,  even  under 
a  maximum  exercise  of  the  accommodation  conjoined 
with  the  strongest  convergence.  With  tlie  development 
of  this  absolute  disability,  the  hypermetrope  learns  lo 
desist  from  unavailing  efforts  at  accommodation,  and  so 
finds  relief  from  liis  asthenopia  in  enforced  amblyopic 
vision.  If  in  the  previous  stage  of  H  relativa  the  exces- 
sive convergence  has  been  limited  to  the  times  of  actual 
exercise  of  the  accommodation  (periodic  strabismus), 
now  that  no  effort  suffices  for  distinct  vision,  he  learns, 
with  the  cessation  of  all  attempts  at  accommodation,  to- 
abandon  also  the  habit  of  crossing  the  eyes.  Very  pro- 
nounced strabismus  may  thus  become  decidedly  less  pro- 
nounced, or  may  possibly  even  disappear. 

Paresis  of  accommodation,  from  impairment  of  tlie 
function  of  the  ciliary  nerves,  is  attended,  even  in  emme- 
tropia,  by  many  of  the  characteristic  symptoms  of  H  ; 
and  when  it  occurs  in  a  hyjiermetropic  "subject  it  may 
deveilop  special  conditions,  wliich  may  be  temporary  or 
permanent  according  to  the  nature  of  the  cause  which 
underlies  the  paresis.  Thus,  in  connection  with  the  tem- 
porary paresis  of  accommodation  not  infrequently  ob- 
served as  a  sequel  of  diphtheria,  H  facultativa  i.s  con- 
verted, at  least  for  the  time  being,  into  H  relaiiea  or  H 
absoluta,  and  H  reliitim  into  a  higher  grade  of  the  same 
or  into  H  absoluta.  If  the  change  is  limited  to  the  state 
of  H  relativa,  vision  becomes  indistinct,  or,  more  rarely, 
a  true  convergent  strabismus  appears,  which  may  eveii 
develop  later  into  permanent  squint.  ■  Complete  paralysis 
of  accommodation,  or  paresis  occurring  in  connection 
with  a  very  high  grade  of  H.  develop's,  on  the  other 
hand,  the  condition  of  H  abmhitii  with  attendant  indis- 
tinctness of  vision  at  all  distances  and  immunity  from 
all  tendency  to  crossing  of  tlic  eyes. 

Artificial  paresis  or  paral.vsis  of  accommodation,  evoked 
by  the  instillation  of  a  mydiiatic  solution  into  the  con- 
junctival sac,  may  play  an  impoi-tant  part,  in  the  pres- 
ence of  H  by  transforming  Hf„n,/ta(im  into  H  relatim 
or  H  abmlutii,  or  H  irhitivu  into  H  aJmoliitii  tiius  promot- 
ing in,  some  cases  and  supjjrcssing  in  other  cases  a  pre- 
existing tendency  to  strabi.smus.  As  a  rule,  incomplete 
mydriasis,  when  limited  in  its  effect  to  the  production 
and  maintenance  of  tlie  condition  of  H  nhitwa,  favors 
the  development  of  strabismus,  and  may  even  evoke  it 
m  a  case  of  ^facMtati,,,  wJiich  might  otherwise  have 
passed  gradually  through  the  stage  of  H  relatim  to  H 
absoluta  without  other  symptoms  than  those  of  accom- 
modative asthenopia  with  ultimate  inability  to  see  dis- 
tinctly except  by  the  aid  of  convex  glasses.     On   the 
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other  hand,  a  condition  of  complete  mydriasis,  if  long 
enough  maintained,  may,  by  rendering  all  efforts  at  ac- 
commodation unavailing,  lead  also  to  the  abandonment 
of  excessive  exercise  of  the  convergence,  and  so  permit 
binocular  \ision  to  reassert  itself  even  in  a  case  of  already 
developed  crossing. 

Myotics  woik  a  change  in  the  relation  of  the  accom- 
modation to  the  convergence  exactly  the  opposite  of  that 
produced  by  mydriatics.  Under  the  influence  of  eserinc. 
or  of  pilocarpiile,  H  nbsolnta  may  be  transformed,  for  the 
time  being,  into  II  rchitira,  or  H  relativa  into  Kfanilta- 
tiea,  or  even  into  temporary  emmetropla  or  myopia. 
Unfortunately,  liowe\-er,  for  the  general  applicability  of 
this  method  to  the  amelioration  of  tlie  condition  of  young 
hypermetropes,  the  known  myotics  are  essentially  tran- 
sient in  their  effect,  so  that  it  is  always  difficult,  and  of- 
ten practically  impossible,  to  maintain  a  uniform  degree 
of  myosis  for'auy  lengthened  period.  In  low  grades  of 
H  in  young  persons  the  systematic  instillation  of  very 
smalldoses  of  pilocarpine  "is  often  of  use  by  assisting  the 
accommodation  for  a  tinic,  and  ma.\'  thus  be  a  valuable 
adjuvant  to  other  measures,  such  as  carefully  regulated 
daily  exercise  of  the  eyes,  in  dealing  with  asthenopia 
when  dependent  in  part  upon  temporary  weakening  of 
the  accommodation.  In  the  higher  grades  of  H,  and  es- 
pecially in  middle  and  advanced  life,  the  sphere  of  use- 
fulness of  myotics  is  extremely  limited. 

It  has  been  already  stated  that  H  is  ordinarily  an  in- 
herited defect,  the  result  of  incomplete  development  of 
the  posterior  segraenl  of  the  eyeball.  Myopia,  on  the 
other  hand,  is  generally  an  acquired  condition,  resulting 
from  a  pathological  distention  of  the  eyeball.  It  follows 
that  a  similar  pathological  distention,  when  it  occurs  in 
the  hypermetropic  eye,  must  necessarily  be  attended 
with  a  corresponding  lessening  of  the  grade  of  H.  At  a 
certaifi  stage  in  this  progressive  distention  H  may  thus 
pass  into  the  condition  of  emmetropia,  though  with  a 
thinned  and  weakened  eyeball  especially  prone  to  further 
yielding  of  its  coats  under  the  continued  action  of  the 
-distending  foive.  That  a  change  from  H,  through  em- 
metropia; lo  myopia,  is  of  not  infrequent  occurrence  is 
proved  by  the  fact  that  individual  cases  of  H  in  young 
persons,  when  examined  at  intervals  of  several  years,  of- 
ten show  a  progressive  diminution  in  the  gra'de  of  H. 
or  even  a  transformation  into  emmetropia  or  myopia. 
The-statistics  of  the  refractive  condition  of  the  eyes  of 
large  numbers  of  school  children,  showing  a  progressive 
decrease  in  the  proportion  of  cases  of  H  and  a  corre- 
.sponding  increase  in  the  proportion  of  cases  of  myopia 
in  the  higher  as  compared  with  the  lower  classes,  also  the 
occasional  occurrence  in  hypermetropic,  emmetropic,  or 
slightly  myopic  eyes  of  pathological  changes  in  the  fun- 
dus, such  as  are  ordinarily  found  in  the  higher  grades  of 
myopia,  point  unmistakably  in  the  Sixme  direction.  The 
disappearance  of  H  through  its  transformation  into  a 
pathological  emmetropia  or  myopia  must,  therefore,  be 
recognized  as  a  possible,  though,  in  most  cases,  an  unde- 
sirable, event,  and  this  possibility  should  always  be  kept 
in  mind  in  weighing  the  indications  for  and  a"a:ainst  op- 
erative intervention  in  the  treatment  of  strabismus  In 
young  children. 

A  form  of  H  dejieudent  on  a  physiological  increase  in 
the  focal  length  of  the  crystalline  lens  (H  acgvisitri)  is  a 
frequent  incident  in  advanced  presbyopia.  In  old  age 
tlie  myopic  eye  becomes,  from  this  cause,  somewhat  less 
myopic,  low  grades  of  myopia  pass  into  emmetropia  or 
through  emmetropia  into  low  grades  of  H,  emmetropia 
is  transformed  into  H,  and  II  becomes  appreciably  in- 
creased in  grade.  Inasmuch  as  A  has  no\y  become  re 
duccd  to  a  comparatively  unimportant  quantity,  ac- 
quired II  is  nearly  always  absolute,  and  so  reveals  itself 
as  a  true  /ii/jurpnnbi/ojiia.  necessitating  the  use  of  convex 
reading  glasses  of  a  focal  length  sonicAvhat  shorter  tlian 
the  actual  reading  distance,  and  of  weaker  (neutralizing) 
convex  glasses  for  ])erfect  vision  at  a  distance. 

H  iiri/nisild  may  also  occur  as  a  result  of  flattening  of 
the  cornea  from  "disease,  in  which  case  it  is  generall}- 
complicated  by  irregular,  orsomefimes  by  approximately 
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regular  astigmatism  (H  +  All).  In  such  cases  the  dam- 
aged eye  not  infrequently  goes  out  of  use,  and,  in  the 
presence  of  H  of  the  other  eye,  may  become  crossed.  If, 
however,  this  eye  happens  to  bo  the  better  eye,  the  very 
strong  accommodative  effort  required  for  tolerably  dis- 
tinct vision  may  give  rise  to  crossing  of  its  fellow. 

A  pathological  shortening  of  the  focus  of  the  crystal- 
line lens  is  not  infrequently  observed  in  the  incipient 
stage  of  cataract  in  old  persons.  H  may  thus  pass  into 
emmetropia,  or  through  emmetropia  into  myopia,  and 
emmetropia  may  be  transformed  into  a  grade  of  myopia 
sufiicient  to  admit  of  reading  without  the  aid  of  glasses. 
This  seeming  improvement,  often  called  second  sight,  is 
however,  only  temporary,  and  is  lost  sooner  or  later  in 
tlie  progressive  failure  of  vision  incident  to  increasing 
loss  of  transparency  of  tlie  crystalline  lens. 

The  diagnosis  of  H  turns  on  the  fact  that  the  hyperme- 
tropic eye,  when  in  a  state  of  accommodative  rest,  is 
able  to  focus  only  convergent  raj's  upon  its  retina  at  or 
Jiear  the  fovea  centralis,  and,  conversely,  that  a  pencil  of 
rays  given  oil  by  any  point  in  the  fundus  at  or  near  the 
fovea  centralis  must  necessarily  emerge  from  the  eye  as 
a  divergent  pencil  (see  Fig.  3764).     The  methods  em- 
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Fig.  2764. 

plo5^ed  for  the  detection  and  measurement  of  H  are  either 
subjective,  based  upon  the  recognition  by  the  patient  of 
the  strongest  convex  lens  through  which  distant  objects 
are  seen  with  undiminished  distinctness,  or  objective, 
iDased  upon  the  recognition  by  the  examiner  of  the  degree 
■of  divergence  of  the  efferent  pencils  emanating  from  the 
fundus.  The  subjective  method  is  generally  the  more  ac- 
curate, and  is  to  be  preferred  whenever  the  patient  has 
approximately  normal  acuteness  of  vision,  together  with 
sufficient  intelligence  and  training  to  enable  him  accu- 
rately to  define  his  perceptions.  Objective  methods  are, 
on  the  other  hand,  invaluable  in  the  case  of  young  chil- 
dren, and  also  in  the  case  of  exceptionally  stupid  or 
illiterate  persons  of  riper  years.  By  the  subjective 
method  we  first  measure  Hm  by  preliminary  tests  made 
without  the  use  of  a  mydriatic  and  we  may  subsequently 
determine  Ht  bv  repeating  the  tests  after  having  thor- 
oughly paralyzed  the  accommodation  by  instillations  of 
atropine  or  of  hyoscyamine.  By  objective  methods  we 
obtain,  in  most  cases,  a  pretty  accurate  measurement  of 
Ht  without  having  recourse  to  full  artificial  mydriasis,  al- 
though it  is  often  desirable,  or  even  necessary,  to  dilate 
the  pupil  in  order  to  secure  a  satisfactory  view  of  the 
central  portions  of  the  fundus.  Inasmuch  as  it  is  not  or- 
dinarily necessary  to  paralyze  the  accommodation,  we 
may  with  great  advantage,  avail  ourselves  of  the  rapid 
but  transient  mydriatic  action  of  cocaine,  which,  besides 
sufficiently  dilating  the  pupil  for  purposes  of  observa- 
tion has  the  additional  effect,  in  many  cases,  of_measur_ 
ably  controlling  .-any  existing  nystagmus.  A  mixture  ot 
cocaine  hydroehlora.te  with  euphthalmm  hydrochlorate, 
in  a  solution  containing  one  per  cent,  of  each,  may  also 
be  used  for  obtaining  transient  dilatation  of  the  pupil 

In  applying  the  subjective  method  we  make  use  of  a 
suitable  test-oljject  placed  at  the  greatest  convenient  dis- 
tance from  the  eye,  usually  the  test-letters  of  bnellen 
liung  upon  the  opposite  wall  of  the  room  at  a  distance  ot 
say  5  metres,  aiad  direct  the  patient  to  read,  with  eyes 
well  open,  as  many  of  the  letters  as  he  can.  If  vision  is 
.shown  by  this  test  to  fee  of  normal  acuteness  (|,  or  per- 
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haps  f ),  H  absoluta  and  also  myopia  of  any  degree  higher 
than  0.2  dioptrie  are  excluded;  also  any  notable  grade 
of  astigmatism.  H  fncultatwa,  or,  under  the  condition 
of  crossing  of  the  visual  axes,  H  relativa,  may,  however, 
be  present.  We  next  place  a  pair  of  weak  convex  trial 
glasses  before  the  eyes,  and  again  direct  the  patient  to 
read  as  many  of  the  test-letters  as  he  can,  using  prefer- 
ably another  test-card  with  different  letters.  If  through 
these  glasses  the  acuteness  of  vision  is  still  equal  to|,  we 
change  the  convex  trial  glasses  for  others  of  greater 
power,  until  we  have  hit  upon  the  strongest  convex  glass 
through  which  the  patient  enjoys  his  maximum  of  visual 
acuteness.  The  value  of  this  glass  is  the  measure  of  Hm.* 
Having  measured  Hm,  it  is  often  possible  to  make  a  suf- 
ficiently accurate  estimate  of  Ht  by  taking  into  account 
the  degree  of  Hm  and  the  age  of  the  patient,  but  in  other 
cases  it  is  important  to  measure  it  directly.  To  this  end 
we  repeat  the  examination  after  having  paralyzed  the  ac- 
commodation by  the  instillation  of  atropine  or  of  hyoscya- 
mine. Of  these  two  agents  the  latter  is  the  more  power- 
ful, and  one  or  two  instillations  of  a  one-per-cent.  solution 
are  generally  sufiicient  to  produce  full  paralysis  of  ac- 
commodation in  the  course  of  an  hour ;  if  atropine  is  used 
it  is  generally  advisable  to  repeat  the  instillation  two  or 
three  times  at  intervals  of  half  an  hour,  and  to  defer  the 
examination  for  an  hour  or  so  longer.  In  many  cases  of 
H  the  accommodation  yields  more  slowly  to  the  relaxing 
influence  of  mydriatic  agents,  so  that  the  full  measure  of 
Ht  is  obtained  only  after  repeated  instillations  continued 
for  at  least  twenty-four  hours.  Under  the  effective  use 
of  either  of  these  mj'driatics  Hm  and  HI  become  merged 
for  the  time  in  Ht,  H  faetdtativd  a,nA  Yl  relativa  give  place 
to  H  absoluta,  certain  cases  of  apparent  emmetropia  turn 
out  to  be  actually  cases  of  H  facvUativa  in  which  H 
has  been  concealed  by  habitual  tension  of  the  accommo- 
dation, and  a  few  cases  of  apparent  myopia  are  shown  to 
be  really  cases  of  emmetropia  or  of  H,  but  simulating 
myopia  through  persistent  accommodative  tension. 

The  objective  measurement  of  H  is  made  with  the  aid 
of  the  ophthalmoscope  by  the  direct  method,  using  as 
points  of  observation  the  finest  visible  details  of  the  fun- 
dus in  the  neighborhood  of  the  fovea  centralis.  The  best 
objects  for  this  purpose  are  the  smaller  retinal  vessels, 
which  serve  also  for  measuring  any  difference  of  refrac- 
tion in  the  different  ocular  meridians  (see  Astigmatism), 
and  the  general  texture  of  the  fundus,  which  is  usually 
distinctly  granular.  Under  ophthalmoscopic  examina- 
tion, in  a  well-darkened  room,  the  accommodation  is 
generally  found  to  be  so  far  relaxed  that  the  ophthalmo- 
scopic measurement  may  be  accepted  as  a  very  close 
approximation  to  Ht;  the  measure  of  Ht  is  then  the 
strongest  convex  lens,  placed  behind  the  hole  in  the  mir- 
ror, through  which  the  details  of  the  fundus  are  distinctly 
visible.  This  measure  must,  however,  be  corrected  for 
any  ametropia  which  may  be  present  in  the  eye  of  the 
observer,  and  sometimes  also  for  a  personal  equation. 

Under  full  mydriasis  an  abnormally  large  area,  both  of 
the  cornea  and  of  the  crystalline  lens,  is  uncovered  and 
brought  into  action  in  the  formation  of  the  retinal  image, 
and  it  is  not  infrequently  the  case  that,  owing  to  a  lower 
refractive  power  in  the  uncovered  marginal  zone,  meas- 
urements obtained  under  atropine  show  a  slight  excess 
over  Ht  as  it  exists  when  the  pupils  are  of  normal  diam- 
eter. It  is  therefore  generally  advisable,  when  glasses 
are  to  be  given  to  correct  the  total  hypermetropia,  to  pre- 
scribe them  of  a  somewhat  lower  pow'er  than  that  indicated 
by  tests  made  with  dilated  pupils. 

The  shadow  test  (retinoscopy,  so-called;  see  Shadow 
Test)  affords  very  accurate  measurements.  In  common 
with  the  ophthalmoscopic  observation  of  the  fundus  in 
the  erect  image,  its  results  are  wholly  independent  of  the 
degree  of  vision  which  the  patient  may  enjoy,  and  of  the 

*  In  strictness,  0.2  dioptrie  should  be  subtracted  Irom  this  measure, 
to  allow  lor  the  finite  distance  of  5  metres  at  which  the  test-card  is 
huno-;  and  in  the  case  ol  glasses  ot  short  focus  a  further  correction 
must  be  made  for  the  distance  at  which  the  lens  is  placed  in  front  of 
the  cornea,  which  is  ordinarily  about  15  mm.  As  most  measurements 
of  the  refraction  are  made  for  the  purpose  of  selecting  glasses,  this 
latter  correction  is  generally  superfluous. 
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accuracy  of  his  statements  regarding  his  recognition  of 
tGSt -letters 

For  a  description  of  additional  devices  which  may  be 
employed  for  the  detection  and  measurement  ot  hyper- 
metropla, see  Optometry. 

The  discovery  of  H  Is  oftenest  made  through  the  lec- 
osnltlon,  by  the  patient,  of  an  Inability  to  use  his  eyes 
freely  in  near  work,  and  if  he  happen  further  to  discover 
that  the  reading  glasses  of  some  elderly  person  are  ot  as- 
sistance to  him,  he  may  perhaps  select  for  himselt  a  pair 
of  convex  glasses  sufficient  for  his  present  needs;  and, 
having  once  experienced  the  aid  afforded  by  these  glasses 
In  reading,  he  will  be  very  likely,  in  replacing  them,  to 
choose  glasses  of  greater  power,  until  at  length  he  arrives 
at  an  approximate  correction  of  his  Ht.  In  this  selt- 
treatment  he  will,  however,  be  very  likely  to  encounter 
opposition  from  the  spectacle  venders,  owing  to  a  still 
somewhat  prevalent  notion  that  convex  glasses  are  inju- 
rious to  the  eyes  of  young  persons,  and  that  the  stronger 
the  glass  the  greater  the  injury.  He  is  liable,  therefore, 
either  to  be  deterred  from  using  glasses  of  the  necessary 
strength,  or  to  procure  and  wear  such  glasses  as  enable 
him  to  read  with  comfort,  though  under  protest  and  in 
the  dread  of  "wearing  out  his  sight"  through  having 
recklessly  forestalled  the  aid  which  he  is  told  should  be 
reserved  exclusively  for  old  age. 

In  early  childhood  H  is  seldom  discovered  except  by 
the  oculist,  who  is  generally  first  consulted  in  conse- 
quence of  some  peculiarity  in  the  manner  of  using  the 
eyes,  or  because  of  the  discovery  of  a  tendency  to  strabis- 
mus. The  child  is  noticed  to  scowl  when  looking  intently 
at  distant  or  near  objects,  or  he  is  observed,  in  reading, 
to  contract  the  opening  of  the  eyelids,  so  as  partially  to 
■cover  the  pupils,  and  at  the  same  time  to  hold  his  book 
quite  near  to  the  eyes,  in  order  to  increase  the  size  and 
intensity  of  the  retinal  images.  In  other  cases  he  com- 
plains that  he  cannot  distinguish  the  letters  in  his  read- 
ing-book, or  he  miscalls  certain  words  through  imperfect 
recognition  of  individual  letters.  Possibly  he  tries  on  his 
mother's  or  grandmother's  glasses,  and,  seeing  much  bet- 
ter through  them,  asks  for  them  to  aid  him  in  his  lessons, 
which  he  then  learns  more  easily  and  with  unwonted  cor- 
rectness. Not  infrequently  he  learns  to  see  distinctly 
with  one  eye  by  crossing  the  other  whenever  he  is  com- 
pelled to  fix  his  attention  closely  upon  any  small  ob- 
ject (periodic  strabismus),  and  the  family  physician  is 
perhaps  consulted  because  the  child  is  becoming  cross- 
eyed. Of  this  suggestion  he  too  often  makes  light,  and 
puts  off  the  parent  by  saying  that  "  the  eyes  will  prob- 
ably come  right  of  themselves,"  or  that  "the  child  is  too 
young  to  be  treated  for  cross-eye,"  or  that  "there  is  no 
help  for  cross-eye  until  it  has  become  fully  established, 
and  then  only  by  a  surgical  operation  " ;  and  so  he  advises 
waiting  "until  the  child  is  old  enough  to  decide  for  him- 
self. "  "  Teething, "  "  indigestion, "  "  worms, "  "  mimicry  " 
of  a  cross-eyed  companion  or  nurse,  "looking  at  the  tip 
of  the  nose  "  or  "  at  a  look  of  hair, "  and  many  other  imagin- 
ary or,  at  most,  only  secondary  causes  are  often  invoked, 
with  the  result  of  encouraging' mischievous  delay  through 
the  neglect  of  the  primary  and  essential  factor  in  the  case, 
namely,  the  hypermetropic  conformation  of  the  eyes. 
Unfortunately  for  the  child,  there  is  just  enough  of  plaus- 
ibility in  some  of  these  suggestions  to  lead  a  physician 
to  give  the  worst  possible  advice  in  a  matter  which  he 
does  not  understand,  and  to  encourage  a  parent  to  accept 
bad  advice  when  given  by  his  trusted  medical  adviser. 

Tlie  treatment  of  H  is  by  supplementing  the  deficient 
refraction  (i.e.,  deficient  relatively  to  the  length  of  the 
axis  of  the  eyeball)  by  means  of  neutralizing  convex 
glasses,  the  effect  of  which  is  to  advance  the  position  of 
the  principal  focus  of  the  eye  to  the  actual  position  of 
the  retina.  The  hypermetropic  eye  with  its  correcting 
gla,ss  forms  a  compound  dioptric  system,  whose  nodal 
point  IS  farther  from  the  retina  than  is  the  case  when  the 
same  eye  is  focussed  for  distance,  by  the  exercise  of  its 
accommodation;  the  retinal  image  is,  therefore,  some- 
what enlarged  by  the  glass,  and  when  the  correcting 
glass  is  placed,  as  is  usually  the  case  in  wearing  specta- 
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cles,  at  or  very  near  the  anterior  focus  of  the  eye  (about 
15  mm.  in  front  of  the  cornea)  the  size  of  the  retinal 
image  is  found  by  calculation  to  be  the  same  as  in  the 
emmetropic  eye.  With  the  exact  correction  of  Ht  the 
hypermetropic  eye  becomes,  therefore,  practically  em- 
metropic, with  normal  region  of  accommodation ;  no  part 
of  the  accommodation  is  expended  in  focussing  parallel 
rays  in  distant  vision,  and  A  is  rendered  available  in 
its  entirety  to  meet  the  requirements  of  near  vision.  H 
abaoluta,  Rrelatim,  and  H.  facvUatim  being  alike  re- 
duced to  emmetropia,  the  conflict  between  accommoda- 
tion and  convergence  ceases,  and  the  patient  is  relieved 
of  his  asthenopia  and  of  any  pre-existing  tendency  to 
crossing  of  the  eyes  in  the  act  of  accommodation  for  dis- 
tant or  for  near  objects.  The  neutralizing  convex  glass 
required  for  the  exact  correction  of  Ht  is  that  which,  un- 
der complete  relaxation  of  the  accommodation,  gives  the 
maximum  acuteness  of  vision  at  a  distance. 

The  accurate  correction  of  Ht  is,  therefore,  the  end  to 
be  kept  constantly  in  mind  in  giving  convex  glasses  to  a 
hypermetrope ;  nevertheless,  it  is  often  better  to  reach 
this  full  correction  by  successive  stages.  Thus  a  young 
hypermetrope  with  large  HI  may  find  it  impossible  to 
relax  his  accommodation  fully  on  first  using  convex 
glasses,  and  may,  therefore,  reject  neutralizing  glasses 
as  impairing  distant  vision  and  compelling  him  to  read 
or  work  at  an  inconveniently  or  uncomfortably  short  dis- 
tance. On  the  other  hand,  he  will  probably  take  very 
great  satisfaction  in  somewhat  weaker  glasses  which  cor- 
rect, or  perhaps  slightly  overcorrect,  his  Hm.  After 
wearing  such  partially  correcting  glasses  for  a  few  days 
or  weeks  a  larger  fraction  of  Ht  will  have  been  rendered 
manifest,  and  the  glasses  may  then  be  changed  for  others 
of  shorter  focus,  and  these  again  for  others,  until  the  full 
correction  of  Ht  is  reached.  Proceeding  in  this  way,  we 
may  give  the  patient  from  the  start  all  the  help  which 
he  can  receive  from  glasses,  and  at  the  same  time  spare 
him  the  inconvenience  and  possible  disqualification  for 
work  attendant  upon  the  production  of  complete  artifi- 
cial paralysis  of  the  accommodation.  If  the  previous 
condition  of  the  patient  has  been  that  of  H  absoluta,  the 
glasses  first  given  will  fully  correct  the  manifest  hyper- 
metropla, and  will  enable  him  to  see  distinctly  at  a  dis- 
tance, and  also  to  read  unless  he  is  also  presbyopic :  if  of 
H  relatim,,  they  will  relieve  the  accommodation  both  in 
distant  vision  and  in  reading,  and  will  in  a  great  measure 
do  away  with  the  necessity  for  excessive  convergence  in 
order  to  see  distinctly ;  if  of  Wfacultativa,  they  will  make 
it  possible  to  use  the  eyes  for  finer  work  and  for  a  longer 
time  without  fatigue.  In  proportion  as  HI  becomes 
merged  in  Hm,  through  the  wearing  of  the  weaker 
glasses,  the  change  to  stronger  convex  glasses  renews 
the  good  ettect  of  the  former,  until  at  length  the  full  cor- 
rection of  Ht  is  accepted. 

When,  through  uncorrected  H  relatica,  accommodative 
insufficiency  or  periodic  convergent  squint  has  been  de- 
veloped, these  symptomatic  conditions  usually  disappear 
with  the  wearing  of  neutralizing  glasses,  and  the  eyes  re- 
cover the  power  of  working  easily  and  harmoniouslj-  to- 
gether in  binocular  vision.  As  the  glasses  afford  needed 
aid  to  the  accommodation,  as  well  in  distant  as  in  near 
vision,  they  should,  as  a  rule,  be  worn  constantly ;  and 
to  this  end  they  should  be  mounted  as  spectacles  ratlier 
than  as  a  piiice  nez,  and  should  be  fitted  with  elastic  bows 
curved  behind  the  ears  (see  Spectacles). 

If  convergent  strabismus  has  become  already  estab- 
lished, the  effect  of  convex  glasses. is  first  of  all  to  do 
away  with  the  causes  which  incite  to  further  develop- 
ment of  the  squint,  and  thus  to  arrest  it  in  its  actual 
stage.  Secondly,  they  tend  to  diminish  the  existing 
grade  of  deviation,  and  in  some  cases,  especially  of  re- 
cent squint,  they  may  even  suffice  to  bring  back  the  op- 
tic axes  almost  immediately  to  their  normal  direction, 
and  thus  re-establish  binocular  vision.  In  other  cases  the 
full  effect  of  the  glasses  requires  a  much  longer  time  for 
its  complete  realization,  which  maybe  attained  only  after 
the  lapse  of  many  months  or  even  of  several  "years. 
Hence  we  should  not  hastily  despair  of  finally  curing 
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even  a  pretty  high  grade  of  strabismus,  when  associated 
with  a  high  grade  of  H,  by  glasses,  even  though  the  im- 
mediate effect  be  conspicuously  inadequate;  in  such  a 
case  the  use  of  strong  convex  glasses  will  soQner  or  later 


B- 


FIG.  2765. 

become  imperative,  on  account  of  the  visual  disabilities 
incident  to  a  high  grade  of  H,  and  if  worn  only  after  a 
full  correction  of  the  squint  by  tenotomy,  they  may  easily 
determine  divergence  of  the  previously  crossing  eye.  In 
the  presence  of  a  high  grade  of  H  resort  should  ordinar- 
ily be  liad  to  surgical  procedures  only  after  the  complete 
correction  of  Ht,  and  after  the  lapse  of  suflScient  time  to 
develop  the  full  effect  of  the  optical  correction. 

The  prompt  correction  of  H  by  convex  glasses  is  gener- 
ally indicated  on  the  first  appearance  of  one  or  more  of 


A 
B- 


necessitate  the  wearing  of  a  convex  glass  of  about  11 
dioptrics  in  order  to  raise  vision  to  its  maximum  of  acute- 
ness  at  a  distance,  and  a  glass  of  14  or  15  dioptries  for 
reading.     In  the  case  of  an  eye  previously  myopic,  a 


Fig.  276B. 

lens  of  less  power  than  11  dioptries  suffices  for  distance, 
and  for  an  eye  previously  hypermetropic  a  stronger 
lens  is  required.  It  follows  that  an  eye  with  a  pre- 
existing myopia  of  very  high  grade  may,  after  the 
loss  of  its  crystalline  lens,  be  found  to  be  nearly  or  quite 
emmetropic,  and  cases  are  occasionally  observed  in 
which,  after  an  operation  for  cataract,  no  glass  is  re- 
quired to  bring  out  the  maximum  of  visual  acuteness  for 
distance,  and  in  which  a  convex  glass  of  only  3  or  4  diop- 
tries is  required  for  reading.     On  the  other  hand,  a  glass 


Fig.  2767. 


its  characteristic  symptoms  (asthenopia,  incipient  strabis- 
mus couvergens,  or  impaired  distinctness  of  vision). 
They  should,  as  a  rule,  be  worn  constantly  during  the 
waking  hours,  and  it  should  be  made  clear  to  the  patient, 
or  in  the  case  of  a  child  to  the  parents,  that  they  will 
probably  be  needed  throughout  life,  in  order  to  make  it 
possible  to  use  the  two  eyes  easily  and  effectively  in  near 


of  as  high  power  as  30  dioptries  may  be  needed  for  dis- 
tance in  a  case  in  which  there  has  been  a  pre-existing  H 
of  high  grade,  and  a  still  stronger  glass,  of  23  or  24  diop- 
tries, will  then  be  required  for  reading. 

As  a  consequence  of  the  very  great  diminution  in  re- 
fractive power  due  to  the  loss  of  its  crystalline  lens,  the 
unaided  aphakial  eye  is  unfitted  for  the  performance  of 


FIG.  2768. 


work.  Only  in  low  grades  of  H,  in  which  the  rest  af- 
forded by  weak  convex  glasses  is  not  infrequently  fol- 
lowed by  a  very  marked  amelioration  of  asthenopic  symp- 
toms, is  it  occasionally  found  practicable  to  lay  them  aside 
after  this  result  has  been  attained  (see  also  vol.  i.,  pp. 
583,  584,  under  Asthenopia). 


its  proper  function  as  a  camera  obscura.  Pig.  2765  illus- 
trates the  insufficiency  of  the  refraction  at  the  cornea,  in 
the  absence  of  the  crystalline  lens,  to  focus  the  pencil  of 
parallel  rays.  A,  E,  B,  except  as  it  is  first  converted  into  a 
convergent  pencil  by  means  of  the  convex  lens  L.  Pig. 
2766  similarly  shows  a  divergent  pencil,  such  as  reaches 


Fi(i. ; 


Aphakia.— Absence  of  the  crystalline  lens  as  a  part  of 
the  dioptric  system  of  the  eye  has  been  already  noticed 
in  this  Handbook  (vol.  i.,  p.  58).  The  deficiency  m  re- 
fractive power,  as  observed  after  the  operation  for  cata- 
ract in  an  originally  emmetropic  eye,  is  so  great  as  to 


the  eye  from  a  near  object,  rendered  convergent  by  a 
stronger  convex  lens,  to  be  focussed  upon  the  retina  at  E. 
Besides  the  diminished  refractive  power  in  the  aphakial 
eye,  there  is  also  entire  loss  of  accommodation.  Hence 
the  necessity  for  a  stronger  glass  for  near  than  for  distant 
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vision  The  distance  of  the  correcting-glass  from  the  e3^e 
"wever,  a  matter  of  very  considerable  importance^ 
F  g.  2767  represents  an  aplrakial  eye  corrected  by  lie 
strong  convex  lens  L,  for  focussing  the  pencil  of  parallel 
Vlyf^AE,  B,  upon  the  retina  at  E;  the  parallel  pencil 
is  converted  by  the  lens  L  into  a  convergent  pencil  lav- 
nlTtrfocus  It  a  certain  point,  F,  behind  tlie  retina^ 
from  which  point  the  refractive  power  of  the  aqueous 
and  vUreous  humors,  as  determined  by  the  convexity  of 
the  cornea,  is  just  sufficient  to  advance  the  focus  to  ^. 
Fig  3768  shows  the  same  aphakial  eye,  with  parallel 
rays  focussed  at  E  by  the  help  of  a  weaker  convex  lens, 
L'!  placed  at  a  greater  distance  from  the  eye.  In  Fig. 
2769  the  lensi,  which  is  of  the  same  power  as  m  Fig^ 
2767  is  shown  removed  about  an  inch  farther  from  the 
eye,  and  with  its  focus  for  parallel  rays  advanced  by  the 
same  distance,  to  F\  from  which  position  the  refractive 
power  of  the  eye  would  advance  it  still  farther  to  i4  , 
which  lies  within  the  distance  of  the  retma.  A  pencil, 
A  E  B  diverging  from  the  conjugate  focus  of  the  lens 
i'is  however,  focussed  by  the  lens  at  the  distance  of  t, 
and  through  the  further  refraction  at  the  cornea,  at  E. 
By  thus  removing  the  correcting  glass  farther  from  the 
eye  we  increase  the  refractive  power  of  the  combined 
dioptric  system,  made  up  of  the  lens  L  and  the  aphakial 
eye,  and  so  may  provide,  in  some  sort,  a  substitute  for 
the  lost  accommodation.  ,    ,  .  i 

The  position  of  the  (single)  nodal  pomt  of  the  aphakial 
eye  (at  the  centre  of  curvature  of  the  anterior  surface  of 
the  cornea)  coincides  very  nearly  with  that  of  the  (second) 
nodal  point  in  the  perfect  eye  when  in  a  state  of  com- 
plete accommodative  relaxation.  The  effect  of  the  con- 
vex glass  worn  in  front  of  the  aphakial  eye  (Figs.  3765, 
2766,  and  2767)  is  to  form  (with  the  eye)  a  compound 
dioptric  system  whose  (second)  nodal  point  falls  farther 
forward  (farther  from  the  retina)  than  in  the  original 
(perfect)  condition  of  the  same  eye.  The  retinal  image 
formed  by  the  help  of  the  strong  convex  spectacle  lens 
is,  therefore,  notably  larger  than  the  image  of  the  same 
object  in  a  normal  eye  of  the  same  dimensions  and  cor- 
neal curvature.  In  the  case  of  an  aphakial  eye  wearing 
a  convex  lens  of  13  dioptrics  15  mm.  in  front  of  the  vertex 
of  the  cornea,  the  ratio  of  the  size  of  the  retinal  image 
to  that  of  the  image  in  the  perfect  eye  is  about  1.33  :  1. 
In  the  case  of  a  convex  lens  of  half  the  strength  (6. 5  di- 
optrics), mounted  105  mm.  in  front  of  the  cornea,  the 
ratio  is  about  2.64  :  1,  which  is  nearly  equal  to  the  mag- 
nifying power  of  an  ordinary  opera-glass. 

Owing  to  the  entire  absence  of  accommodation  in  apha- 
kia, HI  =  0,  andHm  =  Ht;  hence  all  distinctions  of  Hm 
and  Ht,  and  of  Hfacultatwa,  H  relatita,  and  H  absolvta 
disappear,  and  the  aphakial  eye  either  sees  distinctlj', 
when  it  is  perfectly  corrected  for  the  distance  of  the  ob- 
ject, or  indistinctly,  when  it  is  left  uncorrected  or  is 
imperfectly  corrected.  The  conflict  between  accom- 
modation and  convergence,  which  in  H  gives  rise  to  as- 
thenopia or  to  strabismus,  has  therefore  no  existence, 
and  if  either  of  these  symptomatic  conditions  is  developed 
in  a  case  of  uniocular  aphakia,  the  causes  must  be  sought 
elsewhere  than  in  the  aphakial  eye. 

Notwithstanding  its  great  refractive  deficiency,  and  the 
consequent  imperfect  definition  of  its  retinal  image,  an 
aphakial  eye,  though  uncorrected,  may  continue  to  take 
part  with  its  fellow  in  binocular  vision,  and  maj'  thus 
render  valuable  service,  not  only  by  conserving  the  bi- 
nocular field  of  vision  in  its  normal  extension,  but  also 
by  aiding,  to  a  useful  extent,  in  the  recognition  of  differ- 
ences in  distance  (stereoscopic  vision).  Very  often,  how- 
ever, binocular  vision  is  not  fully  regained  after  the  re- 
moval of  an  opaque  lens,  and  the  aphakial  eye  is  then 
especially  prone  to  acquire  a  false  direction.  In  the  pres- 
ence of  H  in  the  fellow-eye,  an  aphakial  or  otherwise 
materially  defective  eye  may  become  crossed;  on  the 
other  hand,  the  co-ordination  of  function  of  the  recti  iii- 
terni  muscles  of  the  two  eyes  with  each  other,  and  with 
the  accommodation  in  the  eye  which  still  retains  this  fac- 
ulty, may  become  impaired,  and  the  aphakial  eye  may 
then  gradually  assume  a  divergent  direction,  notwith- 


standing the  presence  of  such  a  grade  of  H  in  the  fellow- 
eye  as  would  ordinarily  give  rise  to  marked  convergence. 
In  acquired  binocular  aphakia,  following  a  double  op- 
eration for  senile  cataract,  the  convergence  ordinarily 
remains  fully  under  control,  and,  in  the  absence  ot 
pre-existing  deviation  of  the  axis  of  one  of  the  eyes, 
binocular  vision  is  generally  retained. 

In  the  otherwise  perfect  aphakial  eye  a  properly  se- 
lected convex  glass  restores  nearly  or  quite  normal 
acuteness  of  vision  at  the  particular  distance  for  which 
the  correction  is  given,  and,  by  reason  of  the  considerable 
magnifying  effect  of  the  glass,  vision  may  occasionally 
be  raised  even  above  the  accepted  normal  standard  of  |. 
A  moderate  excess  or  deficiency  of  power  In  the  correct- 
ing glass  for  distance  is  of  no  other  importance  than  that 
vision  is  left  somewhat  deficient  in  acuteness,  but  reading 
glasses  of  excessive  power  may,  in  binocular  aphakia, 
give  rise  to  undue  strain  upon  the  recti  interni  muscles 
by  bringing  the  reading  distance  too  near  to  the  eyes.  _ 

In  uniocular  aphakia,  so  long  as  the  fellow -eye  retains 
normal  or  nearly  normal  acuteness  of  vision  and  is  with- 
out notable  refractive  defect,  it  is  a  frequent  practice  to 
leave  the  aphakial  eye  uncorrected.  In  cases  in  which 
the  condition  of  the  other  eye  is  such  as  to  call  for  the 
wearing  of  a  correcting  glass,  it  Is  generally  practicable, 
and  often  desirable,  to  prescribe  also  the  proper  correc- 
tion for  distance  for  the  aphakial  eye.  A  tendency  to 
divergence  of  an  aphakial  eye,  in  a  young  person,  may 
often  be  arrested  by  wearing  for  a  time  a  concave  glass, 
of  from  1  dioptric  to  3  dioptries,  before  the  emmetropic 
fellow-eye,  at  the  same  time  correcting  the  aphakial  eye 
as  accurately  as  possible  for  distance. 

The  first  adequate  description  of  H  is  by  the  English 
surgeon  James  Ware,  in  the  Philosophical  Transactions 
for  1813.  Ware  recognized  the  condition  as  "  occurring 
in  young  persons  " ;  as  dependent  on  refractive  insuffi- 
ciency due  to  "  a  disproportionate  convexity  of  the  cornea 
or  crystalline  lens,  or  of  both,  to  the  distance  of  those 
parts  from  the  retina  "  ;  as  not  involving  "  the  power  by 
which  the  eyes  are  adapted  to  see  at  distances  variously 
remote  "  {i.e. ,  the  accommodation) ;  as  "  requiring  a  glass 
of  considerable  convexity  to  enable  [the  person]  to  see 
distinctly,  not  only  near  objects,  but  also  those  that  are 
distant " ;  as  of  such  a  nature  that  "  the  same  glass  will 
enable  many  such  persons  to  see  both  near  and  distant 
objects";  and  as  differing  from  the  condition  existing 
after  the  loss  of  the  crystalline  lens,  the  subjects  of 
which  "  always  require  a  glass,  to  enable  them  to  discern 
distant  objects,  different  from  that  which  they  use  to  see 
those  that  are  near."  In  short,  the  description  of  the 
visual  conditions  in  H  absohtta  and  in  most  cases  of  H 
relati'im.  is  complete,  and  AYare  is  justlj'  accredited  bj' 
Donders  with  the  discovery  of  H — a  discovery  which 
was,  however,  destined  to  remain  almost  fruitless  for 
nearly  half  a  century. 

Ruete  (1853)  proposed  the  very  appropriate  name 
Uehe rsiehtigkeit  for  this  condition,  but  his  description 
falls  short  of  that  of  Ware  in  clearness  and  accuracy. 

Stcllwag  (1855)  described  H  correctly,  as  a  condition 
in  which  the  principal  focal  length  of  the  eye  is  greater 
than  the  actual  distance  of  the  retina;  but,  in  proposing 
for  it  the  name  hyperpreibyopia,  he  failed  to  emphasize  its 
independence  of  accommodative  insufficiency. 

Donders  (lS.')9-60)  first  studied  H  exhaustively  in  its 
relation  to  different  conditions  of  the  accommodation, 
and  gave  to  it  its  now  universally  accepted  name.  The 
present  article  is  little  more  than  a  ivKiime  of  the  princi- 
l)al  facts  established  by  that  admirable  physiologist,  as 
embodied  in  his  great  work  on  the  "  Anomalies  of  Ac- 
ciimniodation  and  Refraction  of  the  Eye."  New  Syden- 
ham S(jciety,  London,  1864.  JoJm  Green. 

[For  the  cnnvenienoe  of  tlie  reader  the  followlns  list  of  abbrevia- 
tions used  In  this  article  Is  appended,  following  Donders,  but  with  a 
few  changes  In  form  necessitated  by  the  adoption  of  the  modern  me- 
tric notation. 

H  =  Hypermetropla ;  Hm  =  H  wanifefita ;  HI  =  H  latcns ;  Ht  =  H 
totalis;  M  =  Myopia;  A  =  Absolute  range  of  accommodation;  A,  = 
Relative  range  of  accommodation ;  Aj  =  Binocular  range  of  accom- 
modation.] 
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HYPERNEPHROMA  is  a  term  suggested  originally  by 
Bircli-Hirschfeld,  and  since  adopted  by  other  writers,  to 
designate  tumors  that  result  from  proliferation  of  adrenal 
tissue — it  being  immaterial  whether  the  tumors  arise  in 
the  adrenal  itself  or  in  regions  where  aberrant  or  mis- 
placed (heterotopic)  portions  of  adrenal  tissue  are  known 
to  occur.     Though  the  terminology  that  suggests  hyper- 
nephroma is  not  scientiiic,  it  finds  justification  in  the 
peculiarities  of 
structure    of    ad- 
renal tumors  and 
in  the   fact    that 
the  precise  histo- 
genetic  position  of 
the    adrenal    has 
not  yet  been  de- 
termined.    Lu- 
barscli  speaks  of 
these    tumors   as 
hypernephroid 
tumors  or  tumors 
after  the  type  of 
the    adrenal  with 
or  without  de- 
structive   charac- 
teristics. 

During  recent 
years  considerable 
attention  has  been 
directed  to  the  oc- 
currence of  acces- 
sory adrenals  and 
to  the  great  va- 
riety of  displace- 
ments, in  whole  or 
in  part,  to  which 
the  adrenals  are 
subject.  Thus 
one  or  both  ad- 
renals may  be  ab- 
sent; and  the  ad- 
renal, if  present, 
may  be  intimately 
adherent  to  the 
kidnej'  and  por- 
tions of  its  tissue 
may  be  displaced 
within  the  kid- 
ney. Accessory 
adrenals  or  por- 
tions of  adi-enal 
tissue  have  been 
found  in  the  im-  ^    ,       j        i 

mediate  vicinity  of  the  normal  situation  of  the  adrenal, 
in  the  adjacent  retroperitoneal  connective  tissue,  in  the 
kidney  (usually  directly  beneath  the  capsule),  about 
the  renal  blood-vessels,  in  the  spermatic  cord,  between 
the  testicle  and  the  epididymis,  in  the  inguinal  canal, 
in  the  broad  ligament  (Marchand's  adrenal),  m  the 
solar  plexus,  in  the  coeliac  ganglion,  in  the  liver,  m  the 
pancreas,  etc.  These  accessory  adrenals  usually  occur 
singly,  though  there  may  be  more  than  one.  They  are 
vellowish  in  color,  rather  firm  in  consistence,  and  they 
vary  in  size.  Usually  they  are  about  3  to  3  mm.  m  di- 
ameter, but  they  may  be  so  small  as  to  be  detected  only 
by  microscopical  examination,  and  when  the  seat  ot  hy- 
perplasia or  of  tumor  formation  they  may  reach  the  size 
of  a  man's  head.  As  a  rule,  they  consist  of  one,  two  or 
all  three  layers  of  the  cortical  substance ;  rarely  medul- 
lary substance  also  is  found.  Schmorl  states  that  they 
may  be  found  in  ninety-two  per  cent,  of  all  bodies— a 
statement  that  has  not  found  concurrence  on  the  part  ot 
other  observers.  Presumably  tumor  formations  may  re- 
sult from  proliferation  of  any  accessory  adrenal ;  especial 
interest,  however,  attaches  to  the  occurrence  of  adrenal 
tumors  or  hypernephromas  in  the  kidney  and  in  the  broad 

In  the  kidney  adrenal  rests  are  found  usually  at  the 


upper  pole  of  the  organ,  in  the  cortex,  and  directly  be- 
neath the  capsule.     Sometimes  they  are  themselves  en- 
tirely encapsulated,  being  separated  from  the  subjacent 
kidney  tissue  by  a  baud  of  well-developed  fibrous  con- 
nective tissue.     In  some  cases  through  openings  in  tliis 
connective-tissue  capsule  portions  of  adrenal  tissue  in- 
vade the  kidney,  and  in  other  cases  no  connective  tissue 
whatever  separates  one  tissue  from  the  other.     The  kid- 
ney   tissue    adja- 
cent  to  the  mis- 
placed   adrenal 
tissue     may    pre- 
sent no  deviations 
from  the  normal, 
but  what  is  of  es- 
pecial interest  and 
importance  is  that 
in   some  cases 
cysts,  evidently 
dilated     urinifer- 
ous    tubules,   are 
present   at  the 
junction    of     the 
two    tissues,   and 
that  in  other  cases 
(as  illustrated  by 
one    of    my   own 
cases)     areas     of 
kidney  tissue  are 
entirely  or  almost 
entirely    incUuh'd 
within  these  mis- 
placed  adrenal 
rests. 

It    is     scarcely 
pertinent    in   this 
connection  to  dis- 
cuss the  different 
tumors  of  the  ad- 
renal   that    in    a 
strict    sense   may 
be  included  with- 
in the  scope  of  the 
designation  hy- 
pernephroma.    It 
will  sufllce  to  de- 
FiG   OTTO  -Section  of  a  Hypernephroma.    Haimatoxylin-eosin  preparation.    Zeiss  apocbrom,    scribe  that  class  of 
8  mm.,  compens.  oc.  No.  4.    For  the  most  part  the  stroma  consists  ol  naked  and  intact    tumors   variously 
capiDaries  that  contain  some  blood  corpuscles  and  that  in  some  places  are  consideraWy     -i     ■g.„„fp,i    ii„o. 
Slated  (more  dilated  than  is  usual) .    For  the  most  part  also  the  cells  are  attached  directly    aesignaiea   1 1  p  o 
to  the  endothelium  of  the  capillaries,  and  they  show  marked  fatty  infiltration.    In  the  sec-    m  a  s,     adenomas, 
tion  depicted  the  tumor  presents  large  alveoli-like  formations  with  central  necrosis.    In  the    carcinomas,      sar- 
upper  risht-hand  region  there  are  a  number  of  high  columnar  cells.  comas      adenosar- 


comas,  angiosar- 
comas, endotheliomas,  and  peritheliomas  of  the  kidney- 
tumors  the  true  nature  of  which  was  first  recognized,  in 
1883,  by  Grawitz,  who  referred  them  to  proliferation  of 
aberrant  adrenal  rests.  The  opinions  of  Grawitz  have 
been  abundantly  confirmed  by  Wiefel,  HoUen,  Ambro- 
sius,  Chiari,  Strtlbing,  LSwenhardt,  Beneke,  Horn,  Mar- 
chand,  Ulrich,  Lubarsch,  Askanazy,  McWeeney,  Ma- 
nasse,  Gatti,  Ricker,  Warthin,  Pick,  myself,  and  others. 
Hypernephromas  of  the  kidney  (as  well  as  hyperne- 
phromas of  the  broad  ligament  and  of  other  structures) 
may  be  small  and  benign  or  large  and  malignant.  The 
small  tumors  usually  are  situated  in  the  cortex  of  the 
kidney ;  they  are  well  circumscribed,  generally  encapsu- 
lated, nodular,  yellowish  or  yellowish- white,  and  moder- 
ately firm.  Tlie  larger  tumors,  which  may  attain  a  great 
size  replace  more  or  less  the  kidney  structure,  though 
even  in  the  largest  tumors  a  narrow  layer  of  compressed 
and  distorted  kidney  tissue  usually  limits  the  tumor  be- 
low. Usually,  though  not  always,  the  tumor  is  separated 
from  the  remaining  kidney  structure  by  a  more  or  less 
complete  and  intact  connective-tissue  capsule.  In  many 
cases  however,  the  capsule  has  become  invaded  and 
penetrated  by  the  growth,  and  careful  search  is  necessary 
to  detect  even  remnants  of  it.  It  is  nevertheless  one  of 
the  characteristic  features  of  hypernephromas.     The  tu- 
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mor  consists  of  spheroid  or  ovoid  nodes  that  vary  in  size 
and  are  separated  from  one  another  by  bands  of  connec- 
tive tissue.  Each  node  in  turn  is  made  up  of  smaller  nod- 
ules into  which  as  a  rule  but  very  little  connective  tissue 
penetrates.  On  section  the  growth  is  whitish  (like  brain 
medulla),  or  grayish- white  or  yellowish-white,  sometimes 
reddish-white  or  brownish- white  in  color,  opaque  though 
sometimes  glistening,  and  moderately  firm  in  consistence 
in  the  well-preserved  areas.  The  tumor  exhibits  a  marked 
tendency  to  different  retrograde  changes,  necroses,  fatty 
metamorphoses,  hemorrhage,  etc.,  in  consequence  pf 
which  softening  and  pseudocystic  formations  may  de- 
velop. True  cystic  formations  are  not  uncommon,  and 
in  rare  instances  calcification  may  occur.  The  tumor 
may  invade  and  finally  penetrate  the  pelvis  of  the  kid- 
ney. Invasion  and  penetration  of  the  renal  veins  also 
is  quite  common,  and  in  this  way — that  is,  by  way 
of  the  blood-vessels— if  not  exclusively,  at  least  in  the 
vast  majority  of  cases,  metastases  may  occur.  These 
have  been  observed  in  almost  all  the  tissues  of  the 
body. 

On  microscopic  examination,  the  smaller  hypernephro- 
mas reveal  as  a  rule  a  well-formed  connective-tissue  cap- 
sule that  recalls  the  capsule  possessed  by  adrenal  rests  in 
the  kidney ;  it  may  be  complete,  surrounding  the  tumor 
on  all  sides,  or  it  may  cover  the  tumor  only  on  the  sur- 
face. Even  the  larger  and  malignant  hypernephromas 
sometimes  are  well  encapsulated,  and,  even  in  those  cases 
in  which  the  capsule  has  become  penetrated,  remains  of 
the  capsule  are  often  evident — a  feature,  as  already 
pointed  out,  that  constitutes  one  of  the  characteristics  of 
this  variety  of  tumor. 

Histologically  a  hypernephroma  is  a  tumor  that  con- 
sists of  a  stroma  made  up  of  a  rather  close  network  of 
capillaries,  and  of  cells  intimately  associated  with  the 
capillaries  and  arranged  in  rows,  columns,  or  masses 
within  the  meshes  of  the  vascular  network.  The  cells 
are  epithelial  in  appearance  and  contain  fat  and  usually 
glycogen.  The  tumor  in  cell-forms,  cell -arrangement, 
and  cell-contents  reproduces  or  resembles  the  adrenal  and 
certain  tumors  derived  from  the  adrenal,  and  differs  en- 
tirely in  structural  peculiarities  from  tumors  derived  from 
the  uriniferous  tubules. 

The  small  and  benign  hypernephromas  reproduce  ex- 
ceedingly well  the  structure  of  the  adrenal  and  of  certain 
tumors— so-called  strumas  or  adenomas — that  develop 
from  the  cortex  of  that  organ.  The  larger  and  typical 
hypernephromas  consist  of  nodules  that  vary  somewhat 
in  size  and  that  are  separated  from  one  another  by  more 
or  less  delicate  trabeculse  of  connective  tissue.  As  al- 
ready pointed  out,  the  stroma  consists  of  a  rather  close 
network  of  capillaries.  Frequently  these  are  collapsed 
and  scarcely  apparent — whence  in  some  cases  on  super- 
ficial examination,  the  tumor  presents  an  appearance  sug- 
gesting an  adenoma  for  which  it  has  frequently  been 
mistaken.  In  many  areas,  however,  the  capillaries  are 
quite  apparent,  and  in  certain  areas  sometimes  they  are 
much  distended  and  more  or  less  filled  with  blood.  They 
may  be  demonstrated  readily  by  injection  procedures. 
The  single  layer  of  endothelium  of  which  the  capillaries 
consist  is  usually  well  preserved,  though  sometimes  it 
may  be  the  seat  of  some  proliferation.  In  some  cases  the 
capillary  stroma  here  and  there  is  reinforced  by  a  slight 
amount  of  connective  tissue  that  proceeds  as  delicate 
trabeculse  from  the  connective  tissue  limiting  the  nodule 
This  is  found  especially  in  those  tumors  that  present  large 
alveolar-hke  formations  and  that  are  likely  to  be  mis- 
taken for  carcinomas  or  alveolar  sarcomas.  In  rare  in- 
stances the  connective  tissue  may  exhibit  some  fatty  in- 
filtration. •' 

The  arrangement  of  the  tumor  cells  within  the  capil- 
lary network  recalls  the  zona  fasciculata  of  the  adrenal 
cortex,  that  is,  the  cells  are  arranged  in  rows  or  double 
rows,  or  m  columns  or  cords.  The  tumor  cells  are  at- 
tached direct^  to  the  walls  of  the  capillaries-to  the  en- 
dothelium. _  This  association  of  the  capillaries  with  the 
tumor  cells  is  one  of  the  distinctive  characteristics  of  hy- 
pernephromas and  is  absent  only  in  those  regions  where 
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a  small  amount  of  connective  tissue  reinforces  the  capil- 
laries. The  tumor  cells  vary  somewhat  in  shape ;  for  the 
most  part  they  are  polygonal,  but  they  may  be  columnar, 
cubical,  roundish,  or  irregular.  The  cell  protoplasm  is 
sometimes  faintly  granular,  sometimes  homogeneous,  and 
exhibits  usually  rather  large  vacuoles— residua  of  ex- 
tracted fat.  The  cells  are  epithelial  in  appearance  and 
they  contain  one,  sometimes  two  nuclei  each,  that  are 
large,  round,  or  ovoid ;  these  stain  well  and  reveal  dis- 
tinct nucleoli  that  are  often  metachromatic. 

The  arrangement  of  the  cells  into  solid  cords,  though 
present  in  many  tumors,  is  not  so  common  as  is  their  ar- 
rangement into  rows  and  double  rows  with  an  interven- 
ing free  space— an  appearance  extremely  suggestive  of 
adenoma  formation  (on  superficial  examination  only, 
since  the  presence  of  the  capillary  network  and  the  Inti- 
mate association  of  the  tumor  cells  with  the  capillaries 
immediately  excludes  all  thought  of  adenoma  formation). 
In  these  cases  on  cross  section  of  the  capillaries  the  cells 
appear  attached  to  them  as  radii ;  on  longitudinal  section 
of  the  capillaries  the  cells  appear  arranged  along  the 
walls  of  the  vessel  in  rows— palisades,  as  it  were.  On 
transverse  section  of  the  vessels  that  reveal  the  radial  at- 
tachment of  the  cells,  the  attached  ends  of  the  cells  fre- 
quently appear  narrow  and  slender,  their  free  ends  swol- 
len, rounded,  and  club-shaped.  In  these  cells  the  nuclei 
are  usually  situated  at  the  club-shaped  extremity,  though 
they  may  be  situated  at  different  heights,  so  that  an  ap- 
pearance suggestive  of  a  double  layer  of  epithelium  is 
produced.  The  free  ends  of  a  row  of  cells  attached  to 
one  capillary  in  many  areas  are  in  contact  with  the  free 
ends  of  a  row  of  cells  attached  to  an  adjoining  capillary. 
In  many  places  between  two  adjoining  rows  of  cells 
there  is  a  space  filled  in  part  with  cells  similar  in  ap- 
pearance to  those  attached  to  the  capillary,  and  in 
part  with  cell  detritus.  These  are  especially  common 
in  those  tumors  that  reveal  rather  large  intercapillary 
spaces — tumors  that  morphologically  resemble  a  carci- 
noma or  an  alveolar  sarcoma.  Into  some  of  these  spaces 
papillary  excrescences  appear  to  project  a  short  dis- 
tance. 

The  fat  contents  of  the  cells,  though  not  uniform  in  all 
parts  of  the  tumor,  constitute  a  characteristic  feature  of 
hypernephromas.  It  is  distinctly  a  fatty  infiltration.  In 
sections  that  have  been  prepared  by  the  use  of  alcohol 
and  ethei'  the  fatty  infiltration  is  represented  by  vacuoles, 
that  usually  are  large  though  they  may  be  small.  In 
some  cases  the  fatty  infiltration  is  so  marked  and  the 
vacuoles  are  so  large  that  only  the  nuclei  and  the  outlines 
of  the  cells  are  to  be  detected. 

Glycogen  is  a  common  constituent  of  these  tumors.  It 
is  present  in  almost  all  cases,  in  all  the  tissues,  and  in 
different  forms,  generally  as  granules  of  varying  size. 
In  the  differential  diagnosis  of  kidney  tumors,  Lubarsch 
attaches  considerable  importance  to  the  presence  of  gly- 
cogen, a  substance  that  he  believes  is  present  in  hyper- 
nephromas but  not  in  true  kidney  tumors.  This  opinion 
is  not  shared  by  some  other  observers,  and  I  have  myself 
found  glycogen  in  a  primary  cylindrical  cell  carcinoma  of 
the  kidney,  as  well  as  in  tuniors  of  other  organs.  Im- 
portance, however,  it  does  possess. 

Diagnostic  importance  attaches  also  to  the  presence 
in  hypernephromas  of  intense  black  pigment  gran- 
ules, pigment  granules  similar  to  the  pigment  normally 
present  in  the  adrenal  cortex.  In  addition,  considerable 
blood  pigment,  that  gives  the  iron  reaction,  is  usually 
found. 

Lecithin,  a  substance  to  which  Lubarsch,  follow- 
ing Alexander,  directed  attention,  and  which  Gatti 
found  in  a  hypernephroma,  may  possess  some  diag- 
nostic importance.  This  substance  is  found  in  the 
normal  adrenal,  in  greater  amount  in  the  medulla  than 
in  the  cortex.  Gatti  by  chemical  investigation  found 
it  in  his  tumor  in  amount  approximating  that  of  the 
normal  adrenal  cortex.  As,  however,  we  possess  no 
microchemic  reaction  for  its  detection,  it  loses  consider- 
able of  its  otherwise  possible  differential  diagnostic  im- 
portance. 
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Variability  in  the  histologic  structure  of  hyperuepliro- 
mas  has  been  repeatedly  noted ;  they  have  been  described 
as  presenting  an  alveolar,  a  tubular,  and  a  trabecular  ap- 
pearance. In  some  cases  marked  atypical  proliferation 
may  occur.  Thus  there  may  occur  large  alveolar-like 
formations  in  which  only  the  cells  directly  in  contact 
with  the  capillaries  are  well  preserved,  and  these  cells 
may  be  attached  to  the  endothelium  not  regularly  as  pali- 
sades, but  irregularly.  The  nuclei  are  frequently  hyper- 
chromatic  and  irregular ;  in  some  cases  they  exhibit  kary- 
okiuetic  figures.  In  some  hypernephromas,  generally 
large  and  malignant  growths,  giant  cells,  containing 
three,  four,  or  more  nuclei,  may  occur.  Not  infre- 
quently the  small  veins  arc  totally  occluded  -by  the  tu- 
mor cells,  and  in  this  manner,  that  is,  by  way  of  the 
blood-vessels,  metastasis  occurs.  The  metastatic  nodules 
reproduce  the  structure  of  the  primary  growth.  As  al- 
ready pointed  out,  hypernephromas  exhibit  a  marked  ten- 
dency to  the  occurrence  of  hemorrhage  and  different 
retrograde  metamorphoses.  These  are  particularly  mani- 
fest upon  microscopic  examination. 

Especial  interest  attaches  to  the  occurrence  of  cysts  in 
hypernephromas.  It  suffices  to  mention  that  many  so- 
called  cysts  may  be  merely  dilated  capillaries  or  lymph 
vessels.  Other  so-called  cysts  are  doubtless  but  enlarged 
spaces  between  adjoining  rows  of  cells  of  which  mention 
has  already  been  made — spaces  more  or  less  filled  with 
degenerating  cells  and  cell  detritus.  But  other  cystic 
spaces  lined  with  well-formed  cylindrical  epithelium  are 
evidently  true  cysts.  Some  time  ago  Ricker  drew  atten- 
tion to  the  association  of  cyst  formation  and  misplaced 
adrenal  rests.  He  supposed  that  new  growths  of  the 
adrenals  may  originate  from  misplaced  kidney  rests,  and 
that  certain  tumors  of  more  than  ordinarily  irregular  for- 
mation— generally  containing  true  cysts  and  therefore 
atypical  hypernephromas— may  develop  from  adrenal 
tissue  that  has  either  enclosed  or  is  otherwise  intimately 
associated  with  renal  rests,  commonly  in  the  form  of  small 
cysts.  My  own  investigations  bear  out  the  probable  cor- 
rectness of  this  opinion.  I  have  already  referred  to  the 
occurrence  of  cysts,  evidently  dilated  uriniferous  tubules, 
at  the  junction  of  adrenal  and  kidney  tissue  in  some  cases 
of  misplaced  adrenal  rests,  and  to  the  partial  or  complete 
enclosure  of  kidney  tissue  within  misplaced  adrenal  rests. 
It  is  warrantable  to  assume  that,  in  the  event  of  prolifera- 
tion of  the  adrenal  rests,  the  enclosed  kidney  tissue  pro- 
liferates also,  and  gives  rise  to  certain  well-formed  cysts 
with  cylindrical  epithelium. 

As  an  additional  proof  of  the  adrenal  origm  of  these 
tumors  of  the  kidney,  it  is  of  interest  to  mention  the  simi- 
larity that  they  bear  to  tumors  that  develop  in  the 
adrenal  itself  and  do  not  implicate  the  kidney. 

The  small  and  benign  hypernephromas  rarely  give  rise 
to  clinical  manifestations;  commonly  they  are  accidental 
findings  at  the  necropsy.  The  larger  and  mahgnant  hy- 
pernephromas give  rise  to  symptoms  that  scarcely  permit 
of  their  clinical  differentiation  from  other  tumors  of  the 
kidney  Hypernephromas  occur  at  any  age,  even  in 
new-born  infants,  though  they  are  more  common  in  adult 
life  •  they  appear  to  occur  more  frequently  m  women  than 
in  nien :  they  involve  either  kidney  indiscnmmately ;  they 
vary  in  duration  from  several  months  (apparently)  to  a 
number  of  years;  and  they  vary  in  size  from  that  of  the 
smallest  adrenal  rest  to  that  of  a  man  s  head.  It  has 
been  pointed  out  by  a  number  of  observers  that  hyper^ 
nephromas  are  characterized  clinically  by  the  fact  that 
thev  pursue  a  long  benign  course  entirely  devoid  of 
symptoms  (though  it  is  difficult  to  conceive  how  this  can 
be  recognized  clinically),  and  that  then  suddenly  they 
take  on  malignant  characteristics,  P/°M^yile  ^P'^^^h^ 
give  rise  to  metastases,  cachexia,  and  the  death  ot  the 
patient,  unless  they  be  removed  by  surgical  procedures. 
It  has  been  said  also  that  a  hypernephroma  may  be  in- 
ferred from  the  detecting  of  a  murmur  upon  auscultating 
a  tumor  of  the  kidney.  Perhaps  hypernephromas  may 
be  diagnosed  clinically  when  it  becomes  more  generally 
recognized  that  primary  carcinoma  of  the  kidney  (devel- 
oping from  true  kidney  structures)  is  uncommon,  ana 


that  most  of  the  so-called  primary  carcinomas  and  alveo- 
lar sarcomas  of  the  kidney  are  in  reality  hypernephro- 
mas.* Aloysius  0.  J.  Kelly. 

HYPERTRICHOSIS— (Synonyms:  Hirsuties,  Polytri- 
chia, and  Superfluous  Hair.)  By  hypertrichosis  is  meant 
either  an  abnormal  amount  of  hair  growing  in  a  location 
where  hair  normally  is  found;  or  the  appearance  of  sex- 
ual hair  at  an  unusual  age  upon  a  part  which  later  nor- 
mally is  covered  with  hair;  or  the  growth  of  coarse  hair 
on  a  part  usually  covered  only  with  lanugo  hair. 

Instances  of  the  first  variety  are  occasionally  seen. 
Thus  Leonard  reports  the  case  of  a  man  whose  beard 
measured  six  feet  six  and  a  half  inches  in  length.     There 


Fie.  2771.— The  Russian  Dog-lace  Boy. 

is  said  to  have  been  a  man  in  Eidam,  Holland,  whose  beard 
was  nine  feet  long ;  and  the  Burgermeister  of  Braunau 
rejoiced  in  a  beard  that  reached  to  the  ground.  Women 
have  been  known  to  have  hair  that  trailed  behind  them 
on  the  ground. 

Precocious  development  of  hair  is  technically  called 
heterochronie.  This  variety  includes  cases  of  a  beard 
growing  on  the  face  of  a  young  boy ;  and  of  well-devel- 
oped pubic  hair  in  children  of  tender  years.  Such  cases 
are  rare. 

Most  cases  of  hypertrichosis  belong  to  the  third  variety, 
that  is,  the  growth  of  coarse  hair  in  places  usually  sup- 
plied only  with  lanugo  hair.  Of  such  are  the  growth  of 
coarse  hair  in  the  nostril  and  ears  in  people  past  middle 
life ;  of  hair  on  the  back  of  the  nose,  and  about  the  nipples 
and'  on  the  chest  of  women.  The  two  chief  forms  of 
this  variety  of  hypertrichosis  are  the  universal  form  and 
the  growth  of  the  hair  on  the  face  of  a  woman. 

The  subjects  of  universal  hypertrichom  are  technically 
called  Homines  pilosi.  This  is  a  very  rare  form,  and  is 
both  congenital  and  hereditary.  The  whole  body  is  cov- 
ered with  long  hair  except  in  those  locations  upon  which 
hair  never  grows,  namely :  the  palms  of  the  hands,  the 
soles  of  the  feet,  the  backs  of  the  last  phalanges  of  the 

*  For  references  consult  Kelly,  A.  O.  J. :  "  Ueber  Hypemepbrome 
ripr  Mere  "  Zlesler's  BeltrSge  zur  pathologischen  Anatomie  und  zur 
allgemelnen  Pathologie,  xxyili.,  280, 1898 ;  and  "On  Hypernephromas 
ol  the  Kidney."    Philadelphia  Medical  Journal,  li.,  223,  283, 1898. 
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fingers  and  toes,  the  inside  of  tlie  labia  maiora.  the  pre- 
puce and  glans  penis.  The  hair  of  the  trunli;  is  somewhat 
softer  than  that  of  the  pubic  region  and  scalp.  Both 
sexes  are  affected  in  much  the  same  way.  The  hau- 
grows  away  from  certain  well-deflned  centres.  On  the 
forehead  it  grows  to  the  right  and  left  from  a  line  down 
the  middle  of  the  forehead ;  on  the  bacli  downward  and 
outward  from  the  spinal  column ;  and  the  common  cen- 
tres of  distribution  are  preserved  upon  the  limbs  and 
scalp.  With  the  excessive  growth  of  hair  there  is  a  de- 
ficiency in  the  development  of  the  teeth,  and  the  subjects 
of  this  deformity  are  usually  of  small  size. 

Reports  have  been  published  of  several  families  of  hairy 
people.  Perhaps  the  best  known  is  the  Kostroma  father 
and  son,  both  of  whom  have  been  exhibited  before  the 
public.  The  son  was  for  some  years  in  a  circus  com- 
bination in  this  country  under  the  name  of  "  The  Russian 
Dog-faced  Boy."  The  writer  saw  him  in  1886  when  he 
was  sixteen  years  old.  He  seemed  to  be  a  well-developed 
boy,  though  short  in  stature,  muscular,  active,  energetic, 
and  intelligent.  He  was  said  to  be  in  good  health  and 
good-tempered.  The  accompanying  picture  shows  the 
growth  of  the  hair  on  his  face.  The  hair  was  fine, 
glossy,  blond,  and  about  four  inches  long.  The  trunk 
was  covered  with  hair  that  was  specially  well-marked 
down  the  spinal  column,  where  it  stood  out  like  the  mane 
of  a  horse.  The  body  hair  was  very  fine  and  more  fluffy 
than  that  on  the  face.  He  had  a  cast  in  one  eye  and  was 
near-sighted.  He  had  only  five  teeth,  two  upper  canine, 
and  two  lateral  and  one  middle  incisor,  and  these  were 
misshapen  and  discolored. 

Partial  Congenital  Hypertrichosis  is  of  more  frequent 
occurrence  than  is  the  universal  form. 

Many  of  the  so-called  cases  are  instances  of  nsevus. 
True  cases  are  most  often  associated  with  spina  bifida,  a 
growth  of  long  hair  being  found  on  the  lumbar  region. 
Ornstein  (.Bc(*'?j.  Gesellscliaft  f.  Anthropol.,  1876,  1877, 
and  1885)  says  that  sacral  hypertrichosis  is  very  common 
among  the  Greeks,  and  reports  two  cases  of  tails  in 
Greek  soldiers.  One  was  one  quarter  of  an  inch  long 
and  cone-shaped ;  the  other  was  not  so  long  and  was 
stumpy. 

Bearded  Women. — This  is  the  form  of  hypertrichosis 
that  is  of  most  interest.  Hair  appears  on  the  face  of  a 
woman  at  two  distinct  periods  of  life,  namely,  at  puberty, 
and  at  middle  life  in  connection  with  the  menopause. 
The  most  difficult  cases  to  manage,  because  the  amount 
of  the  hair  is  the  greatest,  is  the  form  that  begins  in  early 
life.  As  in  a  man  the  hair  continues  thickening  in 
amount  until  twenty-five  or  thirty  years  of  age.  At 
first  the  growth  is  fluffy,  fine,  lanugo-like.  If  left  alone 
it  may  remain  so  for  many  years.  If  attempts  are  made 
to  destroy  it  by  pulling,  shaving,  or  using  depilating 
powders,  it  grows  more  rapidly  coarse.  Even  if  left  to 
itself  it  will  grow  coarser  in  time.  While  all  the  regions 
spoken  of  as  the  bearded  portions  of  the  face  are  affected 
in  pronounced  eases  in  women,  the  growth  is  usually 
most  marked  on  the  upper  lip  and  chin.  In  a  few  cases 
the  beard  is  as  coarse  and  full  as  that  of  the  average  man, 
though  commonly  there  is  but  little  hair  on  the  lower 
lip.  Such  a  growth  on  the  face  of  a  young  woman  may 
have  a  bad  effect  on  her  mind.  She  is  apt  to  become  ab- 
normally sensitive  about  even  a  very  moderate  growth 
attempts  in  many  ways  to  destroy  it,  and  only  makes 
matters  worse ;  in  some  instances  she  may  become  insane. 
When  the  hair  does  not  begin  to  grow  coarse  until  the 
menopause  it  rai-ely  grows  to  any  great  extent.  Com- 
rnonly  there  are  only  a  few  stiff  hairs  scattered  about  the 
chm  and  on  the  upper  lip. 

Transitory  Hypertrieliosis  is  met  widi  Such  ai-e 
growths  of  hair  on  a  limb  which  has  been  foi'  some  time 
confined  m  a  fracture  box  ;  that  which  comes  after  iniury 
to  certam  nerves;  that  which  follows  prolonged  irritation 
Ota  part  by  blisters.  In  such  eases  tlie  exciting  cause 
bemg  removed  the  hair  falls  from  the  part  In  some 
women  the  hair  will  grow  on  the  face  during  pregnancy 
or  amenorrhcea,  the  hair  disappearing  after  delivery  or 
the  relief  of  the  amenorrhea. 
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Etiology. — Many  theories  have  been  formed  to  ac- 
count for  general  hypertrichosis.  Unna's  theory  is 
probably  correct,  which  is  that  it  is  due  to  the  persistence 
of  the  fcetal  or  primitive  hair,  the  change  in  type  from, 
the  fcetal  to  the  permanent  hair  for  some  reason  not  tak- 
ing place.  It  is  known  that  at  a  certain  time  in  its  in- 
tra-uterine  life  the  foetus  is  covered  with  fine  hair.  Before 
birth  this  hair  is  all  shed.  Some  children  do  not  complete 
the  change  in  type  until  a  short  time  after  birth.  In  the 
general  hypertrichosis  cases  no  change  in  type  occuis. 
The  occurrence  of  subsequent  cases  in  the  same  family  is 
doubtless  due  to  heredity. 

The  cause  of  hirsuties  on  women's  faces  is  heredity  in 
the  great  majority  of  cases.  Reversion  to  the  male  type, 
the  woman  bearing  a  markedly  strong  resemblance  to  her 
father,  may  account  for  some  cases,  and  perhaps  for  the 
first  case  in  a  family  that  afterward  shows  this  trait  in 
many  of  its  women.  That  there  is  some  relation  between 
proper  functioning  of  the  organs  of  reproduction  and  the 
hair  on  the  face,  as  shown  by  absence  of  the  one  and  the 
presence  of  the  other,  is  evident;  still  in  the  great  major- 
ity of  patients  no  such  relationship  can  be  traced.  Such 
influence  is  most  constant  and  most  pronounced  at  the 
time  of  the  menopause.  Few  of  my  patients  ha^e  shown 
masculine  traits,  and  many  of  them  have  been  mothers 
of  several  children. 

Local  partial  acquired  hypertrichosis  is  due  to  an  in- 
creased blood  supply  to  the  part  from  the  application  of 
blisters  and  the  like.  Certain  forms  of  insanity  are  at- 
tended with  hypertrichosis. 

Tkeatjient. — For  universal  hypertrichosis  there  is 
practically  nothing  to  be  done,  not  because  the  hair  could 
not  be  destroyed,  as  in  the  partial  cases,  but  because  the 
work  would  be  endless. 

For  partial  cases  due  to  local  causes  nothing  need  be 
done,because  the  hair  falls  of  itself  when  the  local  stimu- 
lant ceases  to  act.  It  is  in  hirsuties  in  women  that  our 
aid  is  chiefly  called  for,  and  the  treatment  effective  in 
that  form  is  equally  effective  in  all  forms  of  partial  ac- 
quired or  congenital  hypertrichosis.  The  only  means  at 
our  command  that  is  at  all  reliable  is  electrolysis,  and 
that  is  absolutely  effective.  We  owe  this  operation  pri- 
marily to  Dr.  Siichel,  of  St.  Louis,  who  invented  it  for 
the  destruction  of  ingrowing  eyelashes,  he  being  an  oph- 
thalmic surgeon.  Dr.  W.  A.  Hardaway,  of  the  same 
city,  first  used  it  for  the  cure  of  hirsuties  "and  introduced 
it  to  the  notice  of  the  medical  profession. 

The  requisites  for  the  operation  are  a  constant-current 
galvanic  battery,  a  sponge  electrode,  a  needle-holder 
electrode,  needles,  a  pair  of  epilating  forceps  with  easy 
spring,  good  eyes,  and  a  steady  hand.  A  reclining  chair 
that  can  be  raised  or  lowered  is  a  convenience.  I  always 
use  a  dentist's  chair.  If  the  operator's  eyes  are  not  good 
it  will  be  necessary  for  him  to  wear  glasses.  A  needle- 
holder  electrode  with  a  lens  attached  is  on  the  market. 

The  patient  must  be  placed  in  front  of  a  window,  pref- 
erably one  with  northerly  exposure  so  as  to  avoid  the 
glare  of  the  sun.  She  is  given  the  sponge  electrode, 
moistened  with  a  solution  of  baking  soda,  and  attached  to 
the  positive  pole  of  the  battery.  Some  prefer  that  the 
positive  pole  should  be  immersed  in  a  bowl  of  water,  and 
that  the  patient  place  her  fingeis  in  this.  The  needle, 
which  is  either  a  steel  jeweller's  broacli,  No.  5,  7,  or  S, 
or  one  of  platinum,  is  placed  in  the  needle  electrode  at- 
tached to  the  negative  pole  of  the  battery.  The  operator 
takes  hold  of  the  hair  with  the  forceps,  puts  it  slightly  on 
the  stretch,  and  passes  the  needle  into  the  hair  folHcle 
along.side  of  the  hair,  and  to  a  depth  of  about  an  eighth 
of  an  inch.  If  the  needle  is  properly  passed  no  resistance 
i\  ill  be  felt.  If  not,  one  feels  the  tissues  give  way  under 
the  pressure  of  the  needle.  The  needle  being  in  place,  the 
patient  is  told  to  place  hei-  hand  on  the  sponge  or  into 
the  water,  as  the  ease  may  be,  and  thus  the  current  is 
caused  to-  run.  The  patient  experiences  a  burning  sensa- 
tion somewhat  like  the  sling  of  a  bee,  a  little  frothing 
takes  place  about  the  needle,  arid  in  a  few  seconds  the  hair 
will  leave  the  follicle  on  slight  traction.  The  hair  is  al- 
ways to  be  removed  by  the  operator.     As  soon  as  the 
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hair  is  out  tlie  patient  removes  lier  hand  from  the  sponge 
and  the  operator  then  withdraws  the  needle.  It  is  im- 
portant always  to  follow  this  exact  order  of  inserting  the 
needle  before  having  the  hand  placed  on  the  sponge,  and 
removing  it  after  the  hand  is  taken  off  from  the  sponge 
so  as  to  avoid  the  slight  sliock  that  otherwise  would  be 
felt. 

The  amount  of  current  to  be  used  varies  witli  the  pa- 
tient's ability  to  endure  pain,  and  with  the  place  upon 
\\hich  it  is  necessary  to  work.  A  milliamp^remeter  is  a 
comfort  in  working,  and  a  current  strength  of  1  to  2  mil- 
liampfires  is  adequate  for  the  work.  If  one  has  not  the 
metre  the  current  strength  may  be  roughly  said  to  be  that 
from  six  to  eight  freshly  charged  cells.  Most  pain  is  felt 
on  the  upper  lip  and  the  nearer  to  the  nose  we  go  the 
greater  is  the  pain.  From  forty-flve  to  seventy  hairs  can 
be  removed  in  an  hour.  The  coarser  the  hair  the  fewer 
can  be  removed  in  the  time.  There  is  no  scarring  in  the 
majority  of  cases,  excepting  on  the  upper  lip,  where  it  is 
difficult  to  avoid  slight  pitting  of  the  skin.  Some  skins 
will  show  the  marks  of  the  work  in  the  form  of  pitting, 
just  as  some  skins  will  develop  keloidal  scars  after  slight 
wounds.  A  certain  number  of  hairs  will  come  back,  be- 
cause it  is  not  possible  for  any  one  exactl}^  lo  hit  the  hair 
papilla  every  time.  The  returns  will  vary  from  fifteen 
to  twenty-five  per  cent. ,  and  more  if  the  operator  is  not 
skilled.  This  necessitates  going  over  the  face  a  second 
or  third  time.  Care  must  be  had  not  to  take  the  hairs 
out  in  too  close  proximity,  at  least  one  hair  being  left  be- 
tween every  two  extracted.  If  this  precaution  is  had  the 
danger  of  scarring  will  be  greatly  reduced. 

Attempts  at  destroying  hair  by  other  means  have  been 
made.  Next  to  electrolysis  the  best  method  is  probably 
by  the  use  of  what  is  called  the  Microlyrenner,  a  fine 
needle  heated  to  a  white  heat  by  an  apparatus  like  the 
Paquelin  cautery.  I  have  had  no  experience  with  it,  but 
some  of  our  German  confreres  speak  enthusiastically  of 
it,  saying  that  more  hairs  can  be  permanently  destroyed 
by  it  in  a  given  time  than  by  electrolysis.  Treatment 
by  the  a-ray  is  the  most  recent  method.  Permanent  re- 
sults have  been  reported.  I  should  be  afraid,  however, 
to  use  this  method  on  account  of  the  danger  of  burning. 

Depilating  powders  are  worse  than  useless.  They 
simply  burn  off  the  t«ps  of  the  hair  and  have  no  effect 
on  the  roots.  The  consequence  is  that  the  hairs  become 
rapidly  coarser  as  in  shaving.  Those  that  are  most  used 
are  one  composed  of  sulphuret  of  barium,  3  iss. ;  oxide 
of  zinc,  3vi.,  and  carmine,  gr.  i. ;  and  one  of  sulphide 
of  soda,  3  i_i.,  and  prepared  chalk  3  vi.  These  powders 
are  mixed  vvith  water  at  the  time  of  using  and  thus  made 
into  pastes  that  are  spread  on  the  skin.  The  first  is  to 
be  washed  off  in  three  minutes  and  the  last  in  ten  or  fif- 
teen minutes.  Oeorge  T.  Jackson. 

HYPERTROPHY.— In  its  broadest  sense  hypertrophy 
is  an  increase  in  substance  of  an  organ  or  tissue,  due 
either  to  an  increase  in  the  number  or  size  of  its  mdivid- 
ual  elements,  or  to  a  combination  of  both  these  changes, 
without  other  alterations  of  structure.  An  increase  m 
size  alone  of  the  individual  cells  is  known  as  quaniitatiw 
or  truehypertropliy  ;  increase  in  the  niimber  of  cells  alone 
as  numerical  hypertrophy  or  hyperplania.  The  gross 
changes  in  hypertrophy  are :  increase  of  size  and  weight, 
in  the  case  of  hollow  organs  a  thickening  of  the  walls; 
increase  in  consistence ;  and  in  the  case  of  muscle  a 
darker  color  due  to  an  increased  formation  of  muscle 
Digment.  Hollow  organs  when  viewed  externally  may 
not  give  evidences  of  hypertrophy,  since  the  increase  of 
size  may  take  place  at  "the  expense  of  the  cavity,  as  m 
the  case  of  concentric  hypertrophy  of  the  heart  ihe 
weight  of  an  organ  is  the  most  reliable  standard  for  the 
iudgment  of  hypertrophy,  but  it  must  be  borne  m  mind 
that  both  increase  in  size  and  weight  of  tissues  may  be 
due  to  other  pathological  conditions  than  true  hypertro- 
phy or  hyperplasia.  It  therefore  becomes  necessary  to 
make  sure  that  an  apparently  hypertrophic  organ  is  ot 
normal  structure,  and  this  is  possible  only  on  microscop- 
ical examination. 


Microscopically,  true  hypertrophy  is  shown  by  in- 
crease in  size  of  the  individual  cells  with  increase  in  size 
and  staining  power  of  their  nuclei.  Since  there  are  in- 
dividual differences  in  the  size  of  cells  a  standard  of  com- 
parison can  be  obtained  only  by  the  most  exact  measure- 
ment of  the  cells  of  the  tissue  in  question.  Hypertrophy 
of  the  nucleus  may  exist  without  enlargement  ot  the  cell 
body.  The  practical  distinction  between  true  hypertro- 
phy and  hyperplasia  is  often  difficult;  they  usually  exist 
together.  Numerical  uti'ophy  may  be  combined  with 
true  hypertrophy,  the  cells  may  be  increased  in  size, 
while  diminished  in  numbcT ;  on  the  other  hand  hyper- 
plasia is  often  accompanied  by  a  loss  of  bulk  on  the  part 
of  the  individual  elements.  Only  very  rarely  do  all  the 
cells  of  a  tissue  or  organ  show  a  uniform  hypertrophy, 
atrophic  cells  usually  exist  side  by  side  with  th(jsc  of 
increased  size. 

The  causes  leading  to  hypertrophy  may  be  either  in- 
trinsic or  extrinsic.  In  the  former  case  morbid  impulses 
to  growth  or  multiplication  either  exist  in  the  germinal 
cells  or  arise  through  germ  variation.  Such  impulses 
may  develop  during  cither  intra-  or  extra-uterine  life. 
They  may  be  ascribed  to  an  increased  tendency  to  growth 
and  cell  multiplication  or  to  an  absence  of  the  normal  in- 
hibitory influences,  but  beyond  such  theoretical  expla- 
nation we  cannot  as  yet  venture.  Intrinsic  hypertrophy 
is  usually  spoken  of  as  congenital  or  inherited  hypertro- 
phy. The  hypertrophies  not  dependent  upon  congenital 
tendencies  are  usually  the  result  of  an  increased  func- 
tional demand,  increased  nutritional  activity,  or  of  a  dis- 
turbance of  the  normal  equilibrium  between  growth  and 
decay.  Underlying  hyperplasias  are  the  factors  leading 
to  cell  division. 

Intrinsic  Hypertrophy. — The  more  common  forms  of 
overgrowth  due  to  congenital  tendencies  are:  general 
and  partial  giantism,  ichthyosis,  elephantiasis,  lipomato- 
sis, hypertrichosis,  hyperonychia,  onychogryphosis,  leon- 
tiasis,  exostoses,  etc.  Hypertrophy  due  to  congenital 
excessive  impulses  of  growth  rarely  affects  the  internal 
organs;  but  certain  hypertrophies  of  brain,  thymus, 
lymph  glands,  spleen,  etc.,  are  at  present  explained  as 
being  of  congenital  origin.  It  is  impossible  to  say  to 
what  extent  the  various  forms  of  hypertrophy  mentioned 
above  as  being  of  congenital  origin  are  in  reality  the 
result  of  intrinsic  forces,  since  similar  proliferations,  ich- 
thyosis, elephantiasis,  etc.,  may  be  caused  by  external 
influences.  However,  in  those  cases  in  which  the  hyper- 
trophic growth  is  of  hereditary  nature  and  appears  early 
without  adequate  extrinsic  cause,  the  grounds  for  con- 
sidering the  existence  of  a  congenital  predisposition  are 
very  good.  Even  in  those  cases  in  which  the  overgrowth 
was  excited  by  external  injurious  influences  the  existence 
of  a  congenital  predisposition  is  not  precluded,  since  we 
know  by  experience  that  such  causes  give  rise  to  patho- 
logical changes  of  this  nature  only  when  there  is  a  special 
predisposition  inherent  in  the  tissues. 

Acquired  Hypertrophy.— ^\\(i  most  common  varieties  of 
hypertrophy  due  to  extrinsic  influences  without  the  co- 
operation of  congenital  predispositions  are :  hypertrophy 
due  to  increased  functional  activity,  hypertrophy  caused 
by  lessened  wear,  hypertrophy  resulting  from  failure  of 
involution,  hypertrophy  caused  by  removal  of  pressure, 
and  finally  hypertrophy  caused  by  chronic  irritation, 
either  chemical,  mechanical,  or  infectious. 

Hypertrophy  from  overwork  occurs  most  frequently  in 
muscles  and  glands,  rarely  in  other  tissues.  The  physi- 
cal and  chemical  changes  in  the  muscle  cell  or  gland  cell 
resulting  from  increased  function  in  some  way  stimulates 
cell  growth.  The  degree  of  the  hypertrophy  depends 
upon  the  age  of  the  individual  and  the  general  state  of 
the  nutrition.  Increased  work  on  the  part  of  the  heart 
due  to  valvular,  arterial,  pulmonary,  or  renal  conditions 
causes  a  more  or  less  marked  hypertrophy  ot  that  part  of 
the  heart  upon  which  the  greater  share  of  the  work  falls. 
Such  hypertrophy  being  in  compensation  for  the  disturb- 
ances of  circulation  produced  by  the  primary  pathologi- 
cal condition  is  known  as  compensatory  hypertrophy. 
Either  side  of  the  heart  alone  may  be  affected  or  the 
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entire  organ  may  become  enlarged.  Further,  hyper- 
trophy of  individual  muscle  bands  or  layers  may  occur 
according  to  the  functional  demands  of  the  case.  Com- 
pensation is  more  nearly  complete  in  the  case  of  young 
and  well-nourished  individuals.  Increase  in  bulk  of  the 
voluntary  muscles  follows  increased  muscular  exercise. 
The  fibres  Increase  both  in  length  and  in  thickness,  and 
there  is  also  most  probably  an  increase  in  the  number  of 
the  fibres.  Hypertrophy  of  individual  muscle  groups 
occurs  in  certain  trades  or  occupations  (laborer's  hyper- 
trophy). Hypertrophy  of  the  involuntary  muscle  occurs 
physiologically  in  the  pregnant  uterus,  the  muscle  cells 
attaining  a  size  of  seven  to  twenty  times  the.  normal 
length  and  five  times  the  normal  breadth.  In  the  case 
of  uterine  tumors  and  hsematometra  hypertrophy  of  the 
uterine  wall  may  also  occur  but  to  a  less  degree.  Hyper- 
trophy of  the  muscular  coat  of  blood-vessels  occiirs  in 
conditions  of  increased  blood  pressure,  particularly  in 
the  case  of  the  dilatation  of  vessels  in  the  establishment 
of  a  collateral  circulation.  In  the  case  of  enlarged  pros- 
tate, urethral  stricture,  calculi,  etc.,  the  bladder  walls 
may  become  greatly  thickened;  a  similar  hypertrophy 
of  the  muscularis  of  stomach  and  intestines  may  occur 
above  a  stricture. 

Of  the  glandular  organs  the  kidneys  and  liver  are  most 
capable  of  undergoing  hypertrophy.  In  increased  func- 
tional activity  of  the  kidney,  as  in  the  case  of  diabetes 
and  excessive  drinkers,  both  kidneys  may  become  en- 
larged. Compensatory  hypertrophy  of  one  organ  may 
take  place  after  the  destruction  or  removal  of  the  other, 
so  that  the  remaining  kidney  may  in  size  and  weight 
equal  or  exceed  that  of  two  normal  kidneys.  The 
younger  the  individual,  the  more  complete  the  compen- 
sation. On  microscopical  examination  the  enlargement 
is  found  to  be  due  chiefly  to  a  hypertrophy  of  existing 
structures,  but  in  young  individuals  a  hyperplasia  of 
tubules  and  glomeruli  also  occurs. 

Hypertrophy  of  the  liver  as  a  whole  is  extremely 
rare. 

Destruction  of  a  portion  of  the  liver  substance  is  fol- 
lowed by  a  hypertrophy  of  the  remaining  normal  liver 
tissue.  The  lobules  become  larger  and  also  increase  in 
number.  In  animal  experiments  it  has  been  shown  that 
complete  restoration  of  as  much  as  half  of  the  organ  is 
possible.  In  simple  or  inflammatory  atrophies  of  the 
liver  hypertrophy  of  single  cells  is  very  common. 

Destruction  of  one  adrenal  may  be  followed  by  com- 
pensatory hypertrophy  of  the  other.  In  the  case  of  the 
salivary  glands,  mammae,  ovaries,  and  testicles,  compen- 
satory hypertrophy  does  not  take  place  at  all  or  only  to 
a  slight  degree,  except  during  the  developmental  period. 
Hypertrophy  of  the  mamma  has  been  found  in  connec- 
tion with  galactorrhcBa,  and  in  one-sided  lactation  after 
loss  of  one  breast. 

Removal  or  destruction  of  a  portion  of  the  thyroid  is 
rarely  followed  by  hypertrophy  of  the  remaining  thyroid 
tissue,  but  the  hypophysis  suffers  an  enlargement  which 
must  be  regarded  as  compensatory  in  nature.  The  writer 
lias  seen  in  a  case  of  acromegaly  an  enormous  hypertro- 
phy of  the  parathyroids  which  might  possibly  be  ex- 
P'ained  as  being  of  the  nature  of  a  compensation  lor  the 

Agenesia  or  aplasia  of  one  lung  may  be  compensated 
by  hypertrophy  of  the  normal  organ,  and  a  similar  com 
ien,sation  may  occur  in  eariy  life  in  conditions  leadineTo 
disuse  of  one  lung.     In  later  years,  ho^^•ever,  the  losf  of 

tTnn  nTf,  "  *r,"°^"1  ?l'y  "y  ^°  emphysematous  disten 

ton  of  the  other  which  usually  leads  to  atrophy  of  the 

alveolar  walls  and  not  to  hypertrophy.     Emphys  .matous 

disten  ion  of  the  air  spaces  with  hVperplas^ic  Sn  „' 

of  their  walls  has  been  observed  in  th.  lungs  ofathK 

singers,  and  players  of  wind  instruments  atlilct,  s. 

Compensatory  hyperplasia  of  the  different  blood-form- 

mg  organs,  spleen,  lymph  glan.ls,  and  bone  marrow  Tr 

conditions  affecting  one  or  the  other  is  no?  uncommm 

In  vanous  forms  of  anaemia,  leul<,emia,  etc    wheT  ]"e 

ouat     t"h.°l  "*f  the  spleen  or  bone  marrowT  na  e 

<juate,  the  hsmolymph  glands  become  enlarged  and  suf- 
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fer  structural  changes  by  which  they  come  to  resemble 
either  splenic  tissue  or  lymphoid  marrow. 

Compensatory  hyperplasia  of  the  fibula  has  been  ob- 
served in  cases  in  which  through  disease  the  tibia  had 
been  rendered  useless  in  the  support  of  the  body. 

Hypertrophy  from  lessened  wear  occurs  particularly  in 
the  case  of  the  nails  and  teeth.  If  the  wear  of  the  nails 
be  prevented,  or  if  they  are  left  uncut,  they  may  become 
very  much  enlarged.  Teeth  growing  irregularly,  so  that 
the  cutting  or  grinding  surfaces  are  not  brought  into  ap- 
position develop  into  the  so-called  tusks.  In  animals  the 
claws  and  beaks  of  birds,  and  the  teeth  of  rodents  may 
through  disuse  form  extensive  overgrowths. 

Removal  of  pressure  as  in  the  case  of  atrophy  of  the 
brain  may  lead  to  a  thickening  of  the  inner  table  of  the 
skull.  Similarly  in  other  regions  of  the  body  removal  of 
the  normal  pressure  is  often  followed  by  hyperplasia  of 
the  adipose  tissue. 

Failure  of  the  normal  involution  of  the  uterus  after 
pregnancy  gives  rise  to  an  abnormally  large  uterus  dur- 
ing the  non-pregnant  state.  The  thymus  gland  instead 
of  disappearing  at  the  usual  period  may  persist  or  even 
show  enlargement. 

As  the  result  of  slight  prolonged  or  frequently  re- 
peated mechanical  irritation  local  hyperplasias  of  tissue 
may  arise  (local  ichthyosis,  callus,  corns,  etc.);  hyper- 
plastic overgrowths  are  also  caused  by  chemical  action 
(hypertrophy  of  bone  caused  by  phosphorus  and  arsenic) ; 
and  finally  infective  inflammations  frequently  give  rise 
to  overgrowths  or  new  formations  of  tissue  (condyloma, 
tuberculous  and  syphilitic  processes,  actinomycosis,  etc.). 
Chronic  inflammations  of  the  skin  are  often  characterized 
by  hyperplasia  of  fibrous  connective  tissue  resembling 
elephantiasis;  in  syphilis  extensive  overgrowths  of  bone 
not  infrequently  occur.     In  inflammatory  affections  of 
the  lung  and  pleura,  as  well  as  in  congenital  heart  lesions, 
enlargement  of  the  terminal  phalanges  and  articular  ends 
of  the  long  bones  may  occur  (osteoarthropathie  hyper- 
trophiante).     The  so-called  clubbed  or  drum-stick  fingers 
acquire  an  important  diagnostic  significance  in  these  con- 
ditions.    Hyperplasia  of  the  spleen  and  of  the  lymph- 
adenoid  tissue  throughout  the  body  is  of  not  infrequent  oc- 
currence.    The   nature  of  such  overgrowth  is  as  vet 
obscure,  but  it  is  most  likely  of  infectious  or  toxic  origin 
In  a  number  of  cases  the  hyperplasia  of  the  lymph  elands 
has  been  shown  to  be  an  atypical  tuberculous  process 

The  extensive  hypertrophy  of  the  bones  and  internal 
organs  observed  m  the  condition  known  as  acromegaly 
forms  one  of  the  most  interesting  varieties  of  the  acquired 
hypertrophies.     The  nature  of  this  disease  is  as  yet  un 
nprnri'nf  ^'^  m'iOonty  of  the  cases  an  adenomatous  hy- 
perplasia of  the  hypophysis  has  been  present  and  this  has 
been  regarded  as  the  cause  of  the  disease.     Other  writers 
have  explained  it  as  due  to  a  congenital  predisposition 
to  disturbances  of  the  pineal  body,  s1>xual  origans  ?hymus' 
or  thyroid,  or  to  abnormal  nervous  influences      "'•>^°"'^' 
General _  Coimder,itiom.—^o\h  true  hypertrophy  and 
hyperplasia  are  to  be  regarded  as  being'of  unstable  na- 
ture, inasmuch  as  they  depend  upon  the  duration  of  the 
cause  and  the  incrcaseil  supply  of  nutrition.     Increase  of 
size  demands  also  increase  of  space,  and  in  the  case  of 
some  of  the  organs  uud  tissues  a  space  limit  may  be  ul 
timately  reached.     Hypertrophic  tissue  requires  hyper- 
trophic vessels  to  furnish  the  increased  amount  of  blood 
necacd.     Changes  in  the  vessels  or  in  the  circulation  by 
which  the  supply  of  nutrition  is  diminished  lead  quickly 
to  atrophy  and  fatty  degeneration  of  hypertrophic  tissue 
Similarly  diminished  functional  activity,  particularly  in 
the  case  of  the  heart  and  voluntary  muscles,  is  followed  by 
rapid  fatty  degeneration  of  the  muscle  fibres.     Further 
the  inherent  vitality  of  cells,  particularly  their  histoge- 
nelic   vitality,  is  limited;  tissues  which  have  used  un 
tlicir  reservein  compensating  for  some  deficiency  are  the 
sooner  exhausted.     A  heart  in  a  state  of  compensatory 
hyjiertrophy  may  not  be  able  to  meet  ordinary  emergeu- 
cies  which  under  normal  conditions  have  no  effect  upon 
the  nou-hypertrophied  heart;   that  is,  a  heart  though 
hypertrophic  may  be  insufficient.     Sooner  or  later  there- 
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fore,  a  failure  of  compensation  must  occur,  such  failure 
depending  upon  many  factors:  inherent  cell  vitality, 
conditions  of  nutrition  and  removal  of  waste  products, 
functional  activity,  etc.  In  general  it  may  be  said  that, 
while  fully  developed  heart  and  voluntary  muscles  are 
desirable,  compensatory  enlargement  due  to  excessive  ex- 
ercise, increased  nervous  stimuli,  etc.,  as  in  the  case  of 
the  "athletic  heart,"  "smoker's  heart,"  etc.,  must  be  re- 
garded as  distinctly  pathological,  inasmuch  as  such  liy- 
pertrophyis  at  the  expense  of  the  heart's  reserve  power. 

Aldred  Scott  Warthin. 

HYPNOL.— This  Is  the  product  of  the  combination  of 
antipyrin  and  chloral  in  definite  proportions.  It  was  in- 
troduced by  Bardet  in  1890,  who  gives  its  preparation 
as  follows :  Mix  a  solution  of  47  gm.  of  chloral  hydrate 
in  50  c.c.  of  distilled  water,  with  a  solution  of  53  gm.  of 
antipyrin  in  50  c.c.  of  distilled  water,  and  after  an  hour 
remove  the  oily  fluid  from  the  aqueous  layer.  At  the 
end  of  twenty-four  hours  this  solidifies  into  a  mass  of 
rhombic  prisms.  The  salt  is  colorless  and  soluble  in  five 
parts  of  water.  It  is  said  to  have  the  combined  effect  of 
its  constituent  drugs  and  has  been  recommended  as  an 
hypnotic  in  sleeplessness,  especially  when  accompanied 
by  pain.  The  dose  is  from  ten  to  fifteen  or  twenty 
grains.  It  has  a  less  disagreeable  taste,  and  is  less  dis- 
turbing to  the  stomach  than  either  chloral  or  antipyrin 
and  forms  an  excellent  means  of  administering  these  two 
drugs,  which  are  incompatible  in  all  other  proportions. 

Beaumont  Small. 

HYPNONE.— Acetophenone,  CeHsCO.CHs.  This 
chemical  compound  has  long  been  known  to  chemists 
and  classed  as  a  ketone.  It  bears  somewhat  the  same  re- 
lation to  chloral  that  ether  does  to  alcohol.  It  is  a  color- 
less liquid  at  70°  P.,  very  volatile,  and  possesses  a  sharp 
caustic  taste  and  a  penetrating  odor,  resembling  bitter 
almonds.  At  57.2°  P.  it  solidifies.  It  is  soluble  in  alco- 
hol, ether,  and  fixed  oils,  but  is  not  soluble  in  water  or 
in  glycerin. 

Acetophenone  was  introduced  as  an  hypnotic,  in  1885, 
hy  Dujardin-Beaumetz  and  Bardet  under  the  name  of 
hypnone.  It  was  thought  to  be  of  particular  value  in 
tlie  insomnia  of  Insanity,  alcoholism,  and  nervous  disor- 
ders. It,  however,  has  fallen  into  disuse  on  account  of 
the  uncertainty  of  its  action.  The  dose  was  given  as 
from  three  to  ten  minims,  but  much  larger  quantities 
have  been  given  without  producing  any  effect.  As  much 
as  twenty  minims  have  been  given  hypodermically  in 
cases  of  'insanity.  No  bad  effects  have  been  recorded 
from  its  use.  Experiments  upon  lower  animals  show 
that  its  prolonged  use  lessens  the  haemoglobin  of  the 
blood  and  produces  emaciation.  Death  is  caused  by  re- 
spiratory failure,  following  muscular  paralysis  and  coma. 

Beaumont  Sniall. 

HYPNOSIS.— Hypnosis  is  a  subjective,  induced  condi- 
tion of  the  mind  in  which  the  normal  influence  of  the 
judgment  and  volition  are  more  or  less  restricted,  while 
the  susceptibility  to  suggestion  is  enormously  increased. 
To  the  ordinary  observer  it  seems  to  be  a  trance-like 
sleep,  in  which  the  mind  of  the  subject  becomes  subordi- 
nate to  that  of  the  operator. 

Hypnotism  is  that  branch  of  mental  science  which  deals 
with  the  phenomena  of  hypnosis  and  the  methods  for  its 
induction.  .    •,    ^  .i. 

Suggestion  is  any  method  of  evoking  m  the  mind  ot  the 
subject  an  idea  or  association  of  ideas  for  the  control  of 
his 'mental  activities.  It  becomes  hypnotic  suggestion 
when  the  subject  operated  upon  is  in  a  state  of  hypnosis 
Suggestion  is  called  post-hypnotic  when  the  idea  imparted 
during  hypnosis  is  to  be  executed  at  a  more  or  less  remote 
period  subsequent  to  awakening  from  the  hypnotic  state 
It  is  the  post-hypnotic  sugjgestion  primarily  that  is  of 
therapeutic  value  in  hypnotism. 

Rappm-t'is,  the  relation  that  exists  between  the  subject 
and  the  operator  by  whom  the  hypnotic  phenomena  are 
called  forth. 


To  review  the  history  of  hypnotism  would  be  beyond 
the  scope  of  this  brief  article,  but  it  is  important  to  con- 
sider its  saKent  points.  Much  of  the  mysticism  and  oc- 
cult science  of  the  middle  ages,  indeed  of  antiquity  itself, 
can  be  explained  through  its  employment. 

Attention  was  first  drawn  to  it  in  a  definite  way  by 
Mesmer,  a  Viennese  doctor,  in  the  latter  part  of  the  eigh- 
teenth century.  He  maintained  the  existence  of  a  force 
which  he  called  "  animal  magnetism  "  by  means  of  which 
persons  could  influence  one  another,  and  it  is  this  "ani- 
mal influence  "  which  constitutes  the  essential  nature  of 
mesmerism. 

Much  interest  was  manifested  both  by  laymen  and 
by  physicians  in  Mesmer's  claims,  but  in  the  early  part  of 
the  nineteenth  century  Abbe  Paria  showed  that  the  phe- 
nomena were  wholly  subjective  and  not  at  all  dependent 
upon  any  unknown  force. 

In  1841  Braid,  a  physician  in  Manchester,  England, 
gave  the  whole  subject  a  new  impetus  by  his  more  scien- 
tific experiments.  His  method  of  inducing  hypnosis  was 
by  the  process  of  fixation  of  attention,  which  resulted  in 
a  sleep-like  condition,  to  which  he  gave  the  name  "hyp- 
notism. "  Under  the  influence  of  his  teaching  much  prog- 
ress was  made  in  the  elucidation  of  the  subject,  and  it 
gained  a  more  stable  position  in  the  domain  of  science. 

Later,  Lifebeault,  of  Nancy,  after  a  thorough  examina- 
tion of  the  phenomena  of  hypnotism  and  animal  magnet- 
ism, reached  the  conclusion  that  they  were  wholly  de- 
pendent upon  the  influence  of  suggestion.  Professor 
Bernheim,  a  pupil  of  LiSbeault,  further  developed  this 
view,  regarding  hypnotic  phenomena  as  physiological 
rather  than  pathological  and  wholly  due  to  suggestions 
made  by  the  operator. 

In  1878  Charcot,  the  eminent  French  neurologist,  be- 
gan his  studies  in  hypnosis  as  manifested  in  the  large 
group  of  hystero-epileptics  at  the  Salp^trifere  Hospital. 
His  observations,  however,  were  confined  to  that  class  of 
subjects,  and  resulted  in  the  doctrine  that  it  was  a  "mor- 
bid neurosis  dependent  almost  always  on  soil  predisposed 
by  hysteria. "  Suggestion  he  regarded  as  a  "  symptom  of 
hypnosis,  not  its  cause."  (Art.  "Hypnotism,"  Charcot, 
in  Tuke's  "Diet.  Psychological  Medicine,"  1893,  vol.  i., 
p.  606.)  Since  that  time  the  study  has  been  taken  up 
by  psychologists  as  well  as  by  physicians,  the  trend  of 
opinion  being  rather  in  the  direction  of  the  Nancy  school, 
which  regards  hypnosis  as  physiological  rather  than 
pathological.  Suggestion  is  employed  as  the  most  im- 
portant means  for  evoking  it. 

The  nature  of  hj'pnosis,  however,  is  far  from  being  well 
established;  neither  Mesmer's  assumption  of  a  mysterious 
"animal  force,"  nor  Braid's  doctrine  of  "fixed  attention," 
nor  the  theory  of  "  suggestion  "  of  the  Nancy  school,  nor 
yet  Charcot's  association  of  it  with  hysteria,  is  sufiicient 
to  explain  its  manifestations.  The  hypothesis  of  the  dis- 
sociation of  consciousness  is  a  better  attempt  to  furnish 
an  explanation  of  its  varied  phenomena  (see  article  Con- 
sciousness, Disoi'ders  of). 

According  to  many  psychologists  much  of  the  activity 
of  the  human  mind  takes  place  below  the  plane  of  con- 
sciousness, the  so-called  subconscious  or  subliminal 
mentality.  In  this  domain  lie  many  of  the  unconscious 
phenomena  of  feeling  on  the  one  hand,  and  of  impulse 
on  the  other  (see  article  on  Automatic  Actions).  It  is  in 
the  emergence  of  this  subconscious  mental  field  which  is 
pecuharly  susceptible  to  suggestion,  simple  or  hypnotic, 
that  Frederick  Myers  would  explain  hypnosis. 

As  it  were,  for  the  time  being  the  subconscious  mental- 
ity dominates  the  conscious  mind  and  controls  the  intelli- 
gence, quite  the  reverse  of  the  normal  order.  In  this  re- 
spect hypnosis  is  related  to  hysteria,  the  dream  states  of 
sleep,  hallucinations  of  the  insane,  etc.,  but  it  is  not 
necessarily  a  morbid  phenomenon,  nor  dependent  upon  a 
morbid  condition  of  the  mind. 

Suggestion  serves  then  to  call  forth  the  phenomena. 
It  is  rather  the  signal  for  their  manifestation  than  either 
the  cause  (Nancy  school)  or  the  symptom  (Charcot). 

The  methods  employed  for  the  induction  of  hypnosis 
depend  necessarily  upon  the  views  of  the  operator; 
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1.  Magnetic  J/6<W.-Tliose  who  ^ebeve  in  ammal 
magnetism  assume  tliat  a  special  magnetic  influence  ema^ 
natis  from  the  operator  upon  the  sub]ec  Therefo  e 
standina:  in  front,  the  hypnotist  gazes  fixedly  upon  tJie 
eyes  of  ?he  subject  and  makes  long  sweeping  passes  from 
the  head  downward,  believing  that  'i  someway  the  pe- 
culiar fluid  streams  from  his  fingers  and  thus  best  influ- 

T^^t^Uon.-^^.  method  eonsists  infixing 
the  eyes  upon  a  bright  object  placed  a  little  above  the 
eyes  in  the  median  line ;  the  intent  bemg  to  produce  vis- 
ual fatigue  quickly  through  the  undue  strain  of  convei- 
eent  strabismus.  .        ,,  ^■„„t 

In  a  successful  experiment  after  a  tune  the  subject 
becomes  relaxed,  his  eyelids  tremulously  close,  and  he  ap- 
pears to  be  in  a  semi-somnolent  condition.  This  is  the 
usual  method  of  procedure,  but  is  somewhat  open  to  ob- 
jection. The  unusual  nervous  tension  required  at  times 
has  resulted  in  an  acute  hysterical  attack. 

3  Mdlwd  of  SalpUriire  School— Chwcoi  m  his  experi- 
ments upon  hysterics  established  three  more  or  less  dis- 
tinct states  of  hypnosis: 

(1)  The  cataleptic  state,  produced— 

(a)  Primarily  by  the  influence  of  a  sudden  intense 
noise,  by  a  bright  light  flashed  before  the  eye,  or  further 
by  fixation,  more  or  less  prolonged,  of  the  eyes  upon  any 
object ; 

(b)  Secondarily,  to  the  lethargic  state  when  the  eyes 
hitherto  closed  are  suddenly  opened  to  a  bright  light  by 
raising  the  eyelids. 

(2)  Lethargic  state,  produced — 

(a)  Primarily  by  the  influence  of  fixation  of  the  eyes 
upon  an  object  placed  at  a  certain  distance  away; 

(J)  Secondarily  to  the  cataleptic  state,  by  simple  clos- 
ure of  the  eyelids. 

(3)  State  of  induced  somnambulism,  produced— 

(a)  Primarily  in  some  subjects  by  fixation  of  attention, 
or 

(p)  Secondarily,  easily  with  subjects  already  in  a 
lethargic  or  cataleptic  state,  by  making  simple  pressure 
or  light  friction  upon  the  vertex. 

In  these  various  states  of  hypnosis  certain  characteris- 
tic phenomena  are  present.  In  the  cataleptic  condition 
the  subject  is  immobile,  he  appears  to  be  fascinated. 
The  eyes  are  open,  staring,  and  soon  become  suffused  with 
tears.  There  is  no  winking  of  the  eyelids.  Very  fre- 
quently there  is  anaesthesia  of  the  conjunctiva  and  even 
of  the  cornea.  The  limbs  and  all  parts  of  the  body  pre- 
serve their  position  for  a  long  time,  even  attitudes  very 
difficult  to  maintain  which  may  have  been  given  them — 
a  "  wax-like  flexibility  "  very  characteristic.  The  tendon 
reflexes  are  abolished  and  neuromuscular  hyperexcitabil- 
ity  is  absent.  While  analgesia  is  complete,  certain  senses, 
muscular,  visual,  and  auditory,  preserve  their  activity. 
This  persistence  of  sensorial  activity  makes  it  possible 
through  suggestion  to  provoke  hallucinations  and  develop 
automatic  impulses  at  the  will  of  the  operator. 

In  the  lethargic  state,  the  similitude  of  profound  sleep, 
there  is  complete  analgesia  of  the  skin  and  mucous  sur- 
faces accessible.  The  limbs  are  relaxed,  and  if  raised 
fall  slowly.  The  pupils  are  rolled  upward,  the  eyes 
closed  or  half  closed,  while  one  sees  an  almost  incessant 
quivering  of  the  eyelids.  The  tendon  reflexes  are  exag- 
gerated and  neuromuscular  hyperexcitability  is  always 
present,  though  in  varying  degrees.  This  phenomenon, 
similar  to  the  muscular  contractions  caused  by  the  faradic 
current,  may  be  produced  by  mechanical  pressure  alone, 
e.g.,  by  the  touch  of  a  pencil.  Even  muscular  contrac- 
tions more  or  less  pi-olonged  mav  result,  which  arc 
readfly  resolved  by  stimulating  aniagonislic  muscles. 
^  The  inducedso7niuiiiibii.li.stie  state  correR]ionds  more  par- 
ticularly to  the  condition  of  "magneric  sici'p,"  so-called 
It  more  nearly  resembles  the  state  of  lelhariry,  yet  there 
IS  no  neuromuscular  hypeiexcitability  as  described  above 
Cutaneous  analgesia  is  present,  but  at  the  same  time 
tliere  is  a  very  remarkable  hypcracuity  of  certain  forms 
of  sensibility  of  the  skin,  of  tlie  mii,scular  sense  and 
ot  some  of  the  special  senses,  sight,  hearing,  and  smell. 
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It  is  easy  through  suggestion  to  call  forth  very  compli- 
cated automatic  actions  which  are  induced  manifesta- 
tions peculiar  to  the  state  of  artificial  somnambulism,  the 
active  hypnotic  condition  (Charcot,  "CEuvres  Com- 
pletes," Tomeix.).  ,,,.,., 

4.  Method  of  Suggestion.— The  method  of  inducing  hyp- 
nosis by  suggestion  was  practically,  though  not  primarily, 
developed  by  the  Nancy  school,  of  which  Lifebeault  and 
Bernheim  are  the  leaders.  The  idea  of  sleep  is  suggested 
to  the  subject's  mind  by  every  possible  means,  physical 
as  well  as  mental.  The  subject  is  thoroughly  reassured 
and  placed  in  a  comfortable  position,  so  as  to  invite  men- 
tal and  physical  repose.  He  is  then  told  that  he  feels 
sleepy,  that  his  eyelids  are  getting  heavy,  that  he  can 
scarcely  keep  awake,  in  fact  he  is  going  to  sleep,  etc., 
until  a  condition  of  semi-somnolence  is  established.  This 
method  has  the  merit  of  resulting  in  no  danger  to  the  sub- 
ject, but  it  may  require  many  seances  before  the  success- 
ful end  is  gained. 

The  combination  of  the  two  methods  of  fixed  attention 
with  sleep  suggestion  is  most  commonly  used  in  Amer- 
ica, and  with  proper  care  will  yield  satisfactory  results. 

It  is  essential,  however,  to  the  successful  therapeutic 
use  of  hypnotism  that  the  subject  be  well  trained  as  a 
hypnotic  before  suggestive  treatment  be  given.  It  is  just 
here,  doubtless,  that  many  physicians  have  failed  while 
the  professional  hypnotizer  has  succeeded. 

The  following  plan,  suggested  by  A.  E.  Carpenter, 
merits  attention  and  will  lead  to  more  successful  results 
than  the  usual  haphazard  efforts  for  inducing  hypnosis 
sufficiently  deep  for  therapeutical  or  experimental  pur- 
poses: No  seance  should  last  over  long,  lest  undue  fa- 
tigue result.  The  seance  may  be  repeated,  howevei-, 
once  or  twice  a  day  until  the  operator  secures  satisfactory 
results  or  concludes  that  his  subject  cannot  be  impresseil. 
If,  however,  the  state  of  semi -somnolence  is  developed, 
assure  the  subject  that  he  cannot  open  his  eyes,  at  the 
same  time  making  a  slight  pressure  upon  the  ej-elids ;  and 
we  find  that  the  lids  come  open  with  more  or  less  diflBculty , 
or  not  at  all.  Later,  the  command  alone  is  sufficient  to 
prevent  the  lids  being  opened,  and  the  patient  be- 
comes receptive  to  audible  suggestion.  Further  sugges- 
tion both  by  touch  and  by  command  will  affect  other 
muscles ;  for  example,  the  patient  is  told  that  he  cannot 
open  his  hands  when  firmly  clasped,  pressure  at  the  same 
time  being  made  on  the  spine  at  the  base  of  the  skull. 
This  is  repeated  until  the  experiment  succeeds.  Later 
the  same  condition  may  be  produced  by  command  alone, 
or  again  by  the  mere  clasping  of  the  hands  together.  In 
a  similar  manner  control  of  all  the  muscles  of  the  body 
may  be  secured.  In  turn  the  special  senses  may  be  edu- 
cated in  a  similar  wa}'.  The  sense  of  feeling  is  most 
readily  affected  by  suggestion  and  should  be  attempted 
first.  It  is  important  at  the  outset,  when  making  sug- 
gestion, that  the  idea  conveyed  be  not  inconsistent  with 
fact;  for  example,  in  a  warm  room  it  is  wiser  to  suggest 
undue  heat  than  exlreme  cold.  After  securing  thorough 
control  of  the  sense  of  feeling,  subdue  the  sense  of  sight, 
employing  the  sense  of  feeling  to  aid  in  its  control;  for 
example,  by  making  a  suggestion  Avhich  would  involve 
both  feeling  and  sight.  In  the  same  way  one  may  gain 
control  of  the  senses  of  hearing,  taste,  and  smell,  through 
means  of  others  already'  subordinated.  AVhen  once  all 
the  senses  are  under  control  ot  the  operator,  the  thera- 
pi'utic  application  of  suggestion  becomes  simple.  In 
some  instances  an  impressionable  subject  becomes  so  sus- 
ceptible to  suggestion  that  hyiniosis  may  bo  subjectively 
induced  by  mere  concentration  of  attention — the  auto- 
hypnotic  slate  so  called.  Naturally  it  is  of  extreme  im- 
portance to  the  success  of  the  jierformauce  tliat  the  Avhole 
manner  and  tone  of  the  operator  convey  assurance  and 
never  doubt  of  the  result.  Nor  must  it  be  forgotten  that 
it  is  Mdt  impossible  for  the  operator  himself  to  become 
hvpnotized  bv  the  exercise  of  too  fixed  attention  upon 
the  patient.  'Undoubtedly  many  operators  have  been 
deceived  by  apparent  hypnoric  phenomena  through  the 
reaction  of  s\ig.ttestion  upon  their  own  minds.  They  see 
what  they  are  "looking  for." 
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The  phenomena  of  hypnosis  under  the  influence  of  sug- 
gestion are  very  variable,  from  the  simple  trance-like 
sleep  to  the  complete  control  of  the  subject  obtained  in 
the  condition  of  somnambulism.  In  the  deeper  phases 
the  subject  seems  conscious  only  of  the  hypnotist  and 
impUcitly  believes  and  follows  out  whatever  suggestion 
IS  made.  Upon  awaking  from  the  hypnotic  state  no  con- 
scious memory  remains,  yet  a  suggestion  given  during 
hypnosis  may  be  implicitly  obeyed  at  a  peiiod  more  or 
less  remote.  This  is  the  post-hypnotic  suggestion  so 
called,  and  enables  the  operator  to  influence  the  subiect 
after  the  hypnotic  state  has  passed  away.  Thus  in  the 
treatment  of  dipsomania  a  suggestion  is  made  during  hyp- 
nosis that  whenever  he  takes  a  dram  he  will  be  over- 
come with  nausea.  This  associated  idea  is  ever  ready  to 
meet  the  imperative  habit  and  develops  disgust  and  thus 
works  a  cure.  This  indirect  or  associated  suggestion 
seems  more  powerful  than  the  direct  command  to  avoid 
drinking. 

In  the  lighter  phases  of  hypnosis  the  subject  seems 
semi-conscious,  but  does  not  readily  or  at  all  respond  to 
suggestions  widely  at  variance  with  fact.  He  may  not 
be  able  to  open  his  eyes  or  shut  his  mouth,  or  raise  a 
hand  except  at  the  will  of  the  operator,  but  the  assurance 
that  his  neuralgic  pain  is  gone  brings  a  smile  or  even 
breaks  the  spell.  In  the  deeper  or  somnambulistic  state 
no  delusion  suggested  by  the  operator  is  too  incredible. 
Every  suggestion  becomes  an  imperative  idea,  dominat- 
ing feeling  and  emotion  and  controlling  their  physical 
expression.  It  is,  however,  a  striking  commentary  upon 
the  subjective  nature  of  hypnosis  that  no  suggestion  of 
an  idea  foreign  to  the  cognizance  of  the  subject  will  gain 
representation.  The  fountain  never  rises  above  its 
source. 

It  will  be  readily  understood  how  the  symptoms  of  dis- 
ease may  be  relieved ;  but  that  the  disease  itself  may  be 
arrested  or  cured  is  by  no  means  so  credible. 

Its  greatest  service  will  be  found  in  dealing  with  mor- 
bid psychological  conditions,  such  as  fixed  ideas,  morbid 
habits,  sexual  perversion,  etc. 

The  various  students  of  hypnotism  have  formulated 
certain  rules  regarding  its  use  wliich  it  is  well  always  to 
observe. 

Public  seances  of  hypnotism  by  professional  hypno- 
tizers  should  be  forbidden  by  law." 

Hypnosis  .should  be  employed  only  by  physicians  or 
psychologists  familiar  with  the  physiology  and  path- 
ology of  the  mind. 

It  should  never  be  induced  without  the  consent  of  the 
subject  or  his  legal  guardian. 

It  should  not  be  employed  except  in  the  presence  of  a 
third  person. 

Suggestions  which  are  contrary  to  his  moral  nature 
should  never  be  made. 

After  the  employment  of  hypnosis  the  patient  should 
always  be  awakened  and  left  in  a  calm  mood. 

Regarding  its  medico-legal  relations,  it  is  pretty  well 
established  that  in  no  case  can  a  suggestion  contrary  to 
the  moral  nature  of  the  subject  succeed,  the  antagonistic 
instinct  serving  in  turn  as  an  overpowering  negative  sug- 
gestion. 

Hypnosis  is  not  a  miraculous  method  of  treatment  to 
supplant  other  means,  but  rather  a  species  of  education 
of  the  mind  which  must  be  sufficiently  repeated  to  secure 
permanence. 

While  it  seems  an  easy  way  to  relieve  many  forms  of 
nervous  trouble,  in  reality  its  permanent  value  is  very 
limited.  It  is  true  that  anaesthesia  has  been  successfully 
induced  by  its  means,  and  serious  operations  have  been 
performed  without  pain.  Medical  literature  teems  with 
examples,  but  so  few  patients  are  sufiiciently  susceptible 
at  first  trial  that  it  is  of  little  practical  value. 

Hypnosis  prolonged  for  hours,  even  days,  has  occasion- 
ally been  of  value  in  intractable  forms  of  hysteria,  and 
undoubtedly  should  be  tried  when  other  more  rational 
measures  have  failed.  But  training  of  the  hysteric  to 
secure  self-control  Is  of  more  lasting  benefit,  and  far 
more  rational.  I 


Among  American  neurologists  the  concurrent  opinion 
IS  against  the  employment  of  hypnotism  as  a  therapeuti 
cal  measure.  At  the  present  time  its  greatest  utility  lies 
in  the  field  of  investigation  of  psychological  phenomena 
rather  than  in  the  relief  of  pathological  conditions. 

Edward  B.  Angell. 

HYPNOTICS  are    medicines    u.sed    to  induce    sleep 
Their  utility  depends  upon  their  power  of  arresting  the 
functions  of  the  cerebrum  for  some  time  without  endan- 
gering life  or  health. 

Two  views  prevail  as  to  their  mode  of  action.  Accord- 
ingto  the  older  one,  they  induce  sleep  by  rendering  the 
brain  anaemic.  The  aiiaimia  is  supposed  to  result  from  a 
direct  influence  on  the  vaso-motor  nerves,  in  consequence 
of  which  the  cerebral  vessels  contract  and  thus  diminish 
the  quantity  of  blood  circulating  in  the  brain.  This  view 
was  based  on  two  facts  frequently  observed  in  experi- 
ments on  animals  whose  brain  had  been  exposed  to  view, 
viz.,  that  the  brain  invariably  is  anjemic  during  natural 
sleep,  and  that  it  becomes  anaemic  during  the  artificial 
sleep  induced  by  medicines.  The  brain  presenting  the 
same  pale  appearance  in  both  forms  of  sleep,  it  was  con- 
cluded that  both  are  due  to  the  same  cause— a  lessened 
flow  of  blood  in  the  cerebrum. 

But  the  theory  that  normal  sleep  is  caused  by  anamia 
of  the  brain  is  no  longer  tenable ;  for  it  has  been  found 
that  the  quantity  of  blood  circulating  in  the  brain,  in  the 
normal  state  of  the  organism,  depends  upon  the  activity 
of  the  brain,  increasing  in  proportion  to  the  exercise  of 
the  mental  functions,  and  abating  when  the  mind  is  qui- 
escent. Little  blood  being  required  during  the  dormancy 
of  the  mental  functions,  the  brain  is  comparatively  blood- 
less, and,  if  open  to  inspection,  presents  a  very  pale  ap- 
pearance. 

But  if  the  brain  is  anaemic  during  normal  sleep,  will 
not  cerebral  antemia,  produced  artificially,  be  followed 
by  sleep?  Of  this  there  can  be  no  doubt,  since  it  has 
been  shown  experimentally  that  compression  of  the  large 
arteries  supplying  the  brain  is  speedily  productive  of 
unconsciousness.  Hence,  if  hypnotics  should  cause  con- 
traction of  the  cerebral  vessels  and  thus  produce  ansemia, 
sleep  would  necessarily  ensue.  But  in  recent  experi- 
ments on  animals,  whose  skulls  had  been  trephined  so 
that  the  brain  could  be  inspected,  it  was  found  that 
hypnotics  may  induce  deep  sleep  without  in  the  least 
altering  the  quantity  of  blood  circulating  in  the  brain. 
Usually,  when  the  sleep  was  prolonged,  the  brain  grad- 
ually became  pale  and  comparatively  bloodless.  The 
absence  of  cerebral  anaemia  during  the  early  part  of  arti- 
ficial sleep  disproves  the  theory  that  hypnotics  act  indi- 
rectly through  the  vaso-motor  system. 

The  fact  that  hypnotics  may  induce  sleep  without  at 
first  altering  the  quantity  of  blood  in  the  brain  gave  rise 
to  the  more  recent  theory  that  they  act  directly  on  the 
cerebral  cells.  The  nature  of  this  action  is  unknown. 
Experiments  performed  by  Binz  seem  to  show  that  it 
may  be  attended  by  a  very  slight  and  transient  coagula- 
tion of  the  protoplasm  of  the  cerebral  cells.  That  some 
decided,  though  not  very  durable,  change  of  the  cortical 
substance  of  the  brain  is  produced  is  evident  from  the 
experiments  of  Albertoni,  in  which  it  was  found  that  in 
dogs  large  doses  of  bromide  of  potassium  reduced  the  ex- 
citability of  the  motor  centres  so  much  that  electric  irri- 
tation no  longer  caused  epileptic  convulsions.  In  some 
instances  the  brain  was  pale,  but  in  others  no  diminution 
of  the  quantity  of  blood  was  observed,  and  hence  the 
lessened  excitability  was  not  attributable  to  anaemia. 
Recently  the  theory  has  been  advanced  that  natural 
sleep  results  from  contraction  of  the  protoplasmic  proc- 
esses of  the  cortical  neurons. 

The  use  of  hypnotics  is  indicated,  as  a  rule,  when  in- 
somnia is  continuous,  and  hence  a  source  of  danger;  this 
sometimes  occurs  both  in  acute  and  in  chronic  diseases. 
Generalhr,  normal  sleep  returns  as  soon  as  the  causes  of 
the  insomnia  are  removed;  but  sometimes  it  is  impossible 
to  remove  the  causes,  or  sleeplessness  persists  after  the 
removal  of  all  apparent  causes. 
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Opium  and  its  preparations,  in  appropriate  doses  usu_ 
ally  induce  sleep  in  one  or  two  hours  I^  some  cases  of 
wakefulness,  half  a  grain  is  followed  by  this  eflect  in 
others  as  much  as  two  or  three  grains  are  required  l  ne 
duration  of  the  sleep  varies  from  half  an  liom  to  six  oi 
eight  hours,  the  variations  dependmg  upon  the  size  ot 
the  dose,  the  time  of  administration,  the  nature  of  the 
cause  of  the  insomnia,  and  the  susceptibility  ot  the  pa- 
tient. Given  in  the  early  part  of  the  d_ay  even  large 
doses  may  act  only  for  a  short  time;  but  m  the  evening 
moderate  doses  often  produce  prolonged _  rest  When 
sleeplessness  is  caused  by  peripheral  irritation  ot  moder- 
ate intensity,  small  doses  may  induce  continuous  normal 
sleep ;  but  when  there  exists  intense  pain,  large  doses  are 
required,  and  sometimes  must  he  repeated  several  times. 
Patients  vary  greatly  in  their  susceptibility  to  the  action 
of  opium.  In  early  childhood,  especially  in  infancy,  and 
in  old  age,  moderate  doses  sometimes  cause  profound 
sleep  bordering  on  coma.  i  j      j 

The  hypnotic  action  of  opium  is  usually  precedea  ana 
followed  by  numerous  incidental  effects.  In  many  pa- 
tients phenomena  supervene,  within  half  an  hour  after 
the  ingestion  cif  tlie  medicine,  which  are  due,  perhaps,  to 
a  stimulant  action  on  the  brain— a  free  and  copious  flow 
of  ideas,  and  an  agreeable  sense  of  well-being,  followed 
soon  by  indifference  to  all  external  impressions  and  a 
feeling  of  fatigue.  In  very  excitable  patients,  especially 
nervous  females,  there  often  occurs  very  notable  mental 
excitement  with  hallucinations,  and  sometimes  increased 
wakefulness  and  delirium.  Some  patients,  on  the  con- 
trary, particularly  robust,  strong  men,  do  not  manifest 
any  of  these  phenomena,  but  are  soon  lost  in  a  pro- 
longed, quiet,  and  refreshing  sleep. 

The  pulse,  in  from  fifteen  to  thirty  minutes  after  the 
hypnotic  dose  is  taken,  becomes  accelerated  by  some  six 
or  eight  beats  in  a  minute,  but  falls  again  to  its  previous 
rate  before  sleep  ensues.  During  the  sleep,  if  the  dose 
has  not  been  excessive,  it  does  not  unsually  differ  from 
its  rate  in  normal  sleep.  Simultaneously  with  the  accel- 
eration of  the  pulse  the  skin  becomes  warm  and  moist, 
and  the  mouth  dry. 

After  awaking  the  patient  often  complains  of  headache 
and  fatigue,  his  appetite  is  diminished,  and  his  bowels 
are  constipated.  Some  patients  suffer  from  nausea  and 
vomiting,  severe  headache,  and  mental  depi'ession.  If  the 
hypnotic  is  taken  repeatedly  for  some  days,  there  often 
occur  dysuria  and  itching  of  the  skin. 

During  the  sleep  the  patient  may  be  readily  wakened, 
unless  the  dose  was  excessive,  when  the  sleep  may  be 
more  profound.  Then  the  pulse  usually  becomes  slower, 
feeble,  and  sometimes  irregular ;  the  respirations  dimin- 
ish in  frequency  and  depth,  and  may  be  stertorous ;  and 
the  face  becomes  pale,  moist,  and  cyanotic.  The  pupils 
are  strongly  contracted,  unless  the  respiratory  process  is 
so  depressed  that  asphyxia  supervenes. 

If  continuously  employed,  opium  soon  loses  its  hyp- 
notic action  In  ordinary  doses. 

Mm-phim.— The  hypnotic  action  of  the  salts  of  mor- 
phine is  identical  with  that  of  opium.  In  appropriate 
doses,  administered  internally,  they  induce  sleep  in  about 
one  hour._  But  this  effect  generally  ensues  sooner  when 
they  are  injected  into  the  subcutaneous  connective  tissue 
—often  in  from  ten  to  thirty  minutes. 

The  incidental  phenomena  do  not  differ  notably  from 
those  produced  by  opium.  Sometimes  the  pulse  at 
first  becomes  slightly  accelerated;  more  frequently  it 
IS  not  influenced  at  all,  especially  in  healthy  persons 
In  careful  observations  on  healthy  young  men  Prei- 
sendOrfer  found  no  change,  either  in  the  frequency  or 
in  the  tension  of  the  pulse,  after  subcutaneous  iniections 
ot  quantities  varying  from  one-sixth  to  one-half  of  a 
grain. 

It  is  generally  held  that  morphine  produces  less  con- 
stipation than  opium,  but  that  it  is  more  frequontlv  fol- 

ri  1  if  'll^'''^  °!/^'  '^'*'''  "^y^""**'  ^i"'!'  when  admin- 
istered by  the  mouth,  nausea  and  vomiting 

In  some  patients  subcutaneous  injections  of  morpliine 
speedily  cause  giddmess,  headache,  faintness,  difficult 
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breathing,   trembling  of  the    extremities,   nausea,    and 
vomiting. 

Some  persons  experience  only  the  useful  hypnotic 
effect  without  any  disagreeable  phenomena,  and  can  take 
a  moderate  dose— one-fourth  of  a  grain  of  sulphate  of 
morphine— night  after  night,  for  a  considerable  period, 
without  loss  of  appetite,  nausea,  constipation,  dysuria, 
or  itching  of  the  skin. 

As  a  rule,  opium  or  morphine  may  be  used  to  induce 
sleep  whenever  insomnia  endangers  life  or  health,  if  no 
contraindications  exist.  They  are  preferable  to  other 
hypnotics  when  sleeplessness  is  caused  by  peripheral 
irritation,  especially  pain  and  cardiac  dyspnoea.  In  such 
cases  they  act  both  indirectly  and  directly— indirectly,  by 
removing  or  relieving  the  abnormal  sensations  which 
cause  insomnia ;  and  directly,  by  arresting  the  functional 
activity  of  the  Ibrain. 

The  utility  of  morphine  in  the  wakefulness  caused  by 
cardiac  dyspnoea  has  long  been  recognized.  Allbutt  and 
Ringer  strongly  recommend  hypodermic  injections  as 
speedily  effective  in  allaying  the  dyspnoea  and  inducing 
refreshing  sleep.  It  is  necessary,  however,  carefully  to 
distinguish  cardiac  dyspnoea  from  the  form  of  dyspnoea 
occurring  in  diseases  of  the  air  passages  and  lungs.  Ac- 
cording to  the  experiments  of  Filehne  the  immediate  cause 
of  cardiac  dyspnoea  is  not  an  excess  of  venous  blood,  but 
a  defect  of  arterial  blood  in  the  medulla  oblongata.  The 
medulla  is  excitable  because  it  is  anaemic.  All  heart 
diseases  that  markedly  interfere  with  the  circulation,  such 
as  valvular  affections,  dilatation,  and  pericardial  effusion, 
cause  the  medulla  oblongata  to  be  insufliciently  supplied 
with  arterial  blood,  and  hence  render  it  excitable.  The 
dyspnoea  that  results  is  wholly  useless,  as  it  cannot  im- 
prove the  heart's  action ;  and  is  liarmful  in  so  far  as  it 
exhausts  the  strength.  Morphine,  therefore,  should  be 
employed  in  doses  that  will  restore  the  breathing  to  the 
normal  type.  But  it  is  otherwise  when  dyspnoea  results 
in  consequence  of  impeded  arterialization  of  the  blood  in 
the  lungs.  The  immediate  cause  of  the  dyspnoea  is  the 
excess  of  venous  blood  in  the  medulla  oblongata.  In  con- 
sequence of  the  rapid  breathing  a  larger  quantity  of  blood 
becomes  oxygenated  in  the  lungs ;  the  dyspnrea  is,  there- 
fore, compensatory  and  absolutely  necessary.  Morphine, 
by  diminishing  the  excitability  of  the  respiratory  centre, 
would  increase  the  venosity  of  the  blood  and  endanger 
life. 

Opium  and  morphine  are  generally  preferable  to  other 
hypnotics  to  relieve  the  sleeplessness  occurring  in  the  lat- 
ter stage  of  febrile  diseases,  and  depeuding  upon  an  ex- 
hausted and  anaemic  condition  of  the  brain. 

Opium  and  morphine  are  contraindicated  in  wakeful- 
ness caused  by  cerebral  hyperaemia.  During  the  first 
stage  of  action  they  probably  increase  the  amount  of 
blood  in  the  brain,  and  hence  are  apt  to  aggravate  al- 
ready existing  hyperaemia.  They  are  contraindicated  in 
the  wakefulness  caused  by  dyspnoea,  if  the  diflicult  and 
rapid  breathing  is  necessary  to  compensate  for  some  im- 
pediment to  the  interchange  of  gases  in  the  lungs. 

On  account  of  the  extreme  susccptibilitj'  of  children  to 
the  narcotic  action  of  opium  and  morphine,  these  hyp- 
notics are  rarely  employed  to  relieve  insomnia  during  the 
first  two  or  three  years  of  life. 

In  all  forms  of  chronic  insomnia,  if  it  be  necessary  to 
maintain  a  good  state  of  nutrition,  opium  and  morphine 
are  contraindicated,  unless  it  be  found  tliat  they  do  not 
interfere  with  digestion. 

The  average  dose  of  opium  for  adults  is  one  grain,  or  an 
equivalent  quantity  of  one  of  its  preparations.  As  a  rule, 
the  dose  should  be  given  shortly  before  bedtime,  and,  if 
necessary,  repeated  in  an  hour.  In  cases  of  sleeplessness 
from  pain  and  cardiac  dyspnoea,  smaller  doses  frequently 
induce  sleep ;  but  when  these  symptoms  are  very  intense, 
it  is  often  necessary  to  repeat  the  average  dose  several 
times. 

Tlie  average  dose  of  morphine  is  one-fourth  of  a  grain. 
In  many  cases  of  wakefulness  smaller  doses  suflSce,  if 
given  at  the  usual  bed-hour.  Tlie  vomiting  that  some- 
times results  from  liypnotic  doses  may  usually  be  pre- 
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vented  by  dissolving  the  salt  In  four  to  six  drachms  of 
water,  and  giving  a  teaspoonful  of  the  solution  at  inter- 
vals of  ten  minutes. 

Frequently  morphine  is  administered  by  the  hypoder- 
mic method  in  cases  of  insomnia  due  to  pain  or  dyspnoea. 
Usually,  at  first  not  more  than  one-sixth  of  a  grain  Is  re- 
quired to  give  relief  and  induce  sleep.  In  the  latter  stage 
of  acute  diseases,  when  wakefulness  is  due  to  exhaustion, 
the  hypodermic  dose,  as  a  rule,  should  not  exceed  froni 
one-twelfth  to  one-eighth  of  a  grain.  In  order  to  prevent 
as  much  as  possible  the  disagreeable  effects  of  morphine 
on  the  stomach  and  skin,  it  is  customary  to  associate  with 
it  a  very  small  quantity  of  atropine,  about  gr.  J^. 

Codeine.— This  alkaloid  is  a  less  powerful  and  certain 
hypnotic  than  morphine,  but  has  been  recommended  as 
preferable  to  the  latter  when  insomnia  results  from  cough. 
rheumatic  pains,  and  cancer.  The  quantity  required  to 
induce  sleep  varies  greatly,  sometimes  this  effect  having 
resulted  from  one-fourth  of  a  grain,  and  in  other  in- 
stances not  from  one  gi-ain  repeated  several  times. 

Small  doses  are  usually  not  followed  by  severe  after- 
effects, especially  not  by  obstinate  constipation.  But 
large  doses  may  cause  nausea,  vomiting,  giddiness,  head- 
ache, mental  dulness,  and  tremor. 

Codeine  may  be  used  as  a  hypnotic  instead  of  mor- 
phine when  the  latter  is  not  well  borne,  when  constipa- 
tion should  be  avoided,  and  when  sleeplessness  results 
from  cough. 

Chloral  Hydrate. — In  doses  of  from  1  to  3  gm.  (gr. 
xv.-xxx.)  chloral  hydrate  usually  induces  sleep  in  from 
ten  to  thirty  minutes.  The  sleep  does  not  differ  notably 
from  natural  sleep,  the  pupils  being  contracted  and  the 
pulse  and  respirations  slow  and  regular.  Generally  It  is 
quiet,  dreamless,  and  refreshing,  and  continues  for  from 
two  to  eight  hours.  The  patient  may  be  readily  awak- 
ened, but  usually  quickly  falls  asleep  again. 

As  a  rule,  no  disagreeable  effects  are  noticeable  either 
before  or  after  the  sleep.  In  irritable,  weakly  patients, 
however,  a  stage  of  excitement  may  precede  the  sleep, 
marked  by  injection  of  the  face,  restlessness,  and  hallu- 
cinations. These  phenomena  have  been  observed  most 
frequently  after  small  doses — eight  to  fifteen  grains. 
After  the  sleep  there  may  occur  slight  headache,  with 
fatigue  and  somnolency.  Usually  the  functions  of  the 
alimentary  canal  are  not  disturbed,  the  appetite  being 
good  and  intestinal  peristalsis  normal.  After  prolonged 
use  of  chloral,  especially  if  it  is  taken  insufficiently  di- 
luted, symptoms  of  gastric  catarrh  become  manifest.  In 
weakly  patients,  and  in  those  who  have  become  much 
enfeebled  by  chronic  diseases,  ordinary  hypnotic  doses 
may  notably  depress  the  vascular  system,  render  the 
heart's  Impulse  very  weak,  and  the  pulse  slow,  very 
compressible,  and  irregular.  These  effects  on  the  circu- 
latory organs,  due  to  a  depressing  or  paralyzing  action 
on  the  vaso-motor  centre  and  the  cardiac  ganglia,  become 
more  marked  the  larger  the  dose.  Hence,  when  very 
large  quantities  are  taken — from  one  to  several  drachms 
— the  heart's  action  becomes  very  feeble,  and  the  pulse 
extremely  weak.  As  a  consequence,  the  circulation  is  so 
languid  that  the  tissues  are  inadequately  supplied  with 
arterial  blood,  the  temperature  falls  very  low,  and  life 
may  become  extinct. 

Although  sleep  usually  ensues  speedily  from  hypnotic 
doses  of  chloral,  it  is  sometimes  delayed  for  several  hours. 
This  is  frequently  observed  after  the  continued  use  of 
the  drug,  the  interval  between  ingestion  and  the  super- 
vention of  sleep  gradually  becommg  prolonged  and 
marked  by  some  excitement.  As  a  rule,  however,  chloral 
in  the  same  dose  retains  its  power  of  inducing  sleep  for  a 
long  time.  „        , 

After  continued  use  of  chloral  very  serious  effects  have 
been  observed,  such  as  erythematous  blotches  on  the  face 
and  neck,  bloating  of  the  skin,  papular  eruptions,  pete- 
chial spots,  bedsores,  an  irritable  pulse,  severe  attacks  of 
dyspnoea,  weakness  of  memory,  dulness  of  intellect,  pa- 
ralysis of  muscles,  and  general  marasmus. 

As  a  hypnotic,  chloral  hydrate  presents  the  advan- 
tage of  acting  speedily  and  certainly,  and  not  causing 


disagreeable  after-effects.  Its  tendency  to  depress  the 
vaso-motor  centre  and  the  heart  makes  it  suitable  in 
wakefulness  associated  with  vascular  excitement.  It 
usually  acts  well  in  acute  rheumatism,  scarlatina,  peri- 
tonitis, metritis,  and  febrile  diseases  generally,  as  well  as 
in  cerebral  affections. 

Chloral  is  preferable  to  other  hypnotics  when  sleep 
should  be  speedily  induced,  as  in  cases  of  delirium  tre- 
mens supervening  soon  after  the  receipt  of  a  severe  sur- 
gical injury.  Under  such  circumstances  it  is  sometimes 
the  means  of  saving  life. 

In  painful  affections  attended  with  vascular  excitement, 
moderate  doses  of  morphine  are  often  associated  with 
chloral  in  order  to  relieve  the  pain,  as  chloral  alone  has 
little  analgesic  power. 

Chloral  is  a  valuable  hypnotic  in  the  insomnia  of  cliil- 
dren  and  the  aged,  as  it  does  not,  in  appropriate  doses, 
produce  inordinate  effects. 

Chloral  may  be  employed  in  all  cases  of  insomnia,  if  no 
contraindications  exist. 

On  account  of  its  depressing  action  on  the  heart,  it  is 
contraindicated  when  this  organ  is  enfeebled  in  conse- 
quence of  fatty  or  other  kinds  of  degeneration,  valvular 
disease,  dilatation,  or  malnutrition  in  the  latter  stages  of 
prolonged  fevers. 

According  to  some  observers,  chloral  sometimes  pro- 
duces delirium  and  great  depression  in  diseases  which  in- 
terfere with  the  respiratory  process,  such  as  pneumonia, 
pleuritis,  emphysema,  and  bronchitis. 

Catarrhal  and  ulcerative  affections  of  the  stomarh 
contraindicate  the  internal  administration  of  chloral. 
In  hysterical  patients  undue  excitement,  instead  of  re- 
freshing sleep,  frequently  ensues  from  hypnotic  doses. 

On  account  of  the  varying  susceptibility  of  different 
individuals  to  the  action  of  chloral,  it  is  prudent,  when 
giving  it  to  patients  whose  tolerance  is  unknown,  not  to 
prescribe  more  than  3  gm.  (gr.  xxx.),  of  which  one-half 
may  be  taken  at  the  usual  bed-hour,  and  the  other  half, 
if  necessary,  an  hour  later.  In  states  of  great  cerebral 
excitement,  such  as  delirium  tremens  and  acute  mania, 
larger  doses  have  been  given  with  advantage — 2  gm.  (gr. 
xxx.),  repeated  several  times,  if  necessary,  at  intervals 
of  one  hour. 

As  concentrated  solutions  disorder  the  stomach,  it 
should  always  be  well  diluted  with  sweetened  water  or 
milk.  I^  Chloral  hydratis,  2  gm.  (3ss.);  aq.  destill.,  8 
gm.  (  3  ij.).  M.  Sig. :  One-half  to  be  taken  at  bedtime, 
in  a  small  cup  of  milk;  and  the  other  an  hour  later,  if 
necessary.  I^  Chloral  h3'dratis,  2  gm.  (3ss.);  syr. 
aurantii,  15  gm.  (|  ss.) ;  aq.  menth.  pip.,  45  gm.  ( |  iss.). 
M.  Sig. :  Two  tablespoonfuls  at  bedtime ;  and  the  rest, 
if  required,  an  hour  later.  In  cases  of  insomnia  depend- 
ent upon  pain,  a  fourth  of  a  grain  of  sulphate  of  morphine 
may  be  added  to  either  of  the  above  formulae. 

If  chloral  be  required  as  a  hypnotic  in  cases  of  severe 
disease  of  the  stomach,  it  may  be  administered  by  rectal 
injection.  Subcutaneous  injections  of  chloral  are  inap- 
propriate, except  perhaps  in  strychnine  poisoning,  on  ac- 
count of  the  severe  irritation  which  results. 

Butyl  Chloral  Hydrate. — This  substance  acts  like 
chloral  hydrate,  inducing  quiet  and  refreshing  sleep  in 
from  ten  to  thirty  minutes.  During  the  sleep  circulation 
and  respiration  are  normal.  It  is  held  that  butyl  chloral 
does  not  depress  the  vaso-motor  centre  and  the  heart  as 
much  as  chloral  hydrate,  but  that  it  exerts  a  more  de- 
cided anfesthetic  effect  on  the  trigeminal  nerve. 

As  a  hypnotic  it  has  been  recommended  in  the  insomnia 
associated  with  diseases  of  the  heart,  and  with  neuralgia 
of  the  fifth  nerve. 

The  ordinary  dose  varies  from  ten  to  forty  grains.  It 
is  best  administered  in  solution  with  glycerin.  I^  Butyl 
chloral  hydratis,  4  gm.  (  3  i.);  glycerini,  10  gm.  (  3  iiss.); 
aq.  destill.  ad  60  gm.  (  §  ij.).  M.  Sig. .  A  tablespoon- 
ful  every  half -hour  until  sleep  ensues. 

Chloralamide,  or  Chloral-Pormamide. — Chloral- 
amide  was  introduced  in  1889  by  von  Mering  as  a  substi- 
tute for  chloral  in  cases  of  insomnia  in  which  the  influ- 
ence of  chloral  on  the  organs  of  circulation  should  be 
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avoided.  He  supposed  that  the  formamide,  contained  in 
chloralamide,  would  effectually  prevent  the  depressing 
action  of  chloral. 

The  experiments  made  upon  animals  yielded  somewhat 
discordant  results,  not  as  to  the  influence  of  chloralamide 
on  the  hrain,  but  as  to  its  action  on  the  organs  of  circula- 
tion and  respiration.  Von  Mering,  Zuntz,  and  liny 
noticed  no  fall  of  blood  pressure  in  rabbits  under  the  in- 
fluence of  hypnotic  doses  of  chloralamide.  Langgaard, 
on  the  contrary,  observed  after  moderate  non-toxic  doses 
decided  lowering  of  blood  pressure,  although  this  effect 
supervened  more  slowly  than  after  chloral.  These  con- 
tradictory results  were  probably  due  to  variation  in  the 
rate  of  decomposition  of  the  chloralamide  in  the  difEerent 
animals  subjected  to  experiment. 

Upon  man  chloralamide  acts  like  chloral,  except  that 
it  produces  sleep  less  rapidly  and  less  certainly.  As  a 
rule  after  doses  of  3  to  3  gm.  (gr.  xxx.-xlv.)  sleep  ensues 
in  half  an  hour  and  continues  for  from  five  to  eight  hours. 
During  the  sleep,  the  functions  of  circulation  and  respira- 
tion are  performed  as  vigorously  as  in  normal  sleep.  After 
awaking  the  patient  presents  no  disagreeable  effects. 

Numerous  deviations,  however,  from  this  ordinary 
action  have  been  observed,  depending  chiefly  upon  the 
causes  of  the  insomnia.  Thus,  in  cases  of  intense  excite- 
ment of  the  brain,  of  severe  pain,  of  harassing  cough, 
and  of  high  fever,  doses  of  3  to  3  gm.  have  failed  to  pro- 
duce sleep,  and  sometimes  even  4  gm.  (  3  i.)  have  been 
ineffectual.  Often,  even  when  the  causes  of  insomnia 
were  not  intense,  sleep  did  not  supervene  before  an  hour, 
sometimes  two  hours,  and  in  rare  instances  even  three 
hours.  In  some  cases  of  heart  disease,  especially  in  val- 
vular disease  with  imperfect  compensation,  a  very  de- 
cided depression  of  the  circulation  has  been  observed. 
So,  too,  in  typhoid  fever  a  very  unfavorable  effect  upon 
the  pulse  was  noticed  after  3  gm.  (  3  ss.)  given  in  divided 
doses.  The  temperature  was  always  found  lowered  from 
one-half  to  one  and  one-half  degrees. 

Generally,  after-effects  do  not  occur,  or  they  are  very 
trivial,  consisting  of  headache,  slight  giddiness,  a  feeling 
of  fatigue,  and  skin  eruptions. 

From  the  above,  it  is  evident  that  chloralamide  closely 
resembles  chloral  in  action,  but  that  it  induces  sleep  more 
slowly  and  less  certainly,  and  that  it  is  less  apt  to  depress 
the  circulation.  The  differences  seem  to  be  due  to  slow 
and  gradual  liberation  of  chloral  in  the  blood,  although 
it  is  not  improbable  that  the  presence  of  the  formate  of 
ammonium  may  somewhat  modify  the  action  of  the 
chloral  on  the  organs  of  circulation  and  respiration.  The 
variations  in  the  rapidity  of  action  doubtless  result  from 
differences  in  the  rate  of  decomposition  in  the  blood  of 
different  persons. 

Chloralamide  is  a  suitable  hypnotic  in  insomnia  not 
caused  by  intense  excitement  o"f  the  brain,  very  severe 
pain,  or  extreme  dyspnoea.  When  severe  pain  causes 
insomnia,  chloralamide  alone  is  not  very  efficient,  but  it 
acts  well  if  given  together  with  a  moderate  quantity  of 
norphine.  In  the  insomnia  associated  with  mild  nervous 
sxcitement,  Avith  neurasthenia,  and  with  somatic  diseases 
in  general,  moderate  doses,  3  to  3  gm.  ( 3  ss.-gr.  xlv.), 
are  usually  effectual.  Such  moderate  doses  having  fre- 
quently failed  in  cases  of  intense  mental  excitement  and 
severe  pain,  larger  doses,  as  much  as  4  gm.  (  3  i.),  have 
been  recommended ;  but '  it  should  be  recollected  that 
such  large  doses  may  cause  dangerous  depression.  Even 
moderate  doses  should  not  be  given  in  cases  of  heart  dis- 
ease, if  the  heart's  action  be  very  feeble,  or  if  symptoms 
of  inadequate  compensation  be  present.  In  no  case 
should  the  dose  be  larger  than  the  corresponding  dose  of 
chloral,  3  gm.  of  chloralamide  being  equivalent  in  action 
to  3  gm.  of  chloral.  The  following  are  convenient  for- 
mulae; I?  Chloral,  formamide,  4  gm.  (  3  i  )•  aq  dest  75 
gm.  (  5  iiss.) ;  acid,  hydrochlor.  dil.,  gtt.  v. ;'  syr.  aurantii 
15  gm  (  g  ss. ).  M.  S. :  One-half  to  be  taken  at  bedtime 
and,  if  necessary,  a  tablespoonful  every  hour  till  sleen 
ensues.  ^  Chloral,  formamid.,  4  gm.  (3i)-  Spir  fru 
menti,  syr  rubi  idoei  aa  15  gm.  (|ss.).  M.  8.':  One 
tablespoonful  at  bedtime. 
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SuLPHONAL.— This  remedy  was  recommended  as  an 
efficient  hypnotic  by  East  in  1888.  He  had  tried  it  in 
numerous  cases  of  insomnia,  and  nearly  invariably  quiet 
and  deep  sleep  ensued  and  lasted  for  trom  five  to  eight 
hours  During  the  sleep  the  functions  of  circulation  and 
respiration  were  somewhat  slowed  as  in  ordinary  sleep, 
but  no  deviation  from  the  normal  could  be  observed. 
After  awaking  the  patients  presented  no  after-effects,  ex- 
cept that  in  a  few  instances  some  fatigue  and  languor  ex- 
isted on  the  following  day.  After  the  publication  of  Kast  s 
observations,  sul  phonal  was  very  extensively  used.  It 
proved  very  effective  in  nervous  sleeplessness  and  gener- 
ally also  when  the  Insomnia  was  caused  by  disease  of  the 
brain,  disordered  circulation,  and  neuralgia.  It  was  not 
so  successful  in  delirium  tremens  and  often  failed  when 
the  sleeplessness  was  caused  by  severe  cough,  dyspnoea 
or  intense  pain,  though  when  given  together  with  small 
doses  of  morphine,  it  also  acted  well  in  the  latter  condi- 
tions. Usually  no  disagreeable  effects  were  observed 
during  or  after  its  action,  or  at  most  some  languor  and 
drowsiness  on  the  following  day.  In  a  few  instances, 
especially  when  the  doses  were  large,  and  after  repeated 
administration  of  moderate  doses,  there  followed  head- 
ache, vertigo,  tinnitus  aurlum,  and  staggering.  _ 

Further  experience  with  sulphonal  caused  its  use  to 
become  much  restricted,  as  it  was  found,  in  cases  requir- 
ing its  administration  for  a  long  time,  frequently  to  pro- 
duce severe  toxic  effects  and  in  a  few  instances  death. 
Bad  effects  were  observed  in  some  cases  after  doses  of 
1  to  8  gm.  given  daily  for  some  weeks  or  months, 
though  in  most  cases  of  prolonged  administration  no  not- 
able disorder  resulted.  In  many  cases  the  urine  presented 
an  intensely  red  color,  from  the  presence  of  haematopor- 
phyrin,  and  its  quantity  was  notably  lessened.  Besides 
great  general  debility,  there  were  observed  anorexia, 
severe  pain  in  the  epigastrium  and  right  hypochondrium, 
vomiting,  obstinate  constipation,  sometimes  diarrhoea, 
headache,  drowsiness,  disorders  of  sight,  diminution  of 
reflexes,  staggering  gait,  ascending  paralysis  and  coma. 

The  supervention  of  toxic  effects  is  more  apt  to  occur 
In  weakly,  anaemic,  old  patients,  and  those  having  not- 
able disorder  of  the  alimentary  canal,  such  as  gastric  and 
intestinal  catarrh  and  constipation. 

The  dose  of  sulphonal  is  1  or  2  gm.  dissolved  in  about 
six  or  eight  ounces  of  hot  liquid — water,  milk,  bouillon, 
soup,  tea— and  given  a  short  time  before  retiring.  In 
most  cases  of  insomnia  it  is  best  to  begin  with  1  gm. ;  if 
this  should  not  have  the  desired  effect,  the  next  dose  may 
be  1.3  gm.  (gr.  xx.);  and,  if  necessary,  the  subsequent 
doses  maybe  gradually  increased  to  3  gm.  (gr.  xxx.). 
Should  this  dose  not  act,  some  other  hypnotic  should  be 
resorted  to.  Under  no  circumstances  should  sulphonal 
be  given  every  night  for  any  length  of  time. 

Trional  is  closely  allied  to  sulphonal  in  chemical 
constitution,  physical  properties,  and  physiological  ac- 
tion. It  is  somewhat  more  soluble,  acts  more  rapidly 
and  certainly,  and  is  less  frequently  followed  by  dis- 
agreeable and  toxic  effects  when  continually  used  for 
months.  Hence  it  is  now  very  extensively  used  and  in 
many  asylums  has  entirely  supplanted  sulphonal.  Like 
sulphonal  it  produces  during  the  sleep  no  notable  aberra- 
tions in  the  organic  functions  of  respiration  and  circula- 
tion. The  sleep  is  sound  and  refreshing,  and  as  a  rule  is 
not  followed  by  any  obvious  disorder,  except  in  rare 
cases,  generally  feeble  patients,  who  may  be  somewhat 
drowsy  or  complain  of  headache  and  giddiness.  In  some 
instances  the  long-continued  use  of  trional  has  been  fol- 
lowed by  gastric  disorder,  vomiting,  constipation,  delayed 
hypnotic  action,  oliguria,  and  heeraatoporphyrinuria 

Ihe  dose  of  trional  is  from  1  to  3  gm  (gr  xv  -xxx  ) 
If  1  gm.  (gr.  XV.)  should  fail  to  produce  satisfactory 
sleep,  the  next  dose  should  be  1.3  gm.  (gr.  xx  )  It  will 
rarely  be  necessary  to  give  more  than  1.5  ffm  (or 
xxuss.)  The  dose  found  necessary  should  be  given  in  six 
"S^.^f^i  ounces  of  hot  liquid  just  before  re^tiring,  and 
should  be  repeated  not  oftener  than  every  other  night 

JhlL/''f?*'^^*'■I''l""■''^  ^°  ^^"^  intermediate  nights 
chloral,  chloralamide,  or  amylene  hydrate  may  be  Ssed 
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It  is  not  necessary  to  increase  tlie  dose  of  trional ;  on  the 
contrary,  often  tlie  dose  may  be  somewliat  diminislied. 

Pakaldehydb.— Vincenz  Cervello,  in  1883,  recom- 
mended this  substance  as  an  efficient  and  safe  li\'pnotic 
which  might  be  substituted  for  chloral  hvdiate  in  all 
cases  in  which  depression  of  the  heart  should  hv_  avoided. 
In  numerous  experimtaits  on  animals  and  human  beings 
he  had  found  that  it  induced  quiet,  prolonged  sleep, 
without  altering  the  functions  of  circulation  and  respira- 
tion, and  witliout  causing  excitement  or  disagreeable 
after-effects. 

Since  recommended  by  Cervello,  paraldehyde^  has  been 
tested  by  numerous  carefid  observers.  It  was  found,  as 
a  rule,  to  act  satisfactorily  in  mania,  delirium  tremens, 
hysteria,  hypochondriasis,  and  other  ordinary  diseases. 
In  cases  of  cardiac  disease,  iu  whicli  the  heart's  action 
was  very  weak,  it  caused  no  notable  depression.  The 
observations  thvis  far  made  ha\e  contirmed  the  results 
obtained  by  Cervello,  that  paraldehyde  is  a  powerful 
hypnotic  which  does  not  unduly  act  "on  the  heart  or  re- 
spiratory centre,  and  that  it  should  be  preferred  to  chloral 
hydrate  iu  all  cases  of  decided  cardiac  weal^ness. 

It  cannot  be  stibstituted  for  morphine  in  cases  of  in- 
somnia caused  by  pain,  as  it  seems  to  possess  no  marked 
analgesic  action. 

The  dose  required  for  hypnotic  purposes  varies  greatly 
with  individual  susceptibility.  Cervello  found  that  1 
gm.  sometimes  had  a  quieting  effect  in  women,  while  4 
gm.  often  failed  to  induce  sleep  in  strong  men.  From 
experiments  on  animals  he  supposed  that  the  hypnotic 
dose  might  be  three  times  as  large  as  that  of  chloral  hy- 
drate, and  from  his  trials  on  liealthy  men  and  patients  he 
concluded  that  10  gm. .  administered  in  divided  doses, 
might  be  given  to  adults  >vitliout  causing  any  notable 
disorder. 

Being  very  acrid,  paraldehj'de  is  contraindicated  in 
irritable  states  of  the  throat  and  stomach. 

If  administered  in  a  concentrated  form,  it  produces  a 
strong  sensation  of  burning  in  the  mouth.  Cervello  gave 
it  in  very  dilute  solution  in  sweetened  water,  and  observed 
that  solutions  containing  more  than  three  per  cent,  have 
a  disagreeably  ])ungent  taste. 

As  a  rule,  it  is  necessary  to  gi\-e  at  least  fiftj'  minims 
to  induce  sleep,  and  in  most  cases  this  quantity  must  be 
repeated  once  or  twice  at  intervals  of  half  an  hour  or  an 
hour. 

At  the  temperature  of  59°  F.  paraldehyde  is  dissolved 
in  eight  parts  of  water,  but  it  is  less  soluble  at  higher 
temperatures.  It  may  be  prescribed  in  concentrated 
solution;  but  each  dose  should  be  diluted  with  about  two 
and  a  half  ounces  of  water  before  ingestion.  I^  Paral- 
dehyd.,  10  gm.  (3iiss.);  syr.  aurantii,  15  gm.  (|ss.); 
aq.  destill.,  75  gm.  (  §  iiss.).  M.  Sig. :  Two  tablespoon- 
f uls  at  bedtime ;  afterward,  if  necessary,  one  tablespoon- 
ful  every  half-hour  until  sleep  ensues. 

Hodgson  recommends  the  following  formula:  ^  Pulv. 
trag.  CO.,  4  gm.  (3i-);  syr.  aurantii,  15  gm.  (§ss. ); 
paraldehyd.,  4  gm.  (  3  i.);  sp.  chloroform.,  m  xv. ;  aqua;, 
■q.s.  ad90gm.  (5iij.).     M. 

Amtlknb  Hydbate  was  recommended  as  a  hypnotic 
by  von  Mering  in  1887.  In  experiments  upon  animals  he 
had  found  that  moderate  doses  act  chiefly  on  the  cere- 
brum, producing  sleep  for  hours  without  notably  modify- 
ing respiration  or  circulation,  and  that  large  doses  affect 
also  the  spinal  cord  and  the  medulla  oblongata,  arresting 
the  reflexes,  breathing,  and  heart  action. 

Von  Mering  administered  it  to  sixty  patients  aflaicted 
with  insomnia.  After  doses  of  3  to  6  gm.,  sleep  ensued 
within  half  an  hour  and  continued  for  from  six  to  eight 
hours.  Only  four  times  was  the  hypnotic  action  unsatis- 
factory. No  disagreeable  incidental  effects  occurred,  and 
only  one  patient  complained  on  the  next  morning  of  shght 
headache.  When  the  sleeplessness  was  caused  by  pain, 
amylene  hydrate  did  not  act  well;  but  the  simultaneous 
■administration  of  a  small  quantity  of  morphine  rendered 
the  action  satisfactory.  Von  Mering  considered  3  gm.  of 
amylene  hydrate  equivalent  to  1  gm.  of  chloral  hydrate 
■and  to  3  gm.  of  paraldehyde. 
.     Vol.  IV.— 53 


Since  von  Mering's  recommendation  of  amylene  hy- 
drate it  has  been  frequently  used  especially  in  asylums 
and  has  been  found  safe  and  efficient ;  but  owing  to  its 
disagreeable  odor  and  taste  and  occasional  untoward  ac- 
tion, it  can  be  used  only  to  a  limited  extent  in  private 
practise.  Some  patients  refuse  to  take  it  on  account  of 
its  pungency ;  others  complain,  after  taking  it  for  some 
time,  of  discomfort  after  eating — a  disturbance  of  diges- 
tion that  ma}'  in  part  be  due  to  irritation  but  more  to 
interference  with  the  action  of  the  pepsin.  In  a  few  in- 
stances it  has  cau.sed  effects  resembling  alcoholic  intoxi- 
cation before  sleep  ensued,  and  after  the  sleep  nausea, 
headache,  and  giddiness.  In  some  cases  it  accelerates, 
in  others  slows,  the  heart's  action  and  renders  it  somewhat 
irregular.  In  some  instances  its  action  is  prolonged,  the 
patient  being  drowsy  on  the  next  day.  Sometimes  also 
it  fails  to  act  efficiently  after  it  has  been  gi\'cn  tix-e  or  six 
times.  But  notwithstanding  these  defects,  amylene  hy- 
drate is  an  excellent  hypnotic  adapted  to  occasional  use 
in  cases  of  insomnia  requiring  the  piolonged  use  of  hyp- 
notics. 

The  dose  of  amylene  hydrate  is  3  to  4  gm.  (  3  ss.-  3  i.) 
mixed  with  water  and  syrup  or  liquorice.  IJ  Amyleui 
hydrat.,  6  gm.  (3iss.);  Aq.  dest.,  60  gm.  (^ij.);  Extr. 
glycyrrh. ,  10  gm.  (  3  iiss.).  M.  S. :  One-half  to  be  taken 
before  retiring.  %  Amyleni  hj^drat.,  6  gm.  (  3  iss.) ;  Aq. 
aurantii  florum,  45  gm.  (|iss.);  Syr.  aurantii,  30  gm. 
(li.).     M.     S. :  One-half  to  be  taken  at  bedtime. 

Bromides. — The  bromides  of  potassium,  sodium,  lith- 
ium, and  calcium,  and  hydrobromic  acid,  are  efficient 
hypnotics  in  some  kinds  of  insomnia,  although  in  the 
normal  state  of  the  organism,  administered  during  the 
daytime,  thej'  do  not  induce  sleep  except  in  very  large 
doses.  Their  hypnotic  action  is  not  attended  or  followed 
by  disagreeable  effects,  unless  they  are  given  in  a  too 
concentrated  form  or  their  use  is  continued  very  long. 
Administered  when  the  stomach  is  empty,  they  quickly 
produce  disorder  of  digestion,  unless  diluted  with  a  large 
quantity  of  water.  When  used  continuously  the_v  often 
cause  eruptions  on  the  skin,  catarrh  of  the  air  passages, 
fetor  of  the  breath,  pallor  of  the  face,  emaciation,  debil- 
ity, depression  of  the  sexual  function,  and  dulness  of  the 
intellect  with  weakness  of  memory.  But  these  ett'ects 
speedily  subside  when  their  use  is  discontinued. 

The  bromide  of  potassium  in  large  doses  diminishes  the 
frequency  and  force  of  the  pulse  and  lowers  the  temper- 
ature. In  healthy  persons  Krosz  found  the  pulse  dimin- 
ished in  frequency  from  eleven  to  twenty-two  beats  in 
the  minute  after  doses  of  10  gm.,  and  as  much  as  thirty 
beats  after  15  gm.  The  pulse  was  weak  and  sometimes 
irregular.  The  temperature  fell  from  0.5°  to  0.8°  C. 
after  doses  of  10  gm.,  and  1.3°  0.  after  15  gm.  The 
maximum  effect  on  the  pulse  and  temperature  occurred 
between  the  second  and  third  hour  after  the  ingestion  of 
the  salt.  Bromide  of  sodium  in  large  doses  did  not  lessen 
the  frequenc}'  of  the  pulse  nor  lower  the  temperature. 

The  bromides  are  preferable  to  other  hypnotics  in  the 
v.  akefulness  depending  on  abnormal  excitabihty  of  the 
brain.  They  are  usually  efficacious  in  the  early  stage  of 
delirium  tremens,  in  hysteria,  insanitj-,  hypochondriasis, 
and  tlie  night  tei-rors  of  cliildren.  As  the\-  are  harmless, 
they  should  be  preferred  in  the  insomnia  caused  by  severe 
mental  strain,  intense  emotions,  and  worry. 

Bromide  of  potassium  frequently  induces  sleep  in 
febrile  affections.  As  long  as  the  temperature  is  abnor- 
mally elevated,  and  the  pulse  strong,  it  is  more  suitable 
than  other  bromides.  But  in  the  latter  stages,  when  the 
heart's  action  is  notably  weakened,  bromide  of  sodium  is 
the  more  eligible  salt.  In  all  cases  of  chronic  sleepless- 
ness in  which  depression  should  be  avoided,  bromide  of 
sodium  sliould  be  preferred  to  the  bromide  of  potassium. 

The  bromides  are  usually  given  in  dose&of  from  twenty 
to  forty  grains,  shortly  before  bedtime,  and  repeated  at 
intervals  of  two  hours  if  necessary.  In  many  cases  of 
chronic  wakefulness  it  is  better  to  give  flfteen  or  twenty 
grains  soon  after  each  meal,  and  before  retiring.  Each 
dose  should  be  diluted  with  several  ounces  of  water.  If 
Potassii  brom.,  8  to  13  gm.  (3ij.-iij.);  Sacch.  albi,  4 
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gm.  (3i.).  M.  Div.  in  part.  seq.  No.  vi.  Sig. :  One 
powder  in  a  wineglassf  ul  of  water  at  bedtime.  I?  Sodn 
brom.,  15  gm.  (§ss.);  Aq.  menth.  pip.,  45  gm.  (§iss.). 
M.  Sig. :  One  teaspoonful  at  bedtime  in  a  wmeglasstul 
of  water;  repeat  the  dose  every  two  hours  if  necessary. 

Hyosctamus.— The  preparations  of  hyoscyamus,  in 
large  doses,  sometimes  induce  sleep ;  but  on  account  of 
the  uncertainty  of  their  action  and  the  disagreeable  inci- 
dental effects,  they  are  rarely  employed  to  relieve  insom- 
nia in  adults.  They  are  frequently  used  to  quiet  the 
restlessness  incident  to  the  diseases  of  children,  who  tol- 
erate larger  doses  proportionally  than  adults.  Recently 
the  alkaloids  obtained  from  hyoscyamus  have  been  rec- 
ommended as  powerful  hypnotics  in  some  forms  of  in- 
somnia. 

Eyosoyamine  has  been  used  chiefly  in  excited  condi- 
tions of  the  brain,  such  as  delirium  tremens  and  mania. 
Generally,  doses  of  one  sixteenth  to  one-eighth  of  a  grain 
suiflce  to  induce  sleep  of  several  hours'  duration;  but 
frequently  larger  doses  are  necessary — from  one-sixth  to 
one  grain.  Sleep  follows  very  rapidly  after  the  largest 
dose,  often  in  fifteen  minutes ;  it  becomes  very  deep,  may 
continue  ten  or  twelve  hours,  and  is  sometimes  attended 
by  marked  prostration. 

The  incidental  effects  consist  chiefly  of  hallucinations, 
delirium,  dryness  of  the  mouth  and  throat,  marked  accel- 
eration of  the  pulse  and  respirations,  and  great  dilatation 
of  the  pupils. 

Ringer  found  small  doses  of  liyoscyamine  ineiHcient  in 
delirium  tremens;  larger  doses  produced  many  hours' 
sleep,  but  without  improving  the  delirium  and"  general 
condition  of  the  patients. 

Hyoseine  Hydrnbromate  (Scopolamine  hydrobromate). — 
This  salt  has  lately  been  recommended  as  a  very  efficient 
hypnotic.  In  doses  ranging  from  gr.  yl^  to  ,V  it 
promptly  induces  sleep,  which  lasts  from  one  to  four 
hours  if  the  medicine  is  given  in  the  daytime,  and  from 
six  to  ten  hours  if  given  at  night.  Wetherill  found  that 
even  smaller  doses,  gr.  ^J^,  frequently  produced  pro- 
longed rest  in  cases  of  insomnia.  It  is  rarely  necessary 
to  repeat  the  dose,  or  rapidly  to  increase  it. 

The  following  incidental  effects  have  been  observed : 
slowing  of  the  pulse  and  respiration,  slight  elevation  of 
temperature,  hoarseness,  suffusion  of  the  face,  sweating, 
dilatation  of  the  pupils,  relaxation  of  the  muscles,  im- 
paired co-ordination,  and  a  sense  of  fulness  in  the  head 
and  of  wretchedness. 

Occasionally  moderate  doses  are  followed  by  nausea, 
vomiting,  anorexia,  dysuria,  syncope,  with  small,  rapid, 
irregular  pulse,  and  with  symptoms  of  partial  paralysis 
of  the  pneumogastrics  (Wetherill). 

Hyoseine  has  been  used  in  the  insomnia  of  acute  delir- 
ious mania,  of  agitated  melancholia,  neurasthenia,  chronic 
mental  disorder,  the  morphine  habit,  alcoholism,  and  in 
confirmed  cases  of  insomnia  from  unascertained  causes. 
As  a  rule,  it  promptly  induced  quiet  and  prolonged 
sleep. 

For  internal  use  the  following  formula  is  convenient : 
I^  Hyoscin.  hydrobr.,  0.01  gm.  (gr.  \);  Aq.  dest.,  80 
gm.  (  3  XX.);  Syr.  aurantii,  20  gm.  (  3  v.).  M.  S. ;  One 
teaspoonful  once  or  twice  daily. 

Cannabis  Indica. — Cannabis  indica  has  been  used  as  a 
substitute  for  opiates  when  the  latter  do  not  agree  with 
the  patient,  and  in  cases  of  acute  and  chronic  mental 
derangement.  The  susceptibility  of  different  individuals 
to  its  hypnotic  action  varies  greatly.  Fronmliller,  who 
administered  it  in  1,000  cases,  found  that  it  succeeded 
completely  in  530,  incompletely  in  215,  and  had  little  or 
no  effect  in  255.  In  careful  experiments  PreisendOrfer 
found  that  doses  of  one  grain  and  a  half  of  an  alcoholic 
extract  sometimes  acted  well,  but  in  other  cases  had  no 
effect.  Larger  doses,  in  no  case  exceeding  five  grains, 
usually  produced  more  or  less  deep  sleep. 

Generally,  hypnotic  doses  of  cannabis  indica  produce 
decided  incidental  effects,  such  as  giddiness,  headache, 
hallucinations,  delirium,  slight  redness  of  the  face  and 
conjunctiva,  dilatation  of  the  pupils,  and  brilliancy  of 
the  eyes.     Veiy  large  doses  often  cause  intense  headache, 
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nausea,  and  vomiting.  In  the  ex  penments  of  Preisen- 
dOrfer marked  alterations  of  the  circulation  were  observed. 
Two  or  three  hours  after  the  medicine  had  been  given 
there  occurred  palpitation  of  the  heart,  with  general  relax- 
ation of  the  arterial  tension  and  increase  of  pulse  rate 
from  eleven  to  twenty -two,  sometimes  even  forty,  beats- 
per  minute.  Sleep  usually  ensued  at  the  time  when  the- 
changes  in  the  circulation  began.  ,    ,     • 

The  hypnotic  action  of  cannabis  indica  seems  to  be  in- 
creased by  bromide  of  potassium.  As  a  result  of  experi- 
ments Clousten  found  that  forty -five  minims  of  the  tinc- 
ture of  cannabis  indica,  with  forty-five  grains  of  bromide 
of  potassium,  were  fully  equivalent  to  a  drachm  ot  lau- 
danum as  a  means  of  allaying  maniacal  excitement. 

Hedonal,  according  to  recent  reports,  seems  to  be  a 
useful  hypnotic  in  light  forms  of  sleeplessness.  In  ap- 
propriate doses  it  usually  induces  sleep  in  about  half  an 
hour,  though  sometimes  its  action  is  delayed  for  one  or 
two  hours.  The  sleep  may  conrinue  for  from  two  to  eight 
or  nine  hours,  depending  upon  the  size  of  the  dose  and 
the  condition  of  the  patient.  After  some  time,  several 
days  or  weeks,  the  dose  must  be  somewhat  increased  to 
obtain  the  hypnotic  effect.  Usually  no  incidental  effects 
are  observed  either  during  or  after  the  sleep— the  pulse, 
the  breathing,  and  the  temperature  not  deviating  from 
the  normal.  In  a  few  instances,  on  the  day  following  the 
sleep,  complaint  is  made  of  headache  and  giddiness. 

The  dose  of  hedonal  is  from  3  to  3  gm.  (gr.  xxx.-xlv.) 
given  as  a  powder,  which  maybe  placed  upon  the  tongue 
and  swallowed  with  some  cold  water.  It  is  supposed 
that  3  gm.  act  as  efficiently  as  1  gm.  of  trional  and  3  gm. 
of  chloralamide. 

Dormiol  has  been  found  to  produce  sleep  in  about  half 
an  hour,  which  may  continue  for  from  one  to  ten  hours, 
but  on  the  average  continues  five  hours.  No  notable  de- 
pression of  the  functions  of  circulation  and  respiration  oc- 
curred. Usually  the  doses  given  varied  from  1  to  4  gm. 
of  a  ten-per-cent.  solution.  It  was  better  to  give  one 
large  dose  than  several  small  doses  at  intervals.  Dor- 
miol is  held  by  some  observers  to  be  quick,  safe,  and 
sure  in  action. 

Cldoretone  causes  sleep  in  about  half  an  hour,  and  this 
effect  may  continue  for  from  one  to  twelve  hours,  the 
average  being  about  four  and  a  half  hours.  After  large 
doses  the  pulse  becomes  depressed  both  in  volume  and 
in  frequency.  The  breathing  also  becomes  lessened  in 
depth  and  volume,  and  the  temperature  lowered. 

In  experiments  on  warm-blooded  animals  it  was  found 
that  chloretone  in  hypnotic  doses  diminishes  the  fre- 
quency and  volume  of  the  inspirations;  depresses  the 
vaso-motor  centres  and  dilates  the  blood-vessels,  thus 
lowering  blood  pressure,  and  also  depresses  the  heart  and 
lowers  temperature. 

Some  recent  writers,  however,  state  that  they  have  ob- 
tained good  results  from  the  employment  of  tliis  remedy 
in  the  persistent  insomnia  of  the  aged,  and  in  cardiac  dis- 
ease with  renal  complication  and  high  arterial  tension. 
In  some  cases  sleep  ensued  after  doses  of  1.3  to  1.6  gm., 
but  in  most  cases  it  was  necessary  to  repeat  this  dose  once 
or  twice. 

Cldovalose  acts  as  a  hypnotic  in  smaller  doses  than 
chloral,  but  seems  also  to  l)e  more  toxic  and  less  certain. 
In  a  child  the  small  dose  of  0.3  gm.  caused  trembling  of' 
the  hands  and  arms,  and  severe  dyspnoea.  Very  grave 
symptoms  have  followed  0.3  gm.— coma,  oscillatory 
movements  of  the  head  and  the  arms,  and  Gheyne-Stokes 
breathing. 

It  is  given  in  doses  of  0.2  to  0.3  gm.  in  capsule. 

•Samuel  yiekles. 

HYPODERMATIC  MEDICATION.-The  hypodermatic 
method  of  administering  drugs,  now  so  commonly  em- 
ployed, was  first  introduced  bv  Dr.  Alexander  Wood  of 
Edinburgh,  in  1843.  It  was  gradually  evolved,  by  the 
patient  labors  of  numerous  observers,  ft-om  the  endermlc 
or  endermatic  mode  of  using  certain  soluble  remedies 
formeriy  much  in  vogue,  and,  as  the  term  cleariv  indi- 
cates, consists  in  the  injection  of  solutions  of  suitable- 
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medicamonts  under  the  skin  by  means  of  a  small  s\rinf;e 
specially  adapted  to  this  [lurpose. 

To  insure  success,  eare  should  be  taken  in  the  clioioe 
of  the  syringe.  The  essential  qualities  are,  uniformity 
of  calibre  of  the  barrel,  a  properly  fitting  piston,  and  a 
sharp  needle  attached  to  the  nozzle  by  means  of  a  water- 
tight joint.  These  instruments  are  now  made  of  glass, 
celluloid,  liard  rubber,  and  metal. 

Since  the  earlier  days  in  the  history  of  this  subject, 
important  improvements  have  been  wrought  in  the  con- 
struction of  hypodermatic  syringes,  so  that  of  late  yeai's 
they  have  been  offered  in  great  variety ;  and  man'ufae- 
turers  have  displayed  mucli  enterprise  and  ingenuity  in 
bringing  them  to  the  present  state  of  completeness.  Ex- 
cellent instr\iments  may  now  be  readily  obtained  at  very 
moderate  cost. 

The  original  syringes,  and  those  of  inferior  qxiality  still 
made,  consist  of  a  glass  barrel  with  a  metal  or  hard-rub- 
ber cap  at  each  end. 

This  kind  of  instrument  is  not  to  be  recommended.  It 
is  frail ;  the  mountings,  of  metal  or  hard  rubber,  are  lia- 
ble to  be  separated  from  the  barrel  by  very  slight  force ; 
it  is  apt  to  become  leaky,  and  the  diameter  of  the  glass 
tubing  is  rarely  uniform  throughout  its  length;  but  even 
in  this  class  of  instruments,  some  superior  workmanship 
is  now  shown  in  tlie  best  specimens  offered  by  dealers. 

A  decided  improvement  upon  this  make  is  illustrated 
l)y  Fig.  3773.  The  glass  barrel  is  enclosed  in  a  fenes- 
trated, sometimes  a  double  fenestrated,  metal  sheath, 
which  reveals  tlie  contents  of  the  syringe  when  charged, 
and  renders  an  otherwise  weak  instrument  sufficiently 


FIG.  2772. 

strong  for  ordinary  use.  It  is  easily  taken  apart  for 
cleaning,  and  to  those  who  prefer  the  glass  barrel  it  is 
recommended.  Nevertheless,  it  is  open  to  other  objec- 
tions urged  against  glass  syringes.  Unequal  diameter  of 
the  cylinder  and  likelihood  of  leakage  are  the  principal 
defects. 

Neither  the  celluloid  nor  the  hard-rubber  syringes  have 
given  entire  satisfaction,  and  the  specimens  usually  found 
in  the  market  cannot  be  indorsed  as  trustworthy  or  desir- 
able instruments. 

The  metal  syringes  are  to  be  prefen-ed  to  all  others  on 
account  of  their  superior  strength  and  durability,  the  even 
diameter  of  the  bored  cylinders,  freedom  from  leaks,  and 
compactness  of  construction.  The  metals  used  in  their 
manufacture  are  German  silver  or  bi-ass— plated  inside 
and  outside  with  nickel— pure  silver,  and  gold. 

Fig.  3773  illustrates  an  instrument  which  meets  fully 
tlie  demands  for  a  first-rate  hypodermatic  syringe.     It 
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FIG.  2773. 

has  a  nickel-plated  German  silver  barrel,  which  is  not 
corroded  or  injuriously  affected  by  any  solution  which 
it  is  proper  to  inject  into  the  tissues.         _ 

The  minim  scale,  in  this  instrument,  is  placed  upon 
the  semi-cylindrical  piston  rod,  which  is  made  Ijollow  to 
receive  the  needle,  and  is  provided  with  a  screw-thread 
and  traverse  nut,  designated  to  regulate,  when  set,  the 
extent  of  downward  movement  of  the  piston.     A  cap 


should  be  screwed  upon  the  nozzle  when  the  needle  is 
removed.  If  desii'ed,  a  drop  or  two  of  water  may  be  put 
in  the  cap  to  prevent  inconvenient  drying  of  the  packing. 
These  syringes  require  no  case  for  their  protection,  but 
may  simply  be  slipped  into  a  chamois-skin  pouch  and 
carried,  without  injury,  in  the  pocket.  More  recently 
the  leather-packed  piston  has  been  superseded  by  a  solid 
metal  plunger,  which  is  so  accurately  adjusted  to  the 
barrel  that  no  packing  is  required.     Thus  the  annoyance 


FIG.  2774. 

of  a  dry  and  consequently  an  insufficient  packing  is  ob- 
viated and  a  thoroughly  aseptic;  instrument  may  be  in- 
sured (see  Fig.  3774). 

It  is  prudent  to  be  provided  always  with  an  extra 
needle,  which  may  be  enclosed  and  held  by  a  screw- 
thread,  in  a  small  metal  sheath,  furnished  by  instrument- 
makers  for  this  purpose. 

The  gold  and  silver  syringes  are  not  superior  in  prac- 
tical utility  to  the  instrument  above  described,  and  are 
unnecessarily  expensive.  The  syringes  provided  for 
diphtheria  antitoxin  are  similar  in  construction  to  the 
ordinary  instrument,  but  are  considerably  larger.  The 
packing  of  tlie  piston  is  made  of  rubber  and  by  a  simple 
but  ingenious  mechanical  device  may  be  tightened  at 
will.  The  syringes  used  for  subarachnoid  injections  are 
substantially  the  same  as  the  antitoxin  syringes. 

The  neeciles  for  hypodermatic  syringes  are  usually 
made  of  steel,  plated  with  gold  or  nickel.  Some  advan- 
tages are  claimed  for  gold  or  platinum  needles.  The 
needles  are  attached  to  the  nozzle  of  the  syringe  by  a 
screw  or  slide  joint.  The  former  is  tlie  more  convenient 
style.  A  fine  wire  should  be  passed  through  the  needle 
when  it  is  not  in  use,  to  prevent  occlusion  of  the  calibre, 
either  by  the  deposit  of  crystals  from  any  solution  that 
may  have  been  employed,  or  by  the  accumulation  of 
rust.  The  needles  ought  to  be  of  small  size,  with  large 
relative  calibre,  and  it  is  desirable  to  have  the  tips 
strengthened  at  the  junction  with  the  sockets.  The 
points  should  be  lancet-shaped  and  free  from  any  groove, 
depression,  or  shoulder-like  projection. 

The  use  of  these  instruments  requires  no  special  skill, 
though  the  dextrous  performance  of  the  little  operation 
materially  diminishes  the  discomfort  of  the  procedure  to 
the  patient.  The  skin  may  be  pinched  up  between  the 
thumb  and  forefinger  of  the  left  hand,  while  the  needle, 
held  perpendictdarly  to  the  surface,  is  thrust  rapidly 
through  it.  After  penetration,  the  point  of  the  needle 
should  be  passed  obliquely  to  the  desired  depth  into  the 
areolar  tissue,  and  the  contents  of  the  syringe  slowly  dis- 
charged. The  operator,  before  making  the  puncture, 
must  be  careful  to  expel  all  air  from  the  syringe  by  in- 
verting the  instrument,  and  at  the  same  time  depressing 
the  piston  sufficiently  to  cause  a  drop  of  the  contained 
solution  to  appear  at  the  point  of  the  needle.  It  is 
scarcely  necessary  to  urge  the  importance  of  rinsing  out 
the  barrel  and  of  thoroughly  cleansing  the  needle,  imme- 
diately after  using  the  instrument. 

The  injection  may  be  made  under  the  skin  in  almost 
any  portion  of  the  body ;  but  the  neighborhood  of  large 
vessels  and  nerves,  bony  prominences,  and  specially  sen- 
sitive or  inflamed  regions  should  be  avoided.  The  places 
ordinarily  selected  are  the  arm,  near  the  insertion  of  the 
deltoid  muscle,  and  the  outer  surface  of  the  thigh.  The 
rapidity  with  which  absorption  takes  place  is  regulated 
somewhat  by  the  vascularity  of  the  part  into  which  the 
injection  is  made.  It  is  stated  by  some  writers  that  a 
prompter  effect  may  be  expected  from  injections  into  the 
inner  aspect  of  the  limbs,  or  into  the  pectoral  region, 
than  from  similar  injections  into  the  outside  of  the  limbs 
or  into  the  back.     If  this  difference  really  exists,  it  must 
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be  so  slight  l.hat  it  is  scarcely  worthy  of  serious  consider- 
ation. 

The  injections  may  be  superficial,  into  the  subcuta- 
neous areolar  tissue  merely,  or  they  may  be  deep,  into  the 
body  of  a  muscle,  or,  as  has  been  recommended  in  some 
obstinate  cases  of  sciatic  neuralgia,  a  concentrated  solu- 
tion of  morphine  may  be  forced  into  the  very  substance 
of  the  nerve  itself.  Injections  are  sometimes  made  into 
diseased  tissues  and  into  abnormal  growths.  Intravenous 
and  intraspinous  or  subarachnoid  injections  are  also  prac- 
tised, but  a  consideration  of  these  procedures,  and  of 
hypodermatic  alimentation,  is  incompatible  with  the 
scope  of  this  article. 

The  remedies  most  commonly  used  hypodermatically 
are  morphine,  codeine,  atropine^  hyoscine,  hyoscyamine, 
strychnine,  ese'rine,  pilocarpine,  caffeine,  cocaine,  apo- 
morphine,  ergotin,  quinine,  arsenic,  mercury,  chloral, 
digitaline,  nitroglycerin,  alcohol,  and  ether. 

Morphine  thus  employed  has  a  wide  range  of  useful- 
ness, and,  on  account  of  its  power  to  allay  pain,  is  far 
more  frequently  given  hypodermatically  than  any  other 
drug.  The  sulphate  is  the  salt  generally  used.  It  makes 
a  solution  which  is  in  everj^  respect  well  adapted  to 
subcutaneous  administration.  The  ordinary  dose  is  from 
one-sixth  to  one-fourth  of  a  grain. 

Codeine  is  used  to  meet  the  same  indications  and  is 
sometimes  a  desirable  substitute  for  morphine.  It  is  not 
so  likely  to  nauseate  or  to  constipate,  though  as  an  ano- 
dyne it  is  not  so  trustworthy.  The  usual  dose  of  either 
the  phosphate  or  the  sulphate  is  from  one-half  to  one 
grain. 

Atropine,  in  minute  doses,  is  often  combined  with  mor- 
phine, as  it  is  capable  of  correcting,  in  some  instances, 
the  occasional  unpleasant  after-effects  of  the  opiate  when 
taken  alone,  besides  possessing  valuable  therapeutic 
properties  of  its  own.  As  an  antidote  to  opium  in  toxic 
quantity  it  is  superior  to  any  other  drug.  The  dose 
ranges  from  gr.  j}-^  to  gr.  j.\.  Duboisine  has  been  rec- 
ommended as  an  advantageous  substitute  for  atropine 
in  about  the  same  doses. 

Hyoscine  is  a  most  valuable  cerebral  and  spinal  seda- 
tive and  hypnotic  in  doses  of  gr.  yjj  of  the  hydrobromate. 
It  may  be  administered  alone  or  combined  with  other 
anodyne  and  narcotic  drugs.  In  combination  with  co- 
deine its  hypnotic  effect  in  cases  of  cerebral  excitement 
is  most  gratifying. 

Hyoscyamine  is  closely  allied  in  its  action  to  atropine, 
but  it  has  been  found  peculiarly  effective  in  allaying 
maniacal  excitement.  The  usual  hypodermatic  dose  is 
gr.  ^ij.  It  should  be  cautiously  administered  at  first. 
Testimony  is  not  lacking  of  its  value  in  various  forms 
of  motor  excitement — as  muscular  tremor,  laryngismus, 
hiccough,  etc. 

Strychnine  produces  more  decided,  and  often  more 
satisfactory,  results  when  injected  subcutaneously.  A 
simple  aqueous  solution  of  the  sulphate  answers  this 
purpose  well.  One  grain  to  the  ounce  of  water  makes  a 
convenient  solution,  which  will  keep  without  change  for 
a  considerable  time.  Fifteen  drops— representing  gr.  -j^ 
—gradually  increased  when  required,— Is  a  proper  initial 
dose. 

Eserine,  the  active  prineiiile  of  calabar  bean,  acts  more 
promptly  when  given  hypodermatically  than  when  ad- 
ministered by  the  stomach.  The  dose  o"f  the  sulphate  or 
inuriate  is  from  gr.  .,-1^  to  gr.  ^V.  In  effect,  it  diminishes 
the  reflex  excitability  of  the  spinal  cord. 

Pilocarpine  is  administered  in  doses  of  from  one-eighth 
to  one-quarter  or  one-half  of  a  grain.  The  nitrate  is  the 
salt  most  commonly  employed.  It  is  freely  soluble  in 
water,  and  acts,  wlien  used  hypodermatically,  with  great 
promptness. 

Caffeine— the  sodio-benzoate— may  be  exhibited  in  one- 
grain  doses  in  conditions  of  mental  and  physiral  depres- 
sion, for  nervous  headaches -especially  for  such  as  are 
dependent  upon  the  omission  of  the  accustomed  cup  of 
coffee— and  in  addition  to  atropine  in  cases  of  opium 
poisoning.  It  has  also  been  used  with  some  success  in 
the  treatment  of  neuralgia. 
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The  hydioclilorate  of  cocaine  is  used  hypodermatically 
mainly  for  its  local  ansesthetic  effect.  Its  u,se  is  not  tree 
from  danger.  Excessive  depression  of  the  circulation 
sometimes  follows  its  administration.  The  dose  is  from 
one-eighth  to  one-half  of  a  grain,  dissolved  in  water. 
The  latter  quantity  has  produced  alarming  symptoms, 
but  is  ordinarily  safe,  especially  when  preceded  by  gen- 
erous alcoholic  stimulation.  It  seems,  howe\'er,  that  in 
smaller  doses  it  reduces  the  frequency,  but  increases  the 
force,  of  the  pulse.  More  or  less  nausea  may  be  experi- 
enced during  its  action.  The  extent  of  its  anassthetic  in- 
fluence is  very  limited,  probably  including  only  the  ab- 
sorbing tissues  which  may  be  brought  into  immediate 
contact  with  the  solution.  It  is  more  than  likely  that 
the  drug  supplied  by  the  trade  is  of  variable  strength. 
Herein  lies  a  danger  that  should  be  watched 

Apomorphine  is  serviceable  in  conditions  requiring  a 
prompt  emetic,  and  when,  from  unconsciousness  or  from 
some  other  circumstance,  deglutition  is  rendered  imprac- 
ticable. It  is  conspicuously  useful  in  some  cases  of  nar- 
cotic poisoning.  In  consequence,  however,  of  its  de- 
pressing influence  upon  the  system  it  should  be  used 
with  caution,  more  especially  in  cases  of  profound  nar- 
cotization, in  which  the  respiratory  and  cardiac  move- 
ments are  feeble.  The  usual  dose  is  one-tenth  of  a  grain 
for  adults, 

Ergotin  is  given  subcutaneously  in  doses  of  from  two  to 
five  or  ten  grains,  or  even  in  larger  quantit}-  in  cases  of 
extreme  urgenc}-.  One  drachm  of  water  will  dissolve 
twenty  grains  of  ergotin — which,  in  fact,  is  only  an 
aqueous  extract  of  ergot.  A  more  concentrated  solution 
may  be  made  bj'  rubbing  up  the  purified  extract  with 
distilled  water  until  one  minim  represents  one  grain.  It 
should  be  carefull}-  filtered  to  remove  all  solid  particles. 
One-half  grain  of  carbolic  acid  added  to  each  ounce  of 
the  solution  will  prevent  destructive  changes,  which, 
without  it,  will  take  place  ^ery  rapidlJ^  In  the  absence 
of  the  aqueous  extract  the  fluid  extract  maj-  be  used 
Ergotin  injected  under  the  skin  is  beyond  doubt  a  most 
potent  remedy  in  haemoptysis,  heematemesis,  metrorrha- 
gia, and,  indeed,  in  many  forms  of  hemoiThage  beyond 
the  reach  of  surgical  control.  It  is  valuable  also  in  con- 
gestions of  the  brain  and  spinal  cord,  in  the  early  stages 
of  meningitis,  and  in  a  number  of  uterine  and  other  dis- 
orders. Sclerotinic  acid  has  been  presciibed  as  a  substi- 
tute but  it  does  not  represent  ergot. 

The  sulphate  of  quinine— the  salt  of  quinine  commonly 
prescribed  in  this  country —requires  for  its  solution  seven 
hundred  and  forty  parts  of  water,  which  fact  is  an  insu- 
perable obstacle  to  its  satisfactory  hypodermatic  adminis- 
tration. It  has  been  proposed  to  dissolve  the  disulphate 
of  quinine  in  water  by  means  of  heat  and  of  dilute  sul- 
phuric acid — two  minims  to  the  grain — so  that  one 
drachm  of  the  solution  would  contain  six  grains  of  the 
quinine.  The  solution  is  to  be  filtered  immediately  and 
a  few  drops  of  carbolic  acid  added  to  insure  sterility. 

The  official  bisulphate  of  quinine,  as  commonly  sup- 
plied, while  freely  soluble  in  water— one  part  in  ten- 
contains  an  excess  of  acid,  and,  consequently  like  the 
foregoing,  is  vi-ry  irritating  to  the  tissues. 

The  kinate  of  (juinine  has  been  used,  and,  although  it 
IS  dissolved  by  four  parts  of  water  to  one  of  the  salt  it  is 
not  free  from  objections. 

The_hydrobromate  of  quinine  is  soluble  in  the  propor- 
''}^I^„     °?*^  P*^''*  f°  sixteen  of  water  at  a  temnerature  of 


KQ"  w      Ti     I        .,        ,,;.    -  "...  temperature  of 

."  ^\  J?,™*'  o'' the  addition  of  a  little  alcohol,  increases 
Its  solubility.  It  is  neutral  in  reaction,  and  is  well 
adapted  for  hypodermatic  use. 

Of  all  the  preparations  of  ((uinine  at  present  known 
the  muriate  of  quiume  and  urea  is  the  most  available  for 
subcutaneous  injections.  It  is  not  official  and  is  but  lit 
tie  known  m  this  country,  yet  it  is  used  with  the  most 
satisfactory  results  in  Germany  (Hager's  "Handbuch  der 
pharmaceutischen  Praxis  ").  This  double  salt  s  made  by 
adding  three  parts  of  urea  to  twenty  parts  of  hydro 
chlorate  of  quinme  dissolved  in  fifteen  parts  of  m  -iatt, 
acid  of  a  specific  gravity  of  1.061.  It  is  soli  be  in  its 
weight  ot  water  at  ordinary  temperatures.     A  fifty  per 
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cent,  holuliou  is  usud  with  prompt  effect,  fiillowcil  by 
very  slight  local  irritation  and  only  a  li-ansient  stinging 
sensation  at  the  point  of  insertion. 

The  most  important  field  for  the  hyiiodermiitic  use  of 
quinine  will  probably  be  found  in  the  pernicious  types 
of  malai'ial  fevers,  w  here  the  utmost  promptness  in  se- 
curing its  full  effect  is  often  rcipiisite,  and  in  the  more 
conunon  malarial  derangements  attended  with  gastric 
disturbances,  which  preclude  its  use  by  the  mouth.  The 
dose  varies  greatly  according  to  the  indications  to  be  met. 
It  may  be  stated  as  from  one  to  twenty  grains. 

The  official  solution  of  the  arseniate  of  potassium  is  the 
form  in  wliich  arsenic  is  generally  exhibited  snbcnta- 
neously.  It  produces  less  local  irrihitiou  if  diluted  with 
an  (Hiual  quantity  of  water.  The  dose  is  three  minims — 
equivalent  to  about  gr.  .j^  of  arsenious  acid.  It  may  be 
gradually  increased  to  a  nuich  greater  amount. 

Some  advantages  are  claimed  for  the  arseniate  of  sodium 
for  hypodermatic  use.  The  official  solution  may  be  given 
in  the  same  dose  as  the  preceding  preparation. 

The  hypodermatic  method  is  ordinarily  not  an  available 
mode  of  using  mercury  in  private  practice,  though  the 
vi.sible  lesions  of  sj'philis  undoubtedly  disap|)ear  under 
its  use  in  this  manner  more  rapidly  than  when  it  is  given 
by  the  mouth.  Nevertheless,  from  the  force  of  circum- 
stances, recourse  to  this  means  of  treatment  nmst  be  re- 
served for  exceptional  cases.  The  corrosive  chloride  dis- 
.solved  in  water  is  the  favorite  preparation  of  the  drug. 
The  dose,  to  commence  with,  may  represent  gr.  ^'g. 

The  great  and  persistent  pain  which  accompanies  and 
follows  the  hypodermatic  administration  of  cldoral  seri- 
ously militates  against  its  use  in  this  manner.  A  tifty- 
per-cent.  solution  in  water  is  generally  employed.  A 
more  liberal  dilution  of  a  full  dose,  wliile  it  diminislies 
the  local  irritation,  at  the  same  time  iucon\cniently  in- 
creases the  bulk  of  the  injection.  An  anodyne  effect  is 
said  to  follow  the  subcutaneous  \ise  of  chloral,  which  is 
not  observed  when  it  is  taken  by  tlie  mouth.  In  cholera 
— both  epidemic  and  sporadic — it  yields  excellent  results. 
Bartholow  reports  a  "  very  formidable  case,  in  which 
there  seemed  but  little  hope;  sixty  grains  were  adminis- 
■  tered  hypoderniatically  in  two  hours,  with  the  effect  to 
stop  the  cramps,  restore  warmth,  and  to  remove  indeed 
all  imfavorable  symptoms."  The  same  author  says: 
"  Then-  is  no  means  of  treating  cholera  now  known  so 
effective  as  this." 

Chloral  may  be  injected  in  combination  with  morphine, 
or  morphine  and  atropine.  The  combination  constitutes 
a  powerful  anodyne  hypnotic.  The  dose  of  chloral  is 
from  five  to  ten  grains  or  more. 

Digit^iline  is  administered  to  meet  the  indications  for 
which  digitalis  is  used. 

Nitroglycerin  is  a  diffusible  cardiac  stimulant. 

Alcoholic  stimulants  may  be  given  hypoderniatically 
in  the  form  of  brandy,  whiskey,  or  diluted  alcohol,  when 
an  immediate  effect  is  required,  and  when  administration 
otherwise  cannot  be  accomplished.  A  syringeful  may  be 
iniected.  . 

Ether  is  extolled  as  a  diffusible  stimulant  in  conditions 
of  collapse  or  of  profound  physical  depression.  It  may 
be  given  in  doses  of  fifteen  to  thirty  minims  undiluted. 

The  strength  of  the  solutions  employed  for  hypoder- 
matic injections  is  a  matter  of  some  consequence.  If  too 
free  dilution  should  be  resorted  to,  the  mere  bulk  of  the 
injection  is  annoying  on  account  of  the  pain  consequent 
upon  distention  of  the  tissues  or  upon  successive  punct- 
ures of  the  skin,  which  ma\-  be  necessary  for  its  intro- 
diiction.  If,  on  the  other  hand,  the  solution  should  be 
too  concentrated,  it  may  prove  very  irritating.  Then, 
again,  it  should  be  remembered  that  a  few  drops  of  the 
solution  mav  remain  in  the  nozzle  and  in  the  needle 
This  residuum  will,  of  course,  be  of  more  importance  if 
taken  from  five  than  from  twenty  drops.  Two  drops, 
for  instance,  will  represent  in  the  former  case  nearly  one- 
half  of  tlie  dose,  which  might  be  a  serious  loss,  while  in 
the  latter  it  would  be  a  waste  of  only  one-tenth,  and  pos- 
sibly be  inappreciable  so  far  as  the  eflfect  of  the  drug  is 
concerned. 


As  most  of  the  remedies  used  hypodermatically  are 
concentrated  poisons,  accuracy  of  dose  is  vei-y  necessary. 

Distilled  water  is  not  essential  in  making  the  solutions; 
indeed,  it  is  inferior  to  river,  cistern,  or  well  water,  either 
of  \vhich  will  answer  every  requirement,  if  only  free  from 
visible  impurities. 

Strong  acid  and  strong  alkaline  solutions  are  unfitted 
for  hypodermatic  administiation.  The  solutions  .should 
be  as  nearly  neutral  as  possible  and  free  from  irritant 
qualities.  "  Metallic  .sails  have  their  irritating  properties 
diminished  or  removed  by  being  combined  with  albumen 
or  with  an  alkaline  citrate  or  tartrate,  so  as  to  foim 
double  salts"  (Brunton). 

Solutions  of  the  alkaloids  undergo  subtle  and  unknown 
changes  when  kept  for  a  considerable  time.  They  de- 
velop also  a  fungous  growth — peiiu-Uliinii,~-;\  minute  or- 
ganism which  multiplies  at  the  expense  of  the  alkaloid, 
and  the  solution  detci-iorates  in  proportion  lotlic  increase 
of  this  formation.  The  evaporation  of  the  menstruum 
will  also  infiuence  the  strength  of  the  solution.  There- 
fore fresh  solutions  only  should  be  employed,  or,  better 
still,  they  may  be  extemporaneously  prepared  from  pow- 
ders of  known  quantity,  or  from  hypodermatic  tablets, 
which  are  now  manufactured  by  a  nunibei'  of  responsible 
parties  whose  established  reputations  may  be  accepted 
as  a  guarantee  of  absolutely  rcliabli'  products.  Simple 
tablets,  composed  of  a  single  drug  or  several  combina- 
tions of  different  drugs,  may  be  procured.  They  are 
pre-eminently  adapted  to  the  convenience  of  practition- 
ers and  possess  many  advantages  over  the  ready-made 
solutions. 

The  use  of  cherry-laurel  and  of  eucalyptus  waters  as 
menstrua  for  the  alkaloids  serves  to  prevent  the  destruc- 
tive changes  that  render  the  simple  aqueous  solutions 
unstable  and  unreliable.  The  antiseptic  influence  of 
carbolic  acid  and  of  salicylic  acid  has  been  in\"oked  for 
the  same  purpose.  One  to  four  grains  of  either  to  the 
ounce  will  not  prove  objectionable,  and  will  preserve  the 
solutions  for  several  months.  Boric  acid  is  also  employed 
with  a  like  object. 

The  .solution  injected  should  be  entirely  free  from  solid 
particles.  To  insure  this  jioint  it  is  well  to  warm  the 
mixture  before  drawing  it  into  the  syringe,  as  heat  in- 
creases the  solvent  action  of  watei:  and,  besides,  a  moder- 
ately warm  injection  is  less  disagreeable  to  the  sensations 
of  the  patient.  This  heat  may  be  conveniently  applied 
by  holding  the  spoon  containing  the  solution  for  a  few  mo- 
ments over  a  gas  jet,  a  lamp  flame,  or  a  burning  match. 

The  prominent  advantages  which  accrue  from  the  hy- 
podermatic method  of  exliibiting  drugs  consists  princi- 
pally in  the  prompt  effect  obtained;  the  opportunity 
which  it  affords  to  surmount  the  obstacles  of  nausea  and 
vomiting  so  commonly  encountered,  and  to  overcome 
also  any  voluntary  or  involuntary  resistance  on  the  part 
of  the  patient,  the  consequence  of  unwillingness  or  in- 
ability to  swallow.  In  many  cases,  loo,  from  some  idio- 
syncrasy of  the  individual,  a  peculiar  susceptibilitj'  ex- 
ists to  unpleasant  after-effects  of  certain  medicinal  agents 
when  taken  by  the  mouth.  This  result  ma}',  not  infre- 
quently, be  moderated  or  obviated  by  the  subcutaneous 
injection  of  the  same  remedy,  and  a  smaller  dose  may  be 
depended  upon  to  yield  given  results;  moreover,  it  is 
possible  that  a  special  therapeutic  effect  maj'  sometimes 
be  secured.  Absorption  from  the  subcutaneous  cellular 
tissue  is  less  likely  to  be  modified  by  the  condition  of  the 
organism  than  absorption  from  the  stomach  and  intestines. 
In  the  alimentary  canal  the  condition  of  the  circulation, 
the  presence  or  absence  of  foods,  the  state  of  the  lining 
membrane,  the  nervous  supply,  etc.,  influence,  regulate, 
and  determine  absorption. 

With  a  sharp  needle,  of  not  too  great  size  and  free 
from  rust,  properly  managed  in  a  suitable  locality,  the 
pain  from  the  operation  is,  as  a  rule,  insignificant.  The 
danger  of  provoking  inflammation  either  by  the  puncture 
or  by  the  presence  of  the  injected  liquid,  of  the  resulting 
cicatrices,  of  conveying  through  the  medium  of  the 
syringe  specific  disease,  and  of  injecting  air  into  a  vein, 
are  all  objections  that  have  been  urged  against  the  pro- 
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cedure;  but  with  the  exercise  of  ordinary  sUill,  pru- 
dence, and  cleanliness,  the  risks  are  so  remote  and  so 
improbable  that  the\'  need  not  be  seriously  considered  m 
estimating  correctly  the  great,  palpable,  and  immediate 
advantages  pertaining  to  this  accepted  and  indispensable 
therapeutic  resource.  James  B.  Baird. 

HYPODERMOCLYSIS— There  are  few  therapeutic 
procedures  which  have  sprung  into  such  well-deserved 
popularity  as  hypodermoclysis.  So  frequently  is  it  em- 
ployed to  meet  uroent  surgical  and  medical  conditions 
that  it  is  difficult  for  us  to  realize  that  less  than  ten  years 
ago  it  was  an  almost  unknown  method  of  treatment. 
AVhile  it  had  been  employed  sporadically,  so  to  speak, 
by  a  number  of  continental  investigators  at  various 
times,  and  very  occasionally  ljy  a  few  American  physi- 
cians and  surgeons,  it  was  not  until  Hildebrand,  of_  San 
Francisco,  published  a  pajjer  upon  this  matter  that  it  re- 
ceived the  attention  that  it  deserved.  Soon  after  the  ap- 
pearance of  Hildebrand's  paper,  the  writer  of  this  article, 
having  become  much  interested  not  only  in  the  em- 
ployment of  hjrpodermoc lysis  but  in  the  question  of  tiie 
most  suitable  fluids  for  use  in  conditions  in  which  hypo- 
dermoclysis was  indicated,  carried  out  a  series  of  clinical 
experiments  which  confirmed  him  in  his  belief  that  we 
had  in  hypodermoclysis  a  ready  means  of  supplying  the 
body  with  fluid  and  in  flushing  the  kidneys,  thereby  aid- 
ing the  excretion  of  effete  materials  by  these  oi-gans,  and 
also  aiding  in  the  elimination  of  them  through  the  skin. 

Clinical  applications  of  intravenous  injection  and  hy- 
podermoclysis side  by  side  have,  it  seems,  convinced  the 
profession  that  for  most  cases  hj'podermoclj'sis  is  much 
the  more  useful  method,  and  that  only  in  very  urgent 
cases  with  peculiar  conditions  present  is  it  to  be  substi- 
tuted by  intravenous  transfusion.  In  the  majority  of  in- 
stances in  which  hemorrhage  recjuires  the  speed}'  injec- 
tion of  normal  saline  fluid,  it  is  found  that  the  employment 
of  hypodermoclj'sis  is  equal  to  the  occasion  and  that  ab- 
sorption from  the  subcutaneous  tissues  takes  place  with 
sufficient  rapidil_y  to  supply  the  blood-vessels  with  a 
proper  amount  of  fluid.  It  is  only  when  the  hemorrhage 
is  very  profuse  and  the  condition  is  most  urgent  that  in- 
travenous injection  can  be  employed  as  a  satisfactorj' 
measure  in  its  place. 

The  conditions  in  which  hypodermoclysis  can  be  re- 
sorted to  most  satisfactorily  are  hemorrhages,  as  just 
mentioned ;  in  cases  of  uraemia  not  associated  with 
dropsy ;  in  certain  cases  of  pneumonia  in  ■which  the  infee  - 
tious  aspect  of  the  case  is  most  marked,  and  the  action  of 
the  kidneys  is  imperfect;  and  in  all  of  the  acute  infec- 
tious diseases  in  which  it  is  impossible  for  the  patient  to 
take  enough  liquid  by  the  stomach  to  supply  his  tissues 
and  eliminating  organs  with  a  sufficient  quantity  of  fluid. 
Hypodermoclysis  can  also  be  satisfactoril}-  employed  in 
cases  of  gastric  nlcei',  and  after  abdominal  operations, 
wdien  it  is  necessary  to  provide  the  body  with  fluid  and 
yet  in  which  it  is  impossible  for  fluid  to  be  taken  by  the 
ordinary  channels.  Used  in  this  way  in  cases  of  obstinate 
vomiting,  saline  infusions  will  very  frequently  relieve 
much  suffering,  allay  thirst,  maintain  ui'inary  flow,  and 
in  every  way  tend  to  support  the  patient  through  a  try 
ing  ordeal. 

Another  very  useful  employment  of  saline  in  fusions  by 
the  hypodermic  method  is  its  use  in  the  treatment  of 
threatened  collapse  in  cholera  infantum,  in  cholera  mor- 
bus of  a  severe  type,  and  particularly  in  Asiatic  cholera. 
In  the  latter  disease  its  employment  lias  undoubtedly 
saved  life  in  many  instances ;  the  saline  infusion  taking 
the  place  of  the  fluids  which  are  purged  out  of  the  body, 
and  diluting  the  toxins  of  the  disease  which  are  theii 
more  readily  eliminated  by  the  kidneys.  Still  another 
instance  in  which  h.ypodermoclysis  may  be  employed 
with  great  advantage  is  in  the  treatment  of  severe  burns, 
not  only  for  the  purpose  of  rivercoming  shock,  but,  more 
important,  for  the  relief  of  the  tnxa'inia  which  seems  to 
be  the  true  cause  of  death  in  many  cases  of  this  character. 

In  regard  to  the  employment  of  hypodermoclysis  in  the 
treatment  of  surgical  shocli  or  that  which  follo"ws  severe 
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injuries,  it  is  important  to  bear  in  mind  that  the  condi- 
tion of  the  patient  is  one  in  which  there  is  a  complete 
relaxation  of  the  vaso-niotor  system.  Or,  in  other  words, 
he  who  is  suffering  from  .shock  is  being  bled  to  death  into 
his  own  blood-vessels.  Under  these  circumstances  the 
administration  of  fluids,  either  by  hypodermoclysis  or 
even  by  intravenous  injection,  is  of  no  value  so  far  as 
their  bulk  is  concerned,  unless  in  association  with  them 
are  administered  drugs  which  will  overcome  the  vascular 
relaxation  and  tend  to  restore  normal  arterial  tension. 
Many  physicians  ignore  the  well-known  physiological 
fact  that  the  vascular  system  is  capable,  when  completely 
dilated,  of  holding  many  times  the  quantity  of  blood  con- 
tained in  the  body.  This  fact  is  emphasized  when  we 
remember  that  at  "an  autopsy  we  are  wont  to  find  practi- 
call)'  all  the  blood  in  the  body  in  the  great  veins  of  the 
thorax  and  abdomen.  ^Vhen  it  is  recalled  that  not  only 
are  these  great  veins  capable  of  holding  all  the  blood 
which  the  botly  contains,  but  that  the  capillaries  of  the 
skin,  the  capillaries  of  the  muscles,  and  the  capillary  sys- 
tems of  large  glands,  as  the  liver,  are  capable  of  holding 
immense  quantities  of  blood  when  relaxed,  it  will  readily 
be  seen  that  an  enormous  quantity  of  liquid  would  have 
to  be  placed  in  the  patient's  body  before  this  liquid  could 
by  its  presence  actuallj'  fill  the  widely  dilated  blood 
paths.  And  even  if  it  were  possible  to  fill  the  blood-ves- 
.sels  of  the  body  bj'  the  profuse  administration  of  normal 
salt  solution,  this  would  be  of  no  advantage  to  the  pa- 
tient, since,  under  these  circumstances,  his  heart  would 
not  l3e  able  to  pump  so  much  of  a  bulk  of  fluid  and  his 
tissues  would  be  practically  drowned.  When,  therefore, 
the  use  of  normal  salt  solution  by  hypodermoclysis  is  fol- 
lowed by  good  results  in  the  treatment  of  shock,  it  is  to 
be  clearly  understood  that  these  good  results  accrue  not 
so  much  by  the  presence  of  an  additional  quantity  of  fluid 
in  the  blood-\'essels  as  upon  the  stimulant  effect  which 
the  injection  maj'  have  directly  or  reflexly  upon  arterial 
tension  and  cardiac  activity,  and  the  therapeutic  point  is 
to  emphasize  that  it  is  wise,  under  these  circumstances, 
to  employ  a  normal  salt  solution  which  is  not  absolutely 
indifferent,  but  one  which  really  possesses  some  slight 
stimulant  power  over  the  cardio-vascrular  apparatus. 

Another  important  point  to  be  remembered  in  the  use 
of  hypodermoclysis  is  that  it  is  not  safe  to  infuse  a 
greater  quantity  of  liquid  than  one  drachm  to  each 
pound  of  body  weight  in  each  fifteen  minutes;  as,  if  this 
amount  is  exceeded,  the  accumulation  of  the  liquid  in  the 
system  is  so  great  that  the  tissues  become  drowned  be- 
cause the  kidneys  cannot  excrete  the  liquid  fast  enough. 
Hypodermoclysis  is  also  contraindieated  in  oedema  of  the 
lungs  due  to  either  cardiac  or  renal  disease,  in  cases  of 
chronic  bronchitis  with  excessive  secretion  of  mucus  and 
fluid.  In  stout  old  persons,  and  in  Aoung  children  in 
particular,  it  must  be  used  with  great  caution,  if  at  all, 
and  the  same  remark  applies  to  parencln-matous  nephritis^ 
because  the  tissues  ure  usually  dropsical  in  this  affection'; 
and  even  if  tbcy  are  not,  there  is  a  tendency  to  a-dema  of 
the  lungs  and  an  imperfect  eliminative  action  of  the  kid- 
neys so  that  fluids  rapidly  accumulate  in  the  tissues.  It 
is  hardly  uec-essary  to  add  that  in  patients  having  a  liig-h 
arterial  tension  hypodermoclysis  is  also  contraindieated 
unless  perchance  ura-mia  or  puerperal  eclampsia  is  pres- 
ent, under  which  circumstances  arterial  tension  should 
be  reduced  by  bleeding  or,  in  the  case  of  puerperal 
eclampsia,  by  the  administration  of  full  doses  of  vera- 
trum  viride,  since  by  this  means  arterial  pressure  Is  re- 
duced and  an  acti\e  secretion  on  the  part  of  the  skin  aids 
the  kidneys  in  eliminating  both  fluid  and  materials  from 
the  patient's  liody. 

Physiological  experiments  made  by  many  investio-ators 
imd  particularly  by  Dr.  Sydney  Ringer,  6f  Loudon,  and 
Dr.  Locke,  of  Harvard  Unix'ersity,  have  proved  that  a 
most  useful  combination  is  the  one  which  follows  'ind 
at  the  suggestion  of  the  writer,  large  manufacturing; 
ciiemists  have  put  tins  formula  upon  the  market  " 
solved  in  one  ounce  (31   gm.)  of  steril 


W'ater  in 


dis- 
such 


strength  that  when  this  quantity  of  concentrated  solution 
IS  added  to  a  quart  (litre)  of  pure  water,  it  forms  a  nor 
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mal  physiological  salt  solution.  Tlie  writer  has  employed 
this  concentrated  saline,  after  diluting  it,  in  a  great  many 
cases  with  tlie  most  satisfactory  results,  and  believes  that 
it  is  the  best  solution  for  the  purposes  named.  The 
formula  is  as  follows:— If  Calcium  chloride,  0.2")  gm. ; 
potassium  chloride,  0.1  gm. ;  sodium  chloride,  9  gm. ; 
water,  31  gm.  This,  when  added  to  a  quart  (litre)  of 
pure  water,  constitutes  what  is  known  as  "normal  saline 
solution." 

The  proper  means  of  introducing  normal  saline  solution 
under  the  skin  is  to  employ  an  ordinarj^  clean  glass  irri 
gating  apparatus  and  rubber  tube.  In  the  distal  end  of 
the  rubber  tube  is  inserted,  and  if  necessary  tied  iu,  a 
needle  having  a  cahbre  about  that  of  the  ordinary  anti- 
toxin needle.  The  reservoir  is  filled  with  normal' saline 
solution  and  bung  about  eighteen  inches  or  two  feet 
above  the  level  at  which  the  needle  is  inserted.  The  salt 
solution  should  be  at  about  110"  F.  in  the  reservoir,  since 
it  cools  rapidly  in  its  slow  passage  through  the  tube.  Or, 
better  still,  it  may  be  placed  in  a  warm  reservoir  at  the 
temperature  of  100°,  and  the  rubber  tube  may  be  coiled 
in  a  basin  of  water  at  the  same  temperature  so  that  the 
fluid  in  it  is  maintained  at  the  temperature  of  100°  during 
its  flow.  The  skin  where  the  needle  is  to  be  inserted 
should  be  thoroughly  cleansed  before  the  puncture  is 
made,  and  tlie  most  satisfactory  site  for  the  injection  is  a 
little  above  the  groin,  about  half-way  between  the  navel 
and  the  anterior  superior  spine,  or,  in  stout  persons  and 
in  women,  iu  the  submammary  region,  and  sometimes  it 
ma}'  be  employed  on  the  inner  side  of  the  thighs,  care 
being  taken  to  avoid  the  great  vessels.  If  even  moderate 
antiseptic  precautions  are  maintained  abscess  practically 
never  results,  and  the  operatic  mis  quite  painless,  although 
some  tenderness  ma}'  exist  in  the  region  of  the  injection 
for  a  few  hours  after  the  absorption  of  the  fluid.  The 
process  is  not  a  painful  one  at  any  stage.  When  it  is 
wise  to  inject  a  considerable  quantity  of  liquid  into  the 
patient  at  once,  more  than  one  needle  and  tube  may  be 
employed  simultaneous!}--  Hobart  Amory  liiirc. 

HYPOGLOSSAL  NERVE.— (Synonyms:  Nervus  moto- 
rius  linguae;  Nervus  hypoglossus;  Par  nonum  of  Willis 
and  the  older  writers ;  Par  duodecimum ;  Nerf  liypocjloaic 
(Fr.) ;  Zun;ienfleisclinerf(Ge\.). 

The  twelfth  or  hypoglossal  nerve,  whose  name  is  de 
rived  from  the  Greek  vvo,  beneath,  and  y^aaaa,  the 
tongue,  is  the  motor  nerve  of  the  muscles  of  the  tongue 
and  of  those  of  the  hyoid  bone,  with  the  exception  of  the 
digastric,  stylohyoid,  mylo-hyoid,  and  the  superior  con 
strictor  of  the  pharynx.  It  also  supplies  the  sterno 
th}  roid  muscle.  According  to  the  old  nomenclature  it 
was  termed  the  ninth  nerve. 

For  the  anatomy  of  the  hypoglossal  nerve  consult  the 
article  on  Cranial  Nems. 

Physiology.— The  hypoglossal  nerve  is  the  motor  nerve 
for  the  muscles  of  the  tongue,  the  sternotlixroid  muscle, 
and  all  those  attached  to  the  hyoid  bone,  with  the  excep- 
tion of  those  mentioned  above.  Through  its  connection 
with  the  upper  cervical  ganglion  of  the  sympathetic, 
vaso-motor  fibres  for  the  muscles  of  the  tongue  pass  into 
it  From  the  gangliform  plexus  of  the  vagus  and  its 
lesser  lingual  branch  are  derived  its  fibres  of  muscular 
sensation.  Whether  any  such  come  from  the  cervical 
nerves  or  through  the  anastomosis  with  the  lingual  is 
still  doubtful,  though  Lewin  says:  "Recurrent  fibres  run 
from  the  lingualis  to  the  hypoglossus,  and  these  m  part 
ascend  as  far  as  the  anterior  condyloid  foramen,  mpart 
descend  in  the  ramus  descendens."  As  a  rule,  noinflu 
ence  reaches  the  tongue  through  the  ansa  hypoglossi,  and, 
on  the  other  hand,  little  effect  is  produced  on  the  muscles 
supplied  by  the  ramus  descendens  (the  sterno-thyroid, 
omo-hyoid,  and  sterno-hyoid)  by  irritation  of  the  roots 
of  the  hypoglossus. 

Pathology —Injury  or  disease  of  the  liypoglossal 
nerve  or  its  nucleus  produces  either  spasm  or  paralysis 
of  the  muscles  which  it  supplies. 

(a)  Spasm  of  the  Mnsdes  Supplied  hy  the  Hypoglonsfd 
Herm;  Lingual  .Sp«««.— This  is  rarely  idiopathic  and  is 


very  infrequent  as  an  independent  affection.  On  the 
other  hand,  it  occurs  not  uncommonl}-  in  certain  affec- 
tions of  the  brain,  and  more  rarely  in  some  of  those  of 
the  spinal  cord.  In  all  forms  of  general  convulsions,  in 
eclampsia,  epilepsy,  chorea,  and  hysteria,  we  meet  with 
it  frequently,  and  it  is  often  seen  in  company  with 
spasms  of  the  muscles  supplied  by  the  motor  branch  of 
the  fifth  nerve,  and  by  the  facial  and  spinal  accessory 
nerves.  At  times  it  accompanies  facial  neuralgia,  or  is 
coincident  with  stuttering.  It  is  not  rare  in  bilateral 
athetosis,  and  it  occurs  in  trismus.  It  may  also  be  de- 
]iendent  on  a  definite  pathological  condition  of  the  brain 
or  its  membranes,  and  is  found  in  meningitis  and  in  cer- 
tain forms  of  cerebral  and  bulbar  paralysis.  It  some- 
times occurs  iu  certain  diseases  of  the  spinal  cord,  as 
progressive  muscular  atrophy,  in  which  the  disease  prob- 
ably extends  upward  and  involves  the  hypoglossal  nu- 
cleus. 

In  many  of  these  cases  we  may  suppose  some  injury 
of  the  nucleus,  or,  possibly,  of  the  nerve  itself,  but  we 
must  not  forget  that  lingual  spasm  may  in  all  probabil- 
ity be  produced  by  lesion  of  the  cortical  motor  centre  of 
tlie  tongue  at  the  base  of  the  ascending  frontal  convolu- 
tion, or  possibly  of  some  of  the  fibres  which  connect 
this  with  the  hypoglossal  nucleus.  The  spasm  is  also  at 
times  apparently  due  to  peripheral  or  reflex  causes,  as  in 
some  cases  in  which  it  occurs  with  tic  douloureux  or  in 
company  with  the  spasms  of  neighboring  muscles.  In 
one  case  it  was  apparently  caused  by  caries  of  the  teeth, 
which  had  produced  an  ulceration  of  the  gums. 

The  spasms  vary  in  character  in  different  cases.  They 
may  be  either  tonic  or  clonic.  They  may  consist  in  mere 
protrusion  of  the  tongue.  Sometimes  the  tongue  is 
thrust  violently  forward  against  the  teeth,  or  it  may  be 
protruded  and  rapidly  retracted,  as  in  Berger's  ease,  in 
which  this  occurred  as  often  as  fifty  or  sixty  times  a  min- 
ute. Sometimes  the  tongue  seems  to  be  simply  rolled 
round  in  the  mouth.  Again,  the  movements  may  be 
very  varied  and  irregular.  These  spasms  may  also  affect 
the  sterno-thyroid,  sterno-hyoid,  and  thyro-hyoid  mus- 
cles. There  is  usually  no  pain  or  swelling,  but  the 
spasms  may  be  preceded  by  a  sensation  of  numbness  in 
the  tongue,  or  discomfort  and  oppression  about  the 
throat  above  the  larynx.  The  tongue  sometimes  feels 
too  big  for  the  mouth.  The  spasms  are  for  the  most 
part  independent  of  the  acts  of  speaking,  masticating, 
and  swallowing,  neither  affecting  them,  unless  when  at 
their  height,  nor  being  affected  by  them.  In  certain 
cases,  however,  the  spasms  are  induced  or  greatl}' aggra- 
vated by  such  acts. 

The  tonic  spasms  likewise  may  either  occur  indepen- 
dently, or  they  may  be  induced  by  voluntar}-  efforts  to 
move  the  tongue.  Those  of  the  latter  class  lia\'c  been 
divided  into  articulatory  and  masticatory  spasms,  accord- 
ing as  they  were  produced  more  especially  by  attempts 
to  move  the  tongue  in  speech  or  in  eating.  These  articu- 
latory spasms  are  known  as  articulator}-  hypoglossal 
cramp  or  aphthongia  (aphthongie,  Fleury),  from  the 
Greek,  a  privative,  and  tpOoyydi;,  the  voice.  In  some 
cases  the  tongue  is  glued  to  the  hard  palate  whenever  the 
patient  attempts  to  speak:  in  others  (masticatory  cramp) 
the  food  is  ejected  from  the  mouth  by  the  involuntary 
action  of  the  tongue  during  mastication.  In  Ganghof- 
ner's  case,  in  which  theie  was  spasmodic  contraction  of 
tlie  tongue  in  ordinary  speech,  singing,  rapid  speech,  and 
the  declamation  of  previously  known  pieces  were  more 
easily  accomplished. 

The  prognoitis  of  independent  lingual  spasm  is  gener- 
ally good,  though  the  disease  may  be  obstinate  and  per- 
sistent. 

Treatments  There  is  no  symptomatic  treatment,  as 
such,  for  lingual  spasm  except  the  application  of  elec- 
tricity. The  constant  current  may  be  applied  directly 
to  the  tongue  or  to  the  hypoglossal  nerve  in  the  neck. 
The  faradic  may  also  be  used  in  the  same  manner.  These 
are  the  most  useful  means  of  direct  treatment.  When 
the  spasm  occurs  as  a  symptom,  or  in  the  course  of  some 
other  disease,  the  primary  disease  is,  of  course,  to  be 
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treated.  In  independent  spasm  our  first  care  sliouldbe 
to  remove,  as  far  as  possible,  all  predisposing  or  excitmg 
causes.  The  teeth  and  gums  should  be  carefully  exam- 
ined, and  any  source  of  reflex  irritation  should  be  allayed. 
Means  should  also  be  taken  to  improve  the  general  Imalth, 
and  to  strengthen  the  resisting  powers  of  the  nervous 
system.  Thus  fresh  air,  good  wholesome  diet,  change  of 
scene,  and  general  tonics  and  sedatives— quinine,  iron, 
and  bromide  of  potassium  or  sodium— should  be  our 
principal  aids. 

(6)  Paraly.sis  of  the  Miisdesofths  Tonyue  ;  GliMso/ikgin. 
—Section  of  the  hypoglossus  in  dogs,  when  bilateral, 
causes  total  paralysis  of  the  tongue.  The  animals  can- 
not drink,  and  are  apt  to  bite  the  tongue,  which  hangs 
loosely  out  of  the  mouth  (Landois). 

In  man  paralysis  of  the  muscles  of  the  tongue  is  usu- 
ally central.  It  may  be  produced  by  lesions  of  the  cor- 
tical motor  centre  of  the  tongue,  or  of  the  libres  which 
connect  it  with  the  hypoglossal  nucleus,  or  by  lesions  of 
the  nucleus  itself  or  of  the  hypoglossal  nerve.  Hence  it  is 
found  in  cases  of  cerebral  or  bulbar  hemorrhage  or  soften- 
ing, and  in  certain  other  forms  of  cerebral  disease,  in  pro- 
gressive bulbar  paralysis,  and  in  those  forms  of  spinal 
disease  in  which  the  ganglion  cells  of  the  hypoglossal 
nuclei  are  affected.  Thus  it  is  sometimes  seen  in  the  ad- 
vanced stage  of  tabes  dorsalis  and  in  descending  second- 
ary sclerosis.  The  hypoglossal  nerve  itself  may  be  af- 
fected either  iutracranialiy,  as  by  the  pressure  of  tumors 
at  the  base  of  the  brain,  or  extracraniall}',  either  at  its 
exit  from  the  cranium  or  in  the  neck.  This  may  be  done 
by  injuries  of  the  upper  cervical  vertebrae,  such  as  fiact- 
ure  of  the  atlas,  or  by  tumors  or  wounds  of  the  neck,  by 
aneurism  of  the  vertebral  artery,  or  by  carious  or  syphi- 
litic processes. 

Symptoms.  Hypoglossal  paralysis  may  be  either  uni 
lateral  or  bilateral,  according  as  one  or  both  nerves  are 
involved,  though  bilateral  paralysis  mny  be  caused  by  a 
unilateral  corticiil  lesion.  In  unilateral  paralysis  the 
tongue,  when  protruded,  deviates  to  the  affected  side. 
This  is  due  to  the  unbalanced  action  of  the  healthy  genio 
glossus  muscle,  which  in  contracting  not  only  throws 
the  tip  of  the  tongue  forward,  but  directs  it  at  the  same 
time  to  the  opposite  side.  In  bilateral  paralysis  the 
tongue  cannot  be  protruded,  but  lies  perfectly  motionless 
in  the  mouth.  It  is  relaxed,  anaemic,  often  atrophied,  and 
deeply  furrowed.  Not  infrequently  there  are  fibrillary 
twitchings.  In  unilateral  paralysis  these  symptoms  may 
appear  on  the  affected  side  of  the  tongue.  "  When  the 
tongue  is  paralyzed  it  falls  backward  in  the  cavity  of  the 
mouth  as  the  patient  lies  on  his  back,  and  the  glottis  be- 
comes partially  or  wholly  closed  by  it.  Paralysis  of  the 
tongue  thus  contributes  to  the  production  of  stertorous 
breathing  in  cases  of  apoplexy,  and  may  even  cause 
asphyxia,  Avlien  the  paralysis  is  bilateral  and  more  or  less 
complete. "  Thus  closure  of  the  glottis  may  be  produced 
in  deep  narcosis. 

In  lingual  paralysis  the  speech  is  much  affected,  and 
the  power  of  articulation  greatly  impaired.  In  bilateral 
paralysis,  with  atrophy,  the  speech  is  said  to  be  com- 
pletely inarticulate  and  unintelligible,  and  even  when  the 
paralysis  is  slight,  the  singing  of  high  notes  and  falsetto 
is  impaired.  Ross  states  that  difficulty  is  first  experi- 
enced in  pronouncing  the  letters,  s,  sh,  1,  e,  i,  and  at  a 
later  period  k,  g,  i,  etc. 

Mastication  is  interfered  with  also  to  a  certain  extent, 
as  the  tongue  cannot  direct  the  food  nor  compress  it 
against  the  teeth.  Deglutition  is  likewise  affect(.'d  by 
the  falling  backward  of  the  tongue,  and  also  because  the 
food  cannot  be  properly  collected  on  its  dorsum  and 
pushed  back  into  tlie  pharynx.  Hence  regurgitation 
into  the  mouth  occurs.  The  salivation  of  the  afl:ected 
side,  which  is  a  prominent  symptom  in  certain  cases  of 
lingual  paralysis,  has  not  yet  been  shown  to  be  due  to 
anything  more  than  reflex  action.  The  slight  diminution 
in  the  tactile  sensibility  of  the  affected  side,  sometimes 
noticed,  seems  in  certain  cases  not  to  exist. 

DiafinonU  This  is  usually  very  easy.  Hutchinson  s 
method  of  testing  tlie  condition  of  the  lingualis  muscle  is 
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very  simple.  He  holds  it  between  his  thumb  and  finger 
and  bids  the  patient  piotrude  the  tongue.  If  either  side 
be  paralyzed,  the  muscle  of  that  side  will  be  flaccid  and 
relaxed,  and  will  not  harden  like  the  healthy  one  on  con- 
traction. 
The  prognonis  is  naturally  dependent  on  the  cause.. 
Treatment.  This  must,  of  course,  be  directed  against 
the  primary  cause.  Locally,  the  galvanic  or  faradic  cur- 
rent may  be  applied  eithei-  to  the  tongue  itself  or  to  the 
nerve  in  the  neck.  Willuim  N.  Billiard. 
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HYPOPHOSPHITES.— I.  General  Medicin.\l  Prop- 
BETiBS  OF  THE  HvpoPHOspHiTES.  —  Physiologically, 
salts  of  liypophosphorous  acid  are  simply  bland  saline 
representatives  of  their  respective  bases,  and  produce  no 
special  effect  whatsoever,  due  to  the  hypophosphorous. 
acid  of  their  composition.  What  place  they  hold  in 
medicine  has  been  from  theoretical  considerations  purely. 
The  idea  has  been  that  because  these  salts  contain  phos- 
phorus in  a  comparatively  low  state  of  oxidation,  they 
will  affect  the  system  after  the  manner  of  phosphorus 
itself,  and,  especially,  will  yield  phosphorus  in  such 
chemical  combination  as  to  be  assimilable  for  the  nutrition 
of  nerve  tissues.  Clinical  experience,  however,  has  failed 
on  the  one  hand  to  get  the  expected  results,  while  on 
the  other  it  has  shown  that  nearly  all  of  a  dose  of  a 
hypophosphite,  swallowed,  reappears  in  the  urine  un- 
changed. Those  who  prescribe  these  salts,  do  so  in  cases, 
of  neuralgia  and  of  nerve  exhaustion  or  malnutrition 
generally,  and  in  phthisis. 

With  the  exception  of  the  potassium  salt  the  hypo- 
phosphites  are  harmless,  and  they  are,  with  manufactur- 
ing pharmaceutists,  favorite  ingredients  of  emulsions  of 
cod  liver  oil. 

II.  The  HVPOPHOSPHITES  Used  in  ^Medicine. — The 
hypophosphites  official  in  the  United  States  Pharmaco- 
posia  are  the  iron,  potassium,  sodium,  and  calcium  salts. 
Ferric  hypophosphite  will  be  found  treated  of  under 
Iron. 

PotasHhim  liypoplmspltite,  KH2PO2.  The  salt  is  official 
in  the  United  States  Pharmacopoeia  as  Potami  Hypo- 
plwsphis.  Potassium  Hypophosphite.  It  occurs  in  "  white, 
opaque,  hexagonal  plates,  or  crystalline  masses,  or  a 
granular  powder,  odorless,  and  having  a  pungent,  saline 
taste ;  very  deliquescent.  Soluble  at  1.5°  C.  (59°  F.)  in  0.6 
part  of  water,  and  in  7.3  parts  of  alcohol;  in  0.3  part  of 
boiling  water,  and  in  3. 6  parts  of  boiling  alcohol ;  insoluble 
in  ether ''  (U.  S.  P. ).  If  triturated  or  heated  with  an  oxi- 
dizing agent,  such  as  a  nitrate,  the  mixture  will  explode. 
Because  of  deliquescence,  the  salt  must  be  kept  in  well- 
stoppered  bottles. 

Potassium  hypophosphite  follows  the  rule  of  potassic 
salts  of  being  irritant  in  large  concentrated  dosage,  but 
in  therapeutic  doses  it  is  locally  bland  enough.  Again, 
because  a  potassic  salt,  it  mav  tend  to  induce  retrograde 
metamorphosis  of  lowly  organized  material,  and  hence 
lead  to  softening  of  cheesy  deposits  in  the  lungs  This 
particular  hypophosphite  is  therefore,  theoretically  at 
least,  iiot  without  a  possible  dangerous  tendencv  in 
phthisis.  The  salt  is  administered  in  solution  aqueous 
or  syrupy,  in  doses  of  from  0.65  to  2  gm.  (gr  x  -xxx  ) 
three  times  a  day.  A  convenient  form  of  giving  it  is  in 
the  official  syritp  of  liypopliosphites  (see  poxten) 

Sodium    Hypophosphite,    NaH,PO,H.,().     The    salt    is. 
official  in  the  United  States  Pharmacopa>ia  as  Sodii  Hvno- 
pJwsphis,  Sodium  Hypophosphite.     It  occurs  in  "small 
colorless,    transparent,   i-ectaiigular  plates  of    a   pearlv 
i"fi!'*l?l'^„'^'"'®  granular  powder,  odorless,  and  having- 

Very  deliquescent  on  cx- 
t 


a  bitterish  sweet,  saline  taste 


posure  to  moist  air.  Soluble  at  15°  C  (59°  F  Hn  1  nnr 
of  water,  and  in  30  parts  of  alcohol ;  in  0. 12  part  of  boi  W 
water,  and  m  1  part  of  boiling  alcohol;  slightly  soluhlf 
in  absolute  alcohol,  insoluble  in  ether"  (US  P-|  Til« 
the  potassium  salt,  this  also  will  explodeon  triturat  ob 
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and  with  an  oxidiziug  agent,  and  must  be  kept  in  well- 
stoppered  bottles. 

This  sodie  salt  is  a  geuj?i-ally  serviceable  and  permis 
sible  hypophosphite,  having,  as  usual  with  compounds 
of  sodium,  no  activo  individuality  due  to  the  basic  radi- 
cal.    It  may  be  given  in  the  same  manner  and  dosage  as 
the  potassic  salt. 

Calcium  Hypoplionphite,  CaH4(P02).:.  The  salt  is  official 
in  the  United  States  Pharmacopieia  as  Calcii  Hypophonphi!!, 
Calcium  Hypophosphite.  It  occurs  as  "colorless,  trans 
parent,  monoclinic  prisms,  or  small,  lustrous  scales,  or  a 
white,  crystalline  powder,  odorless,  having  a  nauseous, 
bitter  taste,  and  permanent  in  the  air.  Soluble  at  l.T  C. 
(■">9  F.)  in  6.8  parts  of  water,  and  in  (i  parts  of  boiling 
water;  insoluble  in  alcohol"  (U.  S.  P.). 

Being  a  salt  of  lime,  which  salt  is  assumed  to  have  a 
reconstituent  tendency  in  phthisical  conditions,  this  hy- 
pophosphite is  theoretically  the  one  to  lie  preferred  for 
administration  in  consumption.  It  is  also  the  one  best 
borne  when  the  stomach  or  bowels  are  irritable,  as  so 
often  happens  in  the  disease  mentioned.  Tlie  salt  is 
given  in  the  same  manner  and  dose  as  the  potassic  salt. 

The  following  pharmaceutical  preparations  of  the 
liypophosphites  are  official  in  the  United  States  Pharma 
copoeia;  Syriipus  Hypoplwuphitum,  Syrup  of  Hypophos 
phites.  This  is  an  aqueous  solution  of  potassic,  sodie,  and 
calcic  hypophosphites  (wherein  the  latter  salt  has  been 
made  fully  to  dissolve  b}'  the  addition  of  a  little  hypophos- 
phorousacid),  made  into  a  syrup  by  the  addition  of  sugar, 
and  flavored  with  spirit  of  lemon.  By  weight  the  prep- 
aration contains  fifty  per  cent,  of  sugar,  and,  of  the 
hypophosphites,  4.5  per  cent,  of  the  calcic  salt,  and  1.5 
per  cent,  each  of  the  potassic  and  sodie.  By  measure 
4  c.c.  (fl.  3  i.)  contains  about  0. 18gm.  (gr.  iij.)  of  the  cal- 
cic hypophosphite,  and  0.06  gm.  (gr.  i.)  each  of  the  po- 
tassic and  sodie  salts.  This  syrup  forms  a  convenient 
preparation  for  prescription,  and  may  be  ordered  in  doses 
of  from  one  to  two  or  three  teaspoonfuls,  several  times  a 
day.  Syrnpiis  Hypophosphitum  cum  Fen-o,  Syrup  of  Hy- 
pophosphites witii  Iron.  This  preparation  is  simply  the 
foregoing  syrup  charged  with  one  per  cent,  each  of  lac- 
tate of  iron  and  potassium  citrate — this  particular  iron 
salt  being  selected  for  pharmaceutical  reasons  only. 
This  syrup  forms  a  convenient  combination  of  hypophos- 
phites with  a  chalybeate,  and  may  be  given,  where  such 
combination  is  indicated,  in  doses  the  same  as  those  of 
the  simple  syrup.  Edward  Curtis. 

HYSSOP.— See  Labiatfc. 

HYSSOP,  HEDGE.— See  Scriyphtd<iri<(C(:n;. 

HYSTERECTOMY  (from  vorepn,  the  womb,  ca  out,  and 
-cfiveiv,  to  cut)  is  the  removal  of  the  uterus  by  a  cutting 
operation  and  may  be  accomplished  through  an  incision 
in  the  abdominal  wall  (coelio-hysterectomy),  by  way  of 
the  vagina  (kolpo-hysterectomy),  or  by  a  combmation  of 
both  methods.  . 

Ccelio-hysterectomy  includes  (<()  supravaginal  amputa- 
tion and  (b)  the  complete  removal.  Kolpo-hysterectomy 
at  the  present  time  practically  always  means  the  com- 
plete removal  of  the  organ. 

While  dim  records  of  the  operation  are  found  as  early 
as  100  A..D.,  when  Soranos'  is  said  to  have  removed 
the  uterus  per  vaginam,  yet  as  late  as  1883,  when  Ahl- 
feld'  collected  the  records  of  si.xty-six  cases  in  which  the 
uterus  had  been  removed  through  the  abdomen  with 
only  thirteen  recoveries,  the  recorded  cases  were  very 
few  and  the  mortality  was  frightful,  ranging  from  eighty 
to  ninety  per  cent,  in  its  present  form,  and  with  its  very 
low  mortality  of  from  three  to  five  per  cent,  when  done 
for  the  same  indications,  the  operation  is  essentially  a 
modern  one,  and  as  such  has  been  developed  during  tJie 
last  fifteen  years,  and  largely  in  America  by  Baer,  CroHe 
and  Kelly.  With  the  improved  technique  and  lessened 
mortality  the  range  of  indications  for  its  performance  has 
widened,  until  now  it  may  include: 

For  the  Abdominal  Operation.— AU  solid  or  cystic  tumors 


of  the  uterus;  cancer  ,  uteiinc  rupture  during  labor;  cer- 
tain conditions  of  puerpeial  sepsis;  pregnancy  compli- 
cateil  by  pelvic  deformity,  cancer,  or  other  serious  obstacle 
to  the  passage  of  the  child ;  \iterine  prolapse  or  inversion  ; 
and  incidentally  as  a  step  in  the  removal  of  complicated 
suppurative  conditions  of  the  uterine  appendages. 

For  the  Vaginal  Openitiuii. — Bilateral  suppurative  con- 
ditions of  the  appendages;  prolapse,  cancer,  pregnancy 
with  cancer  before  the  sixth  month:  certain  septic  condi- 
tions of  the  uterus;  certain  rare  conditions  which  may 
require  the  ablation  of  a  small  movable  uterus. 

For  the  Combined  Operation. — Cancer,  certain  compli- 
cated fibroids;  failure  to  secure  haemostasis  from  below. 

For  the  details  of  these  indications  the  reader  is  re- 
ferred to.  the  articles  treating  of  the  various  conditions 
mentioned. 

The  operation  of  hj'sterectomy  is  always  formidable, 
and  as  conditions  may  arise  at  any  time  which  tax 
the  resources  and  nerve  of  the  most  skilled,  and  where 
hesitation  or  lack  of  expedient  may  mean  the  immediate 
death  of  the  patient,  it  should  not  be  undertaken  without 
an  adequate  practical  knowledge  both  of  aseptic  surgical 
technique  as  applied  to  abdominal  surgery  and  of  the 
anatomy  of  the  pelvic  contents,  particularly  of  the  rela- 
tions of  the  bladder,  ureters,  rectum,  uterine  and  ovarian 
arteries,  and  large  venous  trunks. 

Technique  of  Ccelio  hysterectomy. — The  patient 
is  prepared  as  for  any  abdominal  operation ;  the  intes- 
tines are  thoroughly  emptied;  for  several  days  she  is 
encouraged  to  drink  water  freely;  the  skin  of  the  ab- 
domen is  carefully  disinfected ;  the  vulva  and  vagina  are 
cleansed  and  packed  with  1  to  4,000  bichloride  gauze  for 
two  days,  and  the  limbs  covered  with  cotton  and  a  ban- 
dage to  prevent  chilling  of  the  surface. 

The  instruments  needed  are :  Two  scalpels  two  pairs  of 
strong  blunt-pointed  scissors,  two  anatomical  forceps, 
six  traction  forceps,  twelve  short  hfemostatic  forceps, 
eight  long  clamp  forceps,  pedicle  needle,  retractors, 
long  and  small  curved  needles,  strong  silk  or  kangaroo 
tendon,  slightly  cliromicized  catgut  nos.  1,  3,  3 

The  patient  is  put  in  the  Trendelenburg  position  The 
abdomen  is  opened  by  a  median  incision  beginning  half 
an  inch  above  the  pubes  and  extending  upward,  as  far  as 
may  be  necessary  to  allow  the  delivery  of  the  tumor.  In 
making  this  incision  care  must  be  taken  not  to  injui-e  the 
bladder  which  sometimes  is  drawn  high  up.  Remem- 
bering that  any  injury  to  the  capsule  of  fibroids  will 
cause  free  and  troublesome  bleeding,  adhesions  are  care- 
fully detached,  slight  ones  being  wiped  free  by  a  bit  of 
gauze  and  firmer  ones  divided  between  two  ligatures. 
Dense  adhesions  to  intestine  may  require  that  small  areas 
be  detached  from  the  surface  of  the  tumor.  The  tumor 
being  freed  from  adhesions  is  lifted  up  and  out  off  the 
abdominal  cavitj'.  Large  flat  gauze  pads  with  strings 
attached  are  wrung  out  of  hot  sterile  salt  solution  and 
placed  so  as  to  protect  and  cover  the  intestines.  The 
finger  is  passed  under  the  broad  ligament  -on  the  more 
accessible  side,  and,  guided  by  it,  the  pedicle  needle, 
threaded  with  a  long,  strong  ligature,  is  passed  through 
a  portion  free  from  veins,  so  as  to  include  the  ovarian 
artery.  This  ligature  is  then  firmly  tied  and  occludes 
the  artery  and  the  adjacent  large  venous  trunks.  The 
ovary  is  to  be  left  outside  the  ligature,  unless  it  is  so  dis- 
eased that  its  removal  is  desirable.  A  second  bite  with 
the  same  ligature  ties  off  the  round  ligament  A  long 
clamp  is  now  placed  so  as  to  control  the  vessels  on  the 
uterine  side  and  the  tissues  between  clamp  and  ligatures, 
are  divided  with  the  scissors.  If  the  ovarian  artery  on 
the  other  side  is  easily  accessible,  it  is  tied  in  the  same 
way.  Careful  inspection  of  the  anterior  surface  of  the 
uterus  will  now  determine  the  upper  limit  of  the  bladder, 
and  a  transverse  incision  through  peritoneum  only  is 
made  a  third  of  an  inch  above  this  point,  running  from 
the  lower  edge  of  the  cut  in  the  broad  ligament  across  the 
uterus  to  a  corresponding  point  on  the  other  side.  The 
bladder  is  freed  from  the  uterus  by  being  carefuly  wiped 
down  with  a  piece  of  gauze  held  by  fingers  or  forceps. 
The  uterine  artery  is  now  exposed,  and  a  finger  passed 
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down  by  the  side  of  the  cervix  can  feel  its  pulsation, 
This  artery  is  to  be  carefully  ligated  on  one  side  and  then 
on  the  other,  close  to  the  side  of  the  cervix,  the  pedicle 


-Showlnfi  Diii»romniatically  the  Blood  Supply  to  the  Uterus  and  the  Suooessiv 
in  Kelly's  Method  of  Supravaginal  Hysterectomy. 


needle  being  passed  forward  and  not  outward,  so  as  to 
avoid  the  ureter.  The  cervix  is  then  divided  and  the 
uterus  and  tumor  are  removed. 

When  the  operator  has  attained 
confidence  in  his  teclmique,  the  pro- 
cedure is  greatly  simplified  especial- 
ly in  difficult  cases,  by  first  secur- 
ing the  ovarian  and  round  ligament 
arteries  on  the  more  easily  accessi- 
ble side,  freeing  the  bladder,  secur- 
ing the  uterine  vessels,  cutting  free- 
ly across  the  cervix  until  its  tissue  is 
nearly  divided,  catching  the  lower 
portion  of  the  cervix  with  traction 
forceps  so  as  to  have  it  under  con- 
trol in  case  of  unexpected  hemor- 
rhage. Tearing  carefully  the  last 
fibres  of  the  cervix,  the  operator  will 
see  the  remaining  uterine  artery 
arching  across  the  torn  sjiace.  After 
this  has  been  clamped  or  ligated,  and 
the  remainder  of  the  broad  Ugament 
lias  also  been  clamped,  the  tumor  is 
removed  (Fig.  2775).  All  bleed- 
ing points  having  been  secured  by 
ligatures  the  edges  of  the  cervical 
stump  are  carefully  approximated 
with  catgut,  and  the  anterior  and 
posterior  peritoneal  edges  of  the 
pelvic  wound  brought  together,  so 
as  to  cover  in  all  raw  surfaces  and 
leave  finally  only  a  seam  across  the 
pelvis.    The  abdomen  is  then  closed. 

When  it  is  considered  best  to  re- 
move the  entire  cervix  after  se- 
curing the  arteries  by  ligature  or 
clamp,   the   uterus  or"  the   cervical 


stump  is  drawn  awa}'  from  the  vagina  and  the  dissection 
is  carried  down  by  scissors,  keeping  close  to  tlie  cervix 
so  as  even  to  leave  a  slight  ring  of  its  tissue  in  place. 
When  the  cervico- vaginal  junction 
is  reached  the  scissors  are  pushed 
through  into  the  vagina  and  with 
this  opening  as  a  guide  the  re- 
maining tissues  are  easil}-  divided. 
All  bleeding  points  having  been 
secured,  a  piece  of  sterile  gauze  is 
pushed  down  into  the  ^'agina  so 
that  the  upper  part  comes  just 
above  the  cut  vaginal  edges,  and 
the  peritoneal  edges  are  drawn  to- 
gether and  sewed  so  as  to  close  off 
the  peritoneal  cavity  as  in  the  su- 
pravaginal operation.  The  gauze 
drain  is  left  in  place  five  or  six 
days. 

In  certain  instances,  especially 
when  there  are  inflammatory  dis- 
ease of  the  appendages  and  exten- 
sive adhesions  so  that  the  tumor 
masses  are  fixed  in  the  pelvis  and 
the  vessels  covered  in  out  of  reach, 
it  becomes  necessary  to  incise  the 
uterus  anteriorly,  always  keeping 
strictly  in  the  middle  line,  and  rapid- 
ly to  enucleate  the  tumor  or  tumore. 
The  uterus  then  being  collapsed  and 
its  relations  easil_r  recognized,  the 
vessels  can  be  secured  and  the  op- 
eration completed. 

Very  large  subperitoneal  tumors 
under  the  vesical  peritoneum,  or  in 
the  broad  ligament,  are  often  best 
removed  b}'  a  bisection  of  the  tumor, 
as  this  allows  the  tumor  to  roll  up 
and  out  on  to  the  surface  with  the 
least  handling  and  injury  to  its  cel- 
lular investment. 
Howard  Kelly, ^  in  a  case  of  fibroid  reaching  the  um- 
bilicus and  with    extreme   adhesions   to  the  colon    and 


Fig. 


-Showing  Suceesslve  Steps  in    Hysterertomy    after    Hemiseetlon  in  a  rn««.  «,i,h 
Extensive  and  Firm  Inllammatory  Adhesions  aboiit  Uterine  Append^es     (KelTy!) 
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adjacent  structures,  first  dissected  the  bladder  from 
the  cervix,  then  cut  cautiously  through  the  cervix 
transversely,  tearing  the  last  few  fibres  on  each  side, 
and  as  the  uterine  vessels  came  into  reacli  clamped  them 
with  short-jawed  forceps,  compressed  the  vessels  and 
cervix  above  the  incision  with  long-jawed  forceps,  tut 
the  vessels,  and  as  the  tissues  could  be  pulled  into 
reach  after  the  cervix  was  loosened,  secured  the  ves- 
sels up  to  the  upper  edge  of  the  broad  ligament,  deal- 
ing with  the  adhesions  to  the  colon  after  the  mass  had 
been  entirely  freed  from  below  and  lifted  out  of  the 
abdomen. 

Where  there  is  double  p.yosalpinx  with  dense  adhe- 
sions covering  the  uterine  appendages  and  all  contiguous 
structures,  very  great  advantages  are  secured  by  a  pre- 
liminary bisection  of  the  uterus  as  described  by  Faure,'' 
of  Paris,  and  Howard  Kelly,"  of  Baltimore.  Kelly  pro- 
ceeds as  follows:  If  the  uterus  is  buried  out  of  view,  the 
bladder  is  first  separated  from  the  rectum  and  the  fundus 
found;  large  abscesses,  cysts,  or  hiiematoniata  ai'e  evacu- 
ated by  puncture  or  aspiration ;  the  abdominal  cavity  is 
carefully  packed  off  from  the  pelvis.  The  uterine  cor- 
nua  are  each  seized  by  traction  forceps  and  lifted  up ;  the 
uterus  is  incised  antero-posteriorly  in  the  middle  line, 
while  its  cornua  are  pulled  up  and  drawn  apart  (Fig. 
2TT6).  With  a  third  pair  of  forceps  the  uterus  is  grasped 
at  one  side  on  its  cut  surface  as  far  down  in  the  angle 
as  possible.  Including  both  anterior  and  posterior  walls. 
The  traction  forceps  of  the  same  side  is  then  released  and 
used  for  grasping  the  corresponding  point  on  the  oppo- 
site cut  surface.  In  this  way  two  forceps  are  constantly 
in  use  at  the  lower  point.  The  bladder  being  pushed 
down  or  awa.y  from  the  uterine  surface,  the  bisection  is 
carried  down  to  the  cervix,  or,  if  the  operator  prefers. 
Into  the  vagina.  The  uterine  canal  must  be  followed  in 
the  bisection,  using  a  direetoi,  if  necessary,  to  keep  it  in 
view.  Forceps  now  grasp  the  uterus  well  down  in  the 
cervical  portion,  if  it  is  to  be  a  supravaginal  amputation, 
and  the  cervix  is  bisected  on  one  side.  As  soon  as  it  is 
divided  and  the  uterine  and  vaginal  ends  begin  to  pull 
apart,  the  under  surface  of  the  uterine  end  is  caught  with 
a  pair  of  forceps  and  pulled  up,  and  the  uterine  vessels, 
which  can  now  be  seen,  are  clamped  or  tied.  As  the 
uterus  is  pulled  farther  up  the  round  ligament  is  ex- 
posed and  clamped,  then  a  clamp  is  applied  between  the 
cornu  and  the  tubo  ovarian  mass  and  the  half  uterus  re- 
moved. The  same  is  done  on  the  other  side,  and  there 
are  left  only  the  tubo-ovarian  masses  for  enucleation 
under  the  best  possible  conditions.  Often  the  tube  and 
ovary  can  just  as  well  be  taken  out  with  the  correspond 
ing  half  of  the  uterus,  leaving  the  separate  enucleation 
for  the  most  difficult  cases.  The  most  critical  point  in 
the  operation  is  the  bisection  of  the  cervix  and  the  seem- 
ing of  the  uterine  vessels.  The  cervix  must  be  slowly 
and  cautiously  severed  with  steady,  careful  traction  on 
the  uterus,  so  as  to  prevent  sudden  tearing  out  and  rup- 
ture of  the  vessels  with  frightful  hemorrhage.  By  cut- 
ting so  as  to  leave  a  tongue  on  each  side  of  the  cervix  the 
vessels  can  be  caught  at  a  higher  level  and  farther  from 
"flip  urct'CTS 

Kelly  also  states  that  if  the  uterus  is  densely  adherent 
to  the  rectum  all  the  way  up  to  the  fundus  the  anterior 
portion  of  the  uterus  should  be  bisected,  the  cervix  di- 
vided the  uterine  vessels  caught,  and  the  rest  otthe 
uterus  carefully  divided  up  its  posterior  surface  in  a 
direction  from  "the  cervix  toward  the  fundus,  leaving  a 
thin  layer  of  uterine  tissue  on. the.  gut  at  any  .point,  where 
it  may  seem  necessary.  .  ,     ,     j,      ,      , 

When  the  uterus  is  retroflexed  with  the  fundus  low  m 
the  pelvis  and  the  cervical  end  thrust  up  near  the  sym- 
physis, It  may  be  caught  at  any  convenient  point  on  its 
anterior  surface  and  drawn  up  toward  the  incision.  1  he 
vesical  fold  of  peritoneum  is  cut  across  and  pushed 
down,  and  the  cervix  exposed  and  caught  with  two 
traction  forceps,  one  above  and  one  below.  As  the  cer- 
vix is  drawn  up  it  is  cautiously  divided  across  its  axis 
so  as  to  sever  the  vagina!  from  the  corporeal  portion 
As  the  ends  are  pulled  apart  the  uterine  vessels  are  ex- 


posed and  clamped.     The  uterus  may  then  be  bisected 
from  below  upward  or  removed  en  muiiw. 

(hvlio-liy.HereC'tomy  for  Cancer. — C^ullen*  states  that  this 
operation  should  be  preferred  in  all  cases  when  the  pa- 
tient is  not  too  stout,  but  that  to  eniploj'  it  in  very  fat 
individuals  is  unsatisfactory,  both  on  account  of  the 
large  quantity  of  adipose  tissue  in  the  abdominal  wall, 
which  materially  increases  the  distance  to  the  pelvic 
floor,  and  on  account  of  the  deposition  of  fat  between 
the  folds  of  the  broad  ligament  and  beneath  the  perito- 


FIG.  3T77.— Werder's  Operation.  The  uterine  attachments  have  been 
separated  from  above  and  the  uterus  pulled  down  through  the 
vagina  by  a  traction  lorceps  attached  to  the  cervix.  The  vesical 
and  rectal  peritoneum  has  been  united  by  a  running  suture.  The 
operation  is  completed  by  dividing  the  vagina  at  its  reflection  an 
inch  within  the  vulva. 

neum  of  the  pelvic  floor,  which  renders  the  free  dissec- 
tion of  the  ureters  and  uterine  arteries  exceedinglv 
difficult. 

The  great  advances  in  the  technique  of  hysterectomj- 
for  cancer  have  been  made  by  Ries,'  Clark,*  Rumpf,'  and 
Werdei'.'"  Ries,  in  1895,  published  a  method  involving 
the  removal  of  the  pelvic  lymph  glands  after  slitting  the 
peritoneum  back  to  the  posterior  pelvic  wall  as  far  as  to  the 
point  at  which  the  common  iliac  arteiy  divides,  Rumpf 
being  the  first  to  carry  out  this  procedure  on  the  living 
subject.  Clark  in  1895,  having  made  the  ureters  promi- 
nent by  the  insertion  of  bougies,  carried  the  operation  to 
the  point  where  the  uterine  artery  is  exposed,  then  spread 
the  layers  of  the  broad  ligament  apart,  dissected  the  uter- 
ine artery  out  for  a  distance  of  2.5  cm.  from  the  uterus  to 
beyond  the  vaginal  branch  and  tied  it,  removing  the 
broad  ligament  close  to  the  iliac  vessels  and  carrj-ing  his 
dissection  well  down  on  the  vagina  even  if  tiie  disease 
did  not  apparently  extend  beyond  the  cervix.  "With  all 
these  methods  there  is  the  grave  disadvantage  that  the 
carcinoma  is  very  apt  to  come  in  contact  with  peritoneal 
or  raw  surfaces,  so  that  there  is  always  the  risk  of  septic 
infection  or  of  implanting  carcinoma  cells  in  healthy 
tissue.     In  1898  Werder.  to  avoid  this,  devised  a  method 
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by  wliich,  after  the  careful  separation  of  the  structures 
from  above,  the  uterus  and  'Dogirui  are  removed  en  inasne 
from  below  (Fig.  2777). 

The  plan  of  the  operation  now  is :  To  scrape  away  tne 
broken-down  carcinoma  tissue,  preferably  several  days 


Fig.  2:;s.— Pryor's  Table  Arranged  for  Vaginal  Hysterectomy  in  the 
Lithotomy  Position. 

before  the  operation,  the  bleeding  stirfacc  being  scared 
over  with  the  thermo-cautery.  If  desired,  bougies  can 
be  passed  into  the  ureters.  The  patient  is  then  placed  in 
tlie  Trendelenburg  position,  the  abdomen  is  opened,  the 
ovarian  arteries  are  secured,  and  the  bladder  is  separated 
not  only  from  the  front  of  the  uterus  but  from  the  broad 
ligament  on  either  side  as  widely  as  possible,  so  as  to  get  the 


ureters  ovit  of  the  way  and  open  up  the  bi'oad 
j     ligaments  so  that  the  uterine  artei'ies  can  be 

\  I?  followed  nearly  to  their  origin  where  they 
xl  are  to  be  tied.  Two  tingei'S  of  an  assistant 
are  inserted  into  the  vagina,  and  guided  by 
them  the  dissection  is  carried  down  in  front  between 
bladder  and  vagina  to  within  an  inch  of  the  vulva.  The 
uterosaeral  ligaments  are  divided  with  scissors,  and  the 
rectum  is  separated  from  the  vagina  to  the  same  level. 
The  lateral  walls  of  the  vagina  are  then  freed,  and  lastly 
the  bases  of  the  broad  ligaments  are  divided.  This  step 
is  generally  conceded  to  be  the  most  difficult  in  tlie  opera- 
tion. The  uterus  and  vagina,  being  now  completely  freed, 
are  pushed  down  into  tlie  pelvic  outlet,  an  assistant  mak- 
ing strong  traction  on  the  cervi.x  from  below.  The  removal 
of  the  pelvic  glands  after  slitting  the  peritoneum  of  the 
posterior  pelvic  wall  to  the  point  where  the  common  iliac 
artery  divides,  and  the  stitching  of  the  anterior  and  pos- 
terior peritoneal  flaps  so  as  to  close  off  all  raw  surfaces 
from  the  peritoneal  cavitj',  complete  the  abdominal  part 
of  the  operation,  and  the  abdominal  incision  is  then 
closed.  The  patient  is  now  placed  in  the  lithotomy  posi- 
tion and,  guided  by  a  finger  in  the  i-ecttun  and  a  sound  in 
the  bladder,  the  surgeon  amputates  the  in  visited  vagina 
with  the  knife  fir  with  a  thermocautery  and  places  a  light 
gauze  dressing  in  the  space  left  in  the  vaginal  vault. 

Technique  op  Kolpo-hysterectomy. — The  patient 
is  prepared  in  every  way  as  for  the  abdominal  operation, 
so  that  in  case  of  failure  to  secure  hsemostasis,  or  of  c)ther 


complication,  there  need  be  no  delay  m  openmg  the  abdo- 
men A  final  scrubbing  of  the  vulva  and  vagma  is  made 
with  a  one-per-ceut.  lysol  solution  by  means  of  a  long  soft 
brush  or  piece  of  sterile  gauze  wound  around  the  ends  of 
two  fingers  While  the  operation  may  be  done  on  «,ny 
ordinary  table,  it  is  very  desirable  to  be  able  at  any  time 
to  tilt  the  patient  into  the  Trendelenburg  position  so  as- 
to  free  the  pelvis  from  abdominal  viscera.  This  is  easily- 
accomplished  with  the  table  shown  in  Fig.  2778,  which 


is   strong,   portable,   and   useful    for  any 

gynaecological  work. 

Jii«trHineitts.—One  narrow,   one   broad, 

and    one    long    Jackson    retractor    (Fig. 

9779);    one  Peun  anterior   retractor  (Fig. 

5780)'  two  long  and  narrow  Pean  blades- 
(Fi<'  2rsi)-  one  Pry'or  trowel  (Fig.  3783);  one  iutra-uter- 
ine'traction  forceps ;  two  strong  bullet  forceps ;  four  trac- 
tion f.>rceps  (Fig.  3783);  Pryor'sretracting  director  Fig. 
2784)-  two  strong  scalpels  with  good  belhes;  long, 
strong  sharp  and  blunt-pointed  scissors,  curved  on  the 
flat:  eight  pairs  of  Pryor's  hysterectomy  forceps  (Fig. 
37S,"));  and  other  material  as  under  ciAio-hysterectomy. 

The  most  frequent  and  imperative  indication  for  re- 
moval of  the  uterus  per  vaginam  is  the  presence  of 
bilateral  suppurative  disease  of  the  appendages,  and  the 
clamp  operation  for  this  condition  will  be  described  first. 
The  steps  of  the  operation  are:  The  curetting  of  the 
uterine  cavitv  ;  the  opening  of  the  posterior  cul-de-sac;, 
the  incision  in  fi-ont  of  the  cei'vix  and  separation  of  the 
bladder  from  the  uterus ;  the  hemisection  of  the  uterus ; 
the  freeing  of  the  appendages ;  the  bringing  down  of  first 
one  and  then  the  other  half  and  its  appendages,  clamping 
its  arteries  and  removing  it:  the  dres.sing. 

The  patient  is  put  in  the  lithotomy  position  with  the 
coccy.x  well  over  the  edge  of  the  table.  The  uterus  is 
curetted  and  iri-i gated ;  the  instruments  used  are  discarded 
and  the  hands  waslied.  A  posterior  retractor  is  intro- 
duced, the  cervix  exposed  and  drawn  forward  with  a  pair 
of  traction  foi-ceps  or,  better,  with  Pryor"s  intra-uterine 
traction  forceps,  and  a  transverse  incision  the  width  of 
the  cervix  made  with  knife  or  scissors  at  the  point  where 
the  vaginal  mucosa  is  reflected  posteriorly  from  the  cer- 
vi.Y.  This  incision  is  kept  close  to  the  posterior  surface 
of  the  uterus  until  the  peritoneal  cavity  is  opened,  which 
is  usually  accomplished  without  much  diflflculty.  The 
index  fingers  are  then  passed  in  and  the  opening  is  suffi- 
ciently enlarged  by  tearing.  An  exploring  finger  is 
passed  through  this  opening  and  the  condition  of  the  ap- 
pendages learned.  A  gauze  pad  with  string  attached  is 
passed  up  to  protect  the  intestines.     The  cervix  is  then 


Long  Flat  Ketractor. 

drawn  backward,  a  point  found  where  the  mucosa 
begins  to  be  reflected  from  the  cervix  anteriorly, 
and  at  this  point  an  incision  is  made  tlirough  the 
mucosa  extending  in  a  crescentic  form  on  either 
|li  si(l<!  so  as  nearly  but  not  quite  to  reach  the  pos- 

'iL/  terior  incision.  With  the  blunt  point  of  the  closed 
scissors  directed  toward  the  cervix  and  used  as 
one  would  a  periosteal  elevator  the  tissues  are  pushed 
up  along  the  anterior  surface  of  the  uterus,  aided  after  a 
little  by  the  finger.  This  is  done  carefully  and  gently  so 
as  not  to  injure  the  bladder,  and  over  a  width  of  about 
two  fingers,  fh,j  fact  being  kept  in  mind  that  at  the  side 
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it  is  easy  to  tear  into  the  arteries  or  liiteral  venous  trunks. 
When  some  little  separation  has  beiMi  obtained,  a  long 
anterior  retractor,  or  trowel,  is  inserted  beneath  the  blad- 
der so  as  to  lift  it  up  out  of  the  way,  any  restraining  fibies 


ior  Retractor. 

being  snipped  with  scissois.  The  finger  can  sometimes 
be  pushed  up  to  the  reflection  of  periUineum  from  blad- 
der to  uterus  and  on  through  the  tissues  into  the  perito- 
neal cavity,  or  the  peritoneum  at  this  point  may  be 
opened  with  scissors.  At  other  times  it  is  not  easy  to 
reach  as  high  as  this. 

The  tissues  having  been  separated  anteriorlv 
and  posteriorly,  the  fundus  can  sometimes, 
when  small  and  movable,  be  turned  forward 
and  brought  through  the  anterior  incision  by 
taking  higher  and  higher  grasps  with  traction 
forceps,  so  that  claiups  or  ligatures  can  be  ap- 
plied to  the  vessels  of  one  side  and  after  di- 
vision with  scissors  between  clamp  and  uterus 
the  other  side  easily  secured,  but  usually  it  is 
better  first  to  divide  the  uterus  in  the  middle 
line.  This  is  accomplished  b.y  grasping  the 
anterior  lip  of  the  cervix  on  either  side  with  traction  for- 
ceps, cutting  upward  through  the  anterior  uterine  wall 
in  the  middle  line  as  far  as  convenient,  taking  a  fresh 
grasp  higher  up  on  either  side,  cutting  again,  and  re- 
peating this  until  the  fundus  is  reached.  Then  tlie 
"broad-curved  director  is  passed  behind  the  cervix  close 


and  finally  the  remaining  side  is  freed,  brought  down, 
clamped,  and  cut  away  in  the  same  manner. 

It  is  to  be  noted  thai  tlie  lirst  attempt  at  ha-mostasis  is 
made  after  the  uterus  liiis  been  divided  and  the  appendages 
have  been  freed  and  brought  down  into  the 
vagina.  Occasionally  a  posterior  vaginal  ar- 
tery will  need  inmicdiate  control,  l)ut  usually 
the  hemorrhage  is  not  serious.  If  preferred, 
stout  silk  ligatures  may  be  u.sed  in  place  of 
the  clamp  forceps,  while  some  surgeons  fa- 
vor the  angiotribe  or  Skene's  electric  clamp. 

During  the  whole  operation  as  few  instru- 
ments as  possible  are  to  be  in  the  vagina. 
Any  premature  attempt  to  use  tlie  clamps 
adds  greatly  to  the  ditflculties.  In  applying  the  forceps 
to  the  uterine  arter}'  the  cervix  is  to  be  drawn  sharply 
to  the  opposite  side  so  as  to  straighten  the  artery  and 
increase  the  distance  between  the  cervix  and  the  point 
nhere  the  artery  is  in  relation  with  the  ureter. 
Gauze  pads  secured   by  strings  are   now  introduced 


Fig.  3783.— Freneh  Traction  Forceps. 

along  the  posterior  wall  of  the  uterus,  care  Ijeing  taken 
by  a  finger  passed  over  the  fundus  that  no  folds  of  in- 
testine are  between  it  and  the  uterine  body,  and  an  as- 
sistant pressing  the  handle  firmly  backward  against  the 
perineum  while  the  bladder  is  held  up  out  of  the  way 
bythe  trowel ;  the  end  of  tlie  director  then  appears  above 
the  fundus.  With  a  strong  bistoury  the 
groove  in  the  director  is  entered  from 
above  and  the  uterus  split  in  the  mid- 
dle line.  One  half,  usually  that  on  the 
patient's  right,  is  then  dragged  down 
with  traction  forceps  while  the  other  is 
pushed  up  by  four  fingers  of  the  oper- 
ator's right  hand.  These  fingers,  having 
been  passed  behind  the  dragged-down 
side,  free  the  appendages  by  pushing  and 
working  from  below  upward  and  bring 
them  out  into  the  vagina.  The  half 
uterus  and  appendages  being  free,  a  long 
clamp  forceps  is  passed  from  below  up- 
ward over  the  broad  ligament  so  as  to  . 
clamp  the  uterine  artery,  and  a  second  forceps  frorn  above 
downward  to  occlude  the  ovarian.  The  tips  of  the  for- 
ceps should  overlap  a  trifle  but  should  be  laterally  a 
third  or  half  inch  apart  so  as  not  to  tear  the  tissues  when 
the  upper  forceps  is  turned  down  parallel  with  the  lower. 
The  half  uterus  and  its  appendages  are  then  cut  awa}  , 


Fig.  3TH4.— Pr.vor'g  Ketractlng  Director. 

above   the  forceps,  the   perineum   is  retracted,  and  the 
bladder  held  up  by  a  trowel.     The  head  of  the'  table  is 
lowered  and  a  careful  inspection  made  of  the  stumps  and 
pelvic  contents.     An}'  bleeding  points  are  secured.     The 
gauze  pads  are  removed  and  the  pelvis,  especially  the 
cul-de-sac,  is  carefully  cleansed.     A  piece  of  iodoform 
gauze  is  inserted  between  the  forceps  and  the  vag- 
inal wall  on  each  side.    Each  set  of  forceps  is  then 
drawn  toward  the  lateral  pelvic  wall  by  means  of 
a    long,    narrow,    flat    retractor.      Between    them 
enough  strips  of  folded  gauze  are  inserted  snugly  to 
fill  the  space.     These  strips  extend  above  the  for- 
ceps and   down   to  the  vulva.     As  each   strip   is 
inserted  it  is  pressed  to  one  side  by  one  of  the  long 
retractors,  and  this  is  done  until  the  whole  cavity  is 
firmly  packed  from  side  to  side.     A  self-retaining 
catheter  Is  introduced;  the  sphincter  ani  is  dilated, 
and  the  patient  lowered  to  a  horizontal  position. 
As  a,  final  step,  a  piece  of  plain  gauze  is  wrapped 
about  the  projecting  ends  of  the  forceps  and  tied. 
Pryor ' '  considers  this  careful  packing  of  the  vagina  a 
very  essential  portion  of  the  operation,  both  as  a  means 
of  securing  efficient  drainage  and  in  preventing  the  re- 
traction of   the  upper  portion  of  the    stump   after  the 
forceps  has  been  removed. 
In  cases  in  which  the  uterus  is  small  and  movable  or 
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Fig.  2785.— Pryor's  Hysterectomy  Forceps  with  Removable  Handles. 


in  which  the  presence  of  cancer  of  the  fundus  or  sepsis 
makes  the  hemisection  inadvisable,  the  procedure  may 
be  as  follows;  After  it  has  been  curetted,  the  cervix  is  to 
be  closed  by  three  or  fotir  stout  silk  sutures,  the  ends  of 
which  are  left  long,  so  as  to  be  used  as  tractors.  An  in- 
cision is  then  made  through  the  vaginal  mucous  membrane 
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entirely  around  the  cervix  and  extending  into  the  posterior 
cul-de-sac.  Then,  in  order  to  secure  the  greatest  amount 
of  space,  a  longitudinal  median  incision  is  made  for  an 
inch  or  more  toward  the  base  of  the  bladder,  and  the 
bladder  stripped  away  from  vaginal  wall  and  uterus. 
Gauze  sponges  with  strings  are  now  pushed  up  to  protect 
the  intestines  and  the  appendages  are  freed  by  two  fin- 
gers working  upward  through  the  posterior  cul-de-sac. 
The  uterus  is  then  held  only  by  the  tissues  of  the  broad 
ligaments.  The  cervix  is  drawn  firmly  down  and  toward 
the  left,  and  the  lateral  vaginal  wall  held  out  of  the  way 
by  a  retractor.  The  left  index  finger  is  placed  beneath 
the  right  broad  ligament,  and  a  stout  silk  ligature  is 
passed  about  1  cm.  up  and  away  from  the  cervix  and 
securely  tied.  The  included  tissue  is  cut  near  the  cer- 
vix with  stout  scissors  and  a  second  and  third  bite  are 
taken  and  the  tissues  divided.  The  uterine  arteries  hav- 
ing been  secured  and  divided,  one  may  often,  by  pushing 
the  cervix  back,  bring  the  fundus  and  appendages  down 
into  the  vagina  and  then  ligate  the  remainder  of  the  right 
broad  ligament  from  above.  After  one  side  has  been  freed 
the  uterus  comes  down  lower  or  out  of  the  vagina  and  the 
remaining  broad  ligament  may  then  be  more  easily  tied 
off  and  the  uterus  removed.  The  field  of  operation  is  now 
sponged  clean.  Each  ligature  is  examined  and  any  that 
seems  at  all  loose  is  at  once  replaced.  Especial  care  is  to 
be  given  those  placed  around  the  upper  portion  of  the 
broad  ligament.  All  bleeding  points  having  been  secured, 
the  gauze  sponges  are  removed,  the  anterior  and  posterior 
peritoneal  folds  are  brought  together  by  one  or  two  points 
of  suture,  the  ligature  ends  are  gathered  together  in  two 
bunches  and  cut  just  inside  the  vagina,  and  the  cavity  is 
packed  moderately  finnly  with  gauze.  If  clamps  are  used 
the  packing  is  to  be  as  already  described.  When  the  fundus 
cannot  be  inverted  into  the  vagina  the  ligating  and  cutting 
may  have  to  be  done  alternately  on  either  side  until  a  liga- 
ture can  be  passed  over  the  top  of  the  broad  ligament. 

Kolpo-calio-Jiyaterectomy,  or  combined  hysterectomy,  is 
accomplished  by  freeing  the  cervix  from  below  and  fin- 
ishing the  remaining  steps  of  the  operation  from  above. 
It  is  most  strongly  indicated  in  cases  of  cancer  of  the 
cervix  when  the  body  of  the  uterus  is  considerably  en- 
larged, as  by  a  complicating  pregnancy  or  fibroids.  In 
a  case  of  this  nature  the  breaking-down  cancer  tissue  is 
removed  with  the  curette,  the  raw  surfaces  are  seared  with 
the  Paquelin  cautery,  the  lips  of  the  cervix  are  closed  with 
sutures  or,  if  the  disease  has  spread  too  far  to  allow  this, 
a  piece  of  dry  gauze  is  packed  against  it.  The  vagina  is 
then  carefully  sponged  clean  and  ringed  by  a  knife  cut 
at  a  level  an  inch  or  more  below  the  level  of  the  growth. 
The  vaginal  walls  are  carefully  dissected  off  up  to  the 
level  of  the  cervix,  and  their  edges  sewed  closely  together 
so  as  to  retain  the  gauze  and  prevent  if  possible  any  sub- 
sequent infection  of  the  peritoneal  cavity.  Any  bleeding 
points  in  the  vagina  are  secured  by  ligature  and  the  va- 
gina is  lightly  packed  with  gauze.  The  instruments  and 
gloves  used  in  this  part  of  the  operation  are  discarded  and 
the  operation  is  finished  through  an  abdominal  incision 
as  already  described. 

In  any  case  in  which  it  is  probable  that  one  must  finish 
from  above,  ligatures  and  not  clamps  should  be  used  in 
securing  tlie  uterine  arteries,  as  the  presence  of  the  long 
clamp  forceps  in  the  vagina  markedly  increases  the  difli- 
culty  of  any  subsequent  work  through  the  abdomen. 

After -Trentnient. — After  an  abdominal  hysterectomy, 
before  the  patient  is  taken  off  the  table,  and  while  still 
under  the  influence  of  the  anaesthetic,  a  high  enema  of  a 
pint  of  decinormal  salt  solution  is  introduced  into  the  rec- 
tum, and  if  there  is  shock  this  is  repeated  every  three  to 
six  hours.  Nothing  is  to  be  given  by  mouth  for  six  or 
eight  hours,  and  then  hot  water  in  half-ounce  doses  with 
ten  drops  of  lemon  juice  added  is  allowed  every  liour.  If 
the  stomach  will  retain  it,  half -ounce  doses  of  hot  broth 
or  hot  milk  may  be  given  at  hour  intervals.  If  the  case 
progresses  favorably,  it  is  not  necessary  to  begin  to  move 
the  bowels  until  at  the  end  of  forty -eight  hours;  but  if 
there  is  evidence  of  intestinal  disteotion,  salines  should 
be  started  as  soon  as  twelve  hours  after  the  operation. 
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Many  good  operators  give  calomel  or  a  saline  an  hour 
before  the  beginning  of  the  anesthetic.  Itubmat  or 
Apenta  water  in  half-ounce  doses  followed  by  a  halt 
ounce  of  cool  water,  or  drachm  doses  of  Roch€lle  salt  arc 
to  be  given  every  hour  for  twelve  doses.  Three  hours 
after  the  last  dose  an  enema  of  an  ounce  of  glycerin  and 
eight  ounces  of  water  is  given.  In  desperate  cases  with 
dangerous  and  inci-easing  distention  the  author  has  seen 
brilliant  results  follow  the  enema  recommended  by  Har- 
don  "  of  an  ounce  of  alum  in  a  quart  of  hot  water. 
Strychnine  is  often  useful  in  one-fortieth  to  one-twentieth 
grain  doses  hypodermically.  After  the  bowels  have 
moved  freely  and  when  there  is  no  distention,  the  food 
is  to  be  cautiously  increased,  and  the  patient  gets  the 
treatment  emploved  after  abdominal  operations  in  gen- 
eral. She  can  usually  be  allowed  to  lie  on  the  back  or 
side,  as  she  may  prefer.  The  urine  is  to  be  passed  natur- 
ally if  possible,  but  often  has  to  be  drawn  for  a  few  days 
by  catheter.  The  catheter  should  be  used  for  four  days 
when  it  has  been  necessary  to  drain  through  the  vagina. 

After  the  nvgimd  clamp  operation  the  patient  is  usually 
kept  on  the  back  with  the  knees  supported  by  a  firm  pil- 
low. At  the  end  of  forty -eight  hours  the  keys  are  applied 
to  the  lower  forceps  and  the  catcli  is  separated  a  quarter  of 
an  inch.  The  keys  are  then  removed  and  the  forceps  is  ro- 
tated gently  and  slowly  about  ten  degrees  in  either  direc- 
tion while  very  gentle  traction  is  made.  If  the  forceps 
does  not  come  away  readily  no  force  must  be  used.  If 
the  gauze  is  adherent,  it  is  to  be  separated  from  the  for- 
ceps by  a  blunt,  flat  instrument.  When  all  the  forceps 
have  been  removed  the  patient  is  kept  quiet  on  her  back 
for  six  hours,  and  then  is  allowed  to  turn  on  the  side 
if  she  wishes.  On  the  eighth  day  she  is  put  in  the  Sims 
position  and  the  dressings  are  carefully  removed  and 
renewed.  The  instruments  used  are  a  long-bladed  Sims 
speculum,  Pryor's  trowel,  and  a  dressing  forceps.  The 
gauze  strips  in  the  centre  are  removed  first  so  as  to  loosen 
those  next  the  vessels.  When  all  the  gauze  has  been  re- 
moved the  red,  oozing,  lymph-covered  rectum  and  black- 
ening lateral  stumps  are  seen.  These  sloughing  tissues 
smell  bad  unless  kept  dry  by  repeated  and  ample  dress- 
ings of  gauze.  This  gauze  is  to  be  renewed  as  often  as 
a  free  discharge  comes  through  it,  which  is  usually  every 
fifth  or  sixth  day.  Sloughs  are  not  to  be  pulled  off  but 
must  be  allowed  to  separate  spontaneously.  Patients  are 
usually  allowed  out  of  bed  at  the  end  of  three  weeks. 

After  abdomino-vaginal  hysterectomy,  or  Werder's 
operation,  the  vagina  is  loosely  packed  with  gauze  until 
granulation  begins  and  is  then  kept  clean  hy  irrigation 
with  warm  boric-acid  solution. 

The  coiiqilientions  peculiar  to  the  operation,  met  with 
during  and  after  abdominal  or  vaginal  hysterectomies,  are- 
mainly  due  to  injuries  to  ureters,  bladder,  or  intestine. 
The  main  causes  of  death  are  hemorrhage  or  sepsis,  lead- 
ing to  fatal  exhaustion  or  general  peritoneal  inflammation 
with  intestinal  atony.  The  supravaginal  operation  un- 
doubtedly gives  the  most  satisfactory  finished  result,  but 
the  recent  observations  of  Broun '"  and  others  seem  to- 
prove  that  the  chances  of  a  secondary  infection,  possibly 
of  a  fatal  character,  are  slightly  less  when  the  entire  cer- 
vix has  been  removed.  The  statistics  of  mortality  vary 
greatly,  but  in  general,  in  the  hands  of  properlv  skilled 
operators,  it  varies  between  four  and  eight  per  cent.  The 
author's  operations  have  shown  a  mortality  of  a  little  less- 
than  five  per  cent,  for  the  supravaginal  operation  and 
five  and  a  half  for  the  vaginal.  Brooks  H.   Wells. 
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HYSTERIA.— The  disordev  to  vvliicli  this  name  is  given 
is  evidenced  by  an  almost  innumerable  variety  of  symp- 
toms, whieli  may  be  grouped  in  a  general  way  into  signs 
of  increase,  diminution,  or  pervei-sion  of  the  various  ner- 
vous functions.  In  hyaterui  major  convulsive  and  emo- 
tional seizures  often  occur  with  intervening  signs  called 
Mgmata.  especially  including  paralysis  and  anesthesia, 
or  the  stigmata  may  appear  alone.  Hysteria  is  a  psycho- 
sis. Post-mortem  investigation  gives  no  clew  to  the 
morbid  process,  and  theoretical  study  of  its  nature  has 
led,  as  yet,  to  little  more  than  conjecture.  The  ancient 
view  that  a  disordered  uterus  lay  at  the  bottom  of  the 
trouble  (whence  the  name,  from  varcpa,  uterus)  has  been 
long  since  discarded,  and  although  the  symptoms  may 
be  exaggerated,  or  even  brought  on,  by  disease  of  the 
uterus  or  its  appendages,  such  disease  is  not  an  essential 
factor,  the  strongest  proof  of  which  lies  in  the  fact  that 
men,  as  well  as  women,  suffer  from  hysteria.  Whatever 
the  exact  nature  of  the  disease,  its  seat  must  be  regarded 
as  the  nervous  system.  It  is  generally  considered  that 
all  parts  of  the  nervous  system — brain,  spinal  cord,  per- 
ipheral nerves,  and  sympathetic — are  implicated.  The 
most  marked  symptoms  are  referable,  however,  to  cere- 
bral disturbance,  and  it  seems  justifiable  to  assume  that 
the  cortical  structures  are  the  principal  sufferers  from 
altered  irritability.  Most  of  the  paralytic  symptoms, 
for  example,  are  best  explained  on  the  supposition  of  de- 
creased irritability  of  the  cortical  centi-es,  while  the  spas- 
modic symptoms  allow  of  explanation  in  part  on  the 
ground  of  their  exalted  irritability,  and  in  part  on  that 
of  diminished  inhibition.  The  psychical  symptoms  can, 
of  course,  be  referable  only  to  cerebral  disorder. 

Etiology.— Hysteria  may  exist  as  a  primary  neurosis, 
significant  of  degeneration,  or  it  may  be  acquired.  It 
appears  commonly  among  females,  but  typical  examples 
are  found  in  the  opposite  sex.  Briquet  considered  that 
fully  half  the  women  possess  an  impressionability  differ- 
ing little  from  hysteria.  It  is  more  frequent  between  the 
ages  of  ten  and  thirty,  most  frequent  between  fifteen  and 
twenty,  but  may  appear  in  infancy  and  also  in  advanced 
life.  A  most  constant  and  important  factor  in  the  eti- 
ology is  heredity,  under  which  head  must  be  included 
not  only  hysteria  in  the  parent,  but  also  other  nervous 
and  mental  diseases.  Extreme  sensitiveness,  irritability, 
emotional  tendency,  and  allied  traits  in  the  parents  indi- 
cate also  a  type  of  nervous  organization  in  the  family, 
which  may  lead  to  the  development  of  hysteria  in  the 
individual.  (Mher  predisposing  causes  are,  for  example, 
ill-directed  training,  depressing  influences,  unhappy  sur- 
roundinu-s  desires  ungratified,  and  all  causes  of  continued 
anxiety  and  disquiet,  especially  if  joined  with  excessive 
bodily  fatigue.  The  advent  of  other  disease  may  hasten 
the  approach  of  hysteria,  most  frequently,  perhaps,  dis- 
ease of  the  reproductive  organs.  Too  much  importance 
should  not  however,  be  attached  to  coexisting  disease  of 
these  organs;  in  many  cases  the  coexistence  is  merely  a 
coincidence,  and  in  many  the  local  symptoms  are  second- 
arv  to  the  general  nervous  disorder.  The  advent  of  men- 
struation and  of  the  climacteric,  as  well  as  of  preg^iancy 
may  usher  in  the  first  signs.  A  mental  or  physical 
shock  a  violent  emotion  or  irritation,  are  common  im- 
mediate and  determining  causes.  Severe  trauma,  espe- 
Sally  that  resulting  from  falls  blows,  and  --a'  ^-y  col  is^ 
ions  is  not  an  infrequent  excitin?  cause.  _  Many  of  the 
cases  formeriy  classed  undei  "  railway  spme "  are  now 
recoenized  as  hysterical,  and  the  former  term  has  been 
wflv  replaced^by  traumatic  neurosis,  which  includes 
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tively  aimless  lives  alternate  between  the  excitement  in- 
cident to  balls,  theatres,  etc.,  and  complete  mental  and 
physical  idleness.  This  manner  of  Hfe  tends  to  the  culti- 
vation of  the  emotions  and  favors  morbid  introspection, 
while  offering  little  opportunity  for  the  exercise  of  will 
power.  An  irritabilit}''  of  the  nervous  system  is  thus 
produced  which  predisposes  to  hysteria. 

Clinical  History. — The  disease  in  most  cases  is  of  sO' 
gradual  growth  that  it  is  impossible  to  date  its  com- 
mencement. The  patient  inherits  a  neurotic  tendency, 
which  is  fostered  in  childhood  and  youth  by  some  of  the 
predisposing  causes  already  mentioned.  It  follows  that, 
although  the  first  decided  symptoms,  as  paralysis  or  con- 
vulsions, may  appear  later  in  life,  apparent^  on  account 
of  some  trifling  mental  shock  or  bodily  injury,  the  exist- 
ence of  the  disease  must  date  much  farther  back.  Any 
or  all  the  symptoms  to  be  enumerated  may  appear  in  the 
given  case,  and  in  almost  any  order.  In  some  cases  the 
persistence  of  certain  symptoms  is  a  marked  feature ;  in 
others  the  symptoms  appear  and  disappear  with  great 
rapidity,  without  order  in  respect  to  locality  or  to  se- 
quence. The  distinction  between  hysteria  majm-  and 
hysteria  minor  is  largely  one  of  degree,  for  both  are  char- 
acterized by  exaltation  and  depression  of  nervous  func- 
tion with  tendency  to  crises.  In  hysteria  minor,  how- 
ever, the  persistent  symptoms  do  not  extend  beyond 
morbid  sensitiveness,  mental  or  physical,  clavus,  globus, 
backache,  flushes  and  chills,  while  the  crises  are  Umited 
to  emotional  outbursts  of  moderate  violence  such  as 
attacks  of  laughing  and  crying,  followed  by  copious  dis- 
charge of  pale  urine  of  low  specific  gravity.  For  con- 
venience of  description,  the  leading  symptoms  may  be 
divided  into  disturbances  of  sensation,  motion,  circula- 
tion, secretion,  and  excretion,  and  of  the  mind. 

DUtarbances  of  Sensation.— Hypermsthesia  is  one  of  the 
most  constant  symptoms  of  hysteria.     When  it  is  of  a  high 
degree  the  lightest  touch  causes  signs  of  extreme  distress, 
and  even  convulsive  movements.     When  spread  over  a. 
large   surface    the    hypersesthetic    region    is    generally 
sharply  bounded  by  lines  which  do  not  define  the  distri- 
bution of  any  particular  nerves.     These  regions  sliow  no 
tendency  to  bilateral  distribution,  being  often  limited  to 
one  side  of  the  body,  and  not  infrequently  bounded  ac- 
curately by  the  median  line.     A  common  peculiarity  of 
these  tracts  is  to  change  their  boundaries  and  situations, 
spreading  gradually  over  one  side  of  the  body,  disap- 
pearing in  one  place  to  appear  in  another,  or  passing 
from  one  side  to  the  opposite.     Circumscribed  areas  of 
anaesthesia,  or  of  normal  sensibility,  may  appear  in  the 
midst  of  an  hypersesthetic  region.     The  sensitiveness  is 
often   limited  to  certain  spots.     Such  spots  are  found 
most  constantly  o^er  the  vertebrae  at  varying  heights, 
and  on  the  scalp,  but  appear  also  on  the  neck,  breast, 
abdomen,  in  the  genital  region,  over  the  joints,  and  else- 
where.    Hyperaesthesia  of  the  larynx  causes  spasmodic 
coughing  to  be  brought  on  by  the  least  irritation,  as  the 
inhalation  of  cold  air.     The  mucous  membrane  of  the 
nasal,  buccal,  and  faucial  cavities,  the  conjunctiva,  the 
meatus  externus,  and  the  tympanum  may,  any  or  all,  be 
found  hypera?sthetic,  with  exaggeration  of  the  physi- 
ological reflexes.     Spontaneous  pains  are  common   and 
may  assume  the  character  of  superficial  neuralgias,  or 
appear  to  lie  deeper,  as  in  muscles,  periosteum,  or  ab- 
dominal   viscera.     Hysterical    patients    are    especially 
prone  to  headache  and  to  the  so-called  clavus  hystericus, 
a  boring  or  burning  sensation  at  or  near  the  vertex,  a 
symptom  not  more  common  in  hysteria,  however,  than  in 
neurasthenia  and  allied  nervous  states.     An  infinite  va- 
riety of  disagreeable,  though  not  absolutely  painful,  sen- 
sations are  complained  of,  often  of  the  most  vague  and 
indescribable  character,  and  again  more  or  less  typical,  as 
the  globus  hystericus,  and  the  sense  of  pressure  in  the 
epigastrium  or  over  the  chest,  combined  with  a  feeling 
of  anxiety,  or  even  the  symptoms  characteristic  of  angina 
pectoris.     Sensitiveness  and  pain  in  the  ovarian  region 
(ovarie)  are    often  found,   generally   on    the  left  side. 
Pressure  over  this  region  sometimes  produces  a  convul- 
sive attack;  and  again,  continued  pressure  is  said  to 
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cut  short  such  an  attack  when  under  way.  The  con- 
stancy of  seat,  together  with  the  fact  that  the  irritable 
spot  rises  and  falls  with  the  uterus  before  and  after  preg- 
nancy {Fer§),  renders  it  probable  that  the  irritability  lies 
in  or  about  the  ovary  rather  than  in  the  abdominal  walls. 
Sensitiveness  about  certain  joints  (knee,  hip,  ankle,  wrist), 
both  with  and  without  swelling,  constitutes  the  "  hysteri- 
cal joint,"  a  phenomenon  which  may  be  mistaken  for 
mare  serious  disease,  but  which  generally  disappears 
spontaneously,  sometimes  suddenly.  Hyperaesthesias  of 
the  special  senses  are  not  rare.  That  of  vision  is  shown 
by  dread  of  light  and  of  certain  colors,  and  by  hallucina- 
tions of  sight.  The  auditory  centres  may  be  so  irritable 
that  all  sounds  are  disagreeable,  and  that  sounds  are  dis- 
tinguished which  are  not  audible  in  the  normal  condi- 
tion. Tinnitus  aurium,  auditory  liallucinations,  and 
vertigo,  resembling  that  of  inner-ear  disease,  appear,  the 
former  frequently.  Smell  and  taste  may  be  abnormally 
acute.  Certain  odors  and  tastes  agreeable  to  others  may 
cause  distress,  and  again  the  most  offensive  substances 
may  be  pleasurable.  Hallucinations  in  these  senses  also 
occur.  Psychical  hyiiersesthesia  rarely  fails;  peculiar 
and  excessive  likes  and  dislikes  are  of  everyday  occur- 
rence, and  violent  emotions,  both  pleasurable  and  the 
opposite,  are  excited  by  minimal  stimuli.  Anger,  hor- 
ror, dread,  disgust,  are  produced  by  objects  to  others 
comparatively  or  quite  inoffensive. 

AnmMliesia. — All  forms  of  sensation,  general  and  spe- 
cial, may  be  impaired.  The  antesthesia  may  rapidlj' 
change  its  boundaries,  suddenly  disappear,  or  remain  for 
a  long  time  stationary.  It  sometimes  appears  after  con- 
vulsive attacks.  Analgesia  is  most  fn^quently  noted, 
but  all  varieties  of  general  sensation  suffer,  including  the 
«o  called  muscle  sense.  Loss  of  "electro-muscular"  sen- 
sibility is  common,  but  not  diagnostic.  The  anaesthetic 
regions  are  generallj'  sharply  defined,  and  vary  from 
limited  spots  to  large  tracts.  In  hemiana?sthesia  the 
boundary  is  generally  sharply  drawn  at  the  median  line, 
back  and  front.  Sometimes  both  sides  of  the  body  are 
ansesthetic  in  different  degrees.  In  hemiansesthesia  the 
special  senses  generally  disappear  on  the  affected  side, 
and  in  a  degree  corresponding  to  the  loss  of  general  sen- 
sation.  This  form  of  ansesthesia  is  easily  overlooked, 
owing  to  the  patient  being  unaware  of  its  existence :  it 
should  therefore  be  systematically  sought  for;  if  gen- 
uine, it  proves  an  invaluable  aid  in  diagnosis.  Single 
extremities  may  be  antesthetic,  or  separate  spots  on  tlie 
trunk,  limbs,  hands,  or  feet.  The  mucous  membranes 
are  apt  to  be  included,  and  to  lose  their  reflex  irritabilitj- 
(sneezing,  vomiting).  Ansesthesia  of  the  larynx  is  com. 
men.  The  bladder  and  rectum  may  lose  their  sensibilit}', 
as  shown  by  the  accumulation  of  fa'ces  and  urine  without 
the  patient's  knowledge.  The  urethra  and  vagina  may 
also  take  part.  The  blood-vessels  are  sometimes  con- 
tracted over  the  auwsthetie  areas,  the  prick  of  a  pin 
being  followed  by  less  lileeding  than  normal.  Anaesthe- 
sia of  the  special  senses  is  apt  to  occur  coincidently  with 
anaesthesia  of  tlie  skin  about  the  organ  of  special  sense 
affected.  Visual  anaesthesia  is  evidenced  by  retraction 
of  the  field  of  vision,  central  amblyopia,  and  loss  of  color 
perception.  Ophthalmoscopic  examination  reveals  noth- 
ing of  note.  Hysterical  deafness  has  been  long  noticed, 
but  less  extensively  investigated  than  hysterical 
blindness.  The  writeV  has  found  loss  of  hearing  by  the 
bone  and  impaired  perception  for  high  tones  in  a  series 
of  cases.  Taste  and  smell  may  be  affected,  the  loss  being 
generally  unilateral  The  application  of  a  magnet  to  the 
anaesthetic  region  either  toucljing  or  within  a  few  centi 
meti-es  of  the  skin  is  followed  in  some  cases  by  return  of 
sensibihty,  general  and  special,  and  sometimes'by  a  trans- 
fer of  the  anffisthesia  to  another  part,  most  frequently  to 
the  corresponding  region  on  the  other  side  (transfer). '  In 
hemiansesthesia  the  entire  disturbance  may  pass  from  one 
side  to  the  other  and  in  susceptible  cases  oscillate  from 
side  to  side  until  equilibrium  is  reached.  The  time  occu 
pied  by  the  transfer  varies  from  a  few  minutes  to  an  hour 
or  more,  becoming  shorter  with  repetition.  The  same 
phenomenon  has  been  brought  about  with  other  sub- 


stances as  blisters,  metals,  or  pieces  of  wood,  and  in  cer- 
tain cases  the  patient's  expectant  attention  alone  doubt- 
less suffli-es. 

Disfiirbanees  of  3fo/w)(.— Spasmodic  contractions  ap- 
pear in  almost  every  part  of  the  muscular  system.  They 
may  be  limited  to  'one  muscle  or  set  of  muscles,  or  l)e 
widely  spread,  as  in  general  hysterical  convulsions.  The 
contractions  are  sometimes  tonic,  sometimes  clonic;  they 
may  come  in  attacks,  or  last  for  a  long  time  (contracture). 
Thev  vary  in  severity  from  firm  contractions,  resisting  all 
efforts  to'overcome  them,  to  the  slight  twitchings  popu- 
lariy  termed  "  fidgets. "  Between  these  degrees  come  the 
movements  of  hysterical  chorea,  which  are  generally  con- 
fined to  the  face'and  neck.  S|)asms  not  occur  only  in  the 
extiemities.  and  in  the  muscles  of  the  trunk,  head,  and 
neck,  but  in  deeper-seated  parts.  The  "globus  hysteri- 
cus "  is  caused  by  contraction  of  the  muscles  of  the  u?soph 
agus,  pharynx. "or  both,  giving  rise  to  the  sensation  of 
a'lump  rising  in  the  throat.  The  tongue  may  be  in- 
cluded in  these  spasms  and  be  drawn  upward,  backward, 
or  to  one  side.  Peculiar  .sensations  in  the  abdomen,  as  of 
a  body  rising  from  the  uterine  region  to  the  stomach,  or 
of  something  moving  about  in  the  abdomen,  proljably 
are  caused  in  part  by  increased  peristaltic  nio\'ements 
in  the  intestines.  "  Phantom  tumors  "  are  produced  by 
intestinal  distention  combined  with  spasm.  Hysterical 
vomiting,  which  occurs  both  with  and  without  loss  of 
appetite,  both  after  eating  and  while  the  stomach  is 
empty,  is  another  symptom  of  convulsive  action  iu  the 
digestive  tract.  Spasm  of  the  bronchial  muscles  is  evi- 
denced by  difficult  respiration.  Attacks  of  this  nature 
are  sometimes  brought  on  by  irritaticm  of  the  diseased 
uterus  {aslhiiKi  titcrimini.  .Tol]_y).  Convulsive  laughter 
and  weeping  sire  familiar  symptoms  of  hysteria,  both  iso- 
lated and  preceding  or  following  severer  convulsive  at- 
tacks. Attacks  of  shrieking  are  not  uncommon,  and 
spasm  of  the  glottis  may  even  appear  to  threaten  life  by 
aspliyxia  Spasmodic  action  of  the  sphincter  vesicte  not 
infrequently  causes  retention  of  urine. 

General  convulsiye  seizures  come  on  sometimes  as  a 
result  of  physical  or  mental  shock,  or  of  strong  emotion, 
and  again  Avithout  apparent  exciting  cause.  They  are 
often  preceded  bj'  peculiar  sensations,  as  of  suffocation, 
or  of  abdominal  pain,  and  sometimes  b}'  a  cry.  The  on- 
set is  generally  gradual,  and  the  patient  is  rarel_y  injured 
by  a  sudden  fall.  Tonic  spasms  gradually  ensue,  involv- 
ing a  part  or  tlie  whole  of  the  body.  Extreme  opisthot- 
onus may  be  readied  and  maintained  for  a  considerable 
time,  also  emprosthotonus  or  pleurothotonus.  The  pa- 
tient maj^  gradually  change  from  one  of  these  isositions  to 
another.  The  consciousness  is  generally  impaired,  some- 
times appears  to  be  entirely  suspended.  "The  attack  varies 
in  length,  sometimes  persisting  for  hours.  The  tongue 
is  rarely  bitten,  and  stupor  rarely  supervenes,  but  pain 
and  stiffness  are  complained  of"  for  some  time  after. 
Gesticulations,  emotional  language,  and  more  or  less  pur- 
poseful movements  are  not  uncommon.  Although  these 
convulsions  cannot  be  called  voluntary,  the  patient  often 
has  it  more  or  less  in  her  power  to  res"ist  their  onset,  and 
is  apt  to  postpone  the  .seizure  until  a  convenient  occasion. 
The  power  of  resistance  lessens  with  the  continuance  of 
the  ti-ouble.  A  sudden  shock  may  prevent  or  cut  short 
an  attack,  and  pressure  on  one  or'  the  other  ovary  may 
cause  relaxation  of  the  spasms. 

Pandyds  maj-  attack  any  or  all  of  the  extremities.  It 
.may  appear  as  hemiplegia,  or  as  paraplegia,  or  may  at- 
tack single  muscles  or  groups  of  muscles.  The  face  is 
commonly  exempt,  not  being  drawn  to  one  side  in  other- 
wise complete  hemiplegia.  The  degree  of  paralysis  va- 
ries from  slight  impairment  of  power  to  complete"  loss  of 
motion.  The  electrical  reactions  are  not  materially  af- 
fected The  appearance  and  disappearance  of  para"lysis 
are  generally  sudden,  sometimes  gradual.  Change  of  seat 
IS  rapid  and  frequent  in  some  cases;  in  others  the  same 
form  persists  for  a  long  time.  Contractures  sometimes 
accompany  and  follow  paralysis,  and  it  has  been  claimed 
that  organic  changes  (sclerosis)  may  result  from  persistent 
timctional  disease.     Paralysis,  like  other  hysterical  symp- 
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toms,  may  disappear  upon  the  application  of  powerful 
stimuli.  Tremor  is  sometimes  present  in  the  heart  or  ex- 
tremities. Ansesthesia  generally  accompanies  paralysis 
of  motion,  although  the  converse  is  less  uniform.  In 
general,  disorders  of  motion  are,  less  frequent  than  those 
of, sensation.  Paralysis  of  the  pharynx  and  oesophagus 
may  necessitate  artificial  feeding.  Paralysis  of  the  intes- 
tinal muscles  is  evidenced  by  tympanites  and  obstipation. 
Paralysis  of  the  vocal  cords  generally  appears  suddenly 
under  mental  excitement,  and  sometimes  disappears  in  a 
similar  manner.  It  is  often  most  persistent,  and  when  it 
is  combined  with  lingual  paresis  the  patient  is  unable 
even  to  whisper.  The  laryngoscope  reveals  nothing 
abnormal  about  the  cords,  but  generally  paralysis  of 
their  contracting  muscles  on  one  or  both  sides.  The 
thyro-arytseuoideus  internus  is  often  affected.  Par- 
alysis of  the  bladder  is  not  infrequent.  Paralysis  of 
ocular  muscles  in  hysteria  is  not  common,  but  paresis 
of  the  levator  palpebrse  is  frequently  seen,  causing  a 
drooping  of  the  lid,  which  is  characteristic,  usually  bi- 
lateral. 

Circulatory,  Secretm-y,  and  Excretm'y  Bisiyrders. — Palpi- 
tation ensues  in  some  cases  upon  slight  exciting  cause, 
and  again,  the  heart  beat  is  reduced  to  the  minimal  as 
in  the  cataleptic  condition.  Variations  in  the  peripheral 
circulation  are  frequent  and  rapid.  The  pulse  is  some- 
times small  and  tense,  sometimes  full  and  soft.  The 
skin  varies  from  cold  and  pale  to  red  and  hot.  In  the 
former  case  less  blood  than  normal  follows  the  prick  of  a 
pin,  and  the  perspiration  is  apt  to  be  lessened,  increasing 
with  the  dilatation  of  the  cutaneous  vessels.  The  regions 
•  over  which  these  changes  take  place  vary  from  circum- 
scribed spots  to  the  half  or  the  whole  of  the  body. 
"  Flushes  "  are  common,  and  redness  and  heat  of  the  head 
are  liable  to  coexist  with  coldness  of  the  extremities. 
Fainting  is  common,  due  probably  to  cerebral  ansemia. 
Swelling  of  the  extremities,  with  cedema,  sometimes  ap- 
pears suddenly,  to  disappear  as  suddenly,  without  disease 
of  the  heart  or  kidney  or  other  complication.  These 
swellings  are  classed  under  the  term  angioneurotic  oede- 
ma, and  are  sometimes  quite  persistent.  The  skin  may 
be  of  waxy  pallor,  and  may  pit,  or  be  dark  colored  and 
brawny.  Gangrene  does  not  follow.  Most  of  these  phe- 
nomena owe  their  origin  probably  to  vaso-motor  irregu- 
larities. Possibly  similar  changes  in  the  cortex  of  the 
brain  are  at  the  bottom  of  some  of  the  symptoms  refer- 
able to  that  organ.  Actual  bleeding  follows  congestion 
in  various  localities.  Menstrual  irregularities  are  com- 
mon. Increased  or  decreased  flow  of  saliva  has  been 
noted,  and  the  vomiting  of  large  quantities  of  fluid  with- 
.  out  ingestion  points  to  increase  of  gastric  secretion.  The 
urine  varies  in  quantity  from  greatly  increased  (especially 
after  convulsive  attacks)  to  notably  diminished.  Cases 
of  genuine  anuria  have  been  established.  The  presence 
of  urea  in  the  vomitus  points  to  vicarious  excretion.  It 
■seems  probable  that  the  difficulty,  whether  vascular  or 
purely  nervous,  lies  in  the  kidney  itself,  although  spasm 
■  of  the  sphincter  vesicfE  maybe  also  present  (Charcot). 
Increased  and  irregular  lacteal  secretion  has  been  noted, 
and  more  frequently  leucorrhoja  without  local  disease, 
particularly  after  convulsive  seizures. 

Mental  Con&Y/ora. -Hysteria  occurs  m  persons  of  every 
grade  of  intelligence,  and  by  no  means  imphes  deficient 
intellectual  power.  Lack  of  balance  and  of  will  power 
however,  is  generally  apparent  even  when  M.mbined  with 
qutek  perception  and  excellent  memory  The  emotional 
s^de  of  the  nature  is  generally  disturbed;  on  the  one 
hand  the  least  stimulus  is  sufficient  to  bring  about  an 
exalted  state  of  happiness  or  deep  '^'^^^^^Ifl'^fZ 
the  other  hand  emotion  may  seem  quite  wanting,  the 
patient  exhibiting  the  utmost  indifference  to  her  sur- 
roundings. Extreme  sensitiveness  is  common,  the  pa- 
dent  tales  offence  easily,  and  is  easily  made  unhappy 
by  neglect.  In  general  such  patients  are  extremely  ego- 
tistical and  selfish,  and  while  demanding,  d^ctlj  or  lu^ 
directly,  the  most  extreme  attention  from  others  fail  to 
exhibit  the  least  consideration  for  those  about  them. 
Lack  of  application  is  a  common  failing,  yet  once 
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aroused  the  patient  may  show  a  persistence  and  untiring 
energy  far  in  excess  of  that  demanded  bv  the  occasion, 
or  of  that  which  a  person  of  good  judgment  would  dis- 
play. These  patients  often  persist  i'n  making  themselves 
martyrs,  and  in  drawing  attention,  directly  or  indirectly, 
to  their  peculiarly  trying  circumstances  and  sufferings. 
The  regard  for  veracity  is  often  diminished,  and  the 
desire  for  sympathy  may  lead  to  the  most  outrageous 
deceptions--a  fact  which  has  caused  the  name  hysteria  to 
bear  with  it  a  degree  of  opprobrium  which  it  by  no 
rneans  necessarily  deserves.  Hysterical  patients,  espe- 
cially hystero-epileptics,  are  prone  to  somnambulism, 
hypnotism,  ecstasy,  and  allied  conditions.  The  step  from 
hysteria  to  insanity  is  often  a  short  one  and  hard  to  de- 
fine. Hysterical  delirium  leads  to  fixed  delusions.  Mel- 
ancholy, mania,  folie  niisonnante,  and  even  dementia 
may  follow. 

Hystero-epilepsy  (for  the  analysis  of  which,  as  of  all 
phases  of  hysteria,  we  are  especially  indebted  to  the  ef- 
forts of  Charcot  and  his  pupils)  is  the  severest  form  of 
convulsive  seizure  to  which  hysterical  patients  are  sub- 
ject. It  is  distinctly  a  symptom  of  hysteria,  and  in  no 
way  to  be  confounded  with  epilepsy  when  it  assumes  its 
typical  form,  although  certain  cases,  in  which  hysteria  and 
epilepsy  coexist,  may  offer  difliculties  in  diagnosis.  The 
seizure  is  generally  preceded  by  change  in  disposition, 
perhaps  for  some  days,  and  more  directly  by  an  aura, 
abdominal  or  epigastric,  which  affords  the  patient  time 
to  seek  a  position  of  safety.  The  attack  proper  is  divided 
into  four  periods:  (a)  the  epileptoid,  (J)  the  period  of 
contortions  and  great  movements,  (c)  the  period  of  emo- 
tional attitudes,  (d)  the  period  of  delirium.  The  {a)  epi- 
leptoid period  is  generally  ushered  in  by  a  cry,  the  con- 
sciousness is  lost,  the  patient  falls  to  the  ground,  the  face 
is  pale,  the  features  are  distorted.  Tonic  spasms  ensue, 
affecting  all  extremities.  Clonic  spasms  follow,  resem- 
bling those  of  epilepsy.  The  face  becomes  tumefied  and 
violet.  The  patient  sometimes  froths  at  the  mouth  and 
bites  the  tongue.  A  short  period  of  relaxation  follows, 
with  coma.  In  the  second  period  (S)  various  extraordi- 
nary positions  are  maintained  for  some  minutes,  with 
great  force,  for  example,  that  of  extreme  opisthotonus. 
In  this  stage  the  respiration  is  not  interfered  with,  and 
the  face  is  not  turgid.  The  great  movements  which  fol- 
low are  distinguished  from  the  clonic  spasms  by  their 
greater  extent,  and  the  non-rigidity  in  the  parts  affected. 
These  movements  may  be  executed  by  the  whole  of  the 
body  or  by  a  part.  Most  characteristic  are  flexion  and 
extension  of  the  trunk,  rapidly  alternating,  the  forehead 
striking  the  knees  on  flexion,  the  head  and  back  being 
thrown  violently  on  the  bed  in  extension.  Such  a  move- 
ment maybe  repeated  fifteen  or  twenty  times.  The  next 
period  (c)  follows  generally  without  intervening  repose, 
the  great  movement,  or  the  contortions,  merging  into  the 
emotional  attitudes.  These  attitudes,  representing  gay- 
ety,  sadness,  etc.,  seem  to  result  from  hallucinations,  and 
to  express  a  delirium  of  the  imagination.  The  period  of 
delirium  {d)  represents  the  more  or  less  gradual  return  to 
equilibrium,  and  is  analogous  to  the  initiatory  period. 
Sadness  pervades  this  stage,  in  which  the  patient  dwells 
on  events  of  her  past  life  with  lamentations.  After  the 
attack,  large  quantities  of  pale,  clear  urine  are  voided. 
The  duration  of  the  attack  proper,  exclusive  of  the  stage 
of  delirium,  varies  from  fifteen  to  twenty  minutes,  the 
epileptoid  period  lasting  from  one  to  three  minutes,  the 
period  of  contortions  and  great  movements  about  the 
same,  or  a  little  longer,  the  period  of  emotional  attitudes 
from  five  to  fifteen  minutes.  The  supervening  delirium 
varies  from  a  few  minutes  to  a  considerable  time.  Hys- 
tero-epileptics generally  present  marked  constant  symp- 
toms, contractures,  motor  and  sensory  paralyses,  notably 
hemianaesthesia,  and  the  mental  characteristics  of  hysteria 
are  apt  to  be  particularly  well  marked  in  these  patients. 
The  ovarie  is  commonly  present,  firm  pressure  over  this 
spot  during  an  attack  causing  complete  relaxation  and 
return  of  consciousness,  to  be  followed  by  relapse  into 
the  previous  condition  on  removal  of  the  pressure.  Other 
hysterogenic  zones  are  found  in  various  parts,  as  above 
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aud  below  the  breasts,  less  constantly,  however,  than  in 
the  ovarian  region. 

Diagnosis.— The  diagnosis  of  hysteria  from  organic 
disease  of  the  nervous  system  is  of  the  greatest  practical 
importance,  and  is  in  general  not  difficult,  especially 
when  the  course  of  the  disease  is  known.  The  predomi- 
nance of  subjective  symptoms  over  objective  disturbance 
is  noteworthy.  There  is,  in  general,  absence  of  such  defi 
nite  signs  of  organic  disease  as  local  atrophy,  electrical 
change,  pupil  irregularities  and  loss  of  light  reflex,  of 
ankle  clonus  and  the  Babinski  reflex,  of  bedsores  and 
cystitis,  as  well  as  of  facial,  ocular,  and  bulbar  paralyses. 
There  may  be  rapid  and  complete  change  in  seat  and 
character  of  the  symptoms,  a  nervous  history  and  ner- 
vous antecedents.  The  presence  of  globus,  clavus,  ovar- 
ian and  spinal  tenderness,  hemiansesthesia,  segmental 
anaesthesia,  aphonia,  convulsive  attacks,  and  character- 
istic contractions,  assist  in  the  differentiation^  of  hyste- 
ria from  most  organic  diseases  with  which  it  is  liable  to 
be  confounded.  Hysterical  hemiplegia  differs  from  the 
common  form  of  organic  hemiplegia  in  the  exemption  of 
the  facial  muscles,  in  the  absence  of  spasticity,  and  in  the 
sharp  boundaries  of  the  anaesthesia  if  present,  whether 
occupying  half  the  body,  a  single  extremity,  or  spots  of 
irregular  distribution.  The  ansBsthesia  of  organic  cere- 
bral disease  is  most  marked  at  the  extremities  and  shades 
off  gradually  as  the  trunk  is  approached ;  it  is  more  apt  to 
impair  the  power  of  recognizing  objects  in  the  hand  with 
eyes  closed  (stereognostic  sense,  with  its  factors,  spacing, 
localization,  and  posture  senses)  than  the  sense  of  pain, 
of  touch,  or  of  temperature.  The  latter  are  more  often 
lost  in  hysterical  anaesthesia,  and  the  hysterical  patient 
will  often  handle  intelligently,  and  use  with  dexterity, 
an  instrument  which  she  states  is  not  felt.  This  offers 
marked  contrast  to  the  hemiplegic,  who  states  that  the 
knife  or  pen  is  felt,  but  who  neither  recognizes  its  char- 
acter nor  uses  it  naturally. 

Hysterical  hemianaesthesia  is  easily  recognized  by  its 
typical  distribution,  and  by  the  fact  that  the  special 
senses  are  generally  involved  to  a  corresponding  degree. 
It  is  important  to  avoid  mistaking  the  transient  loss  of 
power  accompanying  viyastlienia  rjrams  (pseudo-bulbar 
paralysis)  for  hysterical  paralysis.  The  paralyses  of 
myasthenia  gravis  are  prone  to  appear  in  the  latter 
part  of  the  day,  and  are  peculiarly  liable  to  attack  the 
ocular  and  bulbar  muscles,  regions  ordinarily  spared 
in  hysteria.  It  must  always  be  remembered  that 
hysteria  does  not  preclude  the  coexistence  of  organic 
disease,  as  tumor,  abscess,  or  meningitis.  Hysterical 
symptoms  occurring  in  elderly  women,  not  hitherto 
subject,  should  always  suggest  the  possibility  of  malig- 
nant or  other  exhausting  disease.  The  diagnosis  should 
never  be  Umited  to  hysteria  till  organic  disease  has 
been  carefully  excluded.  Convulsions  of  hysteria  are 
generally  distinguishable  from  epileptic  seizures  by 
their  longer  duration,  by  the  absence  of  the  characteristic 
clonic  spasms  of  epilepsy,  and  by  the  greater  excursion 
of  the  movements.  The  hysterical  patient  rarely  injures 
herself  in  falling,  and  only  exceptionally  bites  the  tongue 
or  froths  at  the  mouth.  Stupidity  rarely  intervenes,  but 
a  large  quantity  of  pale  urine  with  low  specific  gravity 
is  often  voided  directly  after  an  attack.  Doubtful  cases 
are  more  apt  to  prove  epileptic,  and  should  generally  be 
given  bromide  treatment.  Aphonia,  of  hysterical  origin, 
may  be  distinguished  by  the  rapidity  of  onset  and  recov- 
ery, together  with  the  absence  of  symptoms  pointing  to 
organic  disease  of  the  larynx.  The  diagnosis  between 
hysteria  and  other  functional  nervous  diseases  is  not  so 
important,  and  the  Une  is  often  hard  to  draw.  The 
hysterical  has  many  symptoms  in  common  with  tiie  neu- 
rasthenic patient.  The  presence  of  paralyses,  contract- 
ures, convulsions,  hyperaesthetic  regions,  and  of  well- 
niarked  circulatory,  secretory,  and  excretory  symptoms 
places  the  case  under  hysteria,  the  name  neurasthenia 
applying  to  patients  suffering  from  nervous  exhaustion 
and  irritability  without  the  so-called  hysterical  stigmata 
On  the  boundary  line  fall  certain  irritable,  worn-out  pa- 
tients, prone  to  laughing  and  crying,  and  other  lighter 
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emotional  symptoms.  In  such  cases  it  is  difficult  and 
unnecessary  to  make  an  accurate  classification.  The  es- 
sential peculiarity  of  the  hypotlwndriac  is  his  undue 
attention  to,  and  anxiety  regarding,  his  own  condition. 
Either  the  hysterical  or  the  neurasthenic  patient  may, 
tlierefore,  suffer  also  from  hypochondria. 

Pbognosis.— Life  is  threatened  only  in  the  rarest  in- 
stances. Patients  have  died  with  hysterical  symptoms, 
but  it  is  doubtful  if  hysteria  itself  can  be  said  ever  to 
be  fatal.  Radical  cure  of  well-established  tendency  to 
hysteria,  when  primary  and  degenerative,  is  hardly  to  be 
expected,  though  separate  attacks  are  likely  to  disap- 
pear spontaneously  or  under  treatment.  Attacks  of 
hysteria  with  definite  exciting  cause,  as  trauma,  or  ex- 
haustion, without  predisposing  tendency,  promise  more 
favorably  than  cases  of  the  same  severity  resulting  from 
hereditary  tendency.  Cure  may  be  generally  expected 
in  such  cases  in  a  period  varying  from  a  few  months  to 
a  few  years.  Litigation  seriously  delays  recovery.  In 
general,  the  longer  the  disease  has  persisted  the  worse 
the  prognosis.  This  is  especially  true  when  convulsive 
attacks  are  present. 

Treatment.— The  early  training  of  children  predis- 
posed by  inheritance  to  functional  nervous  disease  is  im- 
portant. Too  great  indulgence  and  solicitude  are  as  bad 
on  the  one  hand  as  severe  punishment  and  ridicule  on  the 
other.  Every  means  should  be  taken  to  cultivate  the 
child's  self-control,  and  for  this  purpose  removal  from 
its  home  will  often  be  found  beneficial,  inasmuch  as  bad 
example  is  there  added  to  faulty  training.  Physical 
development  should  be  encouraged.  Anaemia  should  be 
treated  if  present.  Early  marriage  should  not  be  en- 
couraged, for  it  is  as  liable  to  aggravate  as  to  lessen  the 
tendency. 

Given  a  case  of  hysteria  once  developed,  the  first  aim 
is  to  remove  the  causes  which  foster  it.  Anaemia  and  de- 
bility must  be  combated;  arsenic  in  small  doses  may 
prove  of  benefit,  besides  the  ordinary  tonics.  The  Ger- 
man Eisenzucker  (ferrum  oxidatum  saccharatum)  will 
be  found  an  agreeable  preparation  of  iron  for  persons  of 
delicate  digestion.  Disease  of  the  uterus  and  its  appen- 
dages, when  present,  must  be  rectified,  although  scepti- 
cism is  always  in  place  regarding  local  disease  as  an  eti- 
ological factor,  and  unnecessary  manipulation  of  the 
genitals  should  be  avoided.  Flatulence,  indigestion,  and 
constipation  should  be  treated.  Atony  of  the  alimentary 
canal  may  be  benefited  by  nux  vomica,  strychnine,  or 
quinine.  If  the  presence  of  family  and  friends  is  believed 
to  be  deleterious,  the  surroundings  should  be  changed. 
The  patient  should  neither  receive  excessive  sympathy 
nor  be  ridiculed  as  an  imaginary  sufferer.  An  endeavor 
should  be  made  to  gain  the  patient's  confidence  and  rouse 
her  to  the  systematic  exercise  of  will  power  and  self-con- 
trol, not  only  regarding  her  symptoms,  but  also  in  the 
ordinary  duties  and  disturbances  of  her  life.  Regular 
employment  and  physical  exercise,  such  as  bicycling  or 
horseback  riding,  should  be  encouraged.  Valerian  and 
asafcetida  will  be  found  useful  in  spasmodic  conditions, 
the  latter  especially  in  hysterical  tympanites  and  colic. 
As  a  rule,  neither  bromide  of  potassium  nor  chloral  will 
be  found  of  sufficient  benefit  to  justify  continued  use, 
though  they  must  sometimes  be  resorted  to  for  sleepless- 
ness. Opium  and  alcohol  are  likewise  to  be  avoided. 
To  relieve  individual  attacks  of  pain  by  morphine  is  only 
to  weaken  the  patient's  own  power  of  resisting  pain,  and 
perhaps  to  add  a  craving  for  the  drug.  Hyoscyamus, 
conium,  and  cannabis  indica  may  be  substituted.  Good 
diet,  cold  baths,  the  douche  to  the  back,  massage,  regu- 
lar exercise  in  the  open  air,  mental  diversion,  and  avoid- 
ance of  excesses  are  important.  Electricity  sometimes 
proves  of  value,  especially  the  static  current.  Applica- 
tion of  the  magnet  and  of  various  metals,  while  of  great 
physiological  interest,  as  in  the  study  of  "transfer,"  will 
hardly  prove  of  much  therapeutic  value.  During  con- 
vulsive attacks  over-solicitude  will  tend  only  to  aggra- 
vate and  render  them  more  frequent,  excepting  when  the 
consciousness  is  entirely  lost.  The  severer  attacks  can 
sometimes  be  cut  short  by  a  sudden  shock,  as  pouring 
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cold  water  on  the  face,  and  the  memory  of  such  treat- 
ment doubtless  lessens  the  probability  of  recurrence; 
there  are,  however,  many  objections  to  this  proceeding, 
and  it  will  rarely  be  found  advisable.  The  inhalation  of 
ether  or  the  subcutaneous  injection  of  apomorpliine  may 
cut  short  an  attacli.  Judicious  neglect  will  often  hasten 
recovery.  Firm  pressure  over  one  or  the  other  ovary 
will  sometimes  cause  cessation  of  hystero-epileptic  or 
other  convulsion.  Removal  of  the  ovaries  must  be  kept 
in  mind  as  a  last  resort  when  disease  of  those  organs  is 
present.  Nutrition  should  be  kept  up  during  cataleptic 
conditions,  rectal  alimentation  or  the  stomacli  tube  being 
resorted  to  if  necessary.  In  obstinate  cases,  especially 
when  malnutrition  exists,  after  other  methods  have  been 
tried  in  vain,  it  will  be  often  advisable  to  adopt  the  plan 
(perfected  by  Mitchell)  of  seclusion,  rest,  massage,  elec- 
tricity, and  full  feeding.  Q&rrge  L.  Walton. 

IBIT,  bismuth  oxy-iodo-tannate,  a  close  relative  of 
airol,  bismuth  oxy-lodo-gallate,  is  an  odorless,  tasteless, 
fine,  greenish-gray  powder.  It  is  permanent  in  diffuse 
light,  but  in  direct  sunlight  or  in  contact  with  water  or 
animal  fluids  slowly  decomposes  with  the  liberation  of 
iodine.  This  change  is  more  rapid  with  warm  water. 
Ibit  is  insoluble  in  ordinary  solvents,  but  dissolves  in 
acids  or  alkalies.  It  is  used  for  wounds  as  a  dusting 
powder,  salve,  or  lotion.  W.  A.  Bastedo. 

ICHTHALBIN,  ichthyol  albuminate,  is  an  odorless, 
almost  tasteless,  fine  grayish-brown  powder,  insoluble 
in  water  and  acid  solutions,  and  soluble  in  alkalies  and 
the  intestinal  fluids.  It  is  prepared  by  adding  ichthyol 
to  fresh  albumin  and  washing  the  resulting  precipitate 
till  it  is  free  from  ichthyol.  It  sets  free  in  the  tissues 
ichthyol,  of  which  it  is  said  to  contain  seventy -five  per 
cent. 

On  account  of  its  antiseptic  and  stimulating  properties 
it  has  been  used  by  Mack,  Binder,  Martin,  and  others 
internally  for  gastric  and  intestinal  fermentation  and  for 
enteric  fever.  Sack  says  it  sets  free  ichthyol  in  the  in- 
testine, but  not  in  the  stomach.  It  is  claimed  to  be 
neither  irritating  nor  toxic.  Locally  it  may  be  applied 
in  powder  form.  Binder  uses  it  by  insufflation  for  gon- 
orrhoea] or  catarrhal  vaginitis,  endometritis,  or  erosions 
of  the  cervix.  For  chronic  hypertropliic  rhinitis  it  may 
be  used  as  snuff  two  or  three  times  a  day.  Mack  ob- 
tained good  results  in  eczema  and  furunculosis  from  the 
internal  dose  of  0.12-0.3  gm.  (gr.  ij.-v.)  three  times  a 
day.  Rollay  places  the  dose  at  0.3-0.7  gm.  (gr.  v.-x.) 
for  a  child  of  one  year,  while  Homburger  considers  0.1- 
0  3  gm.  (gr.  iss.-iij.)  suflicient.  No  untoward  effects 
were  noticed  from  administering  0.5  gm.  (gr.  viij.)  three 
times  a  day  to  a  flve-months-old  child. 

W.  A.  Bastedo. 

ICHTHARGAN,  ichthyol  silver,  silver  thio-hydrocarbo_ 
sulfonate  is  a  brown,  odorless,  amorphous  powder  of 
neutral  reaction,  containing  thirty  per  cent,  of  sflyer  and 
fifteen  per  cent,  of  sulphur.  Its  odor  is  wantmg,  or 
slieht  suggesting  chocolate,  and  it  is  somewhat  sternu- 
tatorv  It  is  easily  soluble  in  water,  glycerin,  or  dilute 
alcohol,  slightly  soluble  in  ether  or  chloroform,  and  in- 
soluble in  absolute  alcohol.  On  exposure  to  light  it  is 
slowly  decomposed,  so  must  be  kept  m  dark  bottles.  It 
Tprecipitated  by  sodium  chloride  or  albumm,  the  latter 
Drecipitate  dissolving  in  excess  of  albumin. 
^  Aufrecht  showed  this  drug  to  be  more  f  o"ig]y  ^^tag^ 
onistic  to  anthrax,  gonococcus,  and  other  bacteua  than 
?s  silver  nitrate.  In^0.3-0..5-per-cent.  -If  "^U*  P^.^ 
the  decomposition  of  meat,  boui  Ion,  etc.  WitJi  frogs 
guinea-pigs,  rabbits,  and  dogs  it  is  much  lef  toxic  ban 
liver  nitrite.  It  is  also  more  Pepe  rating  Lohstein  uses 
it  in  gonorrhoea  as  an  irrigation  in  1  to  4,000  to  1  to  3  000 
strength.  Leistikow  considers  its  results  in  gonojlicea 
remarkable;  he  uses  a  0.03  to  0.2-per-cent.  injection_ 
For  posterior  urethritis  Furst  employs  an  iiif  "at wn  of 
six  to  ten  drops  of  three-per-cent.  solution  by  Guyon  s 
urethral  syringe.     As   a  prophylactic  following  suspi- 


cious  coitus  he  instils  three  or  four  drops  of  a  ten-per- 
cent, solution.  It  is  said  to  be  much  less  irritating  than 
silver  nitrate,  and  to  be  followed  by  no  desire  to  urinate. 
Unna  says  tliat,  unlike  silver  nitrate,  it  does  not  favor 
granulation,  but  favors  rather  the  production  of  epithe- 
lium. Tlie  best  results  are  obtained  in  clean  ulcers  and 
in  old  hard  ulcers  with  callous  margins  after  the  horny 
layer  has  been  removed  by  salicylic  plaster  mull.  It  is 
a  strong  astringent  for  indolent,  oedematous,  or  hemor- 
rhagic granulations.  Falta  uses  a  half  to  three  per  cent, 
solution  for  granular  conjunctivitis.       W.  A.  Bastedo. 

ICHTHOFORM  is  a  blackish-brown,  amorphous,  al- 
most odorless  and  tasteless  powder,  resulting  from  the 
action  of  formaldehyde  on  Ichthyol.  It  is  insoluble  in  all 
ordinary  solvents.  Aufrecht  has  made  a  comparative 
study  on  bacteria  and  animals,  especially  frogs,  rabbits, 
and  dogs,  and  finds  it  to  have  a  greater  antiseptic  power 
than  iodoform  and  analogous  compounds,  and  to  be  com- 
paratively innocuous.  Goldmann  uses  it  locally  for  en- 
dometritis in  ten-per-cent.  glycerin  mixture  on  tampons, 
and  as  a  deodorizer  in  ozaena.  Internally  he  employs  it 
in  atonic  or  functional  digestive  disorders.  Five  grains 
(0.35  gm.)  may  be  given  every  three  hours  for  acute  gas- 
tro-enteritis  and  intestinal  tuberculosis,  in  which  condi- 
tions it  is  highly  recommended.  Polacco  employs  0.5 
gm.  (gr.  viij.)  in  capsule  up  to  twelve  capsules  a  day  for 
enteric  fever.  It  has  no  action  on  the  nervous  system, 
and  its  continued  use  in  large  dose  is  said  to  be  without 
effect  on  the  kidneys.  In  conditions  of  indicanuria  with 
headache  and  malaise,  its  administration  is  quickly  fol- 
lowed by  disappearance  of  the  indican  from  the  urine  and 
the  relief  of  the  symptoms.  On  account  of  its  irritating 
properties  in  vaseline  mixture,  Unna  prefers  it  made  up 
with  zinc  ointment  in  one-per-cent.  strength  as  an  appli- 
cation in  eczema  capitis  of  children,  psoriasis,  eczemas  of 
seborrhoeic  origin,  and  in  pityriasic  forms  of  eczema. 
As  its  hardening  powers  lead  to  superficial  necrosis,  it 
can  be  used  only  in  affections  which  tolerate  the  desqua- 
mation of  the  horny  layer.  W.  A.  Bastedo. 

ICHTHYOCOLLA.     See  Isinglass. 

ICHTHYOL. — This  is  the  trade  name  of  a  compound 
described  as  ichthyo-sulphonio  acid  in  combination  with 
ammonium.  It  is  obtained  by  the  distillation  of  a  bitu- 
minous mineral  deposit  of  the  Tyrol,  which  contains  an 
abundance  of  the  fossil  remains  of  fish  and  other  marine 
animals.  During  dry  distillation  there  passes  over,  be- 
tween 100°  and  335°  C,  a  crude  volatile  oil.  This  is 
treated  with  an  excess  of  concentrated  sulphuric  acid, 
which  forms  ichthyo-sulphonic  acid,  and  this  is  precipi- 
tated by  the  addition  of  brine.  The  product,  in  addi- 
tion, contains  an  uncertain  percentage  of  unchanged 
oil,  ^vliich  cannot  be  removed  without  producing  decom- 
position of  the  whole  compound. 

Ichthyo-sulphonic  acid  forms  salts  with  ammonium, 
sodium,  zinc,  lithium,  calcium,  iron,  silver,  and  various 
other  metals,  but  the  ammonium  salt  is  that  generally 
understood  by  the  title  ichthyol. 

Ammonium-ichthyol-sulphonate,  C2eH36S306(NH4)2,  is 
a  thick,  brownish  fiuid,  with  a  smoky  bituminous  odor 
and  taste.  It  is  soluble  in  water,  oil,  glycerin,  and  a 
mixture  of  alcohol  and  ether.  Its  virtues  are  ascribed 
to  the  large  amount  of  sulphur  that  is  present,  about 
sixteen  per  cent.  It  has  a  great  aflSnity  for  oxygen  and 
is  a  powerful  reducing  agent.  It  is  stated  to  be  an  active 
germicide  and  to  be  free  from  any  toxic  action,  but  an  in- 
stance is  recorded  in  which  the  applications  of  one  part  of 
ichthyol  to  two  parts  of  glycerin,  to  the  curetted  surface 
of  the  uterus,  produced  very  alarming  symptoms.  The 
patient  complained  of  the  taste  of  the  drug,  tachycardia, 
and  depression,  and  remained  prostrated  for  twelve 
hours. 

The  therapeutic  value  of  ichthyol  depends  upon  three 
factors:  its  antiseptic  action,  a  contractile  effect  which  it 
exerts  on  the  vascular  system,  and  its  reducing  property. 

It  was  introduced  in  1883,  by  Unna  of  Hamburg,  as  a 
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remedy  for  the  treatment  of  various  forms  of  skm  dis- 
ease. He  described  it  as  the  remedy  par  excellence  tor 
acne.  He  advised  fifteen  drops  twice  a  day  mternally. 
and  ^.  teu-per-cent.  lotion  to  be  painted  on  the  afiected 
parts  at  night;  each  day  the  lesion  was  to  be  bathed  with 
liot  water  and  ichthyol  soap.  In  eczema  and  other  forms 
of  skin  disease  lie  advised  it  to  be  used  nioi-o  cautiously 
and  in  weaker  solutions.  In  all  these  conditions  its  in- 
ternal administration  is  also  advised,  as  it  is  supposed  to 
possess  valuable  alterative  properties,  which  assist  its 
local  action.  Ichthyol  has  come  into  very  extensive  use 
for  ail  forms  of  skin  diseases,  and  for  the  removal  ot  the 
product  of  inflammatory  processes,  in  chronic  rheuma- 
tism and  in  cases  of  enlarged  glands.  In  skin  diseases  it 
is  applied  as  an  ointment  of  the  strength  of  five  to  ten  or 
fifteen  per  cent.  A  varnish  of  ichthyol  is  a  favorite 
method  of  using  the  drug.  It,  is  made  of  ichthyol  10 
parts,  starch  40  parts,  solution  of  albumin  1  part,  and 
water  to  100  parts.  The  starch  is  mixed  with  the  water, 
the  ichthyol  is  then  well  rubbed  up  with  it,  and  lastly 
the  albumin  is  added.  For  inflammatory  deposits 
stronger  preparations  are  employed ;  ointments  contain- 
ing fifty  per  cent,  may  be  used,  or  a  mixture  of  ichthyol 
and  glycerin  is  applied  and  the  part  is  covered  with  lint 
and  bandaged.  Ichthyol  plasters  and  ichthyol  wadding 
may  also  be  obtained. 

The  remedy  has  not  been  much  used  in  general  surgery, 
but  in  gynsecology  it  is  a  favorite  application  in  all  ute- 
rine and  vaginal  inflammations.  It  may  be  applied  in  a 
glycerin  solution,  or  in  its  pure  state  on  tampons,  or 
medicated  pessaries  may  be  introduced  after  antiseptic 
and  astj-ingent  douches  have  been  used.  When  gonor- 
rhoea is  a  factor  the  drug  is  thought  to  be  especially 
beneficial.  It  has  also  been  employed  in  inflamed  states 
of  the  prostate  gland,  a  ten-per-cent.  solution  being  in- 
jected into  the  rectum. 

In  a  paper  presented  at  the  Fourth  International  Medi- 
cal Congress,  Unna  dwelt  upon  the  value  of  ichthyol  in 
the  treatment  of  leprosy.  His  conclusions  were:  (1) 
Lepra  tuberosa,  even  of  universal  extension  and  of  more 
than  one  year's  standing,  can  be  cured ;  (3)  the  cure  can 
be  effected  in  a  comparatively  short  time  by  the  ener- 
getic internal  and  external  employment  of  reducing  reme- 
dies; (3)  among  these  may  be  specially  recommended 
ichthyol,  chrysarobin,  pyrogallol,  and  resorcin ;  the  only 
one  of  which  that  can  be  administered  internally,  for  a 
length  of  time,  without  danger,  is  ichthyol.  He  advised 
the  application  of  a  fifty -per-cent.  ointment,  and  also  the 
internal  administration  of  fifteen  to  twenty -four  minims 
(1.0  to  1.6)  during  the  day. 

Internally  ichthyol  is  administered  in  pill  form  in  cap- 
sules, the  dose  being  up  to  twenty  minims  (1.3)  daily  for 
an  adult.  The  dose  for  a  child  of  two  years  is  given  as 
two  minims  (0.13)  daily.  Beaumont  Small. 

ICHTHYOSIS. — Definition. — Ichthyosis  is  a  congeni- 
tal cutaneous  deformity  in  which  the  skin  is  dry  and 
rough  and  the  epidermis  thickened  and  scaly. 

Etiology. — Almost  all  observers  agree  in  regarding 
ichthyosis  as  a  congenital  disease,  and  the  arguments 
in  favor  of  this  view  are :  That  the  disease  commences 
early  in  life  and  endures  throughout  life,  is  only  tempo- 
rarily benefited  by  treatment,  and  immediately  recurs  on 
the  cessation  of  treatment ;  that  the  disease  is  not  inflam- 
matoiy,  as  infective  and  toxic  diseases  are,  but  acts  more 
like  an  anatomical  deformity ;  that  it  is  often  a  family 
disease,  two  or  more  brothers  or  sisters  being  frequently 
similarljr  affected,  and  even  when  the  immediate  family 
is  free,  more  distant  relatives  may  be  found  afflicted. 

It  is  hardlj' necessary  to  draw  attention  to  how  charac- 
teristic this  skipping  over  individuals  is  in  hereditary 
affections,  one  or  two  members  of  one  branch  of  a  fam- 
ily and  one  or  two  of  some  other  branch  being  picked 
out,  the  rest  escaping.  Nevertheless  it  must  be  ad- 
mitted as  remarkable  how  frequently  cases  of  severe  ich 
thyosis  are  reported  in  which  the  parents  are  said  to  be 
perfectly  healthy,  and  this  has  been  noted  even  when 
several  of  the  children  have  ichthyotic  skins. 


An  obiection  has  been  raised  to  calling  'chthyosis  a 
congenitial  disease,  because  it  usually  does  not  appear 
until  the  second  or  third  year  of  life  "r  even  later  This 
however,  is  not  a  valid  ob  ection,  because  ichthyosis 
Igrees  exactly  in  this  particular  witli  other  congemt^l 
deformities.  Nffivi,  for  example,  although  certainly 
congenital,  frequently  do  not  appear  until  a  considerable 


Fig.  2786.— Ichthyosis. 


(From  A.  Nelsser's  ' 
cinlscher  Atlas.") 


Stereoscoplscher  medl- 


time  after  birth;  not,  indeed,  until  the  gradual  develop- 
ment of  the  affected  individual  or  the  growth  of  the  le- 
sion itself  brings  the  blemish  to  view. 

Undoubtedly  ichthyosis  depends  in  a  great  measure  on 
defective  action  of  the  sweat  and  sebaceous  glands. 
Three  of  its  features  point  decidedly  in  this  direction, 
viz. :  the  dryness  and  lack  of  unctuousness  of  the  skin; 
the  improvement  of  the  symptoms  during  the  summer 
months  when  the  sweat  glands  are  most  active ;  and  the 
tendency  to  the  localization  of  the  disease  in  those  parts 
where  the  sweat  and  sebaceous  glands  are  least  active,  as 
on  the  extensor  surfaces  of  the  limbs,  leaving  the  articu- 
lar folds,  such  as  the  bend  of  the  elbows,  the  axillary, 
inguinal,  and  popliteal  folds,  unaffected. 

Although  ichthyosis  is  au  hereditary  and  congenital 
affection,  yet  it  probably  may  be  accentuated  by  diseases 
which  are  not  in  their  true  sense  hereditary.  Syphilis  is 
not  in  the  true  sense  of  the  term  an  hereditary  disease. 
What  we  call  hereditary  syphilis  is  an  "  infective  disease  " 
caught  congenitally.  The  way  that  syphilis,  for  in- 
stance, may  possibly  accentuate  ichthyosis  is  shown  by 
two  cases  reported  by  Gaston  and  Emery.  The  father  of 
these  children  had  a  slight  ichthyosis  and  also  had  syphi- 
lis. The  children  acquired  syphilis  congenitally,  and 
became  after  birth  markedly  ichthyotic.  Besides  icli- 
thyosis,  however,  the  children  had  microsphygmia,  and 
the  authors  entertained  the  opinion  that  the  small  pulse 
was  owing  to  a  generalized,  congenital,  syphilitic  arter- 
itis, and  that  this  affection  of  the  arteries  so  interfered 
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with  the  nutrition  of  the  fcetus  as  to  accentuate  the  he- 
reditary tendency  to  Ichthyosis. 

Recently  Edward  Fournier  has  collected  from  the  hter- 
ature  nine  cases,  and  has  added  one  of  his  own,  in  which 
patients  having  hereditary  syphilis  also  had  ichthyosis. 
The  author  clearly  states,  however,  that  he  does  not  be- 
lieve ichthyosis  to  be  a  symptom  of  hereditary  syphilis, 
but  explains  the  coincidence  by  the  theory  that  heredituiy 
syphilis  is  at  times  one  of  the  causes  of  degeneration  in 
the  individual,  and  that  ichthyosis  is  a  symptom  of  de- 
generation. 

Interesting,  particularly  in  its  connection  with  treat- 
ment, is  the  relationship  between  defective  development 
of  the  thyroid  gland  and  ichthyosis.  As  one  of  the 
symptoms  of  cachexia  strumipriva  is  a  rough  dry  skin ; 
a  mistake  in  diagnosis  might  easily  occur,  or  defective 
action  of  the  thyroid  gland  might  accentuate  an  already 
existing  ichthyosis. 

Symptoms. — As  ichthyosis  is  a  congenital  deformity 
there  are  necessarily  all  grades  of  it,  from  almost  inap- 
preciable manifestations  up  to  disgusting  monstrosities. 
Dryness  of  the  skin  and  desquamation  are,  however, 
never  absent  in  ichthyosis,  and  in  fact  in  the  most  atten- 
uated form  of  the  disease,  in  xerodermia,  extreme 
dryness  of  the  skin,  a  very  fine  desquamation,  and  ob- 
struction with  epithelial  cells  of  the  pilo-sebaceous  oriiices 
are  the  only  symptoms  present.  It  is  this  last  symptom, 
the  accumulation  of  epithelial  cells  about  the  points  of 
emergence  of  the  hairs,  that  gives  those  having  ichthy- 
osis their  "  goose-flesh  "  appearance.  This  same  perma- 
nent "  goose-flesh  "  appearance  constitutes  the  disease 
called  keratosis  pilaris,  and  it  is  because  the  same  appear- 
ance is  produced  by  the  same  kind  of  plugging  of  the 
same  orifices,  and  also  because  the  favorite  situation  of 
both  keratosis  pilaris  and  ichthyosis  is  on  the  extensor 
surfaces  of  the  upper  arms  and  thighs,  that  some  authors 
regard  keratosis  pilaris,  when  it  exists  alone,  as  constitut- 
ing the  very  lightest  form  of  ichthyosis,  even  lighter 
than  xerodermia. 

Of  the  two  symptoms,  dryness  and  desquamation, 
Thibifirge  considers  dryness  the  more  essential,  even 
thinking  dryness  without  desquamation  often  indicative 
of  ichthyosis;  therefore  he  would  classify  congenital 
permanent  anidrosis  as  a  form  of  ichthyosis,  and  this  for 
the  following  reasons :  In  both  diseases  the  skin  is  un- 
usually dry,  both  are  congenital,  both  occur  in  families  as 
hereditary  diseases,  and  some  members  of  the  same  fam- 
ily may  have  anidrosis  while  others  have  ichthyosis. 
He  thinks  that  many  cases  of  ichthyosis  which  are  sup- 
po.sed  to  develop  during  adolescence  or  later,  are  simply 
cases  in  which  anidrosis  was  at  first  the  sole  symptom 
and  which  remained  comparatively  unnoticed,  the  more 
disagreeable  symptom  of  scaliness  supervening  later. 

Apart  from  the  two  general  characteristics  of  dryness 
and  a  tendency  to  adhere  and  form  masses,  the  superfi- 
cial epithelium  in  ichthyosis  shows  many  variations.  It 
is  sometimes  powdery,  and  the  cheeks  for  example  may 
look  as  if  dusted  with  white  face  powder;  this  consti- 
tutes a  variety  of  the  pityriasis  simplex  of  some  authors. 
This  form  of  ichthyosis  when  more  marked  shows  a 
diffuse  granular  coating,  chalky  and  white,  which  is 
partlculariy  apt  to  show  Itself  on  the  outer  surfaces  of 
the  upper  and  lower  extremities.  Instead  of  the  granu- 
lar powdery  condition  there  may  be  scaling  and  the 
scales  may  be  clear  gray  or  grayish-black  thick  or  thm, 
lustreless  hard  or  soft,  but  as  above  stated  they  fre- 
q^ient ly  show  a  tendency  to  adhere  with  their  flat 
surfaces  tightly  to  one  another,  sometimes  forming 
thick  uniform,^lamellated,  corneous  deposits.  When 
the  epidermis  Accumulates  in  thick  horny  masses  as  it 
does  in  ichthyosis  hystrix,  pigment  may  develop  m  it, 
whfch  may  be  a  dirty  green,  a  bright  g^een,  dark  green 
or  greenish-black.  The  green  may  be  so  bright  as  to  be 
startling,  even  seeming  to  have  been  artificially  applied. 
The  edges  of  the  scales  may  be  separated  from  one  an- 
other by  little  furrows,  or  they  may  overlap  like  fish 
scales.  Sometimes  the  surface  of  the  skm  looks  like  the 
finely  crumpled  tissue  paper  called  crepe  paper  used  for 


lamp  shades,  where  the  ridges  run  in  every  direction, 
crossing  one  another  and  dividing  the  surface  into  a  vast 
number  of  quadrilateral  areas.  The  wrinkled  epidermis 
in  such  cases  looks  as  if  too  large  for  the  cutis.  Some- 
times instead  of  there  being  ridges  there  are  fine  shallow 
cracks,  passing  through  the  superficial  layers  only. 
These  cracks  fill  with  dirt  and,  just  as  under  the  finger 
nails,  this  dirt  assumes  a  dirty  greenLsh-gray  color,  mark- 
ing the  skin  oft  into  lozenge-shaped  areas  by  a  dirty 
greenish-gray  network.  The  lines  may  crack  down 
deeper  than  indicated  above,  and  the  superficial  epider- 
mis may  be  broken  and  upcurved  along  the  edges  of  the 
enclosed  lozenge-shaped  areas  resembling  the  bark  of 
some  trees.  The  surfaces  of  these  lozenge-shaped  areas 
may  glitter  and  reflect  light  like  the  facetted  skin  of 
some  reptiles.  Sometimes  the  surface  looks  unnaturally 
smooth  and  polished,  with  lines  running  across  it  at  all 
angles,  as  if  the  surface  had  been  varnished  or  had  collo- 
dion poured  over  it,  and  had  cracked  in  the  drying. 

Frequently  the  skin  does  not  crack,  but  has  running 
across  it  a  vast  number  of  criss-cross  furrows  dividing 
the  surface  in  the  same  way  into  quadrilateral  or  irregu- 
lar areas.  These  furrows  are  really  the  natural  markings 
of  the  skin  exaggerated,  and  are  frequently  chalky  white 
and  powdery;  in  such  skins  if  the  finger  nail  be  drawn 
sharply  across  the  surface  it  will  leave  a  chalky  white, 
crumbly,  permanent  mark. 

Sometimes  the  papillary  layer  of  the  skin  is  hypertro- 
phied,  and  when  this  occurs,  and  corneous  masses  or 
spines  are  formed  over  them,  it  gives  rise  to  one  of  the 
varieties  of  ichthyosis  hystrix.  Another  variety  of  such 
horny  spines  is  formed  by  a  great  accumulation  of  the 
epithelial  cells  projecting  from  the  pilo-sebaceous  orifices, 
constituting  the  keratosis  pilaris  above  named ;  this  oc- 
curs generally  on  the  extensor  surfaces  of  the  arms. 
Ichthyosis  hystrix  is  never  universal,  although  it  may 
occur  over  large  tracts  of  the  skin.  Usuallj'  it  occupies 
only  certain  regions,  while  the  intervening  skin  is  xero- 
dermatic, A  child  at  present  under  treatment  in  the 
University  Clinic  has  ichthyosis  hystrix  only  on  the 
ankles,  while  other  regions  show  several  different  varie- 
ties of  ichthyosis.  This  condition  of  ichthyosis  hystrix, 
literally  "hedgehog,  fishy  disease,"  is  considered  particu- 
larly undesirable  in  a  bed-fellow. 

The  true  skin  may  be  atrophied,  tightly  stretched,  and 
thin,  and  the  subcutaneous  fat  layer  may  be  thin  and 
poorly  developed. 

The  face  is  frequently  unaffected  except  by  a  transitory 
powderincss,  a  pityriasis.  The  palms  and  soles  are  dry 
and  powdery  but  not  scaly,  with  the  furrows  more 
marked  and  more  numerous  than  normal,  and  this  condi- 
tion may  remain  after  treatment  has  improved  the  skin 
in  every  other  locality. 

The  hair  is  frequently  normal,  of  good  color,  lustre, 
quality,  and  quantity,  but  it  may  be  dry,  frail,  and 
thinly  scattered,  constituting  an  expression  of  the  same 
fault  of  development  that  gave  rise  to  the  Ichthyosis. 
Sometimes  there  is  nearly  complete  alopecia,  even  the 
eyebrows  and  eyelashes  being  almost  entirely  absent 
(Thibifirge).  The  nails  may  be  strong  and  in  every  way 
normal.  They  may,  however,  be  thin,  brittle,  and  either 
transversely  or  longitudinally  ridged,  or  there  may  be  an 
accumulation  of  dry,  brittle,  corneous  substance  under 
the  nails. 

These  patients  sometimes  give  off  a  flat,  stale,  pene- 
trating, disagreeable  odor,  such  as  is  met  with  in  other 
cases  of  generalized  hyperkeratosis  with  maceration  of 
the  epidermis,  as  in  Darier's  disease  for  example  (Thi- 
biSrge). 

Usually  the  only  subjective  symptoms  of  ichthyosis 
are  itching  and  a  sensitiveness  to  cold;  chilly  feelings 
being  experienced  on  the  slightest  lowering  of  the  atmos- 
pheric temperature. 

A  patient  usually  presents  examples  of  a  number  of 
the  conditions  enumerated  above ;  for  instance,  the  hair 
may  be  good,  but  the  scalp  is  usually  in  a  condition  that 
cannot  be  distinguished  from  dry  seborrhoea.  The  outer 
surfaces  of  the  arms  and  thighs  and  the  skin  of  the  trunk 
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may  be  dry  and  scaly  and  criss-crossed  with  furrows,  and 
studded  with  dry  papules  that  look  like  "  goose  flesh. " 
The  buttocks  and  upper  portions  of  the  thighs  may  be 
covered  with  "  crgpe-paper  "  skin.  The  roughness  of  the 
skin  increases  down  the  extensoi-  surfaces  of  the  thighs 
until  over  the  front  of  the  knees  one  finds  Immense  cor- 
neous masses.  Below  the  knees  the  skin  may  be  tightly 
stretched  over  the  tibi»,  smooth,  shiny,  and  with  mark- 
ings on  its  surface  dividing  it  ofE  into  small  quadrilateral 
areas. 

Course  and  Ddration. — Usually  ichthyosis  does  not 
become  appreciable  until  the  second  or  third  year  of  life, 
although  cases  have  been  reported  in  which  the  malady 
was  apparent  at  birth  or  shortly  after.  The  first  symp- 
tom, according  to  Feukert,  is  the  appearance  of  keratosis 
pilaris  that  shows  itself  on  the  extensor  surfaces  of  the 
extremities  in  earliest  childhood  in  these  individuals.  It 
is  simply  this  early  appearance  of  the  keratosis  pilaris 
and  its  greater  development  later  in  life  that  distinguish 
it  at  all  from  the  ordinary  form  of  keratosis  pilaris.  Or- 
dinary keratosis  pilaris  of  moderate  development  is  so 
common  later  in  life,  especially  at  adolescence  when  the 
lanugo  hairs  begin  to  sprout  more  vigorously,  that  it  is 
practically  a  normal  condition.  Ichthyosis  continues  to 
grow  more  marked  from  two  or  three  years  of  age  until 
adult  life,  when  it  may  remain  stationary  or  subject  only 
to  the  mutations  of  the  seasons,  becoming  severe  in  win- 
ter and  milder  in  summer,  till  the  natural  dryness  and 
harshness  of  the  skin  of  old  age  again  accentuate  it.  In 
summer,  in  fact,  the  plates,  scales,  and  fluffy  epidermis 
may  all  fall  off  as  a  "moulting,"  leaving  the  skin  almost 
normal.  Sickness  and  a  lowered  condition  of  health  may 
also  increase  the  dryness  and  harshness  of  the  skin,  and 
there  is  reason  to  believe  that  inactivity  or  absence  of  the 
thj'roid  gland  can  contribute  decidedly  to  the  severity  of 
the  symptoms.  The  symptoms  of  ichthyosis  may  disap- 
pear completely  after  one  of  the  eruptive  fevers,  measles 
for  instance  (Joseph),  only  to  reappear  in  a  sliort  time, 
however.  This  same  amelioration  may  also  occur  during 
pregnancy. 

Quinquaud  has  reported  a  casein  which  the  patient  got 
an  ichthyotic  skin  following  a  generalized  eczema  of  two 
years'  duration.  He  says  that  such  acquired  ichthyotic 
states  may  after  a  time  disappear.  It  is  doubtful,  how- 
ever, if  such  ichthyotic  states  as  described  by  Quinquaud 
should  be  included  in  the  disease  ichthyosis  at  all. 

Unna  and  Tommasoli  believe  that  ichthyosis  is  an  ac- 
quired disease  that  has  its  time  of  onset,  development, 
and  disappearance,  but  this  view  finds  very  little  support 
among  other  observers. 

UNnsuAL  Symptoms  and  Course.— The  flexures  of  the 
articulations,  particularly  the  axillae,  the  bends  of  the  el- 
bows, the  groins,  the  scrotal  thigh  folds,  and  the  poplitea 
are  usually  unaffected.  In  fact,  Georges  ThibiSrge  would 
make  the  freedom  of  those  localities  a  sharp  diagnostic 
feature.  Recently,  however,  a  number  of  cases  have 
been  reported  in  which  one  or  several  of  these  localities 
have  been  affected,  and  there  happen  just  now  to  be  in 
the  University  Clinic  two  patients  in  whom  the  axillse, 
the  groins,  the  scrotal  thigh  and  vulvar  thigh  folds  re- 
spectively, and  the  politea  are  affected,  as  shown  by  the 
presence  of  pityriasis.  In  both  patients  there  is  an  ecze- 
ma of  the  upper  extremities  that  involves  the  bends  of  the 
elbows,  making  it  impossible  to  say  whether  these  are 
ichthyotic  or  not.  The  appearance  and  stubborn  charac- 
ter of  the  eczema,  however,  would  lead  one  to  infer  that 
the  condition  is  also  present  there.  Joseph  has  reported 
a  case  in  which  only  the  flexures  were  affected.  Usually 
ichthyotic  patients  do  not  sweat,  but  Peukert  thinks  tlie 
dryness  of  the  skin  is  in  some  cases  not  due  to  lack  of 
perspiration,  but  to  an  increase  of  evaporation  from  the 
more  extensive  cutaneous  surface  of  these  people.  In 
some  instances  there  is  vicarious  sweating  of  certain  re- 
gions as  of  the  face  for  example  (Goldzieher),  or  of  other 
regions  not  implicated  in  the  ichthyosis,  as  the  axilla;,  or 
the  palms  and  soles.  This  sweating  may  be  abundant. 
The  mucous  membranes  are  rarely  affected  in  ichthyosis 
unless  the  susceptibility  to  catching  "  colds  "  and  to  'bron- 
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chitis  be  looked  upon  as  the  particular  way  thej'  show 
their  inherent  weakness.  There  are  atrophic  forms  of 
the  disease,  which  Hallopeau  considers  simply  an  exag- 
geration of  the  form  in  which  the  skin  is  like  crgpe  pa- 
per. The  skin  is  very  thin  and  has  little  elasticity,  so 
that  when  pinched  it  retains  the  impress  of  the  fingers 
for  a  long  time.  The  skin  may  appear  too  large  for  the 
patient,  or  on  the  contrary  it  may  be  too  smallj  not  per- 
mitting the  closure  of  the  eyelids,  exaggerating  the  cu- 
taneous folds,  especially  in  the  movements  of  the  facial 
muscles,  and  impeding  the  flexion  and  extension  of  the 
fingers.  In  two  of  the  cases  so  reported  the  skin  seemed 
glued  to  the  subjacent  aponeurosis,  Kaposi  has  shown 
a  case  which  he  called  ichthyosis  hystrix  pterygoidcs  s. 
plumiformes,  in  which  there  were  hundreds  of  little 
growths  from  0.5  to  1.5  cm.  long  that  looked  like  feathers. 
These  growths  consisted  of  a  central  core  of  connective 
tissue  with  tufts  of  cornifled  epithelial  tissue  depending 
from  them.  The  patient  was  a  girl  six  years  of  age  and 
the  palms  and  soles  were  thickened,  cracked,  and  warty. 
This  case  stands  alone  in  literature,  and  it  is  not  at  all 
certain  that  it  should  be  included  among  the  ichthyoses. 

Those  having  ichthyosis  and  those  that  are  scrofulous 
have  in  common  a  tendency  to  inflammation  of  the  respi- 
ratory tract,  and  besides  that,  Unna  has  noted  with  great 
particularity  in  one  of  his  cases  an  unusual  growth  of 
hair  down  the  cheeks  in  front  of  the  ears.  An  unusual 
growth  of  fine  downy  hair  in  this  situation  was  consid- 
ered bjr  the  late  Professor  Horner,  of  Zurich,  a  symptom 
of  scrofula.*  A  little  girl  suffering  from  ichthyosis,  and 
at  present  attending  the  University  Clinic,  has  quite  a  lit- 
tle beard  of  fine  long  hair  growing  down  in  front  of  each 
ear. 

Diagnosis. — The  first  disease  to  be  sharply  difl'eren- 
tiated  from  ichthyosis  is  nsevus  linearis,  and  this  is  not 
because  there  is  anj'  great  similarity  between  the  diseases, 
but  because  some  writers  persist  in  describing  nsevus 
linearis  under  the  name  ichthyosis  hystrix.  Nsevus 
linearis  is  a  warty  congenital  disease,  in  which  the  warts 
are  frequently  covered  with  horny  masses,  but  here  the 
similarity  ceases.  Nsevus  linearis  occurs  in  lines  or  in 
localized  areas,  and  is  usually  asymmetrical,  and  the  skin 
between  the  patches  or  lines  is  absolutely  normal.  In 
ichthyosis  the  disease  is  symmetrical,  and  almost  always 
the  whole  skin  is  affected,  with  the  exception  of  the  folds 
of  the  articulations.  Another  good  point  of  differenti- 
ation lies  in  the  fact  that  noevi,  nssvus  linearis  included, 
have  generally  a  buff  or  a  slate-colored  pigmentation,  and 
the  pigment  lies  in  the  connective  tissue  of  the  skin,  usu- 
ally in  the  affected  papillae,  while  if  there  is  a  black  or 
other  color  in  ichthyosis,  it  looks  more  like  dirt  in  the 
horny  layers  or  pigment  in  the  epithelium,  rather  than 
like  pigment  in  the  papillae  or  in  the  true  skin.  In  ich- 
thyosis the  palms  and  soles  are  almost  always  unnaturally 
dry  with  a  powderiness  of  the  surface,  while  in  n»vus 
linearis  the  palms  and  soles  are  normal,  when  not  directly 
the  seat  of  the  najvus,  which  they  rarely  are.  Further- 
more nsevus  linearis  does  not  attack  several  members  of 
a  family,  but  occurs  irregularly  here  and  there  through- 
out a  community ;  in  other  words  it  is  not  a  family  dis- 
ease. 

There  is  another  disease,  however,  which  is  hereditary, 
which  occurs  in  families,  and  which  consists  of  an  exag- 
gerated development  of  the  horny  layer  of  the  skin.  This 
disease,  keratoma  hereditarium  palmare  et  plantare,  it 
seems  desirable  to  keep  separate  from  ichthyosis.  This 
is  all  the  more  difficult  to  do  because,  besides  the  above 
points  of  similarity  with  ichthyosis,  there  is  also  in  ich- 
thyosis thickening  of  the  horny  layer  of  the  palms  and 
soles.  In  keratoma,  however,  the  thickening  is  limited 
sharply  to  the  palms  and  soles,  and  there  may  be  in- 
creased action  of  the  perspiratory  glands  of  the  affected 
surfaces.  It  therefore  lacks  the  generalization  of  ich- 
thy(jsis  and  also  the  dryness,  two  important  features 
Furthermore,  in  keratoma  the  thickening  of  the  horny 
layer  of  the  palms  and  soles  is  frequently  much  greater 

*He  used  frequently  to  say  "they,  the  scrofulous,  all  wear  a  beard." 
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Dr.  Douglass  W.  Montgomery's  Case  op  Ichthyosis  Hystrix. 

The  faint  redness,  the  swelling,  and  also  the  violet  hue  in  the  neighboring  skin  seen  in  the 
plate  were  all  due  to  an  accompanying  dry  eczema. 

The  patches  of  thick  green  crusting  were  caused  by  epithelial  masses  covering  the  papilloma- 
tous skin,  and  constituted  the  ichthyosis  hystrix.  It  was  only  on  the  ankles  that  the  child  had  the 
papillomatous  or  hystrix  variety  of  ichthyosis.  In  other  situations,  as  on  the  upper  parts  of  the 
legs,  on  the  thighs,  trunk,  upper  extremities,  face  and  scalp,  the  ichthyosis  was  of  other  types. 
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than  even  in  the  severest  forms  of  ichthyosis  Josenh 
Sfa"mnnU^'  "^-^'"^""^  may  really  be'ichthyosTst 
Blac^  inJmP  ,  !l"^  ^''°'"'^'  '""'^^  ^°  tli^t  ^^l^ich  takes 
u  e  ro  nvpv^^l'^^f' °*'.  ^^"'^  '^'"™'^'''  ^'^^  '^ken  place  in 
Wrfn^Ti  *  "•:  S'irface  excepting  the  palms  and  soles, 

leavmg  those  parts  alone  affected 

ti  J'lL-''*™?^''^  ^°™  u°^  ichthyosis  resembles  somewhat 
the  lesons  found  m  the  skin  in  some  cases  of  scleroder- 
ma. It  differs  from  scleroderma,  however,  in  the  ab- 
sence of  induration  and  of  interstitial  cicatrices,  and  also 
m  the  tart  that  it  does  not  progress. 

There  are  a  number  of  desquamative  inflammatory  dis- 
eases ot  the  skm,  such  as  psoriasis,  pityriasis,  exfoliative 
dermatitis,  and  the  dry  eczemas,  which  differ  from  ichthy- 
osis both  in  their  course  and  in  the  fact  that  they  are  ac- 
companied by  inflammatory  symptoms. 
_  Georges  ThibiSrge  at  one  time  demonstrated  a  case  as 
ichthyosis  in  which  there  were  immense  irregular  horny 
masses  distributed  symmetrically  in  various  regions  of 
the  body,  but  principally  on  the  face  and  on  the  palms. 
There  was  almost  no  hair  on  the  scalp.  The  buccal  and 
nasal  mucous  membranes  were  thickened  and  furrowed, 
and  there  was  a  grayish  infiltration  in  the  superficial  lay- 
ers of  the  centre  of  each  cornea.  Latterly  he  has  con- 
cluded that  this  case  was  analogous  to  one  in  which 
Giovannini  had  found  the  epidermal  alterations  princi- 
pally about  the  orifices  of  the  sweat  glands.  As  the 
affection  was  congenital  he  gave  it  the  name  congenital 
disseminated  porokeratosic  hyperkeratosis,  instead  of  ich- 
th5-osis. 

For  the  diagnosis  between  ichthyosis  and  ichthyosis 
fcetalis  the  reader  may  consult  the  article  on  this  latter 
subject. 

Those  who  are  much  reduced  by  some  chronic  disease 
or  by  old  age  often  have  a  fluffy  scaliness  of  the  skin. 
This  is  distinguished  in  the  former  case  from  ichthyosis 
by  the  fact  that  it  develops  and  disappears  with  the  de- 
velopment and  disappearance  of  the  cachexia. 

A  number  of  diseases  of  the  nervous  system  are  accom- 
panied by  atrophy  and  desquamation  of  the  skin  similar 
to  ichthyosis.  These  ichthyotic  states  are  distinguished 
from  ichthyosis  by  their  occurrence  only  on  the  skin  sup- 
phed  by  the  affected  nerves. 

Pathologic  Anatomy. — The  principal  lesion  found  in 
ichthyosis  is  a  hyperkeratosis  of  the  superficial  layers  of 
the  epidermis,  with  atrophy  of  the  deeper  layers.  The 
papillary  layer  is  less  developed  than  normal.  The  mus- 
cle bundles  are  hypertrophied.  The  keratosis  pilaris  can 
be  seen  to  be  due  to  plugs  of  cornifled  epithelial  cells  in 
the  pilo-sebaceous  orifices.  ThibiSrge  says  the  orifices  of 
the  sudoriparous  glands  are  free,  but  the  sweat  glands 
themselves  and  the  sebaceous  glands  are  frequently  atro- 
phied and  cystic.  The  hair  follicles  may  disappear  and 
the  hairs  may  atrophy.  The  papillary  layer  and  the 
superficial  layers  of  the  derma  show  evidences  ot  inflam- 
mation which,  however,  are  nothing  more  than  one 
would  expect  from  the  irritated  condition  of  the  skin. 

There  is  a  question  whether  the  green  color  developed 
in  the  epithelium  In  ichthyosis  hystrix  is  true  pigment, 
or  dirt  caught  in  the  interstices  of  the  epithelium.  In 
the  child  at  present  under  treatment  in  the  University 
Clinic  the  green  color  is  quite  vivid,  but  when  the  epi- 
Sm  in  peeled  off,  as  it  can  be  in  masses,  the  color  is 
see"he  very  superficial.  It  must  also  be  remembered 
tharwhen  dirt  is  allowed  to  accumulate  under  one  s 
nails,Tt  has  the  same  dirty  ohve-green  color  as  in  ichthy- 
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able  in  any  plan  of  treatment.  If  a  quick  temporary 
effect  is  desired,  jaborandi  or  pilocarpine  may  be  given 
on  account  of  their  action  on  the  sweat  glands,  but  of 
course  their  continued  administration  would  not  be  ad- 
visable. 

Besides  pilocarpine  and  jaborandi  the  internal  use  of 
many  remedies  has  been  advised,  but  they  have  very  lit- 
tle effect  on  the  malady,  with  the  exceptions  perhaps, 
of  cod-liver  oil  and  arsenic.  Sulphur,  the  balsams, 
mercury,  and  many  other  drugs  have  been  recommended 
but  have  been  found  to  be  of  no  avail.  In  some  instances 
it  is  rational  to  suppose,  and  is  by  many  believed,  that 
arsenic  in  small  doses  does  good.  Arsenic  in  the  form  of 
Fowler's  solution  may  be  given  in  cod-liver  oil  emulsion. 

As  some  cases  of  ichthyosis  have  been  reported  in  which 
the  thyroid  gland  has  been  found  much  diminished  in 
size,  and  as  roughness  and  desquamation  of  the  skin  are 
symptoms  of  cachexia  strumipriva,  it  naturally  follows 
that  thyroid  extract  may  be  given  with  some  hope  of 
success. 

Ehrmann,  following  out  the  idea  suggested  by  Tom- 
masoli  that  ichthyosis  is  due  to  an  autointoxication,  gave 
menthol  internally  in  one  case.  He  reported  that  under 
its  influence  the  desquamation  ceased,  but  the  criss-cross 
lines  persisted. 

External  treatment  is  of  course  what  one  must  rely  on. 
Hot  baths,  soft  soap,  and  a  good  nail  brush  to  get  rid  of 
the  superfluous  epithelium,  and  after  the  bath  the  inunc- 
tion of  a  lubricant  well  rubbed  In  to  assist  in  maintaining 
the  skin  soft  and  supple,  constitute  the  principles  of 
treatment.  The  hot  baths  must  not  be  given  too  fre- 
quently and  their  effect  on  the  patient  must  be  watched, 
as  in  some  cases  they  are  debilitating.  The  choice  of  the 
lubricant  is  also  not  a  matter  of  indifference;  for  instance 
cod-liver  oil  is  acknowledged  to  be  one  of  the  best  soften- 
ers of  epithelium  we  have,  yet  its  odor  makes  the  patient 
more  disagreeable  to  a  larger  circle  of  his  acquaintance 
than  the  disease  itself. 

The  treatment  advocated  by  Lailler  is  one  of  the  most 
effective  and  pleasant,  and  deserves  the  praise  that 
Georges  Thibifirge  has  given  it.  This  treatment  consists 
in  the  giving  of  a  hot  bath  with  soft  soap  and  plenty  of 
friction  three  times  a  week  in  order  to  remove  the  epider- 
mal masses,  and  morning  and  evening  prolonged  and 
light  massage  of  all  the  affected  parts  with  glycerole  of 
starch  made  in  the  following  way:  I^  Amy  11  pulv., 
15.00;  Glycerinl,  150.00.  Mix  and  heat  in  a  porcelain 
dish  over  a  slow  fire,  stirring  all  the  time  until  the  mass 
is  about  to  jelly,  when  15  gm.  of  cherry-laurel  water  is 
added. 

One  can  add  to  this  one  or  two  per  cent,  of  salicylic 
acid,  which  has  the  effect  of  still  further  softening  the 
skin  and  aiding  desquamation.  After  a  time  one  inunc- 
tion a  day  will  be  sufficient,  and  when  the  skin  has  as- 
sumed its  normal  appearance  Lailler  says  that  one  hot 
bath  with  soft  soap  a  week,  followed  immediately  with 
an  inunction  of  the  above  glycerole  of  starch,  or  even  of 
pure  glycerin,  is  enough  to  maintain  a  normal  suppleness 
of  the  skin. 

It  is  important  in  using  the  glycerole  of  starch  or  pure 
glycerin  that  only  a  moderate  amount  should  be  applied 
so  that  the  skin  on  finishing  is  supple  and  unctuous,  but 
not  gluey  to  the  hands.  Neutral  glycerin  only  should  be 
used.  The  advantages  of  the  glycerin  treatment  are: 
That  the  glycerin  itself  is  favorable  to  maintaining  the 
moistness  of  the  skin  through  its  affinity  for  water ;  that 
even  the  slightly  flat  odor  that  glycerin  has  can  easily  be 
overcome  by  the  odor,  say,  of  cherry -laurel  water;  that 
it  does  not  soil  the  clothing  as  the  greases  do,  and  does 
not  render  the  clothing  diflScult  to  wash ;  and  that  it  does 
not  become  rancid.  Instead  of  using  glycerin  in  the 
form  of  glycerole  of  starch,  pure  glycerin  may  be  added 
directly  to  the  bath.  About  six  or  eight  ounces  of  gly- 
cerin may  be  added  to  each  bath,  and  two  or  three  baths 
a  week  may  be  taken. 

Instead  of  adding  glycerin  to  the  bath,  bicarbonate  or 
biborate  of  sodium  may  be  added,  say  one  or  two  tum- 
bl^fuls  of  the  powder,  to  each  bath.     Vapor  baths  are 
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enjoyed  by  some  patients,  and  they  are  efflcacious. 
Starch  poultices  with  boracic  acid  added  to  them,  a 
heaping  teaspoonf ul  of  boracic  acid  to  a  small  bowl  of 
starch  paste,  are  an  excellent  means  of  loosening  up  epi- 
thelial masses. 

Peognosis. — Ichthyosis  as  a  deformit}'  is  not  danger- 
ous to  life.  As,  however,  it  represents  an  extensive  de- 
velopmental fault  in  an  important  organ,  it  indicates  a 
corresponding  lack  of  resistance.  As  a  matter  of  fact 
people  so  afflicted  are  frequently  puny  and  illy  developed 
in  many  directions.  Usually  they  have  not  the  normal 
quantity  of  subcutaneous  fat.  They  easily  become 
chilled  and  catch  cold,  and  many  of  them  end  with  tuber- 
culosis (Lewin).  Douglass  W.  Montgomery. 

ICHTHYOSIS  F<ETALIS.— Definition.— Ichthyosis 
fcEtalis  is  an  independent  anomaly  of  development  of  the 
skin  in  the  foetus,  accompanied  by  consecutive  malfor- 
mation of  certain  parts  of  the  face.  Ichthyosis  foetalis 
must  not  be  confounded  with  ichthyosis  vulgaris,  with 
which  it  has  nothing  whatever  to  do.  It  is  for  this  rea- 
son that  the  word  ichthyosis  in  the  name  of  tliis  disease 
is  imfortunate  and  leads  to  confusion.  Very  probably  a 
better  name  would  be  hyperkeratosis  foetalis. 

The  disease  is  very  rare,  and  even  of  those  children 
who  are  born  with  it,  but  few  come  under  the  observa 
tion  of  men  interested  in  skin  diseases,  as  they  usually 
die  shortly  after  birth,  and  are  therefore  seen  only  by  the 
accoucheur.  Only  a  few  of  these  cases  have  been  re- 
ported, and  of  those  few,  it  has  several  times  occurred 
that  one  mother  has  had  more  than  one  child  afflicted 
with  this  malady,  so  that  ichthyosis  foetalis,  like  ichthy- 
osis vulgaris,  is  a  family  disease.  Excepting  this  fact  of 
its  being  in  many  instances  a  family  disease,  very  little 
is  known  of  its  etiology.  Bowen  thinks  the  disease  may 
be  due  to  tlie  persistence  of  the  epitricial  layer  of  epithe- 
lial cells.  The  epitricial  layer  of  epithelial  cells  occurs  in 
some  animals,  and  Bo  wen's  hypothesis  is  that  it  is  present 
at  one  stage  of  human  foetal  development,  but  is,  under 
normal  conditions,  shed.  He  supposes  that  in  ichthyosis 
foetalis  it  is  for  some  reason  not  shed,  but  grows  and 
forms  the  hard  resistant  coating  seen  in  these  cases. 

Symptoms. — The  epidermis  has  a  dirty  yellow,  leathery 
appearance,  and  is  thickened,  and  the  skin  looks  too  small 
to  contain  the  infant.  In  fact  it  looks  as  if  the  infant  as 
a  foetus  had  been  covered  by  a  much  thickened  and  in- 
elastic epidermis,  and  that  in  growing  it  had  burst  this 
inelastic  coating,  forming  cracks  in  it  running  into  one 
another  at  all  angles.  These  fissures  or  cracks  are  more 
or  less  red,  and  about  a  centimetre  wide,  and  they  may 
or  may  not  be  covered  by  a  thin  epidermic  layer ;  when 
not  so  covered  the  raw  surface  lies  exposed,  and  it  soon 
suppurates  abundantly. 

In  addition  to  the  deformity  of  the  skin  there  are  other 
deformities  present,  such  as  congenital  ectropion  in  which 
the  lids  look  like  red  projections  hiding  the  globes  of  the 
eyes  completely.  There  are  neither  eyelashes  nor  eye- 
brows, and  in  fact  the  whole  piliary  system  is  very  badly 
developed.  The  hair,  however,  though  thin,  grows 
very  quickly,  as  do  the  nails  (Thibifirge).  The  nose  is 
flat  to  the  face,  and  is  represented  by  two  rounded  holes, 
and  the  cartilaginous  septum  is  entirely  lacking.  The 
lips  are  thickened  and  are  cut  by  radiating  Assures,  or 
they  are  entirely  absent  and  the  skin  of  the  face  may  run 
over  directly  to  the  gums.  The  ear  shell  is  represented 
by  a  flattened  plateau  with  a  central  rounded  hole,  the 
external  auditory  meatus.  There  are  no  nipples  on  the 
breast,  the  anus  may  be  imperforate,  and  the  external 
genital  organs  are  imperfectly  developed.  The  fingers 
and  toes  are  often  bent  and  clawed,  and  give  the  impres- 
sion of  being  hidebound.  The  fingers  and  toes  may  be 
more  or  less  soldered  to  one  another,  or  they  may  be  en- 
tirely absent,  the  extremities  terminating  in  rounded 
masses. 

The  reasons  for  thinking  that  the  foetus  at  one  stage  of 
its  existence  is  completely  covered  with  this  inextensible 
horny  envelope,  which  afterward  is  burst  open,  are  ifiat 
the  direction  of  the  fissures  is  in  all  cases  about  the  same. 


and  is  such  as  would  be  occasioned  by  the  growth  of  the 
enclosed  foetus;  that  the  furrows  at  birth  are  partially  or 
entirely  covered  with  a  thin  epidermal  layer,  which  rep- 
resents the  healing  process  after  the  bursting  has  taken 
place ;  that  the  hair  follicles  are  entirely  absent  from  the 
centre  of  the  furrows,  while  on  the  sides  the  hair  follicles 
are  directed  outward  as  would  result  from  tearing  the 
plastic  foetal  skin  asunder  (Peukert);  and  that  the  de- 
formities at  the  orifices  of  the  body,  the  absence  of  the 
eyelids  and  of  the  lips,  the  flattening  of  the  nose  and  of 
the  ears,  as  well  as  the  deformities  of  the  hands  and  feet 
are  such  as  would  be  occasioned  by  the  foetus  being  hide- 
bound. 

Infants  with  such  severe  lesions  die  inevitably,  and  usu- 
ally in  two  or  three  days  after  birth.  They  may  not  be 
able  to  take  food  at  all,  because  of  the  malformation  of 
the  lips,  or  they  may  die  from  the  suppuration  in  the 
cracks  of  the  skin,  or  from  bronchitis  or  pneumonia.  At- 
tenuated forms  of  the  disease  have  been  reported,  how- 
ever, in  which  the  patients  have  lived  for  years.  The 
mouth  seems  to  be  the  chief  factor  in  determining  the 
prognosis,  as  those  having  a  badly  formed  mouth  die  of 
inanition. 

Diagnosis. — Ichthyosis  foetalis  differs  from  ichthjosis 
vulgaris  in  the  time  of  its  appearance,  ichthyosis  foetalis 
being  apparent  in  the  foetus  and  in  the  new-born  babe, 
while  ichthyosis  vulgaris  is  rarely  evident  before  the  sec- 
ond or  third  year  of  life.  Ichthyosis  foetalis  is  almost 
always  associated  with  malformation  of  the  ears,  ej-es, 
and  lii)s,  and  frequently  with  other  malformations.  It 
is  rare  for  ichthyosis  vulgaris  to  be  associated  with 
any  other  malformation  whatever.  Ichthyosis  vulgaris 
has  its  regions  of  greatest  development,  and  it  rarely 
affects  the  folds  of  the  articulations,  but  if  it  does 
affect  them  the  disease  in  such  situations  is  very  mild. 
In  ichthyosis  fcetalis,  on  the  contrary,  the  disease  is  as 
severe  in  the  articular  folds  as  anywhere  else.  Further- 
more, in  ichthyosis  foetalis  the  epidermis  is  not  alone 
thickened,  but  it  is  also  abnormally  resistant  and  inex- 
tensible. In  ichthyosis  vulgaris  the  absence  of  sweat  is 
a  marked  characteristic,  while  in  ichthyosis  foetalis  the 
secretion  of  sweat  takes  place  (Thibifirge).  The  diagno- 
sis between  hereditary  syphilis  and  ichthyosis  fcetalis  has 
only  to  be  remembered  to  be  made.  Ichthyosis  sebacea 
is  simply  a  temporary  exaggeration  of  the  normal  physi- 
ological desquamation  of  the  new-born,  and  has  nothing 
whatever  to  do  with  ichthyosis  foetalis.. 

Treatment. — In  a  case  observed  by  Sherwell,  in  which 
the  infant  lived  an  unusually  long  time,  it  was  kept 
soaked  in  olive  oil.  Douglass  W.  Montgomery. 

ICTERUS.    See  Jaundice. 

IDAHO  HOT  SPRINGS.— Clear  Creek  County,  Colo- 
rado. 

Post-Office.— Idaho  Hot  Springs.     Hotel. 

Access. — Via  Colorado  Division  of  the  Union  Pacific 
Railroad,  the  route  lying  through  the  famous  Clear  Creek 
Canyon.  These  springs  are  situated  in  the  Rocky  Moun- 
tains at  an  elevation  of  7,500  feet  above  the  sea  level. 
The  location  is  exceedingly  picturesque,  and  the  climate 
of  a  wholesome  and  salubrious  character.  Invigorating 
mountain  breezes  prevail  throughout  the  summer.  The 
facilities  for  bathing  form  a  special  attraction  at  these 
springs.  Three  immense  swimming  pools  have  been 
constructed,  besides  numerous  private  baths,  the  water 
ranging  in  temperature  from  85°  to  115°  F.  A  natural 
tunnel  furnishes  excellent  conveniences  for  a  ready-made 
vapor  bath,  and  is  largely  resorted  to.  The  following 
analysis  of  the  Idaho  Hot  Springs  water  has  been  made 
by  J.  G.  Pohle,  analytical  chemist: 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  carbonate 30.80 

Calcium  carbonate 9.52 

Magnesium  carbonate 2.88 

Iron  carbonate 4.12 

Sodium  sulpbat* 29.36 
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SolWs-  Grains. 

Calcium  sulphate q  u 

Sodium  chloride '.'.'.'.'.'. 4 16 

Calcium  and  magnesium  chlorides  '. . . . . . . . .' .' .'.'.'.'!.""  Trace 

Sodmm  silicate 4  m 

Magnesium  sulphate '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.     18.^2 

Total  solids lOT^OO 

Within  five  minutes'  walk  of  the  Hot  Springs  there  is 
a  cold  spring  of  sparkling,  effervescent  water,  excellent 
for  drinking  purposes.  A  good  carriage  road  leads  to 
the  summit  of  Bellevue  Mountain,  less  than  three  miles 
distant,  which  it  is  said  to  afford  the  most  majestic 
mountain  view  in  Colorado.  James  E.  Crook. 

IDAN-HA  SPRING.— Bannock  County,  Idaho. 

Post-Office.— Soda  Springs. 

Hotels:  Idan-ha,  Carriboo,  Stock  Exchange,  and 
Williams. 

The  Idan-ha  Spring  is  located  two  miles  from  Soda 
Springs,  from  whence  it  is  reached  by  a  good  roadway. 
The  situation  of  the  spring  is  5,886  feet  above  the  sea, 
and  the  surrounding  mountain  scenery  is  of  a  grand  and 
impressive  character.  The  climate  is  very  salubrious, 
the  weather  being,  as  a  rule,  clear  and  bright.  The  town 
of  Soda  Springs  has  long  been  known  as  a  health  resort. 
Within  the  town  limits  are  the  following  named  springs : 
the  "Horseshoe,"  "Octonagon,"  "Williams,"  "Soda," 
"  Mount "  and  "  Blanche  "  springs.  In  the  outlying  dis- 
tricts are  the  "Mammoth,"  "Steamboat,"  "Hooper," 
"Jews-harp,"  and  " Fresh- Water "  springs.  The  latter 
supplies  the  town  with  water  by  a  pipe  line.  Close  to 
the  Idan-ha  (which  is  known  as  the  "  90-per-cent. ")  are  the 
"100-per-cent.,"  the  "80-per-cent.,"  and  the  "Cham- 
pagne "  springs.  An  extensive  bottling  establishment  has 
been  built  in  connection  with  the  Idan-ha  Spring,  and  the 
waters  are  shipped  and  sold  in  all  parts  of  the  country. 
It  is  charged  with  carbonic-acid  gas  from  the  Mammoth 
Spring,  two  and  one-half  miles  east  of  Idan-ha,  which 
supplies  an  immense  amount  of  this  substance.  The  fol- 
lowing analysis  was  made  by  Prof.  Charles  F.  Chandler : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 13.19 

Sodium  bromide Trace. 

Lithium  bicarbonate 1.27 

Sodium  bicarbonate 7.34 

Magnesium  bicarbonate 62.40 

Calcium  bicarbonate 57.96 

Strontium  bicarbonate Trace. 

Barium  bicarbonate 08 

Manganese  bicarbonate 1.73 

Iron  bicarbonate .12 

Potassium  sulphate 1.73 

Sodium  sulphate 1.96 

Sodium  phosphate .68 

Sodium  biborate Trace. 

Alumina .05 

Silica ''•56 

Organic  matter Trace. 

Total  solids 152.06 

This  water  also  contains  an  excess  of  free  carbonic  acid 
gas.  The  analysis  shows  an  excellent  alkaline-saline 
water,  with  ferruginous  properties.  It  should  possess 
valuable  properties  as  a  diuretic,  mild  aperient,  and 
tonic.  It  is  very  pleasing  to  the  taste,  and  possesses  the 
desirable  quality  of  blending  with  wines  and  liquors, 
without  giving  discoloration  or  precipitation. 

James  K.  Crook. 

IDIOCY  AND  IMBECILITY.  Seo  Insanity :  Idiocy  and 
Imbecility. 

IDIOSYNCRASY.— This  term  (from  tAof,  cvv,  tcpdaig, 
literally,  a  personal  or  individual  commingling)  is  ap- 
plied medically  to  those  mental  or  constitutional  pecul- 
iarities of  an  individual  which  separate  him  from  the  ma- 
jority of  men  To  those  peculiarities  which  are  shared 
by  classes  of  individuals,  on  the  other  hand,  the  term  tem- 
perament is  given. 

One  should  uot  include  under  the  term  idiosyncrasy 


qualities  due  to  pathological  conditions,  as,  for  instance, 
the  absence  of  reflexes  in  tabetic  subjects  or  sensory  ab- 
errations like  color  blindness,  lack  of  smell  or  taste  per 
ception.  But  while  idiosyncrasies  are  usually  congeni- 
tal, they  may  be,  as  we  shall  see  later  in  the  case  of  drug 
and  poison  addiction,  acquired. 

The  most  important  idiosyncrasies  which  fall  under 
the  attention  of  the  physician  are  included  under  («) 
sensations,  (J)  reflexes,  (c)  infections,  (d)  foods,  («)  drugs 
and  poisons. 

(a)  Sensations. — One  of  the  most  marked  idiosyncrasies 
has  to  do  with  response  of  a  given  individual  to  pain. 
This  is  shown,  for  a  common  illustration,  in  the  mattei'  of 
vaccination.  The  actual  insult  to  terminal  sensory  nerves 
in  a  series  of  patients  submitting  to  this  little  operation 
is  about  the  same ;  but  while  some  of  them  will  notice  no 
hurt  whatever,  others  will  shrink  and  cry  out  in  evident 
acute  pain.  Some  few  will  faint.  This  varying  personal 
factor  of  pain  susceptibility  must  receive  due  considera- 
tion by  the  physician  in  interpreting  the  symptoms  which 
a  patient  describes.  Other  minor  discomforts,  which  yet 
from  a  nosological  standpoint  may  be  important,  receive 
very  varying  attention  from  different  people.  For  ex- 
ample, the  writer  has  observed  a  large  scrotal  tumor  in  an 
elderly  bookworm  who  said,  on  his  attention  being  called 
to  it,  that  he  had  never  noticed  its  presence  at  all.  Or, 
again,  a  woman  is  found  with  a  completely  procident 
uterus  to  which  she  had  never  given  any  thought ;  where- 
as most  women  with  a  far  less  pronounced  degree  of  pro- 
lapsus would  have  early  sought  medical  advice. 

Auditory  sensations  have  a  peculiarly  unwelcome  ef- 
fect on  certain  people.  The  squeak  of  a  file,  of  a  saw, 
or  of  a  slate  pencil  are  familiar  examples.  Shylock  em- 
phasizes these  sensory  idiosyncrasies  when  he  says : 

"  As  there  is  no  firm  reason  to  be  rendered 
Why  he  cannot  abide  a  gaping  pig, 
Why  he,  a  harmless,  necessary  cat. 
Why  he,  a  swollen  bag-pipe  .  .  . 
So  can  I  give  no  reason,  nor  I  will  not 
More  than  a  lodged  hate  and  a  certain  loathing." 

(J)  Eeftexes. — These  are  perhaps  more  important  medi- 
cally than  the  class  just  considered. 

Sea-sickness  deserves  first  mention  here,  from  its  wide 
prevalence.  In  fact  it  is  perhaps  the  absence  of  this  re- 
flex susceptibility  that  constitutes  the  idiosyncrasy.  Cer- 
tainly there  is  no  way  of  foretelling  which  individuals 
will  prove  able  to  resist  it.  Freedom  from  it  is  to  some 
extent  cultivable,  though  it  is  well  known  that  some  sea 
captains  and  naval  officers  even  lose  what  they  have 
gained  in  that  direction  after  a  short  residence  ashore. 

Hay  fever  doubtless  belongs  in  this  category,  for  while 
a  pathological  lesion  exists  in  a  certain  proportion  of 
cases,  a  reflex  idiosyncrasy  to  certain  irritants  is  also  a 
factor.  Whatever  this  irritant  may  be,  it  is  doubtless 
similar  in  its  action  to  ipecac  upon  another  sort  of  idio- 
syncrasy. The  writer  knows  a  druggist  who  is  so  sus- 
ceptible to  the  reflex  irritation  of  this  drug  that  he  not 
only  cannot  dispense  it  himself,  but  is  obliged  to  leave 
his  store  when  any  of  his  assistants  is  doing  so. 

Asthma  probably  owes  a  part  at  least  of  its  etiology 
to  a  similar  reflex  idiosyncrasy.  For  while  we  have  a 
determining  cause  in  some  pathologic  state  of  the  respi- 
ratory tract,  and  an  exciting  cause  in  an  acute  inflam- 
mation of  the  bronchi,  or  elsewhere,  we  must  assume  in 
asthmatics  a  predisposing  cause  in  a  peculiar  reflex  irri- 
tability ;  for  not  all  persons  possessing  the  first  two  con- 
ditions have  asthma. 

Another  reflex  idiosyncrasy  is  that  which  enables  the 
rigger  and  the  steeple-climber  to  ascend  to  high  places 
without  giddiness  or  fear  of  falling. 

It  is  a  failure  of  natural  reflex  response  to  cold  baths 
and  cold  affusions  which  explains  the  idiosyncrasy  noted 
in  some  people  at  water-cure  establishments.  On  the 
other  hand,  those  untoward  results  of  baths  which  in- 
clude skin  eruptions,  eczema,  furunculosis,  etc.,  are,  in 
so  far  as  they  are  not  due  to  uncleanly  methods,  to  be 
classed  in  the  following  section  among  therapeutic  idio- 
syncrasies. 
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(c)  Infections. — The  present  article  does  not  touch  upon 
the  subject  of  Immunity  (which  see).  But  there  is  in 
some  persons  a  lack  of  susceptibility  to  various  diseases 
which  can  be  ascribed  only  to  idiosyncrasy.  This  is  well 
illustrated  by  vaccinia,  there  being  a  very  few  persons 
upon  whom  vaccination  cannot  be  made  to  "  take  "  no 
matter  how  often  repeated.  Some  famihes  of  children 
escape  in  epidemics  of  the  exanthemata,  while  others  have 
these  diseases  several  times,  seeming  to  be  unable  to  ac- 
quire the  usual  immunity  from  one  attack.  The  univer- 
sal exposure  to  the  bacillus  tuberculosis  would  indicate 
that  the  varying  resistance  of  different  individuals  was 
largely  a  matter  of  idiosyncrasy. 

(d)  Foods. — ^There  are  many  instances  of  idiosyncrasy  as 
regards  special  articles  of  diet.  One  person,  for  instance, 
not  only  cannot  eat  cheese  without  violent  gastro-intes- 
tinal  irritation  but  cannot  eat  comfortably  at  a  table 
where  it  is  served.  A  special  form  in  whicli  these  food 
idiosyncrasies  assert  themselves  is  in  the  production  of 
urticaria  from  the  use  of  them.  Familiar  examples  are 
fish  and  shell-fish,  especially  lobsters;  also  strawberries 
and  peaches.  The  latter  fruit  with  some  patients  will 
cause  an  intense  coryza  apparently  like  a  rose-cold. 
Herpes  and  angioneurotic  oedema  are  similarly  produced. 
Milk  is  an  article  of  diet  which  many  persons,  generally 
mistakenly,  think  they  cannot  take.  But  there  are  really 
some  who  undoubtedly  do  have  an  idiosyncrasy  against 
it.  Regarding  this  as  every  other  article  of  diet,  a  person 
should,  often  with  medical  supervision  to  guard  against 
error,  establish  the  fact  of  his  own  idiosyncrasy,  and  hav- 
ing once  established  it  should  thereafter  respect  it. 

(e)  Drugs  and  Poisons. — In  this  field  idiosyncrasy  may 
show  itself  either  by  an  unusual  susceptibility  to  a 
small  dose,  or,  on  the  other  hand,  by  a  lack  of  suscepti- 
bility to  the  average  physiological  or  even  toxic  dose. 
The  former  of  these  conditions  is  usually  congenital ;  the 
latter  may  be  either  congenital  or  acquired.  To  it  is 
given  the  technical  name  of  "tolerance." 

A  high  degree  of  tolerance  is  usually  an  acquired  con- 
dition. It  is  well  known  that  in  both  man  and  the  lower 
animals,  increasing  doses  of  a  toxin  can  be  given  till 
doses  are  tolerated  far  in  excess  of  what  would  be  fatal 
without  such  a  progressive  increase  in  dosage.  The  use 
of  the  toxin  of  diphtheria  in  the  preparation  of  antitoxin 
is  a  familiar  example  of  this.  The  same  tolerance  is  es- 
tablished in  the  case  of  non -bacterial  poisons,  as,  for  ex- 
ample, tobacco,  alcohol,  and  arsenic.  But  while  such 
tolerance  may  appear  to  be  present  in  certain  organs  or 
systems  of  the  body,  it  may  be  absent  in  others.  For 
example,  the  nervous  system  may  appear  to  be  resisting 
tobacco  or  alcohol,  while  the  cardiac  or  digestive  may  be 
in  reality  succumbing  to  its  use,  or  vice  versa. 

Such  an  acquired  tolerance,  whether  in  the  case  of  tox- 
ins or  of  drugs,  ceases  soon  after  the  regular  administra- 
tion of  the  poison  has  been  stopped.  The  term  Mithri- 
datism  was  applied  to  a  supposed  immunity  against 
poison  gained  by  King  Mithridates  through  the  syste- 
matic use  of  poisons  employed  for  that  end. 

The  Styrian  peasants  have  long  been  noted  for  their  ac- 
quired tolerance  for  arsenic.  One  sceptical  traveller  is 
recorded  to  have  administered  seven  grains  of  arsenious 
acid  to  an  apparently  healthy  Styrian  without  ill  effect. 
The  enormous  doses  of  morphine  taken  by  morphinoma- 
niacs  of  course  suggest  themselves  in  this  connection. 

A  tolerance  for  one  drug  sometimes  develops  a  toler- 
ance for  others  of  similar  nature.  To  tliis  may  perhaps 
be  ascribed  the  large  amount  of  ether  required  to  antes- 
thetize  a  habitual  alcoholic.  The  writer  once  saw  a  mor- 
phine habitue  who  after  taking  nearly  a  drachm  of  mor- 
phine with  suicidal  purpose  added  to  the  dose  over  one 
hundred  grains  of  chloral,  to  which  he  was  not  specially 
addicted,  but  the  conjoined  dose  had  no  serious  effect. 
Insensibility  to  large  doses  of  sedatives,  as  ether,  chloro- 
form, opium,  hashish,  and  bromides,  is  found  in  some 
persons  not  habitues  of  any  of  these  drugs.  Such  per- 
sons are  apt  to  be  of  a  hysterical  or  emotional  character. 
A  lack  of  response  to  large  doses  of  cathartics  may  be 
dependent  on  the  cathartic  habit  or  may  be  met  with  in- 


dependently of  it.     People  of  warm  climates  are  said  to 
require  exceptionally  large  cathartic  doses. 

Many  persons  are  aware  of  their  own  drug  idiosyncra- 
sies, and  may  properly  acquaint  a  strange  physician  with 
them.  It  is  unwise  to  disregard  such  information  if  given 
by  a  person  of  intelligence.  In  doing  so  one  is  liable  to 
repeat  the  disastrous  experience  of  a  previous  attendant, 
and  even  if  the  experiment  has  no  other  ill-effect  than  the 
temporary  discomfort  of  the  patient,  the  latter  is  likely  to 
feel  provoked  that  his  warning  was  not  regarded.  But 
of  course  the  patient  may  have  drug  idiosyncrasies  which 
are  unknown  to  him.  It  is  therefore  unwise  for  a  physi- 
cian in  case  of  untoward  symptoms  arising,  to  say  off- 
hand that  they  could  not  possibly  be  due  to  the  use  of  a 
given  drug,  even  though  in  his  experience  such  a  result 
had  never  occurred, 

It  may  be  said  in  passing  that  sometimes  a  pathologi- 
cal condition  of  some  organ,  involving  too  slow  or  too 
rapid  absorption  or  impaired  elimination,  is  at  the  bottom 
of  what  is  regarded  as  a  congenital  drug  idiosyncrasy. 
Thus  renal  inadequacy  has  been  found  in  some  persons 
who  could  not  take  iodine. 

Childhood  appears  to  present  some  special  features 
with  regard  to  drug  susceptibility.  Especially  opium 
should  be  used  very  cautiously  at  this  period.  There  is 
a  common  belief,  on  the  other  hand,  that  arsenic  and  bel- 
ladonna are  especially  well  borne  by  children.  I  think 
it  very  doubtful  if  this  be  true  of  the  latter.  Jacobi 
thinks  children  tolerate  relatively  large  doses  of  quinine, 
digitalis,  potassium  iodide,  and  mercury. 

It  remains  to  mention  a  few  specific  drugs  and  poisons 
in  regard  to  which  marked  individual  idiosyncrasy  is 
most  often  met. 

Ivy  Poison.  Here  all  degrees  of  susceptibility  are  met, 
from  perfect  immunity  to  the  most  intense  dermatitis 
following  the  slightest  contact. 

Alcoliol.  Here  we  find  not  only  quantitative  but  quali- 
tative idiosyncrasies  One  man  can  drink  down  all  his 
fellows,  while  the  others  with  an  equal  quantity  of  liquor 
may  show  either  amativeness,  quarrelsomeness,  hilarity, 
or  gloom. 

Quinine  is  a  drug  which  occasionally  produces  ill 
effects  in  a  dose  much  smaller  than  ordinarily  given. 
Such  effects  are  tinnitus,  deafness,  blindness,  and  erythe- 
ma. The  writer  has  seen  an  intense  universal  dermatitis 
follow  its  use,  and  has  known  a  clergyman  in  whom  a 
dose  of  two  grains  invariably  produced  a  marked  erythe- 
ma of  the  scrotum.  Fever  and  abortion  have  both  been 
reported  to  follow  the  use  of  quinine. 

Salicylic  acid  will  cause  at  times  an  intense  delirium.  I 
have  seen  it  simulate  an  acute  mania  and  last  nearly  a 
fortnight. 

Belladonna  also,  as  is  well  known,  causes  delirium  in 
certain  patients.  Opium  has  caused  vomiting,  wakeful- 
ness, convulsions,  and  delirium.  Doubtless  there  are 
some  persons  who  should  never  take  the  drug.  In  the 
first  use  of  the  hypodermic  syringe  upon  strangers  a  con- 
siderable conservatism  is  wise. 

Potassium  Iodide.  Perhaps  no  drug  reveals  more  of 
personal  idiosyncrasy  than  this.  Two  to  five  grains  often 
cause  coryza.  Four  ten-grain  doses  have  produced  an 
oedema  of  the  glottis  severe  enough  to  require  trache- 
otomy. Fifteen  grains  a  day  will  often  cause  a  good 
deal  of  acne.  But,  curiously,  patients  who  cannot  take 
the  small  doses  often  can  take  the  large  one,  and  the 
massive  doses  of  four  to  six  drachms  three  times  a  day 
are  generally  well  borne.  One  cannot  insist  too  firmly 
that  the  tolerance  for  this  drug  is  not  a  diagnostic  crite- 
rion of  syphilis.  diaries  F.  Withington. 

IGAZOL  is  said  to  be  a  mixture  of  formaldehyde,  para- 
formaldehyde, and  an  iodine  compound  of  unstated  na- 
ture. It  is  in  the  form  of  a  powder  and  was  introduced 
by  Cervello  as  a  remedy  for  tuberculosis.  Norway  used 
it  by  vaporizing  over  a  lamp  for  two  hours  three  times  a 
day.  He  reports  good  results  in  asthma,  laryngeal 
spasm,  and  plithisis.     It  has  no  specific  action. 

W.  A.  Bastedo. 
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IGNATIA.— Saint  Ignatius'  Bean.  The  seed  of 
btrychnos  Ignatii  Berg.  (fam.  Loganiacem).  This  is  a 
arge,  half-climbing  shrub,  with  very  long,  slender 
branches,  and  rather  large,  oval,  pointed,  three-nerved 
leaves.  The  flowers  resemble  those  of  .S'.  ]>fu.>:  mmica, 
and  the  fruit  is  a  very  large  (10  to  30  cm.),  solid,  many- 
seeded,  hard  berry.  The  plant  grows  in  the  Philippine 
Islands,  and  has  been  introduced  into  Cochin-China. 
The  fruit  appears  to  be  not  uncommon  in  some  Asiatic 
markets.  The  seed  has  been  known  to  Europeans  since 
1699  (Fllickiger). 

Saint  Ignatius'  Beans  are  hard,  oblong,  but  irregularly 
faceted  seeds,  2  or  3  cm.  in  length,  of  a  dull  yellowisli- 
gray  or  blackish  color,  and  corneous  texture;  they  are 
normally  covered  with  short,  coarse,  appressed,  glisten 
ing  hairs,  but  these  are  usually  rubbed  off  before  they 
reach  this  country,  probably  by  the  friction  of  the  long 
voyage  or  carriage.  The  seed  consists  mostly  of  peri- 
sperm,  but  contains  an  oblong  embryo,  6  or  8  mm.  in 
length,  in  a  cavity  near  the  centre.  The  seeds  have  but 
little  odor,  and  a  very  bitter  taste. 

Composition. — Strychnine,  to  the  extent  of  from  one 
to  one  and  a  half  per  cent. ;  brucine  from  one-half  to 
three-fourths  percent. ;  considerable  albuminoid  matters; 
no  starch.  These  seeds,  from  chemical,  structural,  and 
physiological  points  of  view,  are  qualitatively  so  exactly 
duplicates  of  nux  vomica  that  the  reader  is  referred  to 
that  article  for  further  information.  Because  it  was  sup- 
posed to  be  more  uniform  in  its  alkaloidal  percentage, 
and  in  the  relative  percentages  of  strychnine  and  brucine, 
this  drug  was  made  official  in  1880,  but  it  was  found 
impossible  to  induce  23hysicians  to  substitute  it  for  the 
familiar  nux  vomica,  and  it  was  dropped  at  the  1890  re- 
vision. An  abstract,  of  fifty-per-cent.  strength,  dose  0.06 
to  0.3  gm.  (gr.  i.-v.),  and  a  tincture  of  the  same  strength 
and  dose  as  that  of  nux  vomica,  were  supplied. 

W.  P.  Bolles. 

IMMUNITY. — The  past  few  years  have  added  a  great 
deal  to  our  knowledge  concerning  the  nature  of  immu- 
nity, but  there  is  still  much-  to  be  learned.  Care  must 
therefore  be  taken,  while  discussing  the  many  plausible 
theories  advanced,  to  remember  always  that  they  are  but 
theories  and  may  be,  however  interesting,  still  untrue. 

Experience  and  observation  have  taught  us  that  vari- 
ous races  of  animals  and  men,  and  various  individuals 
among  tli6f;e,  differ  in  their  susceptibility  to  certain  dis- 
eases; and,  further,  that  the  same  individual  is  at  one 
time  more  resistant  to  such  diseases  than  at  another. 
This  inborn  or  spontaneous  refractory  condition  is  termed 
natural  immunity,  in  contradistinction  to  that  acquired 
during  an  attack  of  disease. 

As  in  bacteria  we  distinguish  between  the  ability  to 
produce  poison  and  the  power  to  multiply,  so  in  animals 
and  man  we  may  distinguish  between  immunity  to  poi- 
son and  immunity  to  the  invasion  of  bacteria. 

With  regard  to  variations  in  susceptibility,  certain 
facts  have  been  ascertained.  Thus,  cold-blooded  ani- 
mals are  generally  insusceptible  to  infection  from  those 
Taacteria  which  produce  disease  in  warm-blooded  animals, 
and  mce  versa.  This  is  explained  in  a  measure  by  the 
inability  of  the  bacteria  which  grow  at  the  temperature 
of  warm-blooded  animals  to  thrive  at  the  temperature 
existing  in  cold-blooded  animals.  But  differences  are 
observed  not  only  between  warm-blooded  and  cold- 
blooded animals,  but  also  between  the  several  racesof 
warm-blooded  animals.  The  anthrax  bacillus  is  very  in- 
fectious for  the  mouse  and  guinea-pig,  while  the  rat  is 
not  susceptible  to  it  unless  its  body  resistance  is  reduced 
by  disease  and  the  amount  of  infection  is  great.  The 
inability  of  a  micro-organism  to  grow  in  the  body  of  an 
animal  does  not  necessarily  indicate,  however,  an  insus- 
ceptibility to  its  poison;  thus,  for  instance,  rabbits  are 
said  to  be  less  susceptible  than  dogs  to  the  effects  of  the 
poison  elaborated  bv  pneumococci,  but  these  bacteria 
develop  much  better  in  the  former  than  in  the  latter 
Differences  in  susceptibility  are  sometimes  very  marked 
among  different  varieties  of  the  same  race  of  animals,  as, 


for  instance,  between  different  kinds  of  rats  and  pigeons 
to  anthrax.  In  animals,  as  a  whole,  experiments  have 
shown  that  the  young  of  all  species  are  on  the  average 
loss  resistant  to  infection  than  the  older  and  larger  ones. 

The  difficulty  experienced  by  many  micro-organisms 
in  developing  in  the  tissues  of  the  healthy  body  can  be 
to  a  great  extent  removed  by  any  cause  which  lowers  the 
general  or  local  vitality  of  the  tissues.  Among  the 
causes  which  bring  about  such  lessened  resistance  of 
the  body  are  hunger  and  starvation,  bad  hygienic  sur- 
roundings, exhaustion  from  overexertion,  exposure  to 
cold,  the  deleterious  effects  of  poisons,  bacterial  or  other, 
acute  and  chronic  diseases,  vicious  habits,  drunkenness, 
etc.  Purely  local  injuries,  such  as  wounds,  contusions, 
etc.,  give  a  point  of  entrance  for  infection,  and  also 
through  tissue  injury  one  of  less  resistance,  where  the 
bacteria  may  develop  and  produce  local  inflammation. 
Local  disease  processes,  such  as  endocarditis,  may  also 
afford  a  weak  spot  for  the  bacteria  to  seize  upon.  The 
presence  of  foreign  bodies  in  the  tissues  in  like  manner 
predisposes  them  to  bacterial  invasion.  Interference 
with  free  circulation  of  blood  and  retention  in  the  body 
of  substances  which  should  be  eliminated  also  tend  to 
lessen  the  vitality.  In  these  and  other  similar  ways  ani- 
mals which  are  otherwise  refractory  may  acquire  a  sus- 
ceptibility to  bacterial  invasion. 

Just  as  all  conditions  which  are  deleterious  to  the  body 
lessen  its  power  of  resistance  to  bacterial  invasion,  so  all 
conditions  which  are  favorable  to  it  increase  its  resist- 
ance, and  thus  aid  in  preventing  and  overcoming  infec- 
tion. The  internal  use  of  antiseptics  against  bacteria  has 
not  proved  successful,  for  the  reason  that  of  all  known 
non-specific  bactericidal  substances  an  amount  sufficient 
to  inhibit  bacterial  growth  is  found  to  be  poisonous  to 
the  tissue  cells.  The  efficacy  of  quinine  in  malaria  and 
of  mercury  in  syphilis  is,  possibly,  an  exception  to  the 
rule,  but  in  both  cases  we  are  dealing  probably  with  animal 
parasites,  not  bacteria.  Such  substances  as  nuclein  and 
others  contained  in  blood  serum,  when  introduced  into 
the  body  in  considerable  quantity,  aid  somewhat  in  in- 
hibiting the  growth  of  many  bacteria.  Even  bouillon, 
salt  solution,  and  small  amounts  of  urine  have  a  slight 
inhibitory  action.  The  hastening  of  elimination  of  the 
bacterial  poisons  by  free  intestinal  evacuation  and  en- 
couragement of  the  functions  of  the  skin  and  kidneys  are 
also  of  some  avail.  The  enzymes  formed  by  certain  bac- 
teria have  been  found  to  exert  a  slight  bactericidal  ac- 
tion, not  only  on  the  germs  which  have  directly  or  indi- 
rectly produced  them  in  the  body,  but  also  on  other 
varieties.  None  of  these  enzymes  is  sufficiently  protec- 
tive, however,  to  be  of  practical  value  nor  equal  in  power 
to  the  protective  substances  formed  in  the  body  after  in- 
fection with  many  micro-organisms. 

The  tissues  of  the  animal  body  under  the  normal  con- 
ditions of  life  are  unsuitable  for  the  growth  of  the  great 
majority  of  bacteria^  and  are  only  fairly  favorable  to  the 
development  of  the  few  remaining.  Indeed,  only  a  very 
small  number  of  varieties  of  bacteria  find  the  conditions 
really  satisfactory,  and  even  these  must  gain  a  point  of 
entrance. 

In  seeking  for  a  reason  for  the  difficulty  experienced 
by  the  bacteria  in  growing  in  the  tissues,  we  cannot  ex- 
pect to  find  it  in  either  the  lack  of  or  concentration  of  the 
nutritive  substances,  in  the  temperature,  or  in  the  reac- 
tion ;  for  although  these  conditions  may  be  unsuitable  for 
some  bacteria  they  are  suitable  for  many,  and  thus  can- 
not constitute  the  fundamental  explanation  of  immunity. 
A  possible  reason  for  the  inability  of  the  bacteria  to  in- 
vade living  tissues  may  be  in  the  fact  that  the  nutritious 
material  in  the  living  cells  is  in  a  form  which  the  bac- 
teria cannot  readily  assimilate :  but  if  this  be  true  it  does 
not  adequately  explain  why  the  bacteria  do  not  develop 
in  the  nutritious  fluids  so  abundant  about  and  in  the 
body  tissues.  We  are  thus  driven  to  the  conclusion  that 
the  body  fluids  themselves  contain  substances  which  are 
directly  deleterious  to  the  bacteria.  As  to  the  origin  of 
these  substances,  it  is  conceivable  that  they  may  be  either 
regularly  produced  in  the  cells  or  that  they  may  be  pro- 
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duced  only  when  the  body  is  invaded  by  micro-organ- 
isms. They  may  then  remain  unaltered  in  the  fluids  or  be 
quickly  eliminated.  More  than  one  of  these  things  may 
actually  occur. 

The  bactericidal  effect  of  sera  upon  most  bacteria  is 
shown  by  the  fact  that  when  injected  into  the  blood  they 
begin  to  die  at  once,  and  this  often  continues  until  in  a 
few  hours  all  have  died.  Even  when  bacteria  produce 
infection  there  is  usually  for  a  time  a  decrease  in  the  num- 
ber of  bacteria  living,  but  this  is  soon  followed  by  a  pro- 
gressive increase.  This  fact  can  be  observed  not  only  in 
the  blood  and  peritoneal  cavity,  but  also  when  the  bac- 
teria are  enclosed  in  animal  or  vegetable  capsules,  where 
the  serum  passing  into  them  destroys  the  bacteria.  The 
bacteria  are  killed  even  if  they  have  previously  grown 
in  blood  serum.  Bacteria  have  also  been  injected  into  a 
vein  carefully  ligated  above  and  below,  and  here  with- 
out coagulation  the  blood  exerts  bactericidal  properties. 
Even  spores  are  killed  in  a  few  days.  The  effect  of  the 
fresli  unheated  blood  serum  can  also  be  watched  outside 
of  the  body.  Here  some  species  of  bacteria  die  quickly, 
some  slowl}',  and  some  lose  only  a  portion  of  their  num- 
ber, and  here  the  remaining  portion  after  a  time  rapidly 
increases.  The  number  of  bacteria  introduced  is  of  great 
importance,  for  the  serum  seems  capable  of  destroying 
only  a  certain  number  and  after  that  loses  its  bactericidal 
properties. 

If  the  bactericidal  effect  of  the  serum  outside  the  body 
always  went  hand-in-hand  with  the  immunity  of  the  in- 
dividual from  which  it  was  taken,  the  problem  of  immu- 
nity would  be  more  easily  solved,  but  this  is  not  wholly 
the  case.  We  must  therefore  add  to  the  serum  the  activity 
of  the  cells  which  constantly  produce  the  antiseptic  sub- 
stances which  are  given  up  largely  to  the  blood  and  fluids 
of  the  body.  This  deleterious  action  of  the  blood  on 
bacteria  can  be  increased  or  diminished  by  infection,  thus 
indicating  living-cell  influence. 

Concerning  the  nature  of  these  protective  substances, 
named  alexins  by  Buchner,  we  have  as  yet  little  positive 
knowledge,  but  certain  properties  of  them  are  known. 
They  are  precipitated  by  a  forty-per-cent.  solution  of 
sodium  sulphate.  A  bactericidal  serum  affects  in  a  dele- 
terious manner  the  red  blood  cells  of  a  different  species 
of  animals.  These  substances  would  seem  to  belong  to 
the  proteids  and  resemble  certain  of  the  globulins  in  their 
properties,  but  they  are  evidently  extremely  complex  in 
their  nature. 

Their  source  la  generally  attributed  to  the  cells,  but 
probably  certain  cells  only  produce  them.  The  red  blood 
cells,  for  instance,  seem  rather  to  destroy  than  to  increase 
them.  The  nuclein  derived  from  the  cells,  although  it 
has  a  general  bactericidal  action,  does  not  belong  to  the 
specific  alexins.  The  cells  which  have  abundant  nuclear 
substance,  such  as  the  leucocytes  and  lymph  cells,  seem 
especially  to  be  a  source  of  the  alexins.  Buchner  and 
others  have  found  that,  through  the  irritation  of  bacte- 
rial filtrates,  the  leucocytes  were  attracted  in  great  num- 
bers to  the  region  of  injection,  and  that  the  fluid  here, 
which  was  rich  in  leucocytes,  was  more  bactericidal  than 
the  blood  serum  elsewhere.  The  same  fluid  acted  also 
more  perfectly  when  it  contained  numbers  of  leucocytes 
than  when  they  were  filtered  out.  Substances  similar  to 
the  alexins  are  apparently  derived  from  the  leucocytes 
and  their  attraction  to  the  injected  areas  gives  to  that 
location  greater  protective  power.  Still  it  has  not  yet 
been  positively  established  that  the  specific  alexins  are 
derived  from  the  leucocytes.  The  attraction  between  the 
leucocytes  and  the  bacteria  is  rather  due  to  the  chemical 
attraction  of  the  bacterial  cell  products  and  the  bacterial 
body  substance.  Some  chemical  substances  not  derived 
from  bacteria  have  also  this  quality,  called  positive 
chemotaxis,  while  others  repel  the  leucocytes — negative 
chemotaxis.  The  theory  of  Metchnikoff  that  the  leuco- 
cytes are  the  only  actual  protective  bodies  which  ward 
off  disease,  and  that  they  do  this  by  attacking  and  de- 
vouring the  bacteria,  has  been  somewhat  modified  by 
more  recent  knowledge,  and  it  is  now  believed  that  the 
bacterial  substances  attract  the  cells  and  that  when  these 


are  brought  together  the  general,  and  perhaps  the  spe- 
cific, bactericidal  property  of  the  blood  is  thereby  in- 
creased. The  death  of  the  bacteria  liberates  this  positive 
chemotactic  substance,  and  the  death  of  the  leucocytes 
gives  rise  to  an  increase  of  the  non-specific  bactericidal 
bodies.  Thus  we  find  that  phagocytosis  is  most  marked 
when  the  disease  is  on  the  decline  or  the  infection  mild, 
but  that  in  rapidly  increasing  progressive  infection  it  is 
usually  absent.  This  would  seem  to  indicate  that  the 
course  of  the  infection  is  already  detennined  before  the 
leucocytes  become  massed  at  the  point  of  its  entrance. 
The  first  determining  influence  is  given  by  the  condition 
of  the  tissues  and  the  bactericidal  substances  contained  in 
them,  and  then  later,  in  cases  in  which  the  infection  is 
checked,  comes  the  additional  bactericidal  substance 
given  off  by  the  attracted  leucocytes.  In  so  far  as  the 
tissues  themselves  are  unsuitable  for  the  development  of 
bacteria  they  are  sufficient  to  ward  off  infection,  but  in 
proportion  as  they  are  incapable  of  doing  this  they  are 
assisted  by  the  substances  contained  in  the  leucocytes. 
If  the  tissues  are  wholly  adapted  for  the  growth  of  the 
bacteria,  neither  they  nor  the  leucocytes,  nor  both  com- 
bined, can  furnish  sufficient  protective  substances  to  pre- 
vent the  bacterial  increase.  The  entrance  of  bacteria  into 
the  leucocytes,  which  is  not  infrequent,  may  mean  the 
destruction  of  the  former;  but,  on  the  other  hand,  the 
bacteria  may  increase  in  the  white  blood  cells  and  destroy 
them,  and  they  may  be  killed  without  entering  the  cells. 
The  simple  absorption  by  the  cells  is  not  necessarily  a 
destructive  process. 

No  explanation  can  as  yet  be  given  of  natural  immu- 
nity to  bacterial  poisons,  except  that  it  may  be  connected 
with  some  general  property  of  the  protoplasm  of  the 
cells  which  renders  a  combination  between  certain  mole- 
cules of  the  cell  and  the  poison  impossible ;  thus,  if  teta- 
nus toxin  is  injected  into  a  susceptible  animal  it  has  been 
found  that  it  will  disappear  from  the  blood  in  a  few 
minutes.  If  the  cells  are  subjected  to  suitable  processes 
the  tetanus  poison  will  be  found  present  in  all  the  cells 
except  those  of  the  nervous  system.  In  these  it  has 
apparently  disappeared.  As  these  are  the  cells  that  re 
ceived  injury  from  the  toxin  it  is  fair  to  assume  that 
some  chemical  combination  has  occurred  between  them 
and  the  )xin.  There  is  far  less  variation  among  differ 
ent  species  in  their  resistance  to  the  bacterial  poisons  than 
in  their  suitability  for  the  growth  of  the  living  bacteria 
which  produce  them.  Possibly  certain  organs,  such  as 
the  lym  ih  glands,  the  liver,  etc. — may  have  some  de- 
struetiv    power  with  regard  to  poisons. 

By  what  means  are  virulent  bacteria  enabled  to  in- 
crease in  the  body,  notwithstanding  its  protective  powers, 
when  non-virulent  organisms  of  the  same  species  are  in- 
capable of  so  doing?  This  is  but  little  understood,  but 
experiment  shows  in  the  first  place  that  both  virulent 
and  non-virulent  forms  are  equally  resistant  to  general 
destructive  agencies ;  and,  secondly,  that  the  bacteria  are 
capable  of  producing  substances  (lysins)  which  neutralize 
in  some  way  the  protective  substances  (alexins).  The 
virulence  of  bacteria  would,  therefore,  depend  partly 
upon  their  ability  to  produce  these  lysins,  which  act 
perhaps  as  the  ferments  upon  the  alexins,  or  perhaps 
combine  with  them.  That  bacteria  under  certain  condi- 
tions form  specific  poisons,  and  under  others,  even  when 
they  grow  luxuriantly,  do  not,  is  clearly  shown  by  our 
experiments  on  the  production  of  diphtheria  toxin.  Here 
it  was  found  that  when  the  bouillon  was  either  a  little 
too  alkaline  or  too  acid,  though  the  bacilli  grew  rapidly, 
they  did  not  produce  specific  toxins.  When  the  bacilli 
were  grown  for  a  time  in  such  bouillon  they  eventually 
became  able  to  develop  toxin  in  a  soil  in  which  thej^ 
previously  failed  to  do  so.  Similar  cultivation  in  the 
body  may  be  assumed  to  increase  their  ability  to  produce 
specific  poison  after  awhile  under  what  would  at  first  be 
advei'se  conditions. 

With  regard  to  the  increase  and  decrease  of  general, 
and  perhaps  also  of  specific  immunity,  we  have  reason  to- 
believe  that  as  the  protective  substances  are  produced 
through  the  action  of  the  living  cells,  anything  which 
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lowers  the  general  vitality  must  lessen  the  vitality  of  the 
cells,  and  thus  their  ability  to  produce  protective  sub 
stances  in  the  amount  possible  in  a  normal  condition. 

Specific  Imiimnity.— The  following  theories  have  been 
advanced  concerning  the  nature  of  specific  immunity: 
The  theory  that  a  second  infection  is  impossible  because 
the  first  used  up  substances  which  were  necessary  to  the 
growth  of  the  bacteria  is  untenable  for  many  reasons 
Thus  it  can  be  demonstrated  that  the  injection  of  a  small 
amount  of  specitic  serum,  which  robs  the  tissues  of  noth- 
ing, produces  the  same  immunity.  Again,  the  injection 
into  the  body  of  a  sufHcient  number  of  bacteria  patho- 
genic for  the  animal  selected  gives  rise  to  an  infection  in 
all  cases. 

Tlie  original  theory  of  Metchnikoflf,  that  the  leucocytes 
or  wandering  cells  of  the  body,  after  an  infection  with  a 
certain  variety  of  bacteria,  become  influenced  in  some 
way,  so  that  they  attack  especially  that  form  of  infection 
again  and  destroy  the  bacteria  (phagocytosis),  can  no 
longer  be  regarded  as  more  than  a  very  partial  explana- 
tion, and  can  be  accepted  only  by  assuming  as  proven  a 
number  of  hypotheses. 

The  retention  theory  of  Wernich  and  Chaveau,  some- 
what modified,  has  most  to  support  it.  They  have  shown 
that  the  chemical  changes  in  the  blood  serum  of  animals 
recovering  from  an  infection  are  of  such  an  extent  as  to 
be  capable  of  being  demonstrated  experimentally,  and 
these  changes  have  been  shown  to  persist  for  a  number 
of  weeks  or  months  or  even  years.  Similarly  the  serum 
of  immunized  animals  retains  for  a  long  time  its  immu- 
nizing substances.  We  are  therefore  compelled  to  ac- 
cept the  fact  that  when  an  infection  is  passed  through 
there  are  more  or  less  protective  chemical  substances  left 
in  the  blood  which  remain  there  for  a  considerable  time. 
Kruse  believes  that  these  substances  have  the  power  of 
neutralizing  the  poisons  which  are  given  off  by  the  bac- 
teria upon  their  entrance  into  the  body,  and  of  thus  rob- 
bing these  poisons  of  their  deleterious  effects  on  the 
alexins;  the  body  fluids  in  this  way  remaining  antag- 
onists to  the  growth  of  the  bacteria,  the  alexins  being 
bactericidal.  If  only  a  small  amount  of  antilysins  are 
present  some  of  the  alexins  are  destroyed  and  the  bac- 
teria are  not  all  killed  or  weakened.  Those  remaining 
active  are  then  further  acted  upon  by  the  alexins  in  the 
tissues  and  by  the  substances  given  off  by  the  leucocytes. 
If  these  protective  substances  are  insufficient  the  infec- 
tion is  established. 

According  to  Ehrlich  the  production  of  antitoxins  and 
of  the  specific  portion  of  bactericidal  sera  is  due  to 
overproduction  of  molecules  in  cells  sensitive  to  the  tox- 
ins or  bacterial  cell  products.  Ehrlich  considers  that 
toxin  molecules  have  what  he  calls  haptophore  atom 
groups  whicli  find  in  sensitive  animals  cells  with  atom 
groups  having  for  them  an  affinity.  The  groups  unite 
and  later  the  poison  or  toxophore  atom  group  of  the 
toxin  molecule  having  been  assimilated  acts  upon  the 
vital  part  of  the  protoplasm  of  the  cell,  and  injury  re 
suits  This  injured  cell  substance  is  replaced  by  the  cell 
in  excess,  and  this  excess  is  thrown  off  free  in  the  blood. 
This  free'  cell  substance  has  affinities  similar  to  wliat  it 
had  in  the  cells  and  so  unites  with  the  toxin  molecules, 
and  satisfying  them,  neutralizes  their  poisonous  proper 

tics 

When  the  substance  of  bacterial  cells  is  injected  into 
a  susceptible  animal  body,  there  results  in  the  same  way 
as  with  toxins  an  injury  of  certam  cell  molecules,  and  an 
attempt  at  repair,  with  usually  an  overproduction.  The 
snecific  substances  produced  cannot  alone  attack  hvmg 
bacterial  cells  similar  to  those  whose  protoplasm  has  pre- 
vfousy  caused  the  injury.  To  destroy  the  bacterial  cell, 
besides  the  specific  "  antibody  "there  is  needed  a  comple- 
mentarv  body  This  is  the  substance  normally  present 
in  all  healthy  sera.  The  two  substances  together,  unit- 
ing with  the  bacterial  cell,  destroy  it. 

According  toEhriich  these  specific  substances  are  pres- 
ent in  minute  amount  in  all  living  animals.  After  an 
injection  or  a  series  of  injections  that  one  which  has 
affinity  for  the  poison  or  bacterial  protoplasm  is  enor- 


mously increased.  These  atom  groups  of  the  large  mole- 
cules of  certain  body  cell  are  "  side  chains  "  as  it  were, 
which  stand  in  the  same  relation  as  the  side  chains  of  the 
aromatic  attachijient  to  the  benzol  nucleus.  On  the  abil- 
ity of  these  groups  to  unite  lies  their  tendency  to  be 
poisoned  or  to  protect. 

The  agglutins  seem  to  have  a  close  resemblance  to,  if 
they  are  not  identical  with,  the  antibodies,  which  to- 
gether witli  the  complementary  bodies  destroy  the  bac- 
teri 

Ehrlich's  "side-chain  "  theories  are  most  interesting; 
whether  they  have  in  them  a  foundation  of  truth,  or  not, 
onlj  further  investigation  can  reveal.  They  have,  how- 
ever, helped  greatly  to  establish  that  the  protection  given 
by  antitoxic  and  bactericidal  serums  is  due,  for  the  most 
part  at  least,  to  purely  chemical  action,  the  antitoxins 
uniting  with  the  toxins,  and  the  bactericidal  antibodies 
and  complementary  bodies  combining  with  the  bacterial 
cells. 

An  important  fact  recently  established  is  that  while 
we  may  accumulate  antitoxin  to  almost  any  extent  in  the 
blood  of  infected  animals,  we  cannot  so  increase  the  bac- 
tericidal substances  in  the  serum,  for  the  complementary 
body  which  is  essential  can  never  be  increased  in  the 
blood  much  beyond  the  extent  to  which  it  is  normally 
present  in  the  blood.  We  can  neutralize  any  amount  of 
toxin  by  sufficient  antitoxin,  but  we  cannot  protect  an 
animal  from  death  from  a  septicsemic  germ,  if  we  give  an 
excessive  quantity  of  bacteria.  At  the  present  time, 
therefore,  we  cannot  be  hopeful  of  having  protective 
sera  which  will  be  of  much  value  in  the  treatment  of  dis- 
ease, when  an  extensive  invasion  of  the  body  by  bacteria 
has  taken  place. 

With  antitoxins  we  seem  limited  also  to  those  cases  in 
which  we  can  give  the  antitoxin  before  sufficient  toxin 
has  united  with  the  body  cells  to  produce  fatal  injury. 
If  even  seven  minutes  have  elapsed  after  an  excessive 
amount  of  tetanus  poison  has  been  injected  into  a  sensi- 
tive animal,  no  amount  of  antitoxin  will  protect  it  from 
death,  while  if  previous  to  the  injection  of  the  toxin,  the 
same  amount  of  antitoxin  has  been  mixed  with  it,  no 
harm  results. 

The  injection  of  toxins  and  bacterial  poisons  is  fol- 
lowed after  forty-eight  to  ninety-six  hours  by  the  de- 
velopment of  protective  substances.  The  immunity 
reaches  its  height  a  week  or  ten  days  after  the  injection, 
and  then  continues  for  a  week  or  two,  when  it  slowly 
declines  again.  When  protective  sera  are  injected  the 
immunity  is  greatest  at  the  time  of  the  injection  and 
then  gradually  lessens.  The  immunity  following  serum 
injections  is  frequently  called  passive  immunity  and  that 
due  to  bacterial  or  toxin  injections  active  immunity. 

If  a  greater  quantity  of  protective  substance  is  desired 
in  the  blood  than  occurs  after  one  infection,  repeated  in- 
jections of  living  or  dead  bacteria  or  their  products  are 
given,  the  doses  being  administered  at  short  intervals  and 
in  sufficient  amount  to  produce  a  slight  elevation  of  tem- 
perature and  malaise.  Then,  as  soon  as  the  animal  re- 
turns to  a  normal  condition,  another  injection  of  slightly 
greater  quantitj'  is  given.  After  several  months  of  such 
treatment  the  blood  is  withdrawn,  allowed  to  clot,  and 
the  serum  then  siphoned  off  aseptically  and  stored  either 
with  or  without  the  addition  of  preservatives.  The 
serum  is  tested  by  mixing  it  with  a  certain  number  of 
times  the  fatal  dose  of  a  culture  or  its  toxins  whose  viru- 
lence or  toxicity  is  known,  and  then  injecting  this  under 
the  skin,  in  the  vein,  or  into  the  peritoneum,  according 
to  the  nature  of  the  bacteria  to  be  tested.  The  main 
point  is  that  some  definite  method  be  carried  out  by 
which  the  relative  value  of  the  serum  can  be  judged  in 
comparison  with  other  serums.  As  a  rule,  the  value  is 
stated  in  the  number  of  fatal  doses  of  culture  or  of  toxin 
which  a  fraction  of  a  cubic  centimetre  of  serum  will  pre- 
vent from  destroying  the  animal.  It  is  well  to  remember 
that  with  a  living  germ  a  multiple  of  a  fatal  dose  is  not 
as  much  more  severe  than  a  single  dose  as  the  figure 
would  suggest.  One  thousand  times  a  fatal  dose  of  a 
very  virulent  micro-organism  will  be    neutralized  by 
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several  times  the  amount  of  serum  ■which  a  single  fatal 
dose  requires,  since  in  the  case  of  very  virulent  living 
bacteria  whose  virulence  is  due  to  their  ability  to  in- 
crease, it  is  not  the  organisms  which  are  introduced  that 
Isill  but  the  millions  that  develop  from  t*  em.  As  a  rule, 
the  serum  has  to  be  given  before  the  bacteria  intro 
duced  into  the  body  have  multiplied  greatly.  After  that 
period  has  elapsed  the  serum  usually  fails  to  act.  The 
immunity  conferred  on  a  person  from  serum  lasts  from  a 
few  days  to  several  months,  according  to  the  amount  of 
serum  injected.  As  in  animals,  it  is  strongest  immedi 
ately  after  absorption.  An  injection  of  bacterial  poisons 
or  the  contraction  of  actual  disease  usually  confers  im- 
munity in  from  one  to  three  weeks  after  the  infection, 
which  lasts,  according  to  the  natui'e  of  the  infection,  from 
one  month  to  a  year  or  more.  The  serumloses  all  appre 
ciable  protective  value  as  measured  in  test  animals  in  the 
usual  doses  before  the  person  is  liable  to  infection.  Re- 
peated Injections  of  serum  continue  this  condition  of  im- 
munity indefinitely. 

The  use  of  sera  having  gpccific  protective  properties 
has  been  tried  in  both  animals  and  man  as  a  preventive 
of  infection.  In  susceptible  animals  injections  of  some 
of  the  very  virulent  bacteria,  as  pneumococci,  strepto- 
cocci, typhoid  bacilli,  and  cholera  spirilla,  can  be  robbed 
of  all  danger  if  small  doses  of  their  respective  sera  are 
given  before  the  bacteria  have  increased  to  any  great 
extent  in  the  body.  If  given  later  they  are  ineffective. 
For  some  bacteria,  such  as  tubercle  bacilli,  no  serum  has 
been  obtained  of  sufficient  power  to  prevent  infection. 
Through  sera,  therefore,  we  can  immunize  against  an 
infection,  and  even  stop  one  just  commencing;  but  as 
yet  we  cannot  cure  an  infection  which  is  already  fully 
developed,  though  even  here  there  is  reason  to  believe 
that  we  may  possibly  prevent  an  invasion  of  the  general 
system  from  a  diseased  organ  as  by  the  pneumococcus 
from  an  infected  lung  in  pneumonia.  On  the  whole,  the 
sera  which  simply  inhibit  the  growth  of  bacteria  have 
not  given,  as  observed  in  practice,  conclusive  evidence  of 
great  value  in  already  developed  disease.  This  is  partly 
due  to  the  difficulty  of  determining  early  enough  the  ex- 
act nature  of  the  bacteria  causing  the  infection.  Al- 
though the  serum  of  animals  which  have  been  infected 
with  any  one  of  many  varieties  of  bacteria  is  usually 
both  antitoxic  and  bactericidal,  still  one  of  these  protec- 
tive substances  may  be  present  almost  alone ;  thus  anti- 
toxic substances  are  present  almost  exclusively  in  ani- 
mals injected  with  two  species  of  bacteria  which  produce 
powerful  specific  poisons — the  bacilli,  namely,  of  diph- 
theria and  of  tetanus.  When  the  toxins  of  either  of  these 
are  injected  in  small  amounts  the  animals  after  complete 
recovery  are  able  to  bear  a  larger  dose  without  deleterious 
effects,  and  these  doses  in  the  more  suitable  animals  can 
be  gradually  increased  until  a  thousand  times  a  previ- 
ously fatal  dose  may  be  administered  without  any  serious 
results  whatever.  To  Behring  and  Kitasato  we  owe  the 
discovery  that  tl)is  protecting  substance  accumulates  to 
such  an  extent  in  the  blood  that  very  small  amounts  of 
serum  are  sufficient  to  protect  other  animals  from  the 
effects  of  the  toxin. 

Some  other  important  parasitic  bacteria  produce  toxins 
and  in  the  body  antitoxins,  but  all  to  a  far  less  extent 
than  those  of  tetanus  and  diphtheria.  Following  them  is 
the  plague  bacillus,  and  tlien,  but  far  behind,  the  cholera 
spirilla,  the  typhoid  bacilli,  the  streptococci,  etc.  These 
latter  bacteria  produce  more  of  the  substances  which  in- 
hibit bacterial  growth  than  of  those  which  neutralize 
their  toxins. 

Inherited  Immunity. — Natural  immunity  jjertains  more 
to  species  than  individuals,  and  such  immunity  is  handed 
down  by  the  parents  to  their  offspring.  If  the  immunity 
of  one  or  both  parents  has  been  acquired  by  them  during 
their  lifetime  previous  to  the  birth  of  the  offspring  the 
immunity  conferred  is  slight  or  none  at  all.  This  is  es- 
pecially true  of  the  male  side.  In  the  case  of  the  female 
parent  another  factor  comes  into  play  after  tlie  fructifi 
cation  of  the  ovum, — viz.,  the  absorption  of  products 
from  the  fluids  of  the  mother,  for  the  placenta  is  no  bar- 


rier to  soluble  substances.  Thus,  sheep  which  have  been 
immunized  to  anthrax  have  moderately  immune  young. 
On  the  other  hand,  animals  vaccinated  with  cowpox  have 
not  been  found  to  have  immune  offspring.  Antitoxins 
injected  into  the  parents  apparently  pass  the  placenta, 
giving  thus  a  slight  transitory  passive  immunity.  A 
slight  Immunity  is  also  given  by  immune  mothers 
through  their  milk,  a  small  amount  of  antitoxic  sub- 
stance being  absorbed,  William  H.  Park. 

IMPETIGO. — This  is  an  acute  specific  inflammatory 
affection  of  the  skin,  spontaneously  and  experimentally 
inoculable,  contagious,  and  epidemic;  characterized  by 
the  formation  of  superficial  flaccid  vesicles  which  soon 
rupture  and  give  place  to  crusts  formed  by  the  drying 
of  the  effused  serum.  These  crusts  are  without  inflam- 
matory areola  and  look  as  if  stuck  on  the  sound  skin,  the 
underlying  epidermic  erosions  healing  in  a  few  days 
without  leaving  cicatrices. 

Impetigo  is  a  disease  peculiar  to  infants  and  young 
children,  not  that  there  is  with  them  any  special  under- 
lying predisposing  cause  in  the  soil,  so  to  speak, 
such  as  a  strumous  or  lymphatic  condition  as  is  often 
alleged,  but  that  simply  their  skins  are  more  deli- 
cate, particularly  that  of  the  face,  where  the  corneal 
epidermis  is  less  thick  and  where  impetigo  occurs  most 
frequently. 

Given  an  erosion  of  the  skin — and  the  thinner  the  skin 
the  more  easily  does  erosion  occur — and  the  introduction 
of  the  special  germ,  a  characteristic  lesion  of  impetigo 
will  result.  The  accidental  causes  which  lead  to  this 
inoculation  are  those  that  conduce  to  scratching  by 
which  the  skin  is  broken,  such  as  phthiriasis,  especially 
of  the  scalp,  and  scabies.  Eczema  may  lead  to  impe- 
tigo. The  contagiousness  of  impetigo  was  clinically  es- 
tablished by  Devergie  and  experimentally  proven  later 
by  Tilbury  Fox,  of  London,  and  others.  Fox  prefixed 
the  term  contagious,  which  would  make  it  appear  that 
his  "  contagious  impetigo  "  was  a  different  affection  from 
the  Impetigo  of  the  French  school,  which  is  not  the  case. 
Impetigo  and  "contagious  impetigo"  are  one  and  the 
same  disease  and  "  contagious  "  is  an  entirely  unnecessary 
and  confusing  qualification.  Through  the  more  or  less 
intimate  association  with  the  greater  opportunity  for 
contagion  that  takes  place  in  schools  and  families,  im- 
petigo maj'  become  epidemic  solely  through  the  inocula- 
tion of  one  by  the  other  of  the  members  of  such  bodies. 
The  direct  and  efficient  cause  of  impetigo  is  a  micro- 
organism— one  of  the  streptococci. 

The  elementary  lesion  of  impetigo  is  an  erythematous 
spot  but  slightly  if  at  all  elevated,  varying  in  size  from 
the  head  of  a  large  pin  to  that  of  a  split  pea.  This  lesion 
is  very  transitory  and  gives  place  in  a  few  hours  to  a 
superficial  flaccid  vesicle  containing  a  clear  limpid  serum. 
The  thin  corneal  covering  of  this  blister-like  lesion  is 
easily  ruptured,  spontaneously  or  by  scratching,  allow- 
ing to  exude  a  limpid  serum  which  quickly  coagulates 
and  forms  the  characteristic  honey-like  crusts  that  ap- 
pear as  if  stuck  on  the  sound  skin.  An  accumulation  of 
these  friable  amber-yellow  crusts,  without  surrounding 
inflammatory  areola,  over  the  cheeks,  forehead,  and  chin, 
and  around  the  lips,  presents  a  classical  picture  of  the  dis- 
ease known  as  impetigo.  It  may  occur  on  any  part  of 
the  body,  but  the  face  is  the  familiar  location.  At  times, 
after  the  breaking  of  the  imperfect  vesicle,  little  or  no 
exudation  will  take  place,  so  that  no  crusts  are  formed, 
there  being  merely  a  thin  glaze  over  the  underlying  su- 
perficial erosion  which  heals  quickly,  leaving  an  ery- 
thematous spot  that  slowly  disappears.  This  abortive 
attempt  is  noticed  more  frequently  in  grown  persons. 
Ordinarily  through  successive  reinoculations  an  attack 
of  impetigo  will  last  for  from  three  to  four  weeks.  The 
burning  and  itching,  though  slight,  are  sufficient  in  a 
cliild  to  cause  it  to  scratch  the  lesions,  thereby  infecting 
the  finger  nails,  and  thus  transference  to  other  parts  is 
effected  with  the  establishment  of  new  lesions.  When 
uncomplicated,  the  lesion  of  impetigo  never  suppurates 
and  terminates,  after  falling  of  the  crust  and  the  gradual 
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disappearance  of  the  underlying  reddened,  area  without 
cicatrix. 

Impetigo  may  be  diagnosed  from  varicella  by  the  more 
widespread  distribution  of  the  latter,  impetigo  being  es- 
sentially regional ;  the  vesicle  of  varicella  is  smaller  and 
more  prominent,  is  sun-ounded  by  a  wide  area  of  erythe- 
ma, and  dries  up  into  smaller  and  far  less  bulky  crusts. 
_  From  ecthyma  the  diagnosis  is  made  by  the  distribu- 
tion of  the  lesions  of  the  latter  on  the  covered  portions  of 
the  body,  and  by  the  greater  intensity  of  the  inflamma 
tory  process  in  ecthyma  with  accompanying  indurated 
base,  wide  inflamed  areola  around  the  crust-covered  pus- 
tule, and  deeper  erosive  action  upon  the  skin. 

A  bullous  impetigo — a  rare  form — has  at  times  been 
erroneously  reported  as  "acute  pemphigus  in  children." 

A  crusted  impetigo  lesion  may  simulate  a  syphilide, 
especially  when  situated  around  the  mouth  and  chin  in 
adults ;  if  the  lesion  is  one  of  syphilis  the  crust  on  being 
removed  will  be  found  to  have  surmounted  a  papule  or  a 
sanious  ulcer. 

Treatment  is  simple  and  effective.  Removal  of  the 
crusts  by  soaking  in  olive  oil  until  they  are  easily  de- 
tached is  the  first  step,  after  which  an  application,  re- 
newed twice  daily,  of  a  five-  to  ten-per-cent.  ointment  of 
ammonlated  mercury  will  complete  the  healing  in  a  few 
days,  leaving  only  the  after-redness  which  in  turn  grad- 
ually disappears.  This  treatment  is  all-sufficient,  and 
while  there  are  many  other  remedies  that  will  perhaps 
cure  as  well,  there  is  none  better  than  this. 

diaries  TownsJiend  Dade. 

IMPOTENCE.     See  Sexual  Organs,  Male,  Affections  of . 

IMPREGNATION  is  the  union  of  two  germ  cells,  to 
form  a  single  new  cell,  capable  of  initiating  by  its  own 
division  a  rapid  succession  of  generations  of  descendent 
cells.  This  process  is  more  frequently  called  fertiliza- 
tion ox  fecundation.  The  new  cell  is  called  the  impreg- 
nated, or  fertilized,  ovum ;  also,  especially  in  botany,  it  is 
called  oospore  or  zygote.  The  production  of  cells  from  it 
is  called  its  segmentation,  or  cleavage.  For  the  theory 
of  the  relation  of  the  elements  to  one  another  and  to  other 
cells,  see  Sex;  for  accounts  of  the  sexual  bodies,  see  Ovum 
and  Spermatozoon. 

In  all  multicellular  animals,  impregnation  is  effected 
by  three  successive  steps:  1,  The  bringing  together  of 
the  egg  and  spermatozoon ;  3,  the  entrance  of  the  sper- 
matozoon into  the  ovum,  and  formation  of  the  sperm 
nucleus ;  3,  fusion  of  the  sperm  nucleus  with  that  of  the 
egg  to  form  the  segmentation  nucleus.  We  proceed  to 
consider  these  steps  in  their  order. 

1.  The  Bkinging  Together  of  the  Gbem  Cells.— 
This  is  effected  among  animals  in  a  great  variety  of  ways, 
which,  however,  fall  into  two  groups,  according  as  the 
impregnation  is  effected,  (a)  outside  the  body  of  the 
mother,  or  (*)  inside.  The  simplest  manner  is  the  dis- 
charge of  the  eggs  and  spermatozoa  at  the  same  time  into 
the  water,  leaving  their  actual  contact  to  chance,  the 
method  of  the  osseous  fishes  for  the  most  part,  and  of 
many  invertebrates.  An  advance  is  the  copulation  of  the 
Anura  (frogs  etc.),  the  male  embraces  the  female,  and  as 
the  latter  discharges  the  ova,  ejects  the  sperm  upon  them. 
In  the  higher  vertebrates  the  seminal  fluid  is  transferred 
from  the  male  to  the  female  passages  during  coitus. 
The  physiology  of  this  complicated  function  does  not  fall 
within  the  scope  of  this  article.  ^       ^.  , 

For  a  long  time  it  was  not  known  how  the  semen  fer- 
tilized the  ova ;  the  problem  was  long  fruitful  of  fruitless 
speculation.  The  first  step  toward  gaining  actual  knowl- 
edge was  the  discovery  of  the  possibility  of  artificial  fe- 
cundation by  Jacobi,  in  1764.  Spallanzani  was  the  first 
to  take  advantage  of  this,  and  to  show  that  fecundation 
implied  a  material  contact  of  the  semen  with  the  ova,  and 
thus  to  set  aside  De  Graaf 's  notion  of  the  aurasemmahs. 
But  not  until  fifty  years  later  did  the  memorable  experi- 
ments of  Prevost  and  Dumas  (Annales  des  Sciences  JSatu- 
relies,  1824)  establish  the  fact  that  the  spermatozoa  are 
the  essential  factors  of  fertilization.     Again,  a  little  over 


fifty  years  later,  Hertwig  and  Fol  showed  that  one  sjier- 
matozoon  suffices  to  impregnate  an  ovum. 

We  have  then  to  consider  how  the  spermatozoa,  after 
the  semen  has  been  transferred  to  the  female,  attain  the 
ovum.  They  are  found  in  mammals  after  copulation  in 
the  vagina  and  even  in  the  uterus,  but  it  is  not  clearly 
ascertained  how  they  get  beyond  the  vagina.  It  is  prob- 
able that  they  travel  through  the  female  passages  partly 
by  the  movements  thereof,  partly  by  their  own  locomo- 
tion, and  enter  the  Fallopian  tubes,  though  why  or  how 
is  really  unknown,  and  pass  upward  to  meet  the  ovum. 
They  are  found  in  considerable  numbers  in  the  Fallopian 
tubes.  The  ovum  meanwhile  travels  down  the  oviduct, 
it  probably  being  impelled  by  peristaltic  movements  of 
the  duct. 

The  meeting  point  or  site  of  impregnation  in  placental 
mammals  is  about  one-third,  perhaps  one-half  way  down 
from  the  fimbria  to  the  uterus.  It  is  remarltably  con 
stant  for  each  species.  Nothing  positive  is  known  as  to 
the  site  of  impregnation  in  man,  but  there  is  no  reason  to 
suppose,  as  is  unfortunately  often  done,  that  the  site  is 
variable  or  different  from  that  in  other  mammalia. 

In  the  sexual  reproduction  of  plants  the  germ  cells  are 
brought  together  in  a  great  variety  of  ways ;  and  in  the 
higher  forms  the  process  is  complicated  by  an  alternation 
of  generations.  It  will  suffice  for  our  present  purpose 
to  note  that  in  many  of  the  lower  plants  the  male  germ 
cell  is  an  actively  motile  spermatozoid,  homologous  with 
the  spermatozoon  of  animals,  on  the  one  hand,  and  with 
the  germ  cell  of  the  pollen  grain  in  higher  plants,  on  the 
other  hand. 

2.  The  Entrance  op  the  Spermatozoon  into  the 
Ovum  and  Formation  op  the  Sperm  Nucleus. — With 
our  present  knowledge,  the  assumption  appeal's  unavoid- 
able that  the  ovum  exerts  a  specific  attraction  upon  sper- 
matozoa of  the  same  species.  We  observe,  in  fact,  when 
artificial  fecundation  is  employed,  the  spermatozoa 
swarming  around  the  ova  as  if  held  by  an  irresistible 
impulse.  This  phenomenon  occurs  with  every  class  of 
animals,  even  in  mammals,  whose  freshly  removed  ova 
were  examined  on  a  warm  stage  under  the  microscope 
(Rein).  Stassano  has  maintained  that  the  eggs  of  echino- 
derms  do  exert  such  an  attraction  and  also  a  similar  but 
less  strong  attraction  upon  the  spermatozoa  of  allied  spe- 
cies. Since  the  brothers  Hertwig  have  found  by  their 
experiments  with  sea  urchins  that  hybrid  impregnation 
takes  place  more  readily  after  the  ova  have  been  kept 
awhile,  Stassano's  view  involves  the  further  assumption 
that  the  specific  nature  of  the  attraction  fades  away  dur- 
ing a  few  hours.  Very  suggestive  in  this  connection  is 
Pfeffer's  discovery  that  certain  chemical  substances  may 
attract  moving  spores,  etc.,  to  definite  spots.  It  is  con- 
ceivable that  the  ovum  may  draw  the  spermatozoa  tow- 
ard itself  by  chemical  influence,  acting  as  an  attracting 
stimulus.  That  this  attraction  may  be  exerted  by  the 
cytoplasm  of  the  egg  alone,  is  shown  by  the  experiments 
of  Boveri,  Hertwig,  Bresi,  and  Morgan,  who  found  that 
spermatoza  will  enter  enucleated  fragments  of  eggs. 

There  may  be  mechanical  devices  to  facilitate  the  en- 
trance of  the  spermatozoon;  this  is,  perhaps,  generally 
true  of  all  ova  with  micropyles  serving  for  the  passage  of 
the  spermatozoa.  A  careful  study  of  such  devices  in  the 
cockroach  has  been  made  by  Dewitz,  who  found  that  the 
motions  of  the  spermatozoa  of  this  insect  are  peculiar, 
and  adapted  to  increase  the  probability  of  their  passing 
through  one  of  the  micropyles  of  the  ovum.  In  ova 
without  micropyles,  among  which  those  of  mammals  are 
included,  the  spermatozoa  may,  so  far  as  we  know,  pene- 
trate any  part  of  the  envelopes. 

In  the  rabbit  (Rein)  about  ten  hours  after  coitus  the 
ovum  is  found  nearly  half-way  through  the  oviduct,  and 
surrounded  by  many  spermatozoa,  perhaps  a  hundred, 
more  or  less.  These  are  all,  or  nearly  all,  in  active  mo- 
tion, for  the  most  part  pressing  their  heads  against  the 
zona  radiata.  Several  of  them  make  their  way  through 
into  the  interior  of  the  zona.  According  to  Hensen,  only 
those  spermatozoa  which  enter  the  zona  along  radial 
lines  can  make  their  way  through;    those  which   take 
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oblique  courses  remain  caught  in  the  zona,  and  may 
still  be  seen  there  during  segmentation.  As  the  ovum  at 
this  time  is  already  fully  matured  (see  Ovum),  there  is  a 
space  between  the  contracted  ovum  and  the  zona.     In 

this  space,  as  well  as  in 
the  zona  itself,  several 
spermatozoa  may  be  ob- 
served at  scattered  points 
(Fig.  2787).  The  egg  nu- 
cleus (see  Ovum)  is  pres- 
ent, having  been  reformed 
since  the  expulsion  of  the 
second  polar  globule  from 
the  ovum,  while  in  the 
ovary.  One  spermatozoon 
gets  into  the  egg  prop- 
er, and  its  entrance  ap- 
parently prevents  the 
penetration  of  other  sper- 
matozoa— liow  is  undeter- 
mined. The  tail  of  the 
spermatozoon  soon  disap- 
pears; while  the  head, 
which  consists  almost  en- 
tirely of  nuclear  material, 
chromatin,  enlarges,  prob- 
ably by  the  imbibition  of 
fluid  from  the  cytoplasm 
of  the  egg,  and  becomes  the  sperm  nucleus.  This  was 
f ormerlj-  called  the  male  pron  iideus,  in  distinction  from 
the  egg  nucleus,  which  was  called  ihe  female  pronucleus  ; 
but  they  differ  in  no  respect  from  other  nuclei,  except  in 
the  number  of  chromozomes  which  they  contain. 

The  passage  of  the  spermatozoa  through  the  zona  was 
first  discovered  by  Martin  Barry,  in  1843,  and  although 
his  statement  was  received  with  considerable  hesitation 
by  his  contemporaries,  it  has  since  had  competent  con- 
firmation repeated!}'.  Warneck  is  said  to  have  been  the 
first  (1850)  to  see  the  two  pronuclei,  but  their  signifi- 
cance was  not  perceived.  The  nature  of  the  male  pro- 
nucleus was  first  recognized  by  Oscar  Hertwig,  who 
traced  Its  genesis  in  the  ova  of  echinoderms  from  the 
spermatozoon.  The  fact  that  the  male  pronucleus  is  the 
metamorphosed  head  of  the  spermatozoon  has  since  been 
■confirmed  by  Selenka,  Ed.  van  Beneden,  Nussbaum, 
Eberth,  Platner,  and  others. 

Although  a  number  of  the  spermatozoa  make  their  way 
into  the  perivitelline  space,  probably  always  one  alone 
normally  enters  the  ovum  there  to  form  a  pronucleus. 
The  best  observers  are  agreed  upon  this  point,  and  in  all 
species,  the  observations  upon  which  have  covered  the 
whole  series  of  steps  in  the  impregnation,  there  has  been 
found  in  normal  cases  always  a  single  sperm  nucleus. 
.Schneider's  statements  to  the  contrary  have  been  definite- 


FiG.  2787.— Ovum  of  a  Rabbit  (In 
Optical  Section)  taken  Irom  the 
Middle  of  the  Oviduct  about  Sev- 
enteen Hours  after  Coitus.  The 
sperm  and  egg  nuclei  are  close 
together  at  the  centre  of  the  egg ; 
the  polar  globules,  p.g.,  are 
shown ;  numerous  spermatozoa 
Ue  within  the  zona,  z.  (After 
Eeln.) 


no.  2788.— Anterior  Pole  of  the  Ovum  of  Petromyzon,  with  a  Sper- 
matozoon (8j)).,  entering  the  Mlcropyle  (mi).  (After  Calberla.) 
p.i'.,  Perivitelline  space;  z,  zona  pelluclda;  o,  pathway  to  egg 
nucleus,  n ;  j/7c,  yolk. 

ly  corrected.  Bambeke,  Kupffer,  and  Kupflfer  and  Ben- 
•ecke  have  observed  that  several  spermatozoa  actually 
enter  the  yolk  in  batrachians  and  Petromyzon.  Hertwig, 
however,  found  only  one  sperm  nucleus  in  the  frog,  and 
there  has  as  yet  been  no  evidence  adduced  that  several 


spermatozoa  are  concerned  in  the  final  phases  of  impreg- 
nation. Fol  observed  that  star-fish  eggs  are  normally 
impregnated  by  one  spermatozoon :  but  if  they  are  ex- 
posed to  the  action  of  carbonic  acid  they  may,  while  so 
poisoned,  be  impregnated  by  several  spermatozoa,  but  the 
subsequent  development  in  this  case  is  abnormal. 

The  term  micropyle  is  applied  to  various  structures, 
and  does  not  in  all  cases  designate  a  passage  through 
which  spermatozoa  enter — thus  the  micropyle  of  holo- 
thurians  is  merely  a  structure  left  in  the  envelopes  in 
consequence  of  the  way  the  egg  is  developed.  A  micro- 
pyle has  been  observed  in  the  ova  of  teleosts  and  the 
lamprey,  but  it  is  doubtful  whether  it  is,  like  the  micro- 
pyles  in  the  hard-shelled  eggs  of  insects,  intended  for  the 
passage  of  spermatozoa.  Calberla  saw  the  micropyle 
thus  used  in  the  lamprey,  and  it  is  possible  that  the  fruc- 
tifying spermatozoon  enters  that  way,  although  Kupffer 
and  Benecke  state  that  spermatozoa  may  also  pass  direct- 
ly through  the  zona.  A  good  synopsis  of  the  observa- 
tions on  the  lamprey  is  given  by  Hensen  (Hermann's 
"Handbuch,"  vi.,  ii.,  120).  We  have  only  to  notice  that 
there  is  a  special  band  of  non-granular  protoplasm  lead- 
ing from  the  micropyle  to  the  egg  nucleus  (Fig.  2788), 
and  serving  as  a  path  for  the  spermatozoon;  a  similar 
band  has  been  observed  in  amphibian  eggs  by  Hertwig 
and  Bambeke ;  it  serves  perhaps  as  a  mechanism  to  guide 
the  sperm  nucleus  to  the  egg  nucleus. 

The  manner  in  which  additional  spermatozoa  are  ex- 
cluded, after  the  first  has  entered,  is  still  under  discus- 
sion. In  cases  in  which  there  is  a  single  micropyle,  which 
is  used  for  entry,  it  is  possible  that  a  portion  of  the  first 
spermatozoon  may  remain  to  close  the  passage,  or  that 
in  going  through  it  sets  in  action 
some  mechanism  by  which  the 
opening  is  automatically  shut. 
Where  there  are  several  or  many 
micropyles,  as  in  some  insects,  or 
where  the  envelopes  may  be 
pierced  at  any  point,  as  in  mam- 
mals, there  must  of  course  be  some 
other  device.  Fol  has  maintained 
that  this  is  found  in  the  starfish  in 
the  rapid  formation  of  a  mem- 
brane around  the  yolk,  immedi- 
ately after  the  entrance  of  the 
first  spermatoon.  This  is  con- 
firmed by  the  observations  of  Wilson  and  others  on 
other  echiuoderm  eggs.  The  egg  is  at  first  perfectly 
naked  and  the  membrane  is  formed  very  quickly  after 
the  entrance  of  the  head  and  middle  piece,  leaving 
the  tail  outside.  Selenka  (Biolog.  Centralbl.,  v.,  8)  de- 
scribes the  fertilization  of  the  ovum  of  a  nemertean  worm 
— several  spermatozoa  enter  within  the  vitelline  mem- 
brane ;  the  yolk  contracts  slowly ;  after  a  time  the  two 
polar  globules  are  expelled,  and  before  they  separate 
from  the  yolk  one  spermatozoon  passes  into  the  yolk  be- 
tween them ;  the  globules  then  break  off  and  are  knocked 
about  by  the  spermatozoa  in  the  perivitelline  space.  In 
this  case  there  seems  to  be  a  portal  opened  just  long 
enough  for  one  spermatozoon  to  enter.  As  the  phenom- 
enon to  be  explained  is  common  to  all  ova,  its  causation 
is  presumably  fundamentally  identical  in  all  cases.  Be- 
yond this  surmise  our  present  knowledge  does  not  permit 
us  to  go.  The  hypothesis  may  be  suggested  that  the 
attractive  power  of  the  ovum  is  annulled  or  weakened  by 
the  entrance  of  the  first  spermatozoon. 

The  fate  of  the  tail  of  the  spermatozoon  differs  in  dif- 
ferent species.  In  some  the  whole  spermatozoon  enters 
the  egg,  while  in  others,  as  the  echinoderms,  only  the 
head  and  the  middle  piece  enter.  In  either  case  it  is  a 
well-established  fact  that  the  tail  is  simply  a  locomotor 
organ  and  takes  no  part  in  fertilization  proper. 

While  the  spermatozoon  is  passing  through  the  ovic 
envelopes  active  changes  occur  in  the  cytoplasm.  Of 
these,  the  most  constant,  as  well  as  the  most  obvious,  is 
the  formation  of  a  slight  protuberance  on  the  surface  of 
the  cytoplasm  of  the  egg,  rising  up  toward  the  spermato- 
zoon.    This  protuberance  (Fig.  2789)  may  remain,  as  in 


Fig.  2789.— Egg  of  Toxop- 
neustes,  with  entering 
Spermatozoon  (s),  and 
a  Protuberance  of  the 
Cytoplasm  rising  toward 
it.    (After  Selenka.) 
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I'fhmoderms,  until  the  spermatozoon  meets  it,  and  by 
penetrating  it  enters  tlie  ovum ;  or  it  may  retract  before 
the  spermatozoon  passes  through  the  envelopes,  and  even 
withdraw,  as  in  Petromyzon,  so  far  from  the  advancing 


Fig.  3790.— Diagrams  of  Two  PriDcipal  Types  ol  Fertilization.  A,  B,  and  C,  Polar  bodies  lormed  after 
the  entrance  of  the  spermatozoon,  as  in  Nematodes,  Annelids,  and  Mollusks ;  D,  E,  and  F,  polar 
bodies  formed  before  entrance  of  spermatozoon,  as  in  Echlnoderms.  Egg  nucleus  at  o  ,  sperm- 
nucleus  at   ^  .    (From  Wilson.)  "^ 

spermatozoon  as  to  change  into  a  depression  (Fig.  2788). 
The  protuberance  lasts  only  a  few  minutes.  In  Bufo, 
according  to  Kupffer,  several  spermatozoa  enter  the  egg 
and  a  protuberance  rises  toward  each  one,  as  if  the  cyto- 
plasm were  actively  striving  to  reach  the  male  element. 

3.  Fusion    of    the  Germ    Nuclei,   Fertiuization 
Pkoper. — For  many  centuries  the  process  of  fecundation 
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Fig  2791  —Fertilization  of  the  Egg  of  Thcaassema  meUtta.  The 
head  of  the  spermatozoon  preceded  by  the  sperm  aster  is  shown  at 
$  The  formation  of  the  first  polar  body  is  nearly  completed  and 
the'innercentrosome  of  the  polar  spindle  has  divided  preparatory 
to  the  formation  of  the  second  polar  amphiaster.  Highly  magnified. 
(After  Grlffln.) 

was  wrapped  in  the  deepest  mystery,  and  while  the  keen 
observers  of  the  latter  half  of  the  eighteenth  century  and 
the  first  half  of  the  nineteenth  did  much  necessary  pre- 
VoL.  IV.— 54 


liminary  work  in  this  direction,  they  so  far  failed  to  clear 
up  the  mystery  that,  although  spermatozoa  had  been  dis- 
covered by  Hamm  and  Leeuwenhoek  in  1677,  and  Spal- 
lanzani  had  shown  in  1786  that  spermatic  fluid  deprived 
of  spermatozoa  by  filtration 
is  sterile,  Johannes  Milller 
wrote  in  his  "  Physiology  " 
in  1840  that  it  was  uncertain 
whether  the  spermatozoa 
were  parasites  or  not;  and, 
although  Scliwann  had  de- 
clared the  egg  to  be  a  cell 
as  early  as  1838,  it  was  stil^ 
possible  in  1875  for  a  distin- 
guished zoologist,  Alexander 
Groette,  to  write  "that  the 
egg  was  a  mass  of  non-living 
yolk  which,  under  the  in- 
fluence of  the  spermatozoon, 
gradually  came  into  a  living 
condition."  While 'the  proc- 
ess is  still  sufiiciently  won- 
derful and  mysterious,  a 
great  deal  has  been  done  dur- 
ing the  past  twenty -five  years 
to  render  it  intelligible. 

The    first    great  discovery 
was  made  by  Oscar  Hertwig, 
who  observed   in   1875    that 
the  egg  of  a  sea-urchin,  2bxo- 
pneustes   lividus,  is  normally 
fertilized  by  the  entrance  of 
a  single   spermatozoon,  and 
that  the  spermatozoon  gives 
rise  to  a  nucleus  which 
unites  with  the  nucleus  of  the 
egg,  forming  by  this  union  the 
segmentation,    or    cleavage, 
nucleus.     We  know  now,  as  the  result  of  numerous  ob- 
servations, that  both  the  egg  and  the  spermatozoon  are 
living  cells,  and  that  they  are  morphologically  equiva- 
lent, except  in  so  far  as  they  are  altered  in  form  in  adap- 
tation to  a  physiological  division  of  labor,  the  principal 
difference  being  that  the  egg  is  provided  with  a  lai'ge 


Fig.  2792.- Later  Stage  of  the  Same.  The  egg  nucleus  is  shown  at 
$  and  the  sperm  nucleus  at  $  .  The  two  nuclei  are  approaching 
one  another.  The  egg  centrosome  has  vanished,  while  the  persist- 
ant sperm  centrosome  has  divided  forming  two  centrosomes  with 
asters.    (After  Grlffln.) 

amount  of  cytoplasm,  often  heavily  laden  with  food  yolk 
for  the  nourishment  of  the  embryo,  and  has  no  power  of 
locomotion ;  while  the  spermatozoon  is  totally  devoid  of 
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food  material  and  has  but  little  cytoplasm,  most  of 
which  is  usually  modified  to  form  a  flagellum  or  other 
organ  by  which  the  spermatozoon  may  move  actively 
and  seek  the  egg.     There  is  possibly  another  physiologi- 
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Fig.  2793.— Thalassema.  Copulation  of  the  germ  nuclei.  The  sperm 
centrosomes  are  seen  In  the  plane  separating  the  two  nuclei.  (Alter 
Griffln.) 

cal  difference  which  will  be  noticed  in  connection  with 
the  function  of  the  centrosome.  Tlie  terms  male  and 
female  cannot  be  applied  properly  to  these  cells,  and 
should  be  used  only  as  descriptive  of  the  organisms  that 
produce  them  or  their  equivalents. 

There  are  two  types  of  fertilization  in  animals,  depend- 
ing, as  was  first  suggested  by  Hertwig,  upon  tlie  time  of 
entrance  of  the  spermatozoon. 

The  eggs  of  echinoderms  (Fig.  3790,  B,  E,  F)  pass 
through  the  whole  process  of  maturation  (see  Beduc- 
tian  Division)  before  the  entrance  of  the  spermatozoon, 
the  egg  nucleus  has  resumed  the  form  of  a  spherical 
vesicle,  and  the  aster  and  centrosome  of  the  last  polar 
spindle  have  disappeared.  The  spermatozoon  may  enter 
the  egg  at  any  point.     Soon  after  entrance  the  head  of 


't^n- 


Fig.  2794.— Thalassema.  The  flrst  cleavage  amphiaster.  Germ  nuclei 
completely  lused,  with  the  chromatin  in  the  spireme  stage.  (Alter 
Griffln.) 

the  spermatozoon  revolves  end  for  end  and  begins  to 
enlarge,  while  a  series  of  lines  appear  in  the  cytoplasm 
radiating  from  the  position  of  the  middle  piece.  These 
radiations  form  the  sperm  aster,  and  at  their  centre  there 
is  a  small  darklj'  staining  spot,  the  sperm  centrosome.     The 


head  of  the  spermatozoon,  now  called  the  sperm  nucleus, 
moves  rapidly  toward  the  egg  nucleus,  preceded  by  the 
aster.  The  latter  touches  the  egg  nucleus  and  divides 
into  two,  and  shortly  after  this  the  sperm  nucleus  unites 

iK':..-!ii!:i>7 .■-/:•:■-.  ■..■■.\        ■  ; ';  ; 
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Fig.  2795.— The  Same.  First  cleavage  spindle  in  the  late  prophase. 
Chromosomes  forming  at  the  equator.  The  centrosomes  have  begun 
to  divide  preparatory  to  the  second  cleavage.  .This  section  passes 
through  the  plane  of  the  two  polar  bodies,  which  are  seen  at  the 
upper  pole  of  the  egg.    (After  Griffln.) 

witli  tlie  egg  nucleus,  tlie  two  becoming  completely  fused 
in  a  single  segmentation,  or  deneage.  nucle%is.  In  the 
mean  time  the  two  asters  formed  by  division  of  tlie  sperm 
aster  have  taken  up  positions  at  opposite  poles  of  the 
nucleus.  Soon  the  nuclear  membrane  disappears,  chromo- 
somes and  spindle  are  formed,  and  the  first  cleavage  be- 
gins. In  this  type  of  fertilization  the  two  nuclei  are  of 
unequal  size,  the  sperm  nucleus  being  much  the  smaller. 
The  second  type  is  seen  in  the  eggs  of  flat  worms,  an- 
nelids, and  mollusks  (Fig.  2790,  A,  B,  C).  In  tliese  groups 
the  whole  process  of  maturation  of  the  egg  takes  place 


\ 


\ 
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FIG.  2796.— The  Same.     Cleavage  spindle  In   the   anaphase.     The 
UttCT  G?lffln  )         '^'^''^'^  *""*  *''®  '^P'"'*""^  t«  opposite  poles. 

after  the  entrance  of  the  spermatozoon,  that  act  being 
apparently  the  stimulus  necessary  to  set  the  process  in 
motion.  While  the  two  polar  bodies  are  being  formed 
the  sperm  nucleus  advances  to  the  centre  of  tlie  egg  and 
becomes  greatly  enlarged,  and  at  the  same  time  the  sperm 
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aster  divides  to  form  an  ampliiaster  (Pig.  3791).  At  tlie 
completion  of  the  second  polar  division  tlie  egg  nucleus 
IS  reformed  and  moves  toward  the  sperm  nucleus  (Fig. 
2792).  As  a  rule  the  egg  aster  and  centrosome  disap- 
pear. Fmally  the  two  nuclei,  now  of  equal  size,  lie  side 
by  side,  but  without  fusing,  with  the  two  asters  derived 
from  the  sperm  aster  lying  in  the  plane  between  them 
<Fig.  3798).  Soon  after  this  the  chromosomes  reappear 
in  each  nucleus,  the  nuclear  membrane  fades  away,  and 
the  first  cleavage  spindle  is  formed  as  before  (Figs.  3794 
2795.  and  2796).  ^ 

Between  these  two  types  there  are  various  intermediate 
forms  in  which  the  entrance  of  the  spermatozoon  occurs 
€ither  after  the  extrusion  of  the  first  polar  body  or  during 
some  other  phase  of  the  process  of  maturation. 

The  account  given  in  tlie  preceding  paragraphs  should 
be  taken  as  merely  a  general  statement  of  the  main  facts 
■of  fertilization.  The  details  of  the  process  vary  to  a 
greater  or  less  degree  in  different  species.  In  the  slipper 
shell,  Crepidula,  for  example,  the  protoplasm  flows  tow- 
ard the  upper  pole  of  the  egg,  while  the  yolk  becomes 
more  concentrated  in  the  lower  part.  This  is  true  prob- 
ably, more  or  less,  in  all  eggs  that  divide  unequally.  In 
such  cases  the  union  of  the  germ  nuclei  takes  place  near 
the  centre  of  the  protoplasmic  mass. 

In  the  first  type  of  fertilization  it  is  impossible  to  trace 
the  history  of  the  chromosomes  of  the  cleavage  nucleus. 
But  in  many  cases  of  the  second  type  it  is  possible  to  do 
this  very  clearly.  The  eggs  of  Ascaris  are  known  to  be 
especially  favorable  objects  as  the  result  of  the  brilliant 
researches  of  Boveri,  Van  Beneden,  and  Herla.  In  such 
cases  it  has  been  shown  beyond  a  doubt  that  of  the  chro- 
mosomes in  the  cleavage  spindle,  one-half  are  derived 
from  the  egg  nucleus  of  maternal  origin  and  the  other 
half  are  in  like  manner  derived  from  the  sperm  nucleus 
of  paternal  origin  (Fig.  2797).  Now  during  the  mitosis 
preparatory  to  the  first  cleavage,  each  chromosome  is 
divided  into  two  and  the  halves  separate  to  opposite 
poles  of  the  spindle,  so  that  each  daughter  nucleus  re- 
ceives an  equal  number  of  chromosomes  of  maternal  and 
of  paternal  origin  (Pig.  3796).  The  same  thing  occurs 
in  all  subsequent  mitoses.  Therefore  if  the  chromosomes 
maintain  their  individualitj'  during  the  resting  stage,  as 
there  is  reason  to  suppose  they  do  (see  Chromosome),  each 
somatic  cell  is  provided  with  chromatin  derived  in  equal 
measure!  rom  the  two  parents.  This  is  a  fact  of  the  great- 
est importance  for  our  theory  of  heredity  (see  Heredity). 

The  origin  and  fate  of  the  centrosomes  of  the  cleavage 
spindle  have  been  fruitful  of  much  discussion,  and  the 
results  of  investigation  are  still  somewhat  contradictory. 
The  majority  of  observers  are  agreed  now  that  the  cen- 
trosome accompanying  the  egg  nucleus  after  the  separa- 
tion of  the  second  polar  bod}'  usually  disintegrates  and 
disappears  before  the  union  of  the  two  nuclei  (as  seen 
in  Pig.  3793).  But  Conklin  maintains  that  in  Crepidula 
this  centrosome  persists,  unites  with  the  sperm  centro- 
some, and  that  the  product  of  this  union  divides  to  form 
the  centrosomes  of  the  first  cleavage  amphiaster.  If 
true,  this  is  certainly  exceptional.  The  sperm  centro- 
some which  appears  near  the  sperm  nucleus  soon  after 
the  entrance  of  the  spermatozoon  appears  to  be  derived 
from  the  middle  piece,  which  in  turn  was  formed  from 
the  centrosome  of  the  spermatid  (see  Spermatozoon).  At 
any  rate,  it  appears  in  the  position  of  the  middle  piece, 
or  near  it.  But  because  of  its  minute  size  it  cannot,  as 
a  rule,  be  supposed  to  represent  more  than  a  part  of  the 
middle  piece.  Some  observers  have  asserted  that  it  is  a 
new  structure  that  arises  in  the  cytoplasm  of  the  egg  as 
a  result  of  a  stimulus  from  the  spermatozoon,  with  which 
it  has  no  morphological  connection.  But  the  view  that 
it  is  derived  from  the  middle  piece  seems  to  agree  best 
with  the  observations  in  most  cases.  The  fate  of  this 
centrosome  is  also  a  matter  of  doubt.  At  least  In  most 
cases  it  has  been  impossible  to  show  conclusively  that 
this  centrosome  gives  rise  to  the  centrosomes  of  the  cleav- 
age amphiaster.  It  may  disintegrate,  and  a  new  centro- 
some may  arise  in  the  cytoplasm  close  by  the  united 
nuclei.     But  Griffin  has  asserted  positively  that  in  the 


F[G.  3797.— Fertllizea  Egg  of  Ax- 
caria  wegalocephala  var. 
hivaUijs  .lust  previous  to  the 
lormation  of  the  cleavage  spin- 
dle. Two  elongated  chromo- 
somes have  appeared  in  each 
germ  nucleus.  The  two  large 
centrosomes  are  surrounded 
by  extensive  masses  of  gran- 
ular archoplasm,  and  the  sec- 
ond polar  body  is  visible  in 
the  upper  part  of  the  section. 
Highly  magnified.  (After 
Boveri.) 


gcpherian  worm,  Thalassema,  he  has  been  able  to  trace 
the  history  of  the  sperm  centrosome  continuously  to  the 
formation  of  the  cleavage  amphiaster.  The  centrosomes 
of  this  amphiaster  pass  one  into  eacli  daughter  cell  during 
cleavage,  and  frequently  each  one  divides  into  two  before 
the  first  cleavage  is  complete,  in  anticipation  of  the  sec- 
ond cleavage  (Fig.  3796).  This  proce.ss  is  continued  dur- 
ing subsequent  cleavages;  so  it  appears  that  the  centro- 
somes of  the  first  cleavage 
amphiaster  give  rise  by  di- 
vision to  the  centrosomes  of 
all  the  cells  of  the  embryo, 
at  least  for  a  number  of  cell 
generations. 

As  to  the  function  of  the 
centrosome,  Boveri  main- 
tains that  it  is  a  permanent 
cell  organ  and  that  it  is  the 
dynamical  centre  of  the 
cell.  The  egg  centrosome 
having  been  absorbed,  he 
regards  the  sperm  centro- 
some as  the  especial  fertiliz- 
ing agent  introduced  into 
the  egg  by  the  spermato- 
zoon. Tliat  is,  while  the 
sperm  nucleus  introduces 
the  physical  basis  for  hered- 
ity of  the  paternal  charac- 
teristics, it  is  the  centrosome 
that  furnishes  the  stimulus 
necessary  to  start  tlie  seg- 
mentation of  the  egg  and 
development  of  the  embiyo. 
Boveri   finds   evidence   for 

this  view  in  certain  abnormal  phenomena  called  partial 
fertilization.  He  observed  that  in  sea  urchin  eggs  it 
sometimes  happens  that  the  sperm  centrosome  gets  so 
far  ahead  of  the  sperm  nucleus  that  it  conjugates  with 
Hie  egg  nucleus  and  causes  the  egg  to  divide  before  the 
union  of  the  two  nuclei.  The  sperm  nucleus,  however, 
subsequently  unites  with  one  of  the  nuclei  of  maternal 
origin  in  the  two-cell  stage. 

Of  great  interest  in  this  connection  are  the  observations 
of  Hertwig,  Morgan,  Loeb,  and  Wilson  upon  the  produc- 
tion of  artificial  parthenogenesis  in  unfertilized  eggs. 
Hertwig,  using  solutions  of  strychnine,  and  Morgan, 
using  chiefly  solutions  of  sodium  and  magnesium  chlo- 
rides, found  that  unfertilized  eehinoderm  eggs  when 
treated  with  these  substances  might  undergo  cleavage ; 
and  Morgan  discovered,  moreover,  that  as  a  result  of  this 
treatment  there  might  appear  in  the  cytoplasm  of  the  egg 
a  large  number  of  asters,  each  having  at  its  centre  an  ac- 
cumulation of  material  like  a  centrosome.  This  last  ob- 
servation would  seem  to  raise  a  serious  objection  to  the 
idea  that  the  centrosome  is  a  peculiar  and  permanent  cell 
organ.  Loeb  subsequently  made  the  remarkable  discov- 
er}' .that  by  careful  treatment  with  various  inorganic 
salts,  and  even  with  sugar  and  urea,  unfertilized  eggs  of 
two  species  of  echiuoderms  and  of  one  annelid  could  be 
induced,  not  only  to  segment,  but  to  give  rise  to  swim- 
ming larvre.  These  results  have  been  fullj'  confirmed 
by  Wilson,  who  has  shown  that  in  the  case  of  the  sea 
urchin,  Toxopneustes,  the  eggs,  which  begin  develop- 
ment under  the  influence  of  a  twelve-per-cent.  solution 
of  MgCla  without  fertilization,  do  not  develop  a  vitelline 
membrane  and  contain  only  the  number  of  chromosomes 
normally  present  in  the  egg  nucleus.  So  there  can  be  no 
question  of  accidental  fertilization.  AVilson  has  worked 
out  the  cytological  changes  occurring  in  such  eggs.  He 
finds  much  variation  and  many  abnormalities,  which  re- 
sult in  the  death  of  the  embryo.  Where  nearly  normal 
development  takes  place,  he  finds  that  alwajs  a  new  cen- 
trosome with  its  surrounding  aster  forms  close  to  one 
side  of  the  nucleus.  It  then  divides,  the  two  halves 
passing  to  opposite  poles  of  the  nucleus  to  form  an  am- 
phiaster, and  then  cleavage  proceeds  very  much  as  usual. 
If  the  primary  centrosome  fails  to  divide,  it  may  go 
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through  certain  periodic  changes,  increasing  and  decreas- 
ing in  size,  and  these  changes  are  accompanied  by  divi- 
sion of  chromosomes  in  the  nucleus,  but  no  cell  division 
takes  place.    The  cleavage  of  the  egg  then  appears  to 


the  process  is  essentially  the  same  In  the  sexual  repro 
duction  of  all  plants  that  have  been  examined,  it  has  been 
found  that  fertilization  is  effected  by  the  union  of  a  single 
germ  nucleus  of  paternal  origin  with  the  egg  nucleus. 


x- 


FiG.  2798.— The  Conjugation  of  Infusoria.  (From  Weisraann,  after  Maupas.)  1,  Two  infusoria  copulating;  M,  meganucleus;  m,  micro- 
nucleus  ;  3-5,  successive  divisions  of  micronuclei ;  6,  fertilization  by  the  migration  of  one  of  the  persisting  micronuclel  from  each  inf  usorian 
into  the  other ;  7,  union  of  the  interchanged  micronuclei. 


depend  upon  the  normal  behavior  of  a  centrosome  closely 
associated  with  the  nucleus,  but  this  centrosome  may  be 
caused  to  arise  de  nom  by  appropriate  chemical  stimuli. 
It,  however,  acts  much  more  slowly  than  the  centrosome 
introduced  with  the  spermatozoon.  But  the  centrosome 
is  not  capable  of  producing  cleavage  of  the  cytoplasm 
unless  accompanied  by  a  nucleus.  For  example,  Wilson 
has  found  that  asters  containing  centrosomes  may  be 
produced  by  chemical  stimulus  in  enucleated  fragments 
of  eggs  obtained  by  shaking  unfertilized  eggs  to  pieces. 
Such  asters  may  multiply  by  division,  but  the  cytoplasm 
does  not  divide.  And  Boveri  has  observed  that  sometimes 
during  cleavage  of  fertihzed  eggs  all  of  the  chromatin 
will  go  to  one  daughter  cell,  the  other  receiving  only  an 
aster.  In  such  a  case  the  aster  in  the  enucleated  cell  will 
continue  to  divide,  but  the  cell  will  not. 

Hertwig,  Boveri,  and  others  have  found  that  if  enucle- 
ated fragments  of  unfertilized  eggs  be  mixed  with 
spermatozoa  of  the  same  or  closely  related  species,  the 
spermatozoa  will  enter  the  fragments,  the  nucleus  will 
undergo  regular  mitotic  division,  the  cytoplasm  will 
divide,  and  larvae  will  be  produced  that  are  indistin- 
guishable from  normally  produced  larvfe,  except  for  their 
smaller  size.  The  sperm  nucleus  is,  then,  perfectly 
equivalent  to  the  egg  nucleus  and  only  needs  to  be  sup- 
plied with  the  necessary  envelope  of  cytoplasm  in  order 
to  undergo  the  same  series  of  changes;  and  under  certain 
conditions  the  normal  cycle  of  life  may  be  inaugurated  by 
either  the  sperm  or  the  egg  nucleus  without  union  with 
the  other,  even  in  species  in  which  normal  parthenogen- 
esis is  unknown. 

The  process  of  fertilization  in  plants  has  not  been  stud- 
ied so  extensively  as  in  animals.  But  enough  has  been 
learned  to  show  that,  so  far  as  the  nucleus  is  concerned. 


This  was  described  for  the  first  time  by  Strasburger  in 
1884,  and  his  results  have  been  confirmed  by  Guignard 
and  a  number  of  other  investigators  in  a  variety  of  plants 
of  various  orders.  In  some  plants  the  paternal  gamete 
is  an  actively  motile  spermatozoid,  in  others  it  is  an  im 
mobile  cell  that  reaches  the  egg  cell  by  a  process  of 
growth,  as  is  the  case  with  the  pollen  tube  of  the  higher 
plants.  But  in  all  essential  features  the  process  is  the 
same  in  both  cases. 

Although  Guignard,  in  1891,  described  with  much  de- 
tail a  conjugation  of  centrosomes  in  connection  with  fer- 
tilization in  the  lily,  his  results  have  not  been  confirmed ; 
and  most  observers  have  failed  to  find  any  evidence  of  a 
centrosome  in  any  way  connected  with  either  of  the  con- 
jugating nuclei  of  plants.  This  would  seem  to  indicate 
that  the  presence  of  a  centrosome  is  not  essential  to  fer- 
tilization. But  Strasburger  has  found  that  a  centrosome 
appears  in  Fucus  on  the  side  of  the  cleavage  nucleus  that 
is  derived  from  the  sperm  nucleus,  and  Wilson  approves 
of  his  suggestion  that  in  plants  "  the  sperm  nucleus  may 
import  into  the  egg  either  a  formed  centrosome  (probably 
thus  in  Fucus)  or  a  certain  quantity  of  '  kinoplasm  '  which 
excites  the  mitotic  phenomena  in  the  absence  of  individ- 
ualized centrosomes." 

The  pollen  tube  of  angiosperms  contains  two  spenu 
nuclei,  of  which  only  one  unites  with  the  egg  nucleus. 
In  1898  Nawaschin  published  the  interesting  discovery 
that  in  Lilium  martagon  and  FriUllaria  tenella  the  other 
sperm  nucleus  conjugates  with  the  two  "polar  nuclei" 
to  form  the  embryo  sac  nucleus,  the  division  of  which 
gives  rise  to  the  endosperm  of  the  seed.  The  same  phe- 
nomenon was  described  more  in  detail  by  Guignaid  in 
1899,  and  confirmed  by  Miss  Sargent.  It  Immediately 
occurred  to  De  Vries,  and  independently  to  Webber,  that 
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this  miglit  explain  a  plienomonou  called  -.venia  by  Focke 
{1881).  For  a  long  time  it  has  been  known  that  if  the 
pollen  of  one  variety  of  maize  be  allowed  to  fall  upon  the 
silk  of  a  different  variety,  the  kernels  in  the  ear  may  show 
the  characters  of  the  male  parent.  Until  this  process  of 
double  fertilization  was  discovered,  the  embryo  was  the 
only  part  known  to  have  a  double  origin,  and  the  ap- 
pearance of  the  paternal  characters  in  a  part  of  the  seed 
supposed  to  be  purely  of  maternal  origin  seemed  very 
mysterious. 

Prom  a  careful  study  of  the  phenomena  of  xenia  in 
maize,  in  which  the  only  undoubted  cases  occur,  Web- 
ber has  reached  the  conclusion  that  they  are  perfectly 
consistent  with  the  theory  of  double  fertilization,  no 
xenia  appearing  in  characters  not  connected  with  the 
endosperm.  But  the  actual  double  fertilization  has  not 
yet^beeu  observed  in  this  plant. 

Xenia  has  been  supposed  to  be  a  similar  phenomenon 
to  telegonii  in  animals.  But  it  seems  impossible  for  any 
such  process  of  double  fertilization  to  occur  in  animals, 
and  Ewart  has  found  that  in  the  mare  "  the  spermatozoa 
lodged  in  the  upper  dilated  part  of  the  oviduct  are  dead, 
and  in  process  of  disintegrating,  eight  days  after  insemi- 
nation." Moreover,  the  supposed  existence  of  telcgony 
has  been  entirely  discredited  by  Ewart  on  e.xperimental 
evidence,  and  by  Pearson  on  evidence  from  statistics. 

In  the  conjugation  of  the  unicellular  animals  and 
plants,  we  find  a  process  clearly  analogous  to  the  ferti- 
lization of  the  higher  groups.  The  two  conjugating  cells 
may  be  similar  or  diverse  in  form.  In  many  motile  Infu- 
soria (Pig.  2798)  two  similar  individuals  come  together, 
exchange  nuclei,  each  one  giving  off  a  "male  pronu- 
cleus, "  which  enters  the  body  of  the  other  and  unites  with 
its  ■'  female  pronucleus,"  and  then  the  two  separate.  In 
other  cases  thei'e  is  a  motile  "  microgamete  "  that  forms  a 
permanent  union  with  a  sessile  "macrogamete,"  compar- 
able to  spermatozoon  and  egg  respectively.  In  each 
case  the  essential  feature  of  the  process  is  a  union  of  two 
equivalent  nuclei,  preceded  and  followed  by  a  compli- 
cated series  of  divisions  that  we  need  not  discuss  here. 

Summing  up  the  subject  of  fertilization,  Wilson  says 
("The  Cell,"  ed.  3,  p.  230);  "We  thus  find  the  essential 
fact  of  ferlilization  and  sexual  reproduction  to  be  a  union 
of  equivalent  nuclei ;  and  to  this  all  other  processes  are 
tributary. "  The  almost  universal  occurrence  of  this  proc- 
ess in  animals  and  plants  of  all  grades,  from  the  protozoa 
to  man,  indicates  that  it  has  some  profound  significance, 
but  what  this  is  is  unknown.  According  to  Weismann, 
fertilization  has  for  its  object  the  mingling  of  ancestral 
germ  plasms  and  the  consequent  production  of  variability 
in  the  offspring.  But  Pearson,  as  the  result  of  statistical 
investigations,  holds  that  variability  is  not  produced  by 
fertilization.  According  to  Maupas,  fertilization  has  for 
its  object  a  rejuvenescence  of  protoplasm,  which  thus 
wards  off  the  senescence  and  "  natural  death  "  that  must 
inevitably  overtake  it  if  fertilization  does  not  take  place ; 
and  Minot  finds  evidence  for  this  view  in  the  results  of 
his  investigations  of  the  law  of  growth  (see  Qrowth). 
But  when  we  consider  the  innumerable  generations  of 
domestic  plants  that  have  been  produced  with  unimpaired 


vigor  by  cuttings,  grafts,  and  other  purely  asexual  meth- 
ods of  reproduction,  the  existence  of  any  such  "  natural 
death  "  appears  to  be  extremely  doubtful.  So  while  our 
knowledge  of  the  details  of  fertilization  has  advanced 
enormously  during  the  past  quarter  century,  the  origin 
and  object  of  the  process  remain  as  mysterious  as  ever. 

Roherl  Payne  Bigelow. 
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INCOMPATIBILITY,  MEDICINAL.— The  word  incmn- 
patible,  used  in  connection  with  the  mutual  relations  of 
medicines,  is  one  of  very  loose  application.  Thus,  in  a 
sweeping  way,  a  medicine  is  said  to  be  chemically  "in- 
compatible "  with  anything  that  will  produce  a  chemical 
or  physical  change  in  its  condition,  and  physiologically 
"  incompatible  "  with  anything  that  produces  the  reverse 
of  its  so-called  physiological  efl'ects.  Under  these  defi- 
nitions, however,  it  is  evident  that  in  many  cases  so- 
called  "incompatibility"  may  yet  not  interfere  at  all 
with  full  medicinal  power  or  purpose.  Practically,  the 
subject  of  medicinal  incompatibility  deals  with  those 
chemical,  pliysical,  and  physiological  mutual  relations  of 
medicines  that  require  consideration  in  the  prescription  of 
different  medicinal  substances  in  conjunction,  and  such 
topic  it  is  that  will  here  be  considered. 

As  regards  chemical  and  physical  reactions  there  are 
many  which  are  special,  between  special  medicines. 
Such  must  be  learned  in  connection  with  the  individual 
medicines  concerned.  But,  also,  there  are  certain  reac- 
tions that  affect  broad  categories  of  medicines,  and 
which,  therefore,  admit  of  general  consideration.  Such 
reactions  and  tlie  practical  bearings  thereof  in  prescrib- 
ing ai'c  as  follows ; 

1.  Acids  aitdbases  tend  directly  to  comhiiie.  to  form  salts. 
This  reaction  may  be  utilized,  if  it  be  the  object  of  the 
prescriber  to  obtain  the  salt  that  will  result  from  the 
bringing  together  of  an  acid  and  base ;  but  if  the  purpose 
of  the  prescription  be  to  retain  free  acidity  or  alkalinity, 
acids  and  bases  must  not  be  conjoined  in  prescription. 

3.  Stronger  acids  or  liases  tend  to  disjjlace,  in  the  case  of 
salts  in  solution,  iceaker  bodies  of  their  oion  respectii:e  kinds. 
Thus,  if  sodium  carbonate  in  solution  be  treated  with 
nitric  acid,  the  nitric  acid  will  displace  the  carbonic  to 
the  formation  of  sodium  nitrate  in  solution  and  the  evo- 
lution of  carbon-dioxide  gas.  Strictly  speaking,  the 
statement  of  this  reaction  Is  a  circulus  in  definiendo,  since 
one  acid  is  known  to  be  "stronger  "  than  another  only  by 
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the  fact  of  its  supplanting  such  other  acid  in  saline  com- 
bination, in  solution.  The  statement,  however,  is  a  con- 
venient reminder,  to  the  prescribe!',  of  a  set  of  reactions 
which  are  of  common  occurrence,  and  whose  bearing 
upon  prescribing  is  as  important  as  it  is  obvious. 

3.  Suits  ill  solution  tend  to  exchange  mclieiils ;  or  aeiclf!, 
or  bi'isef:,  to  displace  their  respective  brethren,  in  saline  com- 
bination, if  thereby  nn-  insoluble  compotind  toill  form.  If, 
as  the  cant  phrase  runs,  nature  "  abhors  a  vacuum, "  she 
also  delights  in  precipitates;  for  reactions,  determined 
evidently  by  the  fact  that  a  precipitate  will  result,  are 
among  the  commonest  occurrences  of  chemistry.  Con- 
cerning this  reaction  it  is  to  be  noted  that  while  precipi- 
tation may  affect  potency  profoundly  in  the  case  of  some 
medicines,  in  other  cases  it  may  make  no  difference  or 
may  be  of  distinct  advantage.  Tlius  in  the  case  of  the 
so-called  black  and  yellow  washes  of  mercury,  it  is  a 
precipitate  which  is  wanted,  and  which  therefore  is  in- 
tentionally the  subject  of  prescription.  Generally,  how- 
ever, the  occurrence  of  a  precipitate  in  a  medicinal  mixt- 
ure is  objectionable ;  for,  even  if  medicinal  virtue  be  not 
affected,  the  turbidity  is  unsightly,  and,  by  the  setthng 
of  the  precipitate  as  the  bottle  stands,  doses  drawn,  on 
the  one  hand,  from  the  full  or,  on  the  other,  from  the 
nearly  empty  vial  will  vary  enormously  in  strength  of 
the  precipitated  ingredient,  unless  the  bottle  be  thor- 
oughly shaken  at  the  taking  of  each  dose.  The  table  of 
notable  mutuall)'  precipitant  solutions,  taken  from  the 
writer's  "  Manual  of  Medicinal  Technology  "  (see  at  the 
foot  of  page  853),  is  convenient  for  reference.  The  reac- 
tions therein  broadly  stated  as  occurring  with  solutions  of 
salts  of  the  alkaloids,  and  of  the  metals,  are  true  in  the 
genertdity  of  instances  only. 

4.  Things  in  solution  precipitate  on  addition  of  an  excess 
of  a  fluid  in  irhich  they  are  respectively  insoluble.  Here, 
as  in  the  former  instance,  precipitation  may  not  affect 
medicinal  potency,  but  yet  is  generally  to  be  avoided 
because  of  the  intrinsic  objections  to  precipitates  in  medi- 
cinal mixtures,  as  set  forth  above.  The  two  medicinal 
solvents  most  concerned  in  the  present  relation  are  water 
and  alcohol,  and  the  commonest  instances  of  the  reaction 
in  question  are  as  follows:  cdbuminous,  gelatinous,  gum- 
my, sacclmrine,  and  certain  saline  bodies  dissolve  in  water 
but  are  insoluble  in  alcohol,  and  accordingly  precipitate 
on  addition  of  an  excess  of  alcohol  to  their  aqueous  solu- 
tion; while,  vice  versa,  alcoJiolic  solutions  of  wlatile  oils, 
balsams,  cn.niplwr,  and  resins  precipitate  on  treatment 
with  excess  of  water. 

5.  Pmriofully  oxidizing  agents  may  determine  explosions 
on  concentrated  admixt  u  re  with  readily  oxidizable  substances. 
The  exact  conditions  determining  explosions  with  indi- 
vidual mixtures  of  this  category  will  vary  with  the  sub- 
stances concerned,  and  must  accordingly  be  learned  with 
each  medicine.  All  that  is  appropriate  to  state  in  this 
place  is  that  the  powerful  oxidizers  used  in  medicine  are 
chromic  and  strong  nitric  or  nitrohydrochloric  acids,  po- 
tassium chlorate,  a,nA  potassium  permanganate  ;  while  the 
medicinal  substances  of  easy  combustibility  are  oils,  al- 
colwls,  and  ethers  (including  in  the  latter  categories  gly- 
cerin and  sugars,  bodies  chemically  belonging  to  the 
alcohols),  dry  organic  substances  generally,  and  the  ele- 
mentary bodies,  sulphur  and  phosphorus. 

Physiological  incompatibility,  as  already  stated,  is 
alleged  between  medicines  whose  respective  so-called 
"  physiological  "  effects  are  mutually  antagonistic.  Such 
antagonis7ns  are  individual  and  peculiar,  and  are  best  dis- 
cussed in  connection  with  the  individual  medicines  con- 
cerned. Two  points  alone  are  proper  subject  for  men- 
tion in  this  place.  The  first  is  that  exact  antagonism  in 
all  directions  of  physiological  action  of  drugs  is  very  rare, 
and  the  second,  that  in  practical  prescribing  the  fact  of 
an  antagonism  need  not  preclude  the  proper  conjunction 
of  two  antagonistic  medicines  in  the  same  mixture.  On 
the  contrary,  many  of  the  happiest  of  medicinal  combina- 
tions are  of  remedies  more  or  less  antagonistic  in  opera- 
tion ;  this  either  because  the  antagonism  is  itself  service- 
able in  mellowing  a  too  intense  action  of  the  dominant 
antagonist,  or  because  the  drugs,  though  antagonistic  in 


some  lines,  are  synergic  in  others,  and  so  together  yield 
a  resultant  effect  better  for  certain  remedial  purposes 
than  the  unmodified  effect  of  either  medicine  used  singly. 
An  example  of  the  former  instance  is  the  common  com- 
bination of  castor  oil  and  laudanum ;  and  of  the  latter, 
the  association  of  atropine  with  morphine. 

Edward  Curtis. 

INDIAN  HEMP.     >ii.v  Cannabis  In dica. 

INDIAN     MINERAL     SPRINGS.  —  Kendall     County, 

Post-Office.— Boerne.     Boarding-houses. 

The  town  of  Boerne  is  located  about  thirty  miles  north- 
west of  the  city  of  San  Antonio,  on  the  line  of  the  San 
Antonio  and  Arransas  Pass  Railroad.  The  country  has  a 
general  elevation  of  about  1,670  feet  above  the  sea.  The 
general  aspect  of  the  country  is  very  pleasing,  being  quite 
hilly,  even  rugged  in  places.  There  are  many  beautiful 
drives  and  tine  views.  The  town  of  Boerne  has  a  popula- 
tion of  about  800.  It  contains  a  telegraph  and  express 
office,  very  good  hotels  and  boarding-houses.  Four  trams 
daily  reach  the  place.  From  data  furnished  by  the  Na- 
tional Climatological  Reports  it  is  found  that  the  average 
number  of  sunny  days  in  each  year  is  277,  and  that  inva- 
lids can  enjoy  more  or  less  outdoor  life  350  days  yearly. 
The  average  summer  temperature  of  the  place  is  85°  F. ; 
winter  temperature,  62'  F.  It  is  said  that  a  cooling 
southeast  breeze  from  the  gulf  prevails  all  the  year  and 
greatly  tempers  the  heat  of  the  summer  sun,  making  the 
evenings  and  nights  cool  and  pleasant.  The  location  is 
beginning  to  attract  the  attention  of  Northern  visitors, 
who  visit  the  place  inconstantly  increasing  numbers  dur- 
ing the  winter  months.  The  Indian  Mineral  Spring  is 
located  three  miles  from  Boerne,  from  which  it  is  reached 
by  stage  and  private  conveyances.  The  water  is  said  to 
be  eificacious  in  a  variety  of  debilitated  states,  besides 
being  a  valuable  table  water.  A  partial  examination  was 
made  by  Prof.  Charles  F.  Chandler,  of  New  York.  It 
showed  the  presence  of  138.38  grains  of  solids  per  United 
States  gallon,  consisting  principally  of  calcium,  magne- 
sium, and  sulphuric  acid  in  the  form  of  sulphates.  A 
more  detailed  analysis  will  be  required  to  classify  the 
water  properly.  James  K.  Crook. 

INDIAN    SPRINGS,  BUTTS   COUNTY,  GEORGIA.— 

Post-Office. — Indian  Springs.  Several  hotels  in  vil- 
lage. 

Access. — Via  Macon  and  "Western  Railroad  to  Forsyth, 
thence  by  stage  line  to  spring.  This  celebrated  spring 
received  its  name  on  account  of  its  great  reputation  as  a 
medicine  spring  among  the  Indians.  In  the  treaty  of 
1821,  when  all  this  portion  of  Georgia  was  ceded  to  the 
whites,  a  special  reservation  of  one-thousand  acres,  includ- 
ing Indian  Spring,  was  made  by  the  Creek  nation.  This, 
however,  was  given  up  to  the  whites  a  few  vears  later. 
In  1823  General  Mcintosh  erected  a  small  hotel,  which  is 
still  used  for  its  original  purpose  (Duggan).  A  village 
of  three  hundred  or  more  inhabitants  has  sprung  up  in 
the  neighborhood.  The  following  analysis  was  made  by 
Prof.  A.  A.  Hayes  a  number  of  years  ago : 

One  United  States  gallon  contains  648.03  grains  of 
solid  matter  consisting  chiefly  of  the  following  in- 
gredients. 

Magnesium  sulphate.  |         Calcium  sulphate. 

Magnesium  carbonate.  |        Potassium  sulphate. 

Gases  \  Carbonic  acid 3.61  cubic  Inches  per  gallon. 

"'"""' I  Hydrogen  sulphide 1.05 

The  water  contains  an  exceedingly  large  amount  of 
sulphate  of  magnesia  or  Epsom  salts.  When  to  this  is 
added  the  considerable  quantity  of  other  sulphates  we 
have  a  very  valuable  mineral  water.  There  is  sufficient 
calcium  sulphate  to  exert  a  useful  influence  in  diseases  of 
the  urinary  apparatus  and  also  to  modify  the  purgative 
effects  of  the  sulphate  of  magnesia.  Among  the  numer- 
ous affections  in  which  the  water  has  been  found  useful 
may  be  mentioned  dropsical  affections  when  not  due  to 
heart  disease,  rheumatism,  and  tertiary  syphilis. 

James  K.  Crook. 
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INDIAN  SPRINGS,  MARTIN  COUNTY,  INDIANA.— 

Post-Office. — Indian  Springs.  Hotel  for  50(1  guests. 
Hacks  meet  all  trains  during  the  season.  The  resort  is 
located  eight  miles  north  of  Shoals,  the  county  seat  of 
Martin  County. 

The  therapeutic  value  of  the  waters  of  these  springs 
has  been  known  for  years,  and  they  were  in  great  repute 
among  the  aborigines.  The  springs  were  tirst  opened  to 
the  public  as  a  health  resort  in  1814,  and  they  have  main- 
tained tlieir  reputation  ever  since.  They  have  their 
source  along  the  course  of  Sulphur  Creek,  which  wends 
its  way  through  the  surrounding  valley  and  empties  into 
the  Indian  Creek  one  mile  distant  from  the  hotel.  The 
surrounding  country  is  hilly  and  quite  picturesque.  The 
following  analysis  was  made  by  Prof.  E.  T.  Cox,  State 
Geologist: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  carbonate 3.6.5 

Magnesium  carbonate 1K.93 

Calcium  carbonate 33.10 

Potassium  carbonate 3.40 

Sodium  sulphate ■ 11.83 

Potassium  sulpbate 2.40 

Magnesium  sulpbate 30.40 

Aluminum  sulphate .83 

Iron  sulphate 20.33 

Sodium  chloride 39.38 

Magnesium  chloride 06 

Bromides Trace. 

Iodides Trace. 

Iron  oxide Trace. 

Silica 45 

Total 163.67 

Gases.  Cu.  in. 

Carbonic  acid 9-58 

Sulphureted  hydrogen 3.33 

Oxygen 3.to 

Nitrogen "■*» 

This  water  is  a  powerful  chalybeate,  also  a  fairly  strong 
alkaline-saline  water.  James  K.  Crook. 

INDIANA  MINERAL  SPRINGS  AND  MUD  BATHS.— 

Warren  County,  Indiana. 

Post-Office.— Indiana     Mineral      Springs.      Hotel. 

This  new  resort  is  located  four  miles  from  Attica,  at  the 
•junction  of  the  Wabash  and  the  Chicago  and  Eastern 
Illinois  railroads.  Stages  from  the  springs  meet  all 
trains.  Although  but  recently  improved,  this  resort  is 
rapidly  coming  into,  popular  favor.  A  first-class  hotel, 
with  all  modern  improvements,  has  been  constructed,  and 
an  elegant  and  commodious  bath-house  is  ready  for  the 
requirements  of  visitors.  The  naturally  picturesque  lo- 
cation has  already  been  much  beautified  by  the  landscape 
gardener  and  architect.  The  water  of  the  springs  is  said 
to  be  pure  and  sparkling  and  pleasant  to  the  palate.  A 
recent  qualitative  analysis  (May,  1893)  under  the  direc- 
tion of  the  manufacturing  chemists,  Messrs.  Parke,  Davis 
&  Co  Detroit,  showed  the  following  ingredients :  Total 
solid  residue  from  one  gallon,  20.21  grains,  made  up  of 
the  salts  of  magnesium,  sodium,  lithium,  calcium,  potas- 
sium and  silicon.  The  chemist  also  reports  the  presence 
of  sulphuric  and  hydrochloric  acids  (probably  in  com- 
bination) There  was  no  organic  matter,  and  the  water 
was  highly  carbonated.  A  special  feature  of  the  place  is 
a  deposit  of  inky  black  mud  surrounding  the  springs,  and 
said  to  be  strongly  impregnated  with  the  mmeral  ingre- 
dients of  the  water.  This  mud  is  warmed  to  the  proper 
dearee  and  applied  by  an  attendant  to  the  affected  parts 
—the  whole  body,  if  required— in  the  form  of  a  poultice. 
About  one  hour  is  required  for  a  mud  bath,  when  the 
natieut  passes  under  a  shower  bath  and  remains  until  all 
traces  of  the  mud  are  removed.  He  is  then  placed  in  a 
porcelain-lined  tub  filled  with  lithia  water  for  a  soaking; 
then  comes  a  refreshing  rubbing  by  the  attendant,  and 
the  bath  for  the  day  is  ended.  These  baths  are  said  to  be 
very  beneficial  in  cases  of  obstinate  rheumatism,  in  hemi- 
plegia and  in  eczema  and  gout.  The  internal  use  of  the 
water  is  indicated  in  renal  and  bladder  affections. 

James  K.  Crook. 


INDIANAPOLIS,  INDIANA.— The  largest  city  and 
capital  of  Indiana  is  situated  near  the  centre  of  the  State, 
195  miles  southeast  of  Chicago.  An  index  of  its  climate 
is  here  given  for  the  sake  of  reference  and  comparison. 

Climate  op  Indianapolis,  Ind.— Latitude,  39°  46';    Longitude, 
86°  10'.    Period  of  Observation,  Eleven  Years  Nine  Months. 


Temperature — 
Average  or  normal . . . 

Average  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 
Lowest  or  minimum. . 

Humidity- 
Average  relative 

Wind— 
Prevailing  direction. , 
Average  hourly  veloc- 
ity in  miles 

Weather — 
Average  number  clear 

days 

Average  number  fair 

days 

Average  number  clear 
and  fair  days  — 


20.9° 
1.5.1 
86.5 
21.4 
69.0 
-32.0 

T3.6S 

W. 

6.4 

5.3 
10.5 
15.8 


40.3° 
16.3 
49.9 
33.6 

77.0 
lUI 

67.0;S 

N.W. 

7.3 

6.5 
10.6 
17.1 


64.3° 
18.9 
73.8 
54.9 
89.0 
31.0 

60.3^ 

S.  E. 

5.7 

9.5 

12.5 
23.0 


74.3° 
18.4 
82.9 
64.5 
101.0 
48.0 


S. 
4.5 

11.0 
14.1 
35.1 


6^ 


40.7° 
14.0 
49.1 
35.1 
75.0 
-  5.0 


N.  "W. 
5.8 

6.1 
10.3 
16.3 


.53.3 


67.7i« 

N.W. 

5.7 

94.8 
142.4 
337.2 


As  will  be  seen,  it  is  a  temperate  climate,  with  consid- 
erable seasonal  extremes  and  diurnal  fluctuations  of  tem- 
perature. The  humidity  is  not  high,  and  the  rainfall  is 
moderate.  !More  than  a  quarter  of  the  days  in  the  year 
are  clear,  more  than  a  third  fair,  and  about  two-thirds 
clear  and  fair. 

Such  a  climate  is  well-situated  for  a  residence  for  those 
in  ordinary  health.  For  the  delicate  or  sick,  a  change 
might  be  advised  to  escape  the  cold  of  the  winter  and  the 
heat  of  the  summer,  and  in  order  to  obtain  purer  air  than 
a  city  affords.  As  the  elevation  is  low,  a  change  also  to 
a  high  altitude  might  be  beneficial  for  various  morbid 
conditions.  Edimrd  0.  Otis. 

INDIGO,  WILD. — Baptisia.  Dyers' Green  Weed.  Un- 
der these  names,  the  herb,  and  more  particularly  the 
root,  of  Biiptuia  tinctoria  (L.)  R.  Br.  (fam.  Leguminosm) 
has  been  more  or  less  used  in  domestic,  and  to  a  slight 
extent  in  professional  medicine.  Its  common  names  come 
from  the  fact  that  it  has  been  used  as  a  poor  substitute 
for  indigo. 

The  plant  is  a  large,  much-branched  perennial  herb, 
very  abundant  in  sandy  soil,  especially  in  the  borders  of 
woods,  throughout  the  Eastern  United  States.  It  is  said 
to  contain  two  glucosides,  baptin  and  baptisin,  and  the 
poisonous  alkaloid  baptitoxine,  which  is  believed  to  be 
identical  with  cytisim.  According  to  the  dose,  the  prop- 
erties vary  from  stimulant,  increasing  peristalsis  and 
acting  as  a  laxative,  to  irritant,  producing  purging  and 
vomiting.  Upon  the  nerve  centres,  it  is  primarily  stimu- 
lant, secondarily  depressant  or  paralyzant,  and  causing 
death  by  paralysis  of  respiration.  Its  use  has  been 
chiefly,  both  systemically  and  locally,  in  diphtheria,  scar- 
let fever,  and  sore  throat.  The  dose  of  the  fluid  extract 
is  1  to  4  c.c.  (m  XV.  to  Ix.).  Henry  H.  Busby. 

INEBRIETY.  See  Insanity:  Alcolwlic  and  Drug  In- 
toxication and  Habituation. 

INFANCY.— Under  the  term  infancy  (inability  to 
speak)  we  include  that  early  period  of  life  which  extends 
from  birth  to  the  close  of  the  first  dentition.  Its  first  few 
weeks  represent  a  period  of  great  feebleness  during  which 
there  exists  a  liability  to  special  forms  of  disease  conse- 
quent upon  the  great  change  which  takes  place  in  the 
circulation  at  birth,  and  upon  the  assumption  by  the 
several  organs  of  their  special  work  in  the  economy.  To 
the  Infant  at  this  period  the  name  of  "the  new-born" 
(neonatus)  is  frequently  applied.     From  the  end  of  the 
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first  month  to  the  close  of  lactation  between  the  ninth 
and  twelfth  months  is  sometimes  referred  to  as  the  period 
of  early  infancy  and  corresponds  to  the  term  "SSuglings 
alter  "  of  German  writers. 

Compared  with  childhood  and  adult  life,  infancy  is 
characterized  by  rapid  growth  and  development.  It  is 
a  period  specially  liable  to  disease,  some  of  the  manifes- 
tations of  which  are  peculiar  to  it ;  others,  though  simi- 
lar to  what  we  meet  with  in  adult  life,  are  more  or  less 
modified  by  the  peculiarities  of  the  infant  constitution. 
Its  mortality  is  much  gi-eater  than  that  of  adult  life. 

Anatomical  and  Physiological  Chahacteristics. — 
The  first  act  of  the  new-born  is  to  inspire.  With  the 
separation  of  the  placenta  from  the  maternal  connection 
and  the  tying  of  the  cord,  the  whole  circulation  of  the 
infant  is  profoundly  altered;  for  the  first  time  a  full  cur- 
rent of  blood  distends  the  pulmonary  arteries  to  meet  air 
in  the  newly  opened  vesicles  of  the  expanding  lungs. 
The  thorax  is  enlarged  and  the  diaphragm  and  abdomi 
nal  viscera  are  depressed,  all  conspiring  to  favor  the  associ 
ated  changes  which  take  place  in  the  heart.  With  the 
sudden  deflection  of  blood  to  the  pulmonary  circulation 
and  the  greatly  increased  intrathoracic  pressure,  tlie 
flow  of  blood  through  the  foramen  ovale  and  the  ductus 
arteriosus  comes  almost  to  a  standstill,  and  both  these 
passages  become  gradually  obliterated.  Within  thirt.y- 
six  hours  Vogel  found  the  ductus  arteriosus  scarcely 
large  enough  to  admit  a  probe;  the  foramen  ovale  closes 
more  slowly,  the  border  of  the  valve  usually  remaining 
free  for  some  months,  but  the  foramen  is  so  completely 
covered  that  no  detriment  to  the  circulation  ensues.  The 
left  ventricle  now  takes  on  the  burden  of  the  systemic 
circulation,  rapidly  increasing  in  muscular  power  so  that 
at  the  end  of  the  second  year  its  walls  are  double  the 
thickness  of  those  of  the  right  side. 

With  the  establishment  of  respiration  the  livid  hue  of 
the  skin,  due  to  the  interference  by  parturition  with  the 
foetal  circulation,  is  rapidly  exchanged  for  the  deep  red 
of  tlie  new-born  infant.  This  hue  fades  in  a  few  days 
and  the  skin  not»infrequently  then  assumes  a  more  or  less 
yellow  tinge  unaccompanied  by  any  symptoms  of  sys- 
temic disorder.  This  condition  is  known  as  icterus  neo- 
7iatoriim  ;  its  true  cause  is  still  uncertain,  but  it  is  sup- 
posed to  be  associated  with  the  disturbance  of  the  hepatic 
circulation  due  to  the  alteration  in  its  blood  supply. 
This  yellow  tinge  gradually  disappears  of  itself,  and  by 
the  third  week  of  life  the  skin  ■assumes  the  rosy  tint  of 
healthy  infancy.  Tlie  fine  soft  hairs  which  at  birth  fre- 
quently cover  almost  the  whole  body  generally  fall  out 
by  this  time  and  are  not  renewed,  though  feeble  infants 
may  retain  them  for  some  time.  The  long  strong  hairs 
on  the  scalp  with  which  many  infants  are  born  fall  out 
at  a  later  period  and  are  generally  replaced  by  finer  and, 
as  a  rule,  lighter-colored  hair.  At  birth  the  lachrymal  and 
sudoriferous  glands  are  inactive.  It  is  almost  impossible 
to  produce  sensible  perspiration  in  an  infant  a  few  weeks 
old ;  not  until  after  the  third  month  does  the  activity  of  the 
sweet  glands  commence,  but  after  this  age  in  rachitic  in- 
fants, perspiration  is  often  very  profuse.  The  sebaceous 
glands,  on  the  other  hand,  are  very  active  in  the  new- 
born. In  the  third  month  the  secretion  of  those  in  the 
scalp  frequently  gives  the  vertex  the  appearance  of  hav- 
ing been  smeared  with  wax,  and  later  on  forms  a  distinct 
crust  of  a  yellowish-brown  color  (seborrhoea  capillitii) 
portions  of  which  can  be  easily  removed  by  the  finger 
nail,  when  the  subjacent  skin  will  be  found  in  a  healthy 
state,  not  even  congested.  This  excessive  secretion 
ceases  spontaneously  about  the  end  of  the  first  year,  and 
the  scabs,  if  still  remaining,  dry  and  crumble  away. 

Fat  is  abundant  in  the  subcutaneous  tissues  of  the 
healthy  infant  but  is  generally  absent  from  the  interior 
of  the  body.  The  muscles  in  the  fiist  months  are  small 
and  soft;  not  till  after  the  sixth  month  can  they  be  felt 
firm  and  resisting.  The  bones  are  still  in  great  part  car 
tilaginous  and  possess,  therefore,  much  greater  flexibility 
than  in  the  adult. 

With  the  introduction  of  air  tlie  compact  tissue  of  the 
foetal  lung  is  converted  into  a  spongy  alveolar  structure 
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of  a  rose-pink  color  and  expands  so  as  to  cover  in  great 
part  the  pericardium  and  to  come  into  contact  with  al- 
most the  whole  extent  of  the  thoracic  wall.  The  approxi- 
mation anteriorly  of  the  two  pleural  cavities,  however, 
is  not  so  close  as  it  becomes  in  later  life,  the  anterior 
aspect  of  the  heart  and  thymus  gland  remaining  com- 
paratively uncovered.  The  thymus  gland,  situated 
partly  in  the  thorax  and  partly  in  the  lower  region  of  the 
neck,  is  in  the  new-born  of  large  size  and  increases  till 
about  the  close  of  the  second  year  when  it  ceases  to  de- 
velop ;  it  presents  much  variation,  however,  in  size  and 
shape.'  After  the  eighth  year  it  rapidly  decreases  in  size. 
Its  functions  have  not  yet  been  ascertained,  but  it  would 
appear  to  be  connected  with  the  formation  of  the  blood 
cells.  The  thyroid  gland  in  the  infant  is  relatively  larger 
than  in  the  adult. 

The  liver  at  birth  is  large  and  its  lower  margin  is  easily 
felt  from  1  to  3  cm.  below  the  ribs.  The  stomach  occu- 
pies a  more  vertical  position  than  in  the  adult  owing  to 
the  slight  development  of  its  fundus.  Its  capacity  at 
birth  is  somewhat  less  than  one  ounce. 

In  the  infant  the  shape  of  the  duodenum  is  not  unlike 
its  form  in  adult  life ;  its  folds  are  less  developed,  and 
more  than  in  the  adult  does  it  act  as  a  digestive  reservoir 
where  the  food  from  the  stomach  is  mingled  with  the  se- 
cretions of  the  liver  and  the  pancreas.  Below  the  duo- 
denum the  several  portions  of  the  intestines  show  consid- 
erable difference  in  their  relative  lengths  as  compared 
with  those  which  they  attain  in  the  adult.  Both  small 
and  large  intestines  are  relatively  long;  Treves  states 
that  the  average  length  of  the  small  intestine  at  birth 
is  nine  feet  five  inches  and  of  the  large,  one  foot  ten 
inches,  and  says  there  is  remarkably  little  deviation  from 
these  figures.  He  estimates  that  the  small  intestine 
grows  about  two  feet  per  month  for  the  first  few  months, 
but  after  this  period  development  proceeds  irregularl}-, 
depending  upon  the  nature  of  the  food,  the  vigor  of  the 
digestive  process,  and  the  activity  of  the  abdominal  ner- 
vous centres;  it  bears  no  relation  to  the  general  growth 
of  the  body  nor  to  the  weight  of  the  child.  The  position 
of  both  small  and  large  bowel  is  much  less  fixed  than  in 
the  adult;  the  upper  part  of  the  small  bowel  may  fre- 
quently be  found  occupying  the  lower  part  of  the  right 
iliac  fossa,  and  the  caput  coli  may  be  found  near  the 
umbilicus  from  which  position  the  colon  ascends  toward 
the  left  hypochondrium.  Both  ascending  and  transverse 
colons  are  generally  very  short,  while  the  descending  colon 
and  sigmoid  flexure  are  of  great  comparative  length.  For 
the  first  four  months  the  growth  of  the  large  bowel  is 
relatively  slight,  but  a  certain  amount  of  readjustment 
of  its  position  appears  to  take  place  by  which  the  ascend- 
ing and  transverse  portions  increase  at  the  expense  of  the 
sigmoid  flexure.  After  the  age  of  four  months,  however, 
growth  generally  goes  on  steadily.  Occasionally  this 
undue  length  of  the  sigmoid  flexure  persists  during  in- 
fancy, seriously  impeding  the  passage  of  the  freces  and 
leading  to  constipation. 

At  birth  the  kidneys  are  of  comparatively  large  size 
and  distinctly  lobulated.  This  peculiarity  in  form  grad- 
ually passes  away,  and  by  the  close  of  infancy  they  have 
the  same  shape  as  in  adult  life,  though  still  relatively 
large.  Anomalies  are  occasionally  found.  The  supra- 
renals  at  birth  are  as  large  as  in  the  adult.  The  bladder 
in  the  new-born  has  a  capacity  of  from  two  to  four 
drachms  and  lies  partly  in  the  pelvis,  and  partly  above  it 
in  the  abdominal  cavity.  Renal  secretion  commences 
early,  and  at  birth  urine  is  normally  present  in  the  blad- 
der and  should  be  voided  during  the  first  twelve  hours 
of  life.  During  the  first  few  weeks  of  life  crystals  of 
uric  acid  and  urates,  occasionally  hyaline  casts  and  epi- 
thelial cells  with  a  minute  amount  of  albumin,  may  be 
found  in  the  urine,  a  result  of  the  prenatal  condition 
known  as  uric-acid  infarction  During  infancy  the  urine 
IS  of  a  light  color,  low  specific  gravity  (1.004-1.010) 
faintly  acid  in  reaction,  and  contains  a  low  percentage 
of  urea  and  of  the  inorganic  salts.  The  amount  of  urine 
passed  for  the  first  few  days  is  very  variable  and  has  been 
estimated  at  from  U\o  to  three  ounces.  Increasing  in  the 
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second  week  to  five  or  ten  ovinccs.  Tliroiigliout  infancy 
the  amount  of  virine  passed  is  relatively  larger  tlian  in 
adult  life,  but  is  dependent  partly  upon  tlie  amount  of 
liquid  taken  by  the  infant ;  micturition  is  very  frequent 

The  urethra  in  the  male  is  6  cm.  long,  delicate  and  dis- 
tensible and  generally  presents  a  marked  constriction  at 
the  meatus.  The  glans  penis  is  closely  invested  by  the 
prepuce;  cohesion  is  frequently  very  firm  between  the 
membrane  covering  the  glans  and  that  covering  the  pie- 
puce.  Congenital  deformities  due  to  arrested  develop- 
ment are  not  infrequent.  In  the  female  infant  the  ure- 
thra and  vagina  are  relatively  large  and  distensible;  the 
uterus  is  from  an  inch  to  an  inch  and  a  quarter  long,  but 
its  fundus  is  quite  undeveloped.  Deformities  occasion 
ally  arise  from  the  non-absorption  of  the  septum  formed 
by  the  infolding  of  the  cloaca.  The  mammary  gland  is 
well  developed,  possessing  secreting  structure  in  both 
sexes. 

Although  the  brain  of  the  new-born  is  of  relatively 
large  size,  the  anterior  lobes  and  the  cerebellum  are  con'i- 
paratively  small,  and  the  fissure  of  Rolando  is  much  less 
vertical  than  in  later  life.  The  brain  tissue  is  of  a  nearly 
uniform  whitish  color  and  of  soft  pulpy  consistence,  and 
contains  a  large  percentage  of  water.  Not  till  after  the 
close  of  the  first  month  does  gray  matter  make  its  appear- 
ance on  the  convolutions.  The  centres  in  the  medulla 
and  in  the  spinal  cord  are  in  a  much  more  forward  state 
of  development  than  those  in  the  cerebrum,  and  through- 
out infancy  maintain  their  functional  superiority ;  of 
those  in  the  spinal  cord  the  motor  centres  in  the  anterior 
cornua  are  more  developed  than  those  of  sensation  in  the 
posterior;  to  this  forward  state  of  development  of  the 
spinal  centres  is  due  the  great  reflex  excitability  of  the 
nervous  system  in  infants.  So  much  is  this  the  case  that 
the  infant  at  birth  has  been  termed  "a  spinal  system 
man. " 

Ciivulntion. — The  blood  of  the  new-born  contains  a 
large  amount  of  haemoglobin,  twentj-two  per  cent,  of  its 
solid  constituents,  but  the  amount  of  fibrin  is  small  and 
the  total  amount  of  blood  in  the  body  is  less  than  it  is  in 
the  adult ;  for  this  reason  infants  bear  loss  of  blood  badly , 
The  blood  cells  also  for  the  first  few  weeks  show  much 
variation  in  size  and  shape.  These  conditions,  however, 
S0(m  change ;  the  amount  of  haemoglobin  at  once  begins 
to  decrease,  reaching  its  minimum  about  the  sixth  month 
when  it  lemains  stationary  until  after  the  first  year  and 
then  begins  to  increase  again ;  the  fibrin  rapidly  increases 
in  amount.  After  the  first  few  months  the  infant  has 
more  blood  in  proportion  to  its  weight  than  the  adult, 
but  the  blood  is  of  low  specific  gravity,  has  less  fibrin, 
less  salts,  less  haemoglobin,  less  soluble  albumin  and 
more  white  blood  corpuscles  than  that  of  more  adult  life. 

Although  at  birth  the  heart  as  a  whole  is  relatively 
larger  than  in  the  adult,  it  has  to  be  remembered  that  in 
intra  uterine  life  the  auricular  half  is  unduly  developed, 
and  that  after  birth  the  walls  of  the  left  ventricle  only 
slowly  acquire  that  increase  of  power  demanded  by  their 
newly  assumed  burden  of  the  systemic  circulation.  The 
arterial  system  of  the  infant  has  also  a  large  relative 
capacity  as  compared  with  the  size  of  the  heart,  which, 
associated  with  a  comparatively  weak  ventricle,  renders 
arterial  tension  low.  This  condition  persists  in  sonie  de- 
gree till  puberty,  when  it  ceases  owing  to  the  rapid  de- 
velopment of  the  heart  at  that  age.  It  would  appear 
that  in  the  young  growth  and  physiologically  low  blood 
pressure  go  hand-in-hand  (Jacobi).  It  is  also  to  be  noted 
that  the  growth  of  the  large  arterial  trunks  in  the  mfant 
is  not  uniform  •  the  subclavian  and  carotid  at  birth  are 
relatively  large,  corresponding  with  the  greater  develop- 
ment  of  "the  head  and  upper  extremities;  after  birth  the 
descending  aorta  and  the  femoral  and  renal  arteries  in- 
crease more  rapidly  in  size,  corresponding  with  the  rapid 
growth  of  the  lower  extremities. 

The  pulse  rate  during  infancy  is  much  more  rapid  than 
during  childhood  or  adult  age,  and  is  easily  disturbed 
and  quickened  by  sUght  causes;  irregularity  of  rhythm 
may  not  infrequently  be  noted.  A  girl  s  pulse  is  almost 
always  a  few  beats  more  rapid  than  that  of  a  boy.     ihe 


following  table  furnishes  approximately  the  pulse  rate 
at  various  periods 

Table  Snovvi.vfi  Piii.se  Rate  at  Dijtere.nt  Periods  of  Infa.nct. 

At  birth From  130-140 

At  six  mouths "      110-120 

A  t  twelve  months "     105-11.5 

At  two  years "       90-105 

At  Ave  years "       80-90 

Muscular  exercise  or  excitement  will  increase  this  rate 
by  from  twenty  to  fifty  beats. 

The  lymphatic  .system  in  the  infant  is  well  developed; 
its  glands  are  numerous  and  large  in  size,  and  the  inter- 
communication between  tliera  and  the  general  system  is 
more  marked  than  at  any  other  period  of  life. 

Respi  rut  lull  in  the  infant,  as  a  consequence  of  the  cir- 
cular shape  of  the  chest,  is  chiefly  carried  on  by  the  dia- 
jihragm.  Owing  to  the  compressibility  of  the  chest  wall, 
to  the  lack  of  development  in  the  respiratory  muscles,  and 
the  yielding  character  of  their  points  of  origin  and  inser- 
tion, and  also  to  the  narrowness  of  the  upper  air  passages, 
respiration  is  easily  disturbed  and  in  young  infants  may 
not  infrequently  be  observed  to  be  irregular.  The  rate  and 
ihythm  of  the  respiratory  movement  are  very  variable; 
Eustace  Smith  gives  40  or  perhaps  more  as  the  number 
of  respirations  in  the  new-born,  but  adds  that  they  soon 
become  less  rapid.  Rotch  places  them  at  about  45 
for  the  first  weeks  of  life,  and  in  infants  under  two  years 
at  between  20  and  40  per  minute.  The  ratio  between  the 
rapidit}'  of  the  respiration  and  that  of  the  pulse  for  the 
first  few  months  of  life  is  inconstant  and  easily  disturbed. 
During  infancy  more  oxygen  is  inhaled  and  more  car- 
bonic dioxide  exhaled  than  in  adult  life,  as  the  result 
of  the  more  rapid  tissue  change.  Infants,  however, 
stand  complete  deprivation  of  air  for  a  longer  period 
than  will  adults.  Attention  is  drawn  by  Jacobi  to  the 
greater  labor  required  by  the  organs  of  both  circulation 
and  respiration  in  the  infant  as  compared  with  those  of 
the  adult,  while  at  the  same  time  their  own  development 
must  go  on.  Hence  fatigue  is  more  easily  experienced 
and  rest  and  sleep  are  much  more  urgently  demanded. 

The  Digentive  Tract. — The  mouth  is  early  moistened  by 
secietion  from  the  buccal  and  labial  glands,  though  in 
the  first  days  of  life  often  imperfectly  so.  Saliva  is  se- 
creted at  this  date  onlj'  by  the  parotid  glands ;  its  amount 
for  the  first  two  or  three  weeks  is  but  one-tenth  of  what 
it  becomes  after  the  sixth  month;  not  until  after  the 
fourth  month  do  the  submaxillary  glands  assume  activ- 
ity. Even  in  the  first  days  of  life,  pepsin  is  secreted  by 
the  gastric  follicles  in  small  amount.  For  the  first  few 
weeks  the  stomach  is  small  in  size,  somewhat  tubular  in 
shape,  and  plays  a  comparatively  unimportant  part  in 
the  process  of  digestion,  acting  chiefly  as  a  I'eceptacle  in 
which  the  milk  is  coagulated  by  the  rennet  ferment,  and 
from  which  it  passes  in  a  comparativelj'  undigested  state 
into  the  duodenum  where  digestion  is  completed  by  the 
pancreatic  ferments.  While  in  a  breast-fed  infant  two 
months  old  the  stomach  empties  itself  in  an  hour  and  a 
half,  in  an  infant  four  months  old  the  average  time  is 
about  two  hours.  Infants  fed  on  cow's  milk  require 
half  an  hour  longer.  At  birth  the  average  capacity  of 
the  stomach  is  under  an  ounce;  the  organ,  however,  in- 
creases rapidly  in  size,  and  by  the  end  of  the  fourth  week 
its  capacity  in  an  infant  of  average  size  is  about  two  and 
a  half  ounces,  at  three  months  four  and  a  half  ounces,  at 
six  months  six  ounces,  and  at  twelve  months  nine 
ounces.  In  estimating  the  size  of  the  stomach  of  an  in- 
fant, not  only  is  its  age  to  be  considered,  but  also  its 
weight;  the  greater  the  weight  of  the  infant  the  greater 
will  be  its  gastric  capacity.  After  the  first  six  months 
of  life  the  secretion  of  gastric  juice  becomes  distinctly 
more  abundant,  but  during  the  entire  period  of  infancy 
free  hydrochloric  acid  is  either  absent  altogether  or  ex- 
ists in  only  very  small  amounts  in  the  contents  of  an  in- 
fant's stomach.  In  the  intestines  the  villi  are  numerous 
and  large,  even  surpassing  in  size  the  corresponding 
structures  in  the  adult,  and  contain  large  capillaries. 
The  glands  of  Lieberkilhn  are  ureseut,  but  only  in  small 
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numbers  and  they  are  poorly  developed.  The  same  is 
true  of  Payer's  glands,  which  do  not  reach  their  proper  de- 
velopment till  the  second  3'ear  of  infancy.  In  a  healthy 
infant  the  greater  part  of  the  food  is  absorbed  from  the 
small  intestine.  The  mucous  glands  of  both  stomach  and 
small  intestine  are  more  numerous  in  the  infant  than  in 
later  life,  and  if  unduly  stimulated  pour  forth  a  copious 
secretion  which  readily  undergoes  acid  fermentation  and 
becomes  an  irritant.  The  secretion  of  the  pancreas  is  for 
the  first  few  months  very  deficient;  three  of  its  ferments 
are  present  at  birth,  viz.,  trypsin,  steapsin,  and  the  milk- 
curdling  ferment,  but  the  amylolytic  ferment  is  quite 
absent  till  after  the  sixth  month.  Bile  is  early  secreted 
in  considerable  quantity,  but  compared  with  that  of  the 
adult  it  is  defective  in  organic  salts,  in  cholesterin,  in 
lecithin,  and  in  fat. 

The  fffices  of  an  infant  after  the  first  few  days  should 
be  of  an  orange-yellow  color,  of  soft  homogeneous  con- 
sistence, distinctlj'  acid  in  I'eaction  and  not  offensive 
in  odor.  They  are  chiefly  composed  of  fats,  of  fatty  and 
lactic  acids  in  combination  with  lime,  of  cholesterin,  of 
intestinal  epithelium  and  mucus,  with  about  three  per 
cent,  of  the  milk  ingested  which  has  remained  uuab 
sorbed.  Meconium  is  no  longer  considered  to  be  simply 
an  admixture  of  bile  with  intestinal  mucus,  but  is  found 
to  contain  flat  epithelial  cells  which  cannot  have  origi- 
nated in  the  intestinal  canal,  along  with  fine  haii's  and  fat 
globules  whicJi  have  evidently  had  a  cutaneous  origin. 

Growth. — The  average  weight  of  the  new-born  babe 
is  a  little  over  seven  pounds,  males  as  a  rule  weighing  a 
few  ounces  more  than  females,  but  occasionally  this  aver- 
age is  ver}'  much  exceeded.  During  the  first  two  or  three 
days  of  life  a  loss  in  weight  of  from  eight  to  twelve  ounces 
almost  invariably  takes  place,  due  partly  to  the  passage 
of  urine  and  meconium,  partly  to  the  disturbance  of  nu- 
tritive  processes  necessarily  associated  with  its  entrance 
on  a  new  life,  and  partly  to  the  fact  that  during  tliese 
days  the  infant  is  not  generally  able  to  obtain  sufficient 
nourishment.  Townseud,  at  the  Boston  Lying-in  Hospi 
tal,  has  shown  that  the  infants  of  primiparse  lose  more  and 
are  slower  to  recover  their  loss  than  those  of  multiparae; 
large  children,  however,  suffer  less  loss  of  weight  and 
recover  more  quickly  than  small  ones;  children  which 
have  to  be  fed  artificially  do  not  as  a  rule  regain  their 
original  weight  before  the  tenth  day.  That  the  loss  is  to 
some  extent  avoidable  is  indicated  by  the  fact  that  in  the 
young  of  mammals  which  commence  to  take  the  dug  im- 
mediately after  birth,  increase  of  weight  is  immediate 
and  uninterrupted.  Any  failure  of  the  infant  fully  to 
regain  this  loss  by  the  end  of  the  second  week  should  be 
regarded  as  au  indication  that  its  nutrition  is  at  fault  and 
special  measures  should  be  taken  to  increase  its  vitality 
(Rotch).  After  the  second  week  there  should  be  a 
weekly  gain  in  weight  of  from  five  to  seven  ounces  for 
the  first  five  months.  After  this  age  growth  gradually 
becomes  less  rapid.  It  is  generally  considered  that  the 
initial  weight  of  the  infant  at  birth  should  be  doubled  at 
five  months  and  trebled  between  thirteen  and  fourteen 
mouths  of  age.  The  weight  at  one  year  should  be 
dwibled  at  six  years  and  this  weight  doubled  again  when 
the  child  reaches  fourteen  3'ears.  Weighed  from  day  to 
day  the  amount  of  increase  in  an  infant  may  be  found  to 
vary  considerably,  even  a  uniform  weekly  increase  is  ex- 
ceptional. Slight  disturbances  such  as  dentition,  wean- 
ing, improper  feeding,  or  undue  excitement  may  inter- 
fere with  or  even  interrupt  the  regular  increment.  The 
weight  of  an  infant  carefully  and  systematically  taken 
is  to  be  regarded  as  an  excellent  index  of  the  infant's 
nutrition,  and  our  most  exact  guide  in  determining  the 
suitability  and  sufficiency  of  the  food  supplied.  Bow- 
ditch  has  also  insisted  that  actual  loss  in  weight,  and 
sometimes  even  a  failure  to  gain,  is  often  an  early  pre- 
monitory indication  of  the  onset  of  constitiitional  disease. 

The  average  length  of  the  infant  at  birth  is  nineteen 
and  three-quarter  inches  During  the  first  six  months  it 
grows  from  four  to  five  inches  and  in  the  second  from 
three  to  four.  In  the  second  year  the  gain  is  from  three 
to  five  inches,  and  by  the  end  of  the  fifth  year  the  child 


should  have  doubled  its  original  length.  Insufficient 
nourishment  and  improper  food,  especially  in  rachitic 
children,  retard  growth  in  length.  Chronic  disease  of 
the  brain  (idiocy)  is  apt  to  give  rise  to  more  or  less 
dwarfing.  Cretinism,  also,  in  a  very  marked  degree 
stunts  growth.  On  the  other  hand  an  attack  of  one  of 
the  exanthemata  appears  in  some  children  to  accelerate 
growth. 

At  birth  tlie  circumference  of  the  head  much  exceeds 
the  circumference  of  the  thorax,  but  with  the  rapid  de- 
velopment of  the  lungs  the  difference  is  notably  dimin- 
ished during  the  first  few  months,  and  at  the  end  of  the 
first  year,  notwithstanding  the  rapid  development  of  tlie 
head,  the  thorax  exceeds  it.  Between  six  and  eight 
weeks  old,  the  child  begins  to  raise  its  head  and  turn  it 
voluntarily  toward  a  bright  object  and  a  few  weeks  later 
is  able  to  hold  it  up  without  support.  Not  till  about  the 
seventh  month  does  it  acquire  the  power  of  sitting  alone, 
and  not  till  the  close  of  the  first  year  are  the  lower  ex- 
tremities sufficiently  developed  to  enable  the  infant  to 
make  some  effort  to  stand.  Two  or  three  months  later  it 
should  walk  alone.  Growth  does  not  always  take  place 
uniformly ;  the  head  often  increases  the  most  rapidly  in 
size,  but  sometimes  the  extremities.  When  growth  is 
too  rapid,  failure  of  strength,  with  anaemia  and  more  or 
less  emaciation,  ensues. 

About  the  sixth  month  dentition  generally  commences 
with  the  eruption  of  the  two  lower  central  incisors  and 
these  are  followed  at  varying  intervals  by  the  other  teeth 
in  successive  groups.  Every  kind  of  variation  may  be 
met  with  as  to  the  order  in  which  the  several  groups  of 
teeth  appear  without  any  evidence  being  found  either 
at  the  time  or  later  of  the  existence  of  any  pathological 
condition,  mental  or  otherwise  (Rotch).  Nevertheless 
delayed  dentition  is  generally  regarded  as  to  some  extent 
an  evidence  of  imperfect  nutrition.  jMerei  and  White- 
head state  that  in  seventy-nine  per  cent,  of  the  well-de- 
veloped, the  first  teeth  appear  before  the  eighth  month 
has  passed,  while  in  sixty  per  cent,  of  those  with  imper- 
fect development  the  first  teeth  are  cut  after  the  eighth 
month.  The  following  is  the  formula  for  their  usual 
appearance  as  given  by  Rotch : 

Groups.  Time  of  appearance. 

Two  central  lower  incisors  6th  to   Sth  month. 

Four  upper  Incisors 8th  to  10th  month. 

Two  lateral  lower  Incisors  and  lour  Orst  I    loti.  ,„  1/.,,  „     .,. 
molars  f     ^^  ^  ^^^^  month. 

Four  canines  18th  to  20th  month. 

Four  second  molars 28th  to  32d  month. 

During  the  earlier  months  of  infancy  the  anterior  fon- 
tanel remains  open,  and  affords  a  fair  indication  by  its 
size  of  the  state  of  development  in  the  cranial  bones,  and 
to  some  extent  of  the  state  of  ossification  in  the  body  gen- 
erally ;  and  by  the  presence  or  otherwise  of  any  distention 
in  the  membrane  covering  it,  of  the  condition  of  the  brain, 
whether  congested  or  anaemic.  This  fontanel  is  of  small 
size  in  the  new-born,  but  gradually  increases  up  to  the 
ninth  month  when  its  size  remains  stationary  for  two  or 
three  months,  and  then  it  rapidly  begins  to  close  (Vogel). 
Between  the  fifteenth  and  eighteenth  months  in  healthy 
well-developed  children  it  should  become  completelv  os- 
sified. 

The  Development  of  the  Sniws  and  :)Jcntiil  Facilities  in 
the  infant  is  an  interesting  study  to  which  in  recent 
years  considerable  attention  has  been  directed.  The  first 
movements  of  the  new-born  infant  are  either  purely  re- 
flex, like  its  crying,  or  impulsive,  and  due  to  the  unload- 
mg,  m  an  objectless  manner,  of  its  "  inherited  provision 
of  motor  impulses."  Tactile  sensation  at  birth  appears 
to  be  developed  in  lips,  tongue,  eyes,  and  hands-  nu- 
merous reflexes  of  prenatal  development  also  manifest 
themselves,  e.g.,  respiration,  swallowing,  winking- 
coughing,  sneezing,  etc.  With  these  exceptions  sensa- 
tion, both  general  and  special,  is  in  the  early  weeks  of 
life  very  defective.  The  senses  of  taste  and  smell  appear 
to  be  the  first  to  make  distinct  and  clear  impressions  on 
the  mind.  The  new  born  can  distinguish  between  bitter 
and  sweet,  and  the  taste  and  smell  of  the  milk  first  re 
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ct'ivcd  makes  a  penuanent  impression,  su  that  aiiotber 
is  often  tried  ouly  to  be  put  away.  Thus  memory  and 
judgment  appear  to  arise  first  in  the  domain  of  these 
senses. 

Hearing  and  sight  are  very  defective  at  first,  but  be- 
come afterward  of  much  importance  to  development. 
All  children  are  born  deaf.  Even  the  strongest  do  not 
notice  a  sharp  sound  earlier  tlian  six  houi-s  after  birth. 
More  frequently  it  is  some  days  before  we  notii'c  the  in- 
fant starting  at  a  sudden  noise.  This  deafness  is  due  to 
the  fact  that  the  Eustachian  tube  is  closed  at  birth  and 
is  oidy  gradually  opened  by  tire  acts  of  breathing  and 
swallowing.  Until  It  is  opened  the  middle  ear  contains 
no  air,  and  the  tympanum  stands  too  obliquely.  After 
hearing  becomes  active  no  organ  of  sense  contributes  so 
much  toward  mental  development.  Deaf  children  are 
much  more  backward  than  are  the  blind.  Toward  the 
end  of  the  third  month  a  child  should  recognize  the  di 
lection  of  a  noise  and  turn  toward  it.  It  requires  more 
time,  however,  before  children  can  distinguish  between 
different  sounds.  Demme  found  only  two  per  cent,  able 
to  recognize  their  mother's  voice  at  tln-ee  and  a  half 
months.  At  six  months  most  babies  enjoy  being  sung 
to,  and  are  amused  by  the  jingle  of  rattles. 

The  infant  appears  to  be  able  to  distinguish  light  from 
darkness  almost  immediately  after  birth,  but  that  is  all, 
for  the  movements  of  the  lids  and  balls  are  not  at  first 
symmetrical.  About  the  sixth  week  a  bright  light,  if 
moved  slowly,  is  followed  by  the  eyes,  and  after  the 
third  month  we  may  observe  the  quick  closing  of  the  lids 
on  the  approach  of  an  object.  By  this  time  also  the  child 
should  recognize  its  mother's  face.  After  the  sixth  month 
the  estimation  of  size,  distance,  and  color  becomes  grad- 
ually developed,  but  not  till  after  the  thii-d  year  are  all 
the  colors  distinguished. 

Voluntary  grasping  is  generally  noticed  very  shortly 
after  tlte  third  month  and  with  it  comes  the  knowledge 
of  things  apart  from  itself. 

Speech  is  not  inborn,  but  the  tendency  to  it  is  in- 
herited. At  first  only  vowels  are  uttered,  but  after  the 
first  few  weeks  the  mental  state  of  the  child  may  be  de- 
termined to  some  extent  from  the  different  sounds  that 
it  makes  and  its  voice  gradually  becomes  modulated  to 
suit  its  mood.  Toward  the  end  of  the  first  year  the 
child  begins  its  first  imitation  of  sound.  The  progress  is 
more  rapid  after  this,  but  for  a  long  time  expression  and 
gestures  are  the  most  important  means  of  communica- 
tion, and  sounds  are  merely  accompaniments.  Then  one 
word  is  used  to  signify  several  thoughts,  showing  the 
growth  of  reasoning  power.  Two  or  three  words  are 
next  joined  together,  and  finally  complete  sentences  are 
formulated.  All  the  disturbancesTif  speech  noted  in  the 
adult  may  have  their  counterpart  in  the  child.  In  the 
one  the  functions  are  disturbed  by  disease,  in  the  otlier 
the  defect  is  due  to  insuflScient  development. 

Infant  Mortality.— The  high  rate  of  mortality  in  in- 
fancy has  been  referred  to  and  deph^red  by  all  writers  on 
the  subject  In  England,  out  of  1,000  infants  under  one 
year  there  die  annually  141.8;  in  France,  223.3;  in  Italy, 
273  3  (Farr)  These  are  the  mean  rates  for  rural  and 
urban  districts;  in  large  cities  the  rates  are  higher.  In 
Paris  during  the  four  years,  1863-66,  the  mean  annual 
death  rate  of  infants  under  one  year  was  390  per  1,000 
living  Eross  in  a  recent  article  based  on  statistics  ob- 
tained from  sixteen  large  European  cities,  states  that 
about  nine  per  cent,  of  all  children  born  alive  die  before 
the  end  of  the  fourth  week.  In  small  towns  and  m  the 
country  the  rates  are  much  lower  than  m  the  cities,  but 
even  in  these  the  percentage  of  deaths  occurring  m  m- 
fancv  is  very  large.  In  this  country  statistics  are  not 
sufficiently  defined  to  enable  us  to  state  the  exact  mortahty 
of  the  several  months  and  years  of  infancy^  In  Boston, 
with  a  general  death  rate  not  exceeding  24.5  per  1,000 
the  mean  death  rate  of  infants  under  one  year,  determined 
ntlTefour  census  years  1855,  1865,  1870,  and  1875.  was 
273  7  per  1  000  infants  living,  while  for  children  under 
five  it  was  95,6.  These  rates  are  still  t™e  for  many  o 
our  large  cities,  but  in  others  it  is  probable  that  a  great 


diminution  in  them  would  be  found  to  have  taken  place 
in  recent  years.  Wende  {J'((U(itriat,  vol.  ix.,  1900,  ]). 
103)  states  that  in  1890  out  of  a  total  of  5,034  deaths  in 
Buffalo,  N.  Y.,  3,305  were  under  five  years  of  age;  but 
in  1898,  owing  to  a  careful  inspection  ofthe  milk  supplied 
to  infants,  and  to  greater  care  in  the  feeding  of  it,  out 
of  a  total  of  4,533  deaths,  only  1,570  deaths  of  infants 
under  five  years  were  recorded. 

The  high  mortality  rate  in  early  infancy  demands  an 
earnest  consideration  of  the  causes  that  may  give  rise  to 
it  and  an  effort  on  the  jiart  of  every  physician  to  reduce 
it.  Unfortunately  some  of  the  causes  contributing  to  it 
appear  at  present  to  be  unavoidable.  The  great  and  im- 
portant changes  which  lake  place  in  the  organism  with 
the  completion  of  birth,  and  the  rapid  development 
which  afterward  ensues,  are  both  fraught  with  special 
dangers,  even  to  those  naturally  healthy.  In  many  in- 
stances, however,  we  have  the  added  weakness  involved 
in  hereditary  disease ;  syphilis  and  tuberculosis  in  the 
parent  necessarily  entail  an  enfeebled  offspring  unless 
active  preventive  measures  be  taken.  Even  when  we 
have  no  distinct  diathetic  disease  to  deal  with,  general 
debility  and  many  chronic  affections  in  the  mother  affect 
the  vitality  of  the  offspring  unfavorably  and  I'ender  it 
more  liable  to  succumb  to  disease.  Dr.  Curtis  estimated 
that  from  ten  to  fifteen  per  cent,  of  all  deaths  under  five 
years  must  be  assigned  to  this  class  of  hereditary  causes. 
Ashby,  in  an  analysis  of  the  causes  of  death  in  two  thou- 
sand infants  under  two  years  of  age,  estiqiates  that  con- 
genital syphilis  was  the  active  agent  in  ten  per  cent. 
Acute  zymotic  disease  also  plaj'S  an  important  role; 
pertussis  has  its  maximum  fatality  during  the  first  year  of 
life  and  measles  in  the  second,  while  scarlet  fever  does  not 
reach  its  maximum  fatality  till  the  third  and  fourth  years. 
Ashby  in  the  analysis  above  quoted  states  that  pertussis 
was  the  cause  of  death  in  twelve  per  cent,  and  measles 
in  nine  per  cent,  of  his  cases.  Unfavorable  hygienic 
surroundings  may  increase  largely  the  mortality  of  this 
class  of  diseases  by  weakening  the  vitality  of  the  infant 
and  perhaps  by  increasing  the  virulence  of  tlie  poison 
itself,  while  strict  isolation  and  thorough  disinfection 
will  undoubtedly  lessen  the  frequency  and  diminish  the 
mortality  from  this  source. 

Diseases  of  the  alimentary  tract  contribute  largely  to 
this  high  death  rate.  Jacobi  has  estimated  that  the  deaths 
from  this  cause  alone  in  tlie  first  year  of  life  amount  to- 
nearly  forty-one  per  cent,  of  the  total  number  which  occur 
at  this  period  of  life.  In  the  second  year  the  mortality, 
although  large,  is  not  quite  so  great.  This  class  of  dis- 
ease must  be  regarded  as  resulting  almost  entirely  from 
defective  knowledge  and  care  in  the  feeding  and  hygienic- 
surroundings  of  the  infant,  and  therefore  in  great  part 
preventible.  Inflammation  of  the  respiratory  organs, 
principally  bronchitis  and  pneumonia,  is  also  another  im- 
portant cause  of  this  high  rate  of  mortality.  Dr.  Farr 
states  that  in  England  this  class  of  diseases  is  the  cause 
of  nearly  one-sixth  of  all  the  deaths  under  five.  Accord- 
ing to  Jacobi  twenty -one  per  cent,  of  all  the  deaths  in 
the  first  year  of  life  are  due  to  this  cause,  and  about  thirty- 
six  per  cent,  of  the  deaths  in  the  second  year.  In  the 
majority  of  the  cases  in  this  class,  imperfect  ventilation 
of  living  rooms,  and  undue  exposure  to  wet  and  cold 
with  insufficient  covering  to  chest  and  extremities,  con- 
duce greatly  to  this  result.  It  is  surely  not  too  much  to- 
hope  that  with  the  rapid  diffusion  of  more  exact  knowl- 
edge of  the  important  principles  of  hygiene  and  infant 
feeding,  this  excessive  mortality  in  infancy  may  be  greatly 
reduced. 

Infant  Hygiene. — Feeding. — As  soon  as  the  mother 
has  to  some  extent  recovered  from  the  exhaustion  of 
labor,  the  infant  should  be  applied  to  the  breast.  Al- 
tliough  the  full  supply  of  milk  is  not  established  until 
the  second  or  third  day,  yet,  as  a  rule,  sufficient  will  be 
obtained  to  satisfy  the  infant;  when  it  is  very  feeble, 
however,  artificial  feeding  with  a  weak  sterile  cream 
mixture  may  be  advisable.  At  this  early  period  the  in- 
fant does  not  require  much  and  a  frequent  application  to- 
the  breast  is  unnecessary.     Should  the  influx  of  milk  be- 
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delayed  and  the  infant  be  fretful,  feeding  with  some 
substitute  milk  may  be  deemed  advisable.  For  the 
first  month  it  is  difficult  to  obtain  regularity  in  nursing, 
but  the  importance  of  regular  feeding  should  be  im 
pressed  on  the  mother,  and  she  should  be  told  that  cry- 
ing and  fretting  during  the  intervals  are  in  general  due 
not  to  hunger,  but  to  colic,  which  may  be  aggravated  by 
irregular  nursing,  A  f ter  the  second  month  an  interval  of 
at  least  two  hours  between  two  successive  nursings  should 
be  insisted  on  for  the  day ;  during  the  night  this  sliould 
be  lengthened  to  three  or  four.  As  the  child  grows  older 
its  stomach  becomes  capable  of  taking  larger  quantities  at 
n  time,  and  the  intervals  should  accordingly  be  gradual!}' 
lengthened  to  four  hours.  In  some  cases  the  breast  milk 
of  the  mother  does  not  agree  with  the  infant  and  gives 
rise  to  more  or  less  pronounced  symptoms  of  indigestion 
associated  with  much  fretfulness,  sleeplessness,  and  either 
an  actual  loss  of,  or  a  failure  to  gain  in  weight.  This 
condition  of  the  milk  is  sometimes  due  to  over-anxiety, 
insufficient  sleep,  an  improper  dietar}-,  or  irregular  habits 
on  the  part  of  the  mother,  and  may  be  remedied  by  secur- 
ing for  her  a  correct  dietary,  regular  outdoor  exercise, 
sufficient  sleep  and  freedom  from  undue  worry  and  ex- 
oitement.  In  a  few  instances,  however,  the  fault  appears 
to  be_ irremediable,  and  artilicial  feeding  with  a  properly 
constituted  food  must  be  attempted.  (See  article  In- 
fants, Artlficiid  Feeding  of.) 

In  estimating  the  suitability  of  any  food  to  an  infant's 
requirements  the  important  test  is  the  weekly  increase 
in  weight.  If  the  food  is  digestible,  and  sufficient 
in  amount  for  its  wants,  the  infant  should  be  free 
from  colic,  happy  in  disposition,  should  sleep  quietlj', 
and  gain  regularly  in  weight.  No  fixed  rule  can  be 
stated  as  to  the  proper  time  to  allow  artilicial  food  in 
connection  with  breast  milk.  While  robust  mothers, 
with  an  abundant  supplj'  of  milk,  can  easily  satisfy  their 
infants  up  to  the  age  of  twelve  or  fifteen  months,  many 
begin  to  feel  the  drain  upon  them  by  the  second  or  third. 
In  others,  the  milk,  though  abundant,  fails  to  satisfy  and 
sufficiently  nourish  the  child,  and  must  be  early  supple- 
mented by  artificial  food. 

Bathing. — The  first  bath  of  the  infant  should  be  given 
in  a  warm  room,  free  from  draughts,  and  in  water  of  a 
temperature  of  96°  F.  The  infant  should  be  dried  beneath 
some  warm  flannel  covering.  In  general,  nurses  are  not 
sufficiently  alive  to  the  necessity  of  preventing  undue 
chilling  of  the  surface.  From  the  fifth  to  the  ninth  day 
the  navel  string  becomes  detached,  and  not  till  that  oc- 
curs is  a  second  general  bath  advisable.  After  that  the 
bath  should  be  given  daily  in  water  at  a  temperature  of 
about  92°  P.  This  temperature,  after  the  age  of  eight  or 
nine  months,  may  be  lowered  carefuUj'  to  90°  or  85°,  ac- 
cording to  the  strength  of  tlie  infant  and  the  vigor  of  its 
reaction.  Too  prolonged  chilling  of  the  surface  during 
bathing  and  dressing  is  the  frequent  beginning  of  ca- 
tarrhs of  all  sorts. 

OlotJdng. — In  the  dressing  of  the  new-born  care  should 
be  taken  that  there  is  no  injurious  dragging  on  the  navel, 
that  the  usual  abdominal  band  is  not  applied  so  tightly 
as  to  interfere  with  respiration  or  digestion,  and  that  suf- 
ficient warmth  be  secured  for  the  extremities.  Later  on, 
caution  should  be  enjoined  that  none  of  the  clothing  press 
undnly  on  either  chest  or  ahdomen — all  should  hang 
loosely  from  the  shoulders;  neck  bands  should  not  be 
tight,  and  the  extremities  should  alwa3's  be  efficiently 
and  warmly  covered.  No  sudden  change  in  the  amount 
or  character  of  the  clothing  is,  on  any  account,  to  be  per- 
mitted. Special  care  is  also  to  be  given  to  the  shoes. 
The  leather  should  be  pliable,  and  the  shoes  made  broad 
and  loose  about  the  toes,  so  as  to  allow  freedom  for  move 
ment  and  growth. 

Sleeping. — For  the  first  few  weeks  of  its  life  an  infant 
should  sleep  eighteen  hours  out  of  the  twenty- four.  As 
it  grows  older,  it  gradually  requires  less.  A  fietful  and 
wakeful  baby  is  ailing  in  some  way,  and  the  cause  of  its 
fretfulness  should  be  found  out  and  remedied.  When 
possible,  the  nursery  should  be  large  and  well  ventilated. 
For  the  first  few  days  of  infant  life  it  may  be  desirable 
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that  the  room  in  which  it  is  kept  should  be  somewhat 
darkened,  but  after  that  fresh  air  and  sunlight  should 
never  be  excluded.  At  the  same  time  draughts  and 
rapid  changes  of  temperature  are  fraught  with  much 
danger. 

Exercise  is  important,  but  the  manner  of  it  is  equall)' 
so.  No  infant  should  be  carried  about  upright  until  it  is 
able  to  raise  its  head  and  rotate  it  easily ;  nor  should  it  be 
encouraged  to  walk  or  stand  till  nearly  a  year  old,  and 
if  there  be  any  tendency  to  rachitis  this  must  be  post- 
poned still  later.  After  an  infant  is  three  months  old — a 
little  later,  in  the  winter  season — it  should  be  "short- 
coated,"  and  the  fullest  liberty  given  to  its  arms  and  legs. 
It  should  be  encouraged  to  lie  on  its  back  in  its  crib  with 
loose  clothes  and  enjoy,  as  it  will  do,  the  liberty  of  kick- 
ing. Every  day  it  should  be  taken  out  regularly  during 
the  more  suitable  portion  of  the  day,  unless  the  weather 
be  blustery.  When  it  is  sufficiently  old,  walking  forms 
a  pleasant  exercise,  but  it  should  never  be  carried  to  the 
extent  of  much  fatigue. 

Weaning  should,  if  possible,  be  effected  gradually,  and 
the  digestive  organs  should  be  accustomed  to  soiue  suit- 
able artificial  food  before  lactation  is  altogether  stopped. 
Abrupt  changes  in  its  food  try  an  infant's  digestion,  and 
frequently  upset  it.  In  selecting  the  time  to  make  the 
alteration,  attention  should  be  given  to  the  following 
points;  1.  An  interval  between  the  eruption  of  the 
several  sets  of  teeth  should,  if  possible,  be  chosen,  as  we 
sometimes  notice  at  these  times  irritation  of  the  nervous 
system  with  hj'perfemia  and  increased  peristalsis  of  the 
alimentarj'  canal.  2.  It  is  never  desirable  to  take  the 
breast  from  an  infant  while  it  is  sick  or  recovering  from 
sickness,  unless  it  is  manifest  that  the  milk  of  the  mother 
is  injurious.  Even  an  inadequate  supplv  will  often  be 
all-important  for  the  nourishment  of  such  an  one(Buse_v). 
3.  Regard  must  be  paid  to  the  season  of  the  year.  Any 
change  during  the  hot  months  is  very  undesirable. 

In  the  Examination  of  infants  much  tact  and  observa- 
tion are  necessary.  All  appearance  of  abruptness  is  to  be 
avoided ;  no  harshness  in  voice  or  manner  is  allowable ; 
the  physician's  hands  must  be  warm;  and  a  full  supply 
of  patience  must  ever  be  ready  to  be  exercised  if  de- 
manded. If  the  infant  be  asleep  on  the  ph3-sicians  ar- 
rival, it  should  on  no  account  be  awakened  until  he  has 
seen  its  decubitus,  counted  its  pulse  and  respirations,  and 
noted  their  character,  and  made  such  other  superficial 
examinations  as  are  possible  without  disturbing  it.  The 
pulse  and  respirations  in  an  infant  just  awakened  are 
always  extremely  rapid.  With  regard  to  its  decubitus,  a 
healthy  young  infant  in  sleeping  generally  assumes  the 
position  he  is  supposed  to  have  had  tn  utero.  An  older 
infant,  even  if  lying  on  its  back,  should  incline  its  head 
to  one  side  or  the  other,  so  that  its  cheek  comes  in  con- 
tact with  the  pillow.  If  it  be  found  with  closed  eyes 
and  face  directed  straight  upward,  it  is  probably  suffer- 
ing from  serious  disease.  If  it  be  lying  with  its  head 
retracted,  cranial  disease  should  be  thought  of.  If  it 
sleep  on  its  belly,  or  resting  on  elbows  and  knees,  it  is 
probably  suffering  from  abdominal  discomfort.  Healthy 
children  should  sleep  quietly.  Much  tossing,  any  twitch- 
ing of  the  muscles,  or  screaming  and  talking  in  sleep,  in- 
dicate feverishness  or  digestive  derangement. 

Much  may  be  learned  from  the  character  of  the  child's 
cry.  Unappeasable  screaming,  without  any  other  symp- 
tom, often  results  from  earache.  The  temperature  should 
always  betaken  with  a  sensitive  thermometer,  preferably 
in  the  rectum ;  if  not  convenient  there,  in  the  groin.  The 
armpit  is  not  so  good,  as  infants  object  to  the  necessary 
restraint  of  the  arm.  In  many  abdominal  troubles  the 
skin  and  extremities  may  be  quite  cool,  yet  the  ther- 
mometer in  the  rectum  show  a  temperature  of  lO-l  or 
105°.  The  respirations,  if  practicable,  should  always 
be  counted.  At  the  first  examination  we  should  always 
insist  on  having  the  infant  stripped,  otherwise  no  thor- 
ough examination  can  be  made.  Care  should  at  the 
same  time  be  taken  that  the  infant  be  not  chilled  by  a 
too  prolonged  examination.  Passing  downward,  we 
note;   (1)  shape  of  child's  head  and  state  of  fontanel;  (2) 
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shape  of  chest,  character  of  the  breathing,  whetlier  there 
be  any  retraction  of  chest  walls  or  intercostal  spaces. 
With  warm  hands  palpation  should  be  made,  and  the 
expansion,  and  also  the  presence,  if  any,  of  rhonchal 
fremitus  should  be  noted ;  (3)  shape  of  abdomen,  whether 
protuberant  or  retracted,  whether  the  walls  are  tense 
or  lax.  Gentle  pressure  may  be  made  by  the  hand,  and 
any  tenderness  of  the  abdomen  or  enlargement  of  liver 
or  spleen  detected;  (4)  condition  of  the  lymphatic 
glands. 

In  addition,  the  color  and  elasticity  of  the  skin  and  the 
general  nourishment  of  the  tissues  should  be  observed  at 
this  time.  In  auscultating  the  chest,  the  infant  should 
be  placed  on  the  left  arm  of  the  nurse,  leaning  over  her 
left  shoulder,  with  its  arms  around  her  neck.  In  this 
way  only  are  the  muscles  of  the  back  equally  relaxed 
and  correct  results  obtained.  Percussion  should  always 
be  gentle.  Immediate  auscultation  never  gives  the  e,\ 
act  results  obtained  by  the  use  of  the  stethoscope,  but 
any  painful  pressure  by  the  instrument  must  be  carefully 
avoided.  In  infants,  symptoms  of  disease  are  more  fre 
quently  found  at  the  back  than  at  the  front,  and  at  the 
base  rather  than  at  the  apex.  Nevertheless,  no  part 
should  be  omitted  in  the  examination.  Inspection  of  the 
mouth  and  fauces  should  always  be  left  to  the  last,  as 
giving  rise  to  more  or  less  resistance.  To  effect  this  the 
infant  should  be  seated  on  the  nurse's  lap  before  a  bright 
window.  Sometimes  with  a  little  gentle  pressure  on  the 
chin  the  mouth  is  opened  and  the  tongue  seen.  To  ex 
amine  the  fauces  requires  the  use  of  a  depressor,  for 
which  nothing  is  better  than  the  smooth  handle  of  a 
spoon.  This  can  always  be  slipped  in  behind  the  teeth 
and  over  the  tongue  to  its  base.  When  the  pharynx  is 
reached  the  mouth  involuntarily  opens,  and,  if  the 
physician  be  on  the  alert,  a  good  view  of  the  fauces  is 
obtained.  Lastly,  the  secretions  should  be  examined,  if 
in  any  way  at  fault.  Trouble  is  sometimes  experienced 
in  obtaining  the  urine.  If  necessary,  a  small  silver  cath- 
eter may  be  passed  and  a  sample  drawn  off. 

In  making  our  diagnosis  and  prognosis  in  infancy,  the 
following  points  must  always  be  remembered  as  modify- 
ing disease  at  this  period ; 

1.  The  wide  diffusion  of  symptoms  met  with  at  the 
onset  of  an  acute  attack. 

2.  The  severity  of  the  initial  symptorns  often  bear  no 
proportion  to  the  gravity  of  the  local  lesion. 

3.  The  extremely  rapid  rise  and  fall  in  the  temperature 
of  the  body  frequently  observed.  .    ,  .  , 

4.  The  rapidity  with  which  functional  mischief  may 
pass  into  organic.  .         ,.„    ,  , 

5.  The  extent  to  which  local  disease  is  modified  by  cer 

tain  diatheses.  .  ,  ,.  ^       ,  •  i   ^i     • 

For  an  account  of  the  special  diseases  to  which  the  in  ■ 
fant  and  new-born  are  liable,  the  reader  is  referred  to  the 
separate  articles  on  these  diseases.  „    ™    ,     , 

^  Alexander  D.  Blackader. 

The  following  papers  and  treatises  have  been  referred  to  and  made 
use  of : 

VTZ^f^^n^t  ^WseSTnfancy  and  Childhood,  1897. 

feltoT  Seasons  on  Tnatomy,  Physiology  and  Hygiene  of  Infancy 

AU^e^d'vog'irA  PraS  Treatise  on  Disease  in  Children ;  translated 

FrelTreve^fTheTnatoinyof  the  Intestinal  Canal  and  Peritoneum 

in  Man.  London,  1885.  Hygiene  and  Public  Health,  1879. 

^iom^i  CurtLf  Kt  Mortality.' Buck's  Hygiene  and  Public 

Health,,1879.  infancy  and   Early  Childhood.     Arch,  of 

^mSp^,  vTv°:  no!"  ,  New  yVr,  G.  P.  Putnam. 

iMraNTS    ARTIFICIAL    FEEDING    OF.-When    for 

mrrtin  I -J,  deprived  of  its  mother'smilk,  its 

^''fural  and  most  pe  fee?  food,  the  necessity  of  supply- 

S  with  nourishment  from  some  other  source  is  forced 

ing  n  wiui  j^ggj,  ^g  ^oue  by  means  of  a  healthy, 

"^°?    t  wPt  nuree  if  such  can  be  obtained;  but  this  is 
efficient  wet„nui  se  i  ^^^^^  ^^^  ^^^  ^^  ^^^^^ 

;to -luims  SuKuirementi  demanded  by  the  physi- 


cian,  and  who  is  willing  to  submit  to  the  careful  dietary 
and  regular  mode  ot  life  necessary  to  insure  a  wholesome 
and  even  supply  of  breast  milk  to  the  foster  child.  In 
the  great  majority  of  cases,  therefore,  we  have  to  find 
some  artificial  nutriment  which  shall  fulfil  the  important 
conditions  of  being  easily  digested  by  the  infant  and  at 
the  same  time  of  supplying  in  due  amounts  all  the  ele- 
ments required  for  nutrition. 

Nitrogenous  material  it  must  have  to  provide  for  the 
vjfants  of  the  growing  tissues ;  without  a  sufficient  quan- 
tity of  this  element  in  the  food,  growth  and  develop, 
ment  will  be  detective.  Carbohydrates  must  also  be 
present.  Not  only  are  they  essential  to  nutrition,  but 
they  are  also  necessary  lor  the  production  of  heat  in  a 
being  whose  muscular  activity  is  comparatively  sfiglit, 
yet  in  whom  the  activity  of  the  vital  processes  would  be 
much  impaired  were  the  body  heat  lowered  In  any  de- 
gree. These  carbohydrates  must  be  in  a  condition  easily 
assimilated,  and  it  is  to  be  remembered  that  during  the 
early  months  of  life  no  provision  is  made  by  nature  for 
the  digestion  ot  starch;  they  must,  therefore,  be  sup- 
plied in  the  form  of  some  sugar,  and  of  the  various 
sugars  milk-sugar  appears  for  the  infant  to  be  the  most 
assimilable.  Fats  appear  to  be  closely  associated  with 
new  cellular  growth,  and  must  be  supplied  in  a  state  of 
fine  emulsion.  The  food  must  also  contain  a  due  amount 
of  mineral  matter ,  calcium  phosphate  for  the  hardening 
bone,  and  sodium  chloride  and  iron  for  the  blood,  daily 
increasing  in  amount.  Salines  are  also  undoubtedly  of 
much  service  in  the  vital  processes  of  digestion,  absorp- 
tion and  nutrition;  processes  for  which  water  is  de- 
manded in  larger  amounts  than  required  by  the  mot-e 
adult  constitution. 

To  supply  a  food  suitable  in  all  these  respects  to  the 
wants  of  the  infant  organism,  and  yet  easily  digested 
and  assimilated  by  the  imperfectly  developed  alimentary 
tract  of  the  infant,  is  a  problem  demanding  much 
thought  and  care.  Its  importance  will  be  appreciated 
when  we  consider  the  disastrous  results  which  frequently 
follow  attempts  made  in  thoughtlessness  and  ignorance 
to  hand-feed  infants.  The  enormous  death  rate  which 
in  all  countries  occurs  among  those  deprived  in  early 
days  of  maternal  milk  is  appalling,  while  among  those 
that  survive,  poor  health,  defective  nutrition,  and 
stunted  growth  plainly  attest  the  defective  nourishment 
supplied.  As  a  recent  writer  says,  it  is  proper  or  im- 
proper nutriment  which  makes  or  mars  the  perfection  of 
the  coming  generations. 

The  problem,  although  at  all  times  demanding  careful 
thought,  is  one  of  very  varying  difficulty.  If  the  pow- 
ers of  digestion  are  naturally  strong,  and  especially  if 
the  infant  has  received  the  advantage  of  maternal  nurs- 
ing until  the  gastric  and  intestinal  secretions  have  be- 
come to  some  degree  developed,  the  task  of  supplying  a 
suitable  food  may  be  a  comparatively  easy  one.  But  if 
the  infant  inherit  a  weak  constitution  with  feeble  powers 
of  digestion  and  assimilation,  still  worse,  if  it  must  be 
bottle-fed  from  its  birth,  much  difficulty  will  be  ex- 
perienced; our  difficulties  are  still  further  increased 
during  the  hot  season  and  under  the  unsanitary  influ- 
ences associated  with  city  life.  It  is  only  within  the 
last  few  years  that  advancing  knowledge  has  enabled 
us  to  cope,  for  the  most  part  successfully,  with  these 
various  difficulties,  and  it  must  be  acknowledged  that 
for  the  greater  part  of  this  advance  we  are  indebted  to 
American  physicians. 

In  the  preparation  of  a  substitute  food  for  infants,  it 
must  be  our  aim  to  copy  as  closely  as  possible  in  all  par- 
ticulars the  food  which  nature  supplies.  The  substitute 
food  must  resemble  maternal  milk  in  the  elements  enter- 
ing into  its  composition,  in  the  percentage  of  them  pres- 
ent in  the  food,  in  its  freedom  from  the  presence  of  nox- 
ious micro-organisms,  and  in  the  fact  that  it  is  an  animal 
food.  To  enable  us  to  attain  this  result,  many  careful 
analyses  have  been  made  to  find  out  the  exact  composi- 
tion of  mother's  milk. 

Rotch  gives  us  the  following  as  a  summary  of  several 
of  the  more  recent  analyses  of  human  milk : 
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Infants. 
Infants. 

Average  Human  Milk.    (Rotcb.) 

Reaction Amphoteric  or  slightly  alkaline. 

Speciflc  gravity 1.028  to  1.034. 

Water 87  to  88  per  cent. 

Total  solids 12  to  13  per  cent. 

Fats 3  to   4perceut. 

Milt-sugar 6to   7  per  cent. 

Proteids 1  to  2  per  cent. 

Total  mineral  matter 1  to  .2  per  cent. 

As  an  indication  of  the  differences  whicli  may  exist  in 
the  breast  milk  of  different  women,  the  following  an- 
alyses, made  by  Harrington  and  quoted  by  Rotch,  are 
interesting : 

Human  Breast-Milk  Analyses. 
(Mothers  Healthy  and  Infants  Digesting  Well  and  Gaining  Weight.) 


IV. 


Fat 

Milt-sugar 

Proteids 

Mineral  matter 

Total  solids 

Water 


I. 

11. 

III. 

5.16 

4.37 

3.28 

5.68 

6.30 

5.70 

4.14 

3.27 

1.08 

.17 

.16 

.20 

15.15 

14.10 

10.80 

84.85 

85.90 

89.20 

3.16 

7.20 

1.65 

.21 

12.22 

87.78 


In  connection  with  these  analyses  it  is  to  be  noted 
that,  although  the  several  infants  digested  and  throve 
well  on  their  own  mother's  milk,  when  supplied  with 
milk  from  another  mother  colic  and  disturbed  digestion 
frequently  resulted.  Breast  milk  may  also  vaiy  accord- 
ing to  the  period  of  lactation  at  which  it  is  drawn. 
Baginsky  quotes  the  following  as  the  result  of  numerous 
analyses  made  by  Pf eiffer : 


Period  of  lactation. 

Water 

Total  albuminoids 

Casein 

Albumen 

Undetermined  albuminoids 

Fat 

Sugar 

Salts 


8th  day. 

65th  day. 

89.62 

89.72 

3.365 

1.496 

1.665 

.844 

.108 

.228 

.593 

.424 

3.345 

1.837 

3.274 

6.23 

.446 

.180 

371st  day. 


87.73 

1.553 

.718 

.183 

.651 

3.984 

6.088 

.126 


It  is  evident  from  these  anal3'ses  that  we  have  to  deal 
with  a  fluid  which,  while  containing  all  the  elements 
necessary  for  the  perfect  nutrition  of  the  growing  iu- 
faot,  contains  them  in  quantities  which  may  var^y  con- 
siderably in  each  individual  case,  and  to  some  extent 
from  time  to  time.  Of  its  several  constituents  the  pro- 
teids and  the  fats  are  the  most  variable  in  their  amounts, 
while  the  sugar  in  all  is  comparatively  constant.  This 
perhaps  is  only  what  we  shoujd  expect  from  what  we 
know  of  the  secretion  of  milk,  and  considering  how 
liable  mothers  are  to  the  influences  of  worry,  overex- 
citement,  and  disturbed  sleep.  In  the  majoritjf  of  cases 
infants  digest  and  assimilate  their  own  mother's  milk 
easily,  but  in  a  few  instances,  in  which  the  mother's 
milk  has  contained  a  high  percentage  of  proteids  with  a 
low  percentage  of  fats,  it  has  proved  indigestible  and 
has  given  rise  to  colic  and  much  disturbance  of  the  di- 
gestive tract.  We  may,  therefore,  infer  that  more  or  less 
variation  in  the  composition  of  our  substitute  food  will 
be  necessary  in  many  cases  to  secure  a  product  that  will 
suit  the  digestive  idiosyncrasies  of  the  infant  as  an  in- 
dividual and  yet  be  efficient  as  a  source  of  nutriment  to 
its  growing  tissues. 

Analyses  ok  the  Milk  of  Various  Animals.    (After  KBnig.) 


Water 

Caseinogen 

Lactalbumin. . . 

Fat 

Sugar  

Mineral  matter 


Cow. 

Goat. 

Ewe. 

Mare. 

87.41 

86.91 

81.63 

90.71 

3.01 

3.87 

4.09 

1.24 

.75 

1.19 

1.43 

.75 

3.66 

4.09 

5.83 

1.17 

4.93 

4.45 

4.86 

5.70 

.70 

.96 

.73 

.37 

91.40 

\  1.23 

3.01 

6.93 

.45 


At  the  outset  of  our  endeavors  to  prepare  such  a  food 
we  naturally  turn  to  the  milk  of  other  mammals,  and  of 
tliese  the  milk  of  the  cow,  goat,  ewe,  ass,  and  mare  have 
been  by  various  writers  recommended  for  this  purpose. 
Careful  analyses  have  been  made  of  these  various  milks, 
with  the  results  shown  in  the  last  preceding  table. 

It  is  evident  that  the  milk  of  the  ass  and  mare  ap- 
proaches more  nearly  that  of  the  human  being  than  does 
that  of  the  cow,  but  as  it  is  impossible  to  obtain  from 
these  animals  a  supply  in  any  way  adequate  to  our  wants, 
they  may  be  dismissed  from  our  present  consideration. 
Goats'  niilk,  although  more  frequently  available,^  pos_ 
sesses  no  advantage  over  cows'  milk.  The  quantity  of 
casein  in  it  is  large,  and  its  peculiar  odor  is  often  very 
objectionable.  Cows'  milk,  on  the  other  hand,  has 
many  advantages;  it  is  plentiful  and  cheap,  and  can 
with  due  care  be  obtained  fresh  and  pui'e.  The  follow- 
ing analyses  of  the  two  milks,  as  given  by  Rotch,  shows 
us  how  closely  they  resemble  one  another  in  composi- 
tion: 


Reaction 

Water 

Mineral  matter 

Total  solids 

Fats 

Milt-sugar 

Proteids  

Caseinogen — 
Lactalbumin. .. 


Cows' 
Per  cent. 


Slightly  acid. 

86-87 

.70 
14-13 
4.00 
4.50 
4.00 
3.88 

.53 


Woman's 

(directly  from  breast). 

Per  cent. 


Amphoteric,   generally 
alkaline. 

87-88 
.20 
13-13 
4.00 
7.00 
1.5-3 
.59 
1. 2:5 


Although  on  comparing  these  two  tables  we  see  much 
similarity  between  tlie  two  fluids,  nevertheless  important 
points  of  difference  may  be  noted.  While  human  milk 
is  almost  always  alkaline  and  remains  so  for  many  hours, 
the  reaction  of  cows'  milk  is  acid,  owing  partly  to  the 
presence  in  it  of  potassium  biphosphate,  and  partly  to 
the  formation  of  small  quantities  of  lactic  acid ;  espe- 
cially is  this  the  case  when  the  cow  is  stall-fed  or  the  milk 
a  few  hours  old.  Our  knowledge  does  not  as  yet  permit 
us  to  recognize  any  difference  between  the  fats  in  the 
two  milks.  The  milk-sugar  is  notably  deficient  in  cows' 
as  compared  with  human  milk.  The  mineral  matter  is 
more  abundant  in  cows'  milk.  An  analysis  of  the  saline 
ingredients  in  the  two  milks  shows  that  the  potassium 
salts  are  in  larger  proportion  in  breast  milk,  while  the 
lime  salts  are  more  abundant  in  cows'  milk.  Cows'  milk 
also  contains  more  phosphoric  acid,  less  chlorine,  less 
iron,  and  less  sulphur.  These  differences,  however,  may 
be  regarded  as  comparatively  unimportant.  The  most 
important  practical  difference  exists  in  the  proteids,  of 
which  we  notice  that  in  cows'  milk  the  greater  part  inav 
be  readil}'  coagulated,  forming  tough  and  dense  curds, 
while  in  human  milk  the  coagulable  proteids  exist  only 
in  small  amount.  Konig's  analysis  shows  that,  while  in 
human  milk  the  caseinogen  forms  one-third  and  the  lac- 
talbumin two-thirds  of  the  proteids,  in  cows'  milk  the 
caseinogen  forms  four-fifths  and  the  lactalbumin  only 
one-fifth.  As  a  result  of  this  difference,  it  is  noticed 
that  on  coagulation  of  the  proteids  of  human  milk  by 
acids  or  rennet  the  curds  form  slowly  and  are  small  and 
floceulent,  whereas  in  cows'  milk  they  form  compara- 
tively rapidly  and  are  large  and  tenacious.  Similar  re- 
sults are  observed  when  the  two  milks  are  acted  upon 
by  artificial  gastric  juice  in  a  test  tube;  the  proteids  in 
woman's  milk  are  precipitated  slowly  and  imperfectly 
and  are  easily  redissolved  in  excess  of  the  juice,  while 
the  proteids  of  cows'  milk  are  precipitated  in  large 
masses  which  are  redissolved  only  with  difliculty. 

Another  important  difference  between  the  two  milks 
still  remains.  While  breast  milk  is  always  practically 
sterile,  commercial  cows'  milk  invariably  contains  many 
l)acteria,  from  one  hundred  thousand  to  several  million 
in  each  cubic  centimetre,  and  if  old  it  also  contains  the 
toxins   evolved   by   their   actions.     It  is   therefore  ex- 
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tremely  important  that  milk  to  be  employed  in  the  feed- 
ing of  infants  should  be  obtained  from  healthy,  vigorous 
animals,  cleanly  kept  under  the  best  hygienic  conditions, 
and  carefully  fed  and  watered.  The  milking  should  be 
done  with  careful  precautions  to  avoid  contamination  by 
impurities  (see  article  Milk).  The  milk  should  at  once 
be  cooled  and  aerated  and  delivered  to  the  consumer 
with  as  little  delay  as  possible ;  prolonged  transportation 
is  to  be  avoided.  Milk  may  acquire  noxious  properties 
and  be  rendered  dangerous  as  a  food,  especially  for  in- 
fants, by  (1)  poisonous  weeds  taken  with  the  food;  (2) 
by  diseased  conditions  in  the  cow ;  (9)  by  contamination 
with  pathogenic  organisms  communicated  during  eitlier 
milking,  or  storing,  or  transportalicm.  Whenever  the 
tempei'ature  of  milk  is  allowed  to  rise  above  7'  C.  (45^ 
F. ),  it  becomes  an  excellent  cult\ire  medium  for  the 
giowth  and  development  of  the  many  forms  of  bacteria 
which,  even  with  our  most  careful  precautions,  are  al- 
ways present  to  a  greater  or  less  extent.  Milk  contain- 
ing micro-organisms  in  excess  of  ten  thousand  per  cubic 
centimetre  must  be  regarded  as  unfit  for  infant  feeding. 

Cows'  milk  also  varies  considerablj'  in  its  percentages 
-according  to  the  special  breed  supplying  it,  according  to 
the  character  of  the  food  on  which  they  are  fed,  and  the 
amount  of  exercise  permitted.  It  is  therefore  desirable 
that  before  cmplo3'ing  cows'  milk  for  the  feeding  of  deli- 
cate infants,  for  whom  fine  adjustments  ma}^  be  neces- 
sary, an  analysis  of  the  milk  supplied  \>y  the  herd  should 
be  obtained.  Afterward  an  effort  should  be  made  to 
maintain  uniformity  by  careful  regulation  of  the  food. 

Obtained  with  the  above  precautions,  we  have  in  pure 
cows'  milk  a  food  which,  compared  with  breast  milk, 
■contains  an  equal  amount  of  fat,  an  excess  of  indiges- 
tible proteids,  an  insufficiency  of  sugar,  and  an  excess  of 
saline  matter;  our  efforts  must  therefoi-e  be  directed  so  to 
modify  its  composition  and  the  character  of  its  proteids 
as  to  render  it  suitable  and  digestible  b}-  the-youug  in- 
fant. 

Many  plans  have  at  various  times  been  recommended. 
Simple  dilution  lessens  the  amount  of  the  proteids,  and 
to  a  slight  extent  renders  the  curd  formed  by  them  less 
dense.  It  reduces,  however,  the  fats  and  sugars  much 
below  the  amount  demanded  by  the  infant  organism. 
Keller  has  also  shown  us  that  with  a  low  percentage  of 
carbohydrates  in  the  food  there  is  a  very  low  retention 
percentage  of  nitrogen  in  the  system,  and  genei'al  nutri- 
tion is  defective.     Mere  dilution,  therefore,  is  not  to  be 

commended.  .  „    ^    c  i\ 

Lehmann  many  3-ears  ago  pomted  out  the  ettect  of  the 
addition  of  an  alkali  in  rendering  the  curd  less  dense. 
He  writes  that  human  milk  when  acid  yields  a  much 
thicker  coagulum  than  when  alkaline,  and  cows'  milk 
when  alkaline  a  much  looser  coagulum  than  when  acid. 
We  also  know  that  casein  is  precipitated  from  its  solu- 
tions by  acids,  while  its  precipitation  is  retarded  by  the 
nresence  of  neutral  salts.  It  is,  therefore,  always  desir- 
able to  have  the  acidity  of  cows'  milk  well  neutralized 
bv  an  alkali,  and  for  this  purpose  either  lime  water  or 
sodium  bicarbonate  may  be  employed.  It  is  to  be  re- 
membered however,  that  milk,  when  recently  drawn 
from  nasture-fed  cows,  is  much  less  acid  than  the  milk 
of  cows  stall-fed  on  dry  fodder  and  grain.  Milk  also 
increases  in  its  acidity  on  standing,  owing  to  the  conver- 
«ion  of  some  of  the  milk-sugar  into  lactic  acid  by  the  nu- 
merous lactic-acid-producing  bacteria  always  present  in 
milk  Harrington  ascertained  by  experiment  that  ordi- 
nflrv'milk  twenty-four  hours  old,  required  the  addition 
of  one  sixteenth  of  its  volume  of  lime  water  to  make  its 
nlkalinity  correspond  with  that  of  breast  milk.  '"■- "  - '' 
5^„'    nf  one-eiffhth  of  its   volume  of  lime  w; 


The  ad- 
ater  ren- 


dition  of  one-eig 

dered  it  strongly 

pasture  required  a  much  smaller  quantity 

stination  is  present  m  the   infant,    sodiuii 

may  be  used  in  place  of  lime  water^to  the  extent  of  from 


Hpred  it  strongly  alkaline.  Fresh  milk  from  cows  on 
nasture  required  a  much  smaller  quantity.  When  con- 
stipation is  present  in  the   infant,    sodium   bicarbonate 


five  to  ten  grains  to  the  pint  of  milk. 

Another  plan,  frequently  recommended  as  preventing 
the  formation  of  firm,  tough  curds  is  to  dilute  the  milk 
with  a  thin  gruel,  which  by  its  physical  consistence  is 


able  to  diminish  the  density  of  the  coagulum.  This 
m(!thod  is  an  old  one,  as  we  read  that  Van  Swieten,  in 
the  fifteenth  century,  used  decoctions  of  wheat  or  barley 
for  this  purpose ;  but  its  utility  has  of  late  years  been 
very  strongly  urged  by  Dr.  Jacobi  and  Dr.  Chapin. 
That  it  has  a  distinct  value  has  also  been  proved  by 
Professor  Leeds,  who,  in  a  series  of  careful  experiments, 
showed  that  the  coagulum  which  forms  in  a  thin  gruel 
encloses  much  material  which,  by  honeycombing  the 
curd,  acts  as  an  attenuant.  Coagulation  also  lakes  place 
more  slowly— a  very  positive  advantage,  as  it  affords 
the  digestive  fluids  a  better  opportunity  for  action. 
Many  substances  have  been  used  for  this  purpose.  Dr. 
Jiicobi  recommends  well-boiled  decoctions  of  barley  or 
oatmeal.  He  says:  "I  have  always  preferred  barley 
when  an  article  for  steady  diet  was  to  be  recommended, 
for  the  reason  that  oatmeal,  on  account  of  its  containing 
fat  and  mucin,  tends  to  relax  the  intestines  more  than 
barle}'  meal.  Otherwise  the  chemical  composition  of 
both  is  so  nearly  alike  that  it  would  make  but  little  dif- 
ference upon  which  the  choice  would  fall.  ...  In  the 
case  of  very  small  children,  the  whole  barley  corns 
ground  for  the  purpose  should  be  employed,  on  account 
of  the  proteins  being  mostly  contained  Just  inside  and 
very  near  to  the  husk."  When  the  smaller  pearl-barley 
is  used,  Dr.  Jaeobi  thinks  that  much  of  the  gluten  is  lost 
with  the  husk.  Gum  arable  and  gelatin  may  also  be  em- 
ployed in  the  case  of  very  young  infants. 

Dr.  S.  C.  Busey  urged  the  advantage  occasionally  ob- 
tained by  substituting  rice  water,  prepared  in  a  similar 
way,  for  the  barley  gruel,  and  says  that  he  has  often 
witnessed  its  beneficial  effects  in  cases  of  diarrhoea  and 
vomiting. 

The  disadvantage  of  all  such  diluents,  however,  for 
young  infants,  is  that  they  introduce  a  material  quite 
"foreign  to  milk,  and  one  with  which  their  digestive 
powers  are  unfit  to  grapple  until  their  salivary  and  pan- 
creatic secretions  become  somewhat  developed.  For 
such,  therefore,  the  addition  of  a  gruel  to  milk  has  no 
nutritive  value,  but  serves  only  as  an  attenuant  of  the 
casein.  Dr.  Jacobi,  however,  considers  that  a  small 
amount  of  starch  may  be  digested  at  the  very  earliest 
age.  It  is  nevertheless  important  that  in  all  cases  the 
percentage  of  starchy  matter  should  be  small,  and  that 
it  should  be  very  thoroughly  cooked.  Recently  Chapin 
has  strongly  advocated  the  use  of  a  gruel  made  from 
wheat,  barley,  or  oatmeal,  the  starch  of  which  has  been 
predigested  or  dextrinized  by  the  addition  of  some  form 
of  diastase.  His  directions  are  as  follows ;  "  A  heaping 
tablespoonful  of  flour  made  from  one  of  these  cereals  is 
boiled  with  a  pint  and  a  half  of  water  for  fifteen  min- 
utes. It  is  then  removed  from  the  stove  and  set  in  cold 
water  till  cooled  to  about  120°  F.,  when  a  teaspoonful  of 
some  good  preparation  of  diastase  is  added;  this  dextri- 
nizes  the  starches  and  renders  the  gruel  thin,  wateiy, 
and  easih'  assimilated  by  the  infant,  though  it  still  re- 
mains an  eflicient  attenuant  of  the  curd." 

In  addition  to  these  methods  of  preventing  the  firm 
coagulation  of  the  casein,  it  is  always  practicable  to 
predigest  the  proteids  of  the  milk  by  means  of  one  of  the 
numerous  preparations  of  pancreas,  and  thus  to  do  away 
more  or  less  completely  with  the  formation  of  the  curd. 
A  peptogenic  milk  powder  has  also  been  prepared,  con- 
taining pancreatin  and  bicarbonate  of  soda,  along  with 
milk-sugar.  When  the  food  is  wanted  the  powder  is 
added  to  a  mixture  of  milk,  cream,  and  water,  and  the 
whole  is  kept  at  blood  heat  for  some  minutes.  When 
properly  prepared  the  resulting  milk  should  closely  re- 
semble mother's  milk  in  the  reaction  of  its  proteids  and 
its  composition. 

In  practical  use,  however,  predigestion  of  milk  does 
not  appear  to  have  given  as  excellent  results  as  was  at 
first  anticipated.  It  is  a  method  that  may  be  employed 
occasionally  with  benefit  in  cases  of  severe  exhaustion 
accompanying  or  following  acute  disease,  and  in  some 
forms  of  gastric  disorder  associated  with  a  temporary  in- 
ability to  digest  the  proteids  in  milk.  The  degree  to 
which  the  predigestion  must  be  carried  at  first  will  de- 
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pend  on  the  power  of  proteid  digestion  present  in  the 
infant,  but  in  all  cases  as  soon  as  possible  the  time  of 
predigesting  the  milk  and  therefore  the  amount  of  pep- 
tonization it  undergoes  should  gradually  be  lessened; 
predigestion  of  food  for  any  lengthened  period  appears 
to  be  quite  opposed  to  the  teachings  of  physiology. 

In  all  these  methods,  however,  with  the  necessary  di- 
lution of  the  milk,  the  quantity  of  fats  and  sugar  falls 
far  below  the  requirements  of  the  growing  infant  or- 
ganism and  requires  to  be  increased.  In  reference  to  the 
deficiency  in  the  fat.  Dr.  Jacob!  puts  in  a  strong  plea 
against  allowing  any  excess  to  be  present  in  our  mixt- 
ures. He  says  that  the  infant  does  not  digest  all  the  fat 
contained  even  in  its  mother's  milk,  and  we  ought  not 
therefore  to  increase  the  amount  of  the  indigestible  in- 
gesta  by  adding  to  them.  In  opposition  to  this,  Dr. 
Rotch  very  pertinently  remarks ;  "  We  have  no  right  to 
conclude  from  the  fact  that  a  certain  amount  of  surplus 
fat  is  found  in  the  napkins,  that  only  a  small  per  cent, 
is  sufficient  for  nutrition.  It  is  more  probable  that  na- 
ture introduces  a  certain  percentage  of  fat  in  human 
milk  with  a  purpose  which  can  only  be  accomplished  by 
that  percentage, and  it  will  be  an  error  on  our  part  not 
to  conform  to  o>u'  standard."  My  own  experience  con- 
firms that  of  many  others,  that  average  infants  can  di- 
gest from  two  to  four  and  one-half  per  cent,  of  fat;  more 
than  this  is  liable  to  give  rise  to  gastric  disturbance,  and 
may  Induce  vomiting  or  diarrhoea ;  a  deficiency  in  the 
fat,  however,  will  interfere  very  distinctly  with  the  in- 
fant's nutrition.  Biedert  also  says  that  while  remark- 
ably small  amounts  of  proteid  may  be  sufficient  for  the 
good  development  of  infants  during  the  first  few  weeks 
of  life,  an  increase  In  the  amount  of  fat  considerably 
above  what  is  contained  in  dilute  cows'  milk  spares 
albumin,  renders  digestion  easier,  and  increases  the 
growth  of  the  child. 

To  make  good  the  deficiency  in  the  fat,  we  have  to 
rely  on  creams  of  known  strength.  The  only  serious 
drawback  to  Its  emploj'ment  is  the  difficulty  of  obtain- 
ing it  fresh  and  sterile.  Freeman  has  told  us  that  when 
milk  is  set  the  great  majority  of  the  bacteria  rise  with 
the  cream,  leaving  the  separated  milk  comparatively 
free.  In  the  food  of  infants  cream  more  than  twelve 
hours  old  should  not  be  employed. 

In  correcting  the  deficiency  of  the  sugar  the  majority 
of  pediatrists  prefer  to  use  milk-sugar,  the  form  found  in 
the  milk  of  all  mammals.  Jacobi,  however,  prefers  cane 
sugar,  considering  that  the  identity  of  the  lactose  in  hu- 
man and  cows'  milk  is  very  doubtful  and  that  the  com- 
mercial milk-sugar  is  often  very  impure.  He  also  thinks 
that  as  milk;Sugar  readily  undergoes  the  lactic-acid  fer- 
mentation, any  excess  of  it  lends  to  increase  the  elimina- 
tion of  calcium  phosphate  and  may  thus  favor  the  de- 
velopment of  rickets.  On  the  other  hand,  Vaughan 
considers  that  milk  sugar  is  more  readily  assimilated  by 
infants,  and  Escherich  states  that  milk-sugar  when  acted 
on  by  the  Bacillus  lactis  aerogenes  develops  lactic  acid, 
which  tends  to  prevent  the  development  of  many  nox- 
ious forms  of  bacteria.  In  general,  milk-sugar  would 
appear  the  preferable  form  to  employ,  but  should  it  at 
any  time  give  rise  to  symptoms  of  indigestion,  or  should 
pure  milk-sugar  be  difficult  to  obtain,  cane  sugar  may 
be  employed,  but  in  smaller  quantities,  owing  to  its 
greater  sweetness. 

Until  very  recently,  in  our  attempts  to  modify  cows' 
milk  by  any  of  the  above  methods,  we  spoke  and 
thought  in  measures  of  milk,  cream,  and  sugar,  without 
a  very  clear  idea  of  the  exact  percentages  in  which  the 
elemental  constituents  of  the  milk — the  fat,  the  casein- 
ogen,  the  lactalbumin,  and  the  sugar^ — were  present  in 
our  mixtures.  A  few  years  ago  Dr.  Rotch  introduced 
the  method  and  emphasized  the  value  of  thinking, 
working,  and  speaking  entirely  on  the  percentage  plan, 
and  of  making  our  modifications  from  a  cream  contain- 
ing a  known  and  definite  percentage  of  fat,  and  from 
a  milk  containing  a  known  and  definite  percentage  of 
proteids,  fat,  and  sugar.  By  this  plan  scientific  accu- 
racy was  substituted  in  our  modifications  for  much  indefi- 


niteness,  and  we  were  not  only  enabled  to  prepare  a 
food  which  we  could  feel  sure  exactly  resembled  breast 
milk  in  its  physical  characters  and  chemical  composition, 
but  also  to  vary  the  percentage  of  the  several  constitu- 
ents so  as  to  render  it  suitable  to  the  varying  wants  of 
the  different  individual  infants.  On  this  subject  Dr. 
Rotch  says;  "While  in  quite  a  number  of  cases  rather 
gross  changes  in  the  percentages  of  the  different  ele- 
ments of  the  milk  may  be  suflicient  for  the  range  of  the 
individual  digestion  and  for  the  nutrition  of  the  special 
case,  yet  in  a  large  number  of  infants  whose  vitality  is 
low  and  digestive  powers  feeble,  good  results  can  only 
be  obtained  by  gradual  and  minute  changes  in  the  per- 
centage combinations  of  the  milk  elements." 

For  such  we  must  have  the  power  of  making  use  of 
modifications  as  precise  as  our  knowledge  at  the  present 
time  renders  possible.  Even  slight  changes  in  the  per- 
centages of  the  fat,  the  sugar,  and  the  proteids  are  of 
real  value  in  the  management  of  the  digestion  and  nutri- 
tion of  the  infant. 

The  substitute  food  must  be  adapted,  not  only  to  the 
infant's  stage  of  development,  but  also  to  its  individual 
capability  of  digesting  the  several  elements  of  its  food. 
To  enable  us  to  obtain  tliese  varying  combinations  of  the 
milk  elements  and  to  have  them  regularly  and  exactly 
supplied  to  our  patients.  Dr.  Rotch  originated  milk  lab- 
oratories, which  have  been  established  in  many  of  our 
large  cities,  equipped  with  special  machinery  and  placed 
under  the  management  of  men  specially  trained  for  the 
work.  The  milk  employed  in  these  laboratories  is  ob- 
tained with  the  strictest  precautions  to  insure  its  abso- 
lute cleanliness,  from  vigorous  cows  of  a  carefully  se- 
lected breed.  "The  feeding  and  housing  of  these  cows  are 
under  careful  supervision,  and  are  so  arranged  that  milk 
of  a  known  and  almost  uniform  composition  is  obtained. 
From  this  milk,  by  means  of  the  centrifugal  separator, 
tlie  fat  is  separated  and  a  cream  of  unifoi-m  percentage 
obtained.  'The  milk  remaining  is  almost  fat-free,  and  is 
found  by  frequent  analysis  to  contain  a  fairly  uniform 
percentage  of  proteids,  milk-sugar,  and  mineral  matter. 
It  is  now  a  simple  matter  to  dilute,  with  distilled  water, 
either  the  cream  or  fat-free  milk,  so  as  to  obtain  the  re- 
quisite amoimt  of  proteid ;  milk-sugar  is  added  to  make 
up  the  defective  percentage  in  that  element,  and  cream 
supplies  the  exact  quantity  of  fat.  With  a  knowledge 
of  the  exact  percentages  in  the  cream  and  fat-free  milk, 
a  simple  calculation  suffices  to  obtain  the  formula  within 
certain  limits  for  dispensing  whatever  percentage  of  th& 
elements  the  physician  may  prescribe.  These  limits  are 
as  follows : 

Fattrom  .' reto36.00 

Sugar 87  to  20.00 

Proteids 23  to  4.00 

The  amount  of  mineral  matter  may  be  disregarded,  as 
the  dilution  required  by  the  proteid  practically  makes  a 
sufficient  reduction  in  its  amount. 

The  milk  thus  modified  may  be  sterilized,  at  the  tem- 
peratm-e  deemed  necessary  by  the  physician,  and  is  then 
placed  in  bottles,  each  containing  the  amount  ordered 
for  one  feeding  of  the  infant ;  the  total  number  of  feed- 
ings for  the  day,  securely  packed  in  a  small  basket,  are 
delivered  each  morning  to  the  consumer. 

The  following  is  an  illustration  of  the  method  in  which 
this  modified  milk  may  be  ordered  by  the  physician ; 

No.  of  feedinpfs  . .  .9 
Amount    at   each 

feeding 75  c.c.  (2J^  oz.) 

Infant's  age 3  weeks. 

Infant's  weight.    9  pounds. 

Alliallnity 5  per  cent. 

Pasteurize  at. .  .155°  P. 

Although  this  Is  a  very  great  advance  on  our  previous 
crude  methods  of  modifying  cows'  milk,  nevertheless 
many  instances  occur  in  which  even  the  small  amount  of 
casein  present  in  the  diluted  milk  overtaxes  the  feeble  di- 
gestive powers  of  the  infant.  In  these  Rotch  has  recom- 
mended that  the  amount  of  proteids  be  reduced  at  the- 
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Albuminoids— 

Caselnogen 

Lactalbumin 

Mineral  matter 

35 

75 

864 


REFERENCE   HANDBOOK  OP  THE  MEDICAL   SCIENCES. 


Infantiii, 
Infants. 


first  to  a  minimum,  and  then  gradually,  as  the  infant's  di- 
gestion becomes  stronger,  tlicir  amount  may  be  increased 
until  the  quantity  necessary  for  perfect  nutrition  is  at- 
tained. Thus,  beginning  with  a  proteid  percentage  of 
■0.25,  he  advises  that  it  be  slowly  increased  up  to  1  and 
afterward  1.50.  Many  physicians,  however,  experience 
much  difficulty  in  making  this  increase  as  rapidly  as  the 
demands  of  nutrition  appear  to  require,  and  a  recourse  has 
been  had  to  the  addition  of  one  of  the  cereal  gruels,  which 
in  many  instances  appear  to  render  the  casein  more  diges- 
tible. 

Very  recently  Dr.  Rotch  has  proposed  to  get  rid  of 
the  caseinogen,  in  young  infants  such  a  frequent  source 
of  trouble,  by  the  use  of  a  whey  obtained  from  fresh 
■cow's  milk  bj'  the  use  of  rennet.  Thus  prepared,  whey 
contains  all  the  lactalbumin,  sugar,  and  mineral  matter, 
but  none  of  the  caseinogen  and  almost  none  of  the  fat. 
Its  average  composition,  as  compared  with  that  of  whole 
milk,  is  as  follows; 


Whole  milk. 

Whey. 

Fat 

4.00 
4.,50 
4.00 

0  32 

Sugar  

4  79 

Protelds 

.85 

Many  j'ears  ago  a  similar  plan  was  recommended  by 
Professor  Frankland,  who  employed  fresh  calf's  rennet. 
Dr.  Rotch's  directions  for  its  preparation  are  as  follows: 
For  each  pint  of  whey  required  take  one  quart  of  whole 
fresh  milk,  or  fat-free  milk,  heated  to  37.7°  C,  and  add 
8  c.c.  of  essence  of  pepsin  or  an  equivalent  of  one  of  the 
liquid  preparations  of  rennet.  This  will  precipitate  the 
casein  in  the  form  of  curds,  which  are  afterward  to  be 
broken  up  with  a  fork;  the  fluid  remaining  is  then 
■strained  through  several  thicknesses  of  boiled  cheese 
•cloth  and  slowly  cooled  to  a  temperature  of  10°  0.  It 
must  be  kept  on  ice  till  required.  If  the  whey  is  to  be 
mixed  with  cream,  it  must  first  be  heated  to  65.5°  C,  in 
order  to  kill  the  rennet  enzyme.  "Whey  mixtures  should 
not  be  heated  above  68.3°  C. ,  if  one  wishes  to  keep  safely 
lunder  the  coagulation  point  of  the  lactalbumin.  With 
whey  as  a  basis  to  which  cream  and  milk-sugar  in  requi- 
site amounts  may  be  added,  a  modified  milk  may  be  pre- 
j)ared  which  will  exactly  correspond  in  its  percentages  and 
reactions  to  that  of  breast  milk.  This  modification  will  be 
found  of  great  value  during  the  early  months  of  infancy, 
•while  the  digestive  powers  of  the  infant  are  still  feeble. 

Should  whey  not  be  employed,  the  amount  of  the  pro- 
teid element  must  for  some  weeks  be  kept  at  a  minimum 
and  only  gradually  increased.  A  slight  increase  should 
"be  arranged  for,  however,  every  week  or  fortnight. 
Northrup  insists  that  by  the  ninth  month  infants  should 
be  able  to  digest  full  milk,  and  considers  that  the  slow 
•dentition,  anaemia,  and  loss  of  weight  frequently  observed 
in  the  later  months  of  lactation  are  attributable  to  an  in- 
sufficient amount  of  the  protelds. 

While  milk  laboratories  are  not  only  a  great  convem- 
•ence  to  the  physician  in  the  preparation  of  these  various 
combinations  of  percentages,  but  also  of  value  in  permit- 
ting such  combinations  to  be  made  with  greater  exactness 
than  by  any  method  of  home  modification,  nevertheless 
the  advantages  of  a  milk  laboratory  are  not  everywhere 
to  be  obtained,  and  in  the  opinion  of  many  physicians 
modifications  of  milk  can  be  carried  out  at  home  with 
■sufficient .exactness  to  fulfil  the  wants  of  the  great  major- 
ity of  infamts  To  succeed,  however,  the  physician  must 
be  capable  of  giving  exact  instructions  as  to  the  details 

of  the  process.  ...^     ^.       -^  •        4.         i     • 

In  'ifindertaldng  home  modification  it  is  extremely  im- 
portant to  secure  a  supply  of  good  fresh  milk,  and  one  in 
which  the  percentage  of  the  fat  is  known  and  maintained 
iby  careful  feeding  at  a  fairly  uniform  amount.  It  is  to 
l,e  remembered  that  the  amounts  of  fat  will  vary  very 
much  according  to  the  particular  breed  of  cows  supply- 
ing the  milk.  In  an  average  mixed  herd  the  fat  gener- 
ally amounts  to  about  4  per  cent. ;  m  a  herd  of  Jersey  or 
Aldemey  cattle  it  may  amount  to  5  or  6  per  cent.  On 
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the  other  hand,  if  during  the  winter  season  the  cows  be 
poorly  fed  and  housed,  the  fat  may  not  much  exceed  2  per 
cent.  Cream  obtained  by  a  centrifugal  separator  con- 
tains from  20  to  30  per  cent,  of  fat,  together  with  a 
sliglitly  lessened  percentage  of  protelds  and  milk-sugar, 
and  may  be  employed  with  advantage  in  the  preparation 
of  mixtures  in  which  a  very  small  amount  of  proteid  is 
required.  For  general  use,  however,  the  most  conven- 
ient way  of  obtaining  a  cream  or  superfatted  milk,  from 
which  to  prepare  our  percentages,  is  to  take  advantage 
of  the  deep-setting  process,  i.e.,  to  allow  fresh  milk  to 
stand  in  a  tall  glass  jar  on  ice  for  some  hours.  After 
standing  for  twelve  hours  the  cream  will  have  almost  all 
separated  and  will  contain  about  16  per  cent,  of  fat.  If 
it  stand  only  six  hours,  the  upper  fourth  will  contain 
about  12  per  cent,  of  fat;  if  only  three  hours,  the  upper 
third  will  contain  about  8  per  cent,  of  fat.  In  this  top 
milk  when  removed  the  sugar  may  be  regarded  as 
amounting  to  4  per  cent.,  and  the  proteids  to  very  nearly 
the  same. 

Chapin  recommends  that  top  milk,  obtained  from  milk 
as  ordinarily  delivered  in  quart  bottles,  be  employed,  and 
gives  the  following  assays  of  various  amounts  of  top 
milk  taken  in  this  way  after  standing  twelve  hours : 


Per  cent. 

Per  cent. 

Per  cent. 

3.1 
13.4 
9.2 
7.0 

5.8 

4.3 
19.0 
12.4 
9.6 
7.9 

•5.0 

23.0 

Fat  in  the  top  9  ounces 

14.6 

11.1 

9.0 

One  may  in  this  way  obtain  a  superfatted  milk  which 
on  dilution  will  give  us  the  desired  percentages  of  both 
proteids  and  fats.  Thus  if  we  take  a  12  per  cent,  cream 
and  add  to  it  three  parts  of  water,  we  shall  obtain  a  milk 
containing  3  per  cent,  fat,  1  per  cent,  proteids,  and  1  per 
cent,  milk-sugar.  If  to  each  twenty  ounces  we  add  one 
ounce  of  sugar  of  milk,  we  shall  then  have  a  milk  formu- 
la: fat,  3;  sugar,  6;  proteids,  1 — a  formula  which  will 
agree  with  most  vigorous  infants  between  the  second  and 
third  months  of  life.  By  the  use  of  creams  of  different 
strength  one  may  modify  the  percentage  of  any  of  the  in- 
gredients and  obtain  milk  of  almost  any  desired  strength. 

To  prevent  any  impurity  arising  from  the  sugar  of 
milk,  it  is  generally  deemed  advisable  that  it  should  be 
previously  dissolved  in  boiling  water  and  afterward  fil- 
tered through  absorbent  cotton.  The  following  table 
shows  the  amounts  of  milk-sugar  and  water  required  to 
make  solutions  of  various  strengths : 

1  oz.  milk-sugar  added  to  25    oz.  water  represents  4  per  cent. 

1 '■    20      ' 5 

1    "     "        "  "    1&i4 6     ,  " 


14      " 

13H  " 
10      " 


Baner  has  prepared  a  series  of  simple  formulae  for  de- 
termining the  amount  of  cream,  milk,  water,  and  milk 
sugar  required  to  make  any  desired  quantity  of  modified 
milk  containing  certain  given  percentages.  His  formulae 
are  based  on  the  understanding  that  good  average  milk 
contains  fat  4,  sugar  4,  and  proteids  4,  and  that  cream  is 
simply  a  superfatted  milk  containing  practically  the  same 
amount  of  proteids  as  milk  itself.     In  the  formulae  given : 

Q  represents  the  total  quantity  desired  in  ounces ; 

F,  the  desired  percentage  of  fat ; 

S,  the  desired  percentage  of  sugar;  and 

P,  the  desired  isercentage  of  proteids. 

To  find  in  ounces  the  required  amount  of: 

Cream  ==-^X(F-P); 

Milk  =  ^-^-C; 

4 

Water  =  Q  -  (C  +  M); 

TlT-ll  (S  -  P)   X  Q 

Milk-sugar  —  -rrjr ^. 
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The  above  formulse  are  calculated  for  use  with  a  16- 
per-cent.  cream.  If  20-per-cent.  centrifugal  cream  is 
used,  the  denominator  of  the  cream  formula  will  be  16 
instead  of  13,  and  if  a  13-per-cent.  cream  is  used  it  will 
be  8  instead  of  12.  It  must,  of  course,  be  remembered 
that  a  milk  with  a  very  high  fat  and  a  very  low  proteid 
percentage  cannot  be  made  from  cream  witli  only  a  mod- 
erate percentage  of  fat.  From  a  16-per-cent.  cream  it  is 
possible  to  make  the  fat  percentage  only  four  times  the 
proteid,  and  with  a  13-per-cent.  three  times  the  proteid. 
The  great  advantage  of  these  equations  is  tlieir  simplicity 
and  the  ease  with  which  odd  amounts  of  milk  mixtures 
can  be  calculated. 

Sterilization. — In  the  infant  the  digestion  of  milk  is  for 
the  most  part  accomplished  in  the  small  intestine.  There 
is  no  long  delay  in  the  stomach  with  prolonged  exposure 
to  an  acid  and  therefore  antiseptic  medium,  as  in  the 
adult,  but  the  milk  after  an  imperfect  curdling  is  quicklj' 
passed  on  to  the  duodenum.  Gastric  digestion,  the  safe- 
guard in  older  children  and  in  adults  against  the  en- 
trance of  disturbing  micro-organisms  into  the  alimentary 
tract,  affords  in  infants  but  a  feeble  barrier.  For  this 
reason  one  of  the  more  important  conditions  in  the  in- 
fant's food  is  that  it  be  sterile.  This  is  the  more  neces- 
sary should  the  infant's  food  involve  a  longer  time  in  its 
digestion  than  breast  milk. 

It  is,  therefore,  extremely  desirable  that  the  milk  em- 
ployed in  infant  feeding  be  obtained  with  such  careful 
precautions  as  to  render  it  practically  free  from  extra- 
neous bacteria.  It  is  not  always  our  good  fortune,  how- 
ever, to  be  able  to  obtain  such  with  the  regularity  neces- 
sary for  the  daily  preparation  of  an  infant's  food,  and 
when  our  supply  cannot  be  depended  npon  it  appears  the 
lesser  of  two  evils  to  have  the  milk  pasteurized  at  the 
lowest  efficient  temperature' — that  is,  60°-68°  C.  (140°- 
15-5°  F.).  Milk  sterilized  at  over  70°  C.  is  altered  to  an 
extent  varying  according  to  the  elevation  of  the  tempera- 
ture employed  and  the  duration  of  the  exposure  in  the 
following  respects :  (1st)  its  proteids  are  modified  and  ren- 
dered less  digestible;  our  knowledge  on  this  subject, 
however,  is  still  indefinite  and  dependent  chiefly  on  clini- 
cal experience;  (3d)  the  combination  of  its  saline  ingredi - 
ents  with  the  proteids  is  to  some  extent  broken  up  and 
the  salts  assume  a  condition  in  which  they  are  less  readily 
absorbed ;  (3d)  natural  ferments,  whose  presence  in  milk 
may  with  much  probability  be  inferred  and  which  may 
materially  assist  its  digestion  in  the  infant's  stomach,  are 
destroyed ;  and  (4th)  an  alteration  takes  place  in  the  emul- 
sion normal  to  milk,  which  may  also  have  distinct  effect 
in  lessening  its  digestibility  by  the  infant.  For  these 
reasons,  it  is  important  that  the  milk  for  infant  feeding 
should  not  be  sterilized  at  too  high  a  temperature.  After 
pasteurization  it  should  be  kept  at  a  continuously  low 
temperature;  and  it  is  to  be  remembered  that  the  em- 
ployment of  sterilized  milk  which  has  been  kept  for  many 
days  is  not  free  from  danger. 

Odriner's  Fettmilch. — In  Germany  during  the  last  few 
years  a  modification  of  cows'  milk  has  been  prepared  by 
Gartner,  as  follows :  Into  the  drum  of  a  large  centrifuge 
a  mixture  of  milk  and  sterile  water,  at  a  temperature  of 
from  10°-15°  C,  is  allowed  to  run,  care  being  taken  that 
the  milk  used  is  obtained  in  the  most  cleanly  manner 
from  healthy  cows  properly  fed.  The  drum  of  the  cen- 
trifuge is  made  to  revolve  rapidly,  driving  the  fat,  as  it 
is  only  in  suspension,  toward  the  centre  of  the  drum, 
while  the  sugar,  casein,  and  salts,  which  are  in  solution, 
remain  uniformly  distributed.  "Two  tubes  which  carry 
off  the  milk  enter  the  drum,  one  near  the  centre  and  one 
at  the  periphery.  By  arranging  how  near  to  the  centre 
the  inner  tube  opens,  and  the  speed  at  which  the  drum 
revolves,  milk  containing  fat  in  various  percentages  maj' 
be  drawn  off.  As  ordinarily  set  the  milk  drawn  off  near 
the  centre  has  the  same  amount  of  fat  as  mother's  milk, 
and  is  only  deficient  in  sugar.  Its  composition,  which 
is  fairly  constant,  is  fat  3,  sugar  3.5,  proteids  1.76.  By 
adding  a  certain  proportion  of  milk-sugar,  milk  closelj' 
resembling  breast  milk  in  composition  is  obtained. 

This  plan  has  also  the  advantage  that  any  dirt  present 


in  milk  and  most  of  the  bacteria  are  thrown  off  toward 
the  periphery,  thus  leaving  the  central  portion  free.  It 
is  also  claimed  that  the  cream  is  not  so  completely  sepa- 
rated from  the  milk  as  in  Rotch's  plan,  but  remains  in  a 
more  perfect  emulsion.  Thus  prepared  the  Fettmilch 
resembles  ordinary  milk  in  appearance  and  has  an  agree- 
able taste.  Before  using  it  as  an  infant's  food  it  is  rec- 
ommended that  it  should  be  sterilized.  Escherich  has 
laid  down  the  following  rules  for  the  amount  and  fre- 
quency with  which  this  food  may  be  given: 

During  each  34  hours  children  of  3  weeks  require  16 
ounces  in  9  meals;  from  3  to  4  weeks,  25  ounces  in  8 
meals ;  from  4  to  8  weeks,  33  ounces  in  8  meals ;  from  3 
to  4  months,  43  ounces  in  8  meals ;  from  5  to  6  months, 
50  ounces  in  7  meals. 

The  employment  of  this  milk  is  strongly  recommended 
by  many  eminent  German  authorities. 

Condensed  M'ifc.— When  pure  fresh  milk  cannot  be  ob- 
tained, several  writers  have  recommended  the  use  of 
condensed  milk.  In  the  form  of  fresh  evaporated  milk 
(milk  condensed  without  the  addition  of  cane  sugar),  it 
may  be  of  much  service  when  pure  fresh  milk  is  impossi- 
ble to  obtain.  The  heat  employed  during  the  earlier 
stages  of  its  preparation  has  rendered  it  sterile,  and  it 
will  therefore  keep  well  for  a  few  days.  For  ordinary 
use  it  should  be  diluted  with  from  seven  to  ten  parts  of 
water,  and  fresh  cream,  if  this  is  obtainable,  and  sugar  of 
milk  added.  Keating  advised  the  following  as  making  a 
useful  preparation  closely  resembling  breast  milk :  Pre- 
served milk,  1  ounce:  boiled  water,  8  ounces;  fresh  cream, 
1  ounce ;  sugar  of  milk,  3  drachms. 

The  ordinary  canned  condensed  milk  has  the  disadvan- 
tage of  containing  a  large  amount  of  cane  sugar  and  a 
very  small  amount  of  fat.  When  diluted  with  six  parts 
of  water  the  resulting  product  on  analj'sis  jields  fat  1, 
proteids  1.3,  and  sugar  8,  the  latter  being  chiefly  cane 
sugar.  This  dilution  is  generally  too  strong  for  the 
majority  of  infants,  and  produces  colic  and  indigestion. 
When  diluted  with  twelve  parts  of  water,  its  composition 
is  fat  0.05,  proteids  0.06,  and  sugar  4 — a  fluid  altogeth- 
er too  weak  to  be  efficient  as  a  permanent  diet.  Holt 
states  that  he  has  not  yet  seen  an  infant  who  was  reared 
exclusively  on  condensed  milk  which  did  not  show  on 
careful  examination  more  or  less  evidence  of  rickets. 
During  the  summer  season  its  use  may  be  permissible  for 
those  who  are  unable  to  obtain  fresh  milk.  In  these 
cases  Kerley  advises  that  a  weak  meat  broth  or  an  albu- 
min water  be  used  as  a  diluent  instead  of  boiled  water, 
thus  increasing  the  amount  of  the  proteid  and  rendering 
it  more  valuable  as  a  food.  The  deficienc\-  in  the  fat 
may  in  many  cases  be  supplemented  by  an  emulsion  of 
cod-liver  oil. 

Patented  Food. — When  for  any  reason  failure  has  at- 
tended the  attempt  to  feed  an  infant  on  cows'  milk  more 
or  less  modified,  there  is  with  many  parents  a  strong  in- 
clination to  resort  to  one  of  the  numerous  patent  artifi- 
cial foods  placed  before  the  public  by  interested  agents 
who  loudly  vaunt  their  own  special  preparations  as  the 
exact  analogue  of  mother's  milk  and  the  only  food  cal- 
culated to  help  the  infant  in  its  dire  distress."  We  can- 
not deny  that  many  of  these  foods  have  met  with  much 
popular  favor  and  that  some  of  them  have  proved  of  oc- 
casional service.  It  seems  desirable,  therefore,  that  the 
physician  should  have  a  knowledge  of  their  physical 
properties  and  their  composition  further  than  the  meagre 
and  often  incorrect  statements  contained  in  their  ad\-er- 
tisements.  In  almost  all  these  foods  dependence  is  put, 
for  the  greater  part  of  the  nourishment  supplied,  on  milk 
which  is  either  added  by  the  user  or  previously  intro- 
duced by  the  manufacturer.  They  are  therefore  to  be 
regarded  as  modifications  of  cows'  milk;  a  fact  which 
may  explain  the  apparently  successful  results  which 
sometimes  attend  their  employment. 

With  the  exception  of  those  which  contain  the  milk 
in  a  condensed  form,  all,  if  administered  alone,  show  a 
great  deficiency  in  many  of  the  most  important  ingredi- 
ents of  an  infant  food,  and  especially  in  the  element  of 
fat.     It  is  to  be  noted  also  that  they  are  secret  prepara- 
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tions,  over  which  we  as  physicians  can  exercise  no  su- 
pervision or  control  in  regard  to  tlie  quality  of  the  mate- 
rial or  to  the  amount  of  care  used  in  their  manufacture- 
that  analyses  made  by  many  able  chemists  have  given 
very  variable  results,  often  differing  widely  from  the 
manufacturer's  published  composition;  that  they  are  lia- 
ble to  bo  old  and  musty ;  and  that  for  the  poorer  classes 
they  are  an  expensive  food.  To  the  analyses  of  Dr. 
Leeds  we  are  principally  indebted  for  a  knowledge  of 
their  more  exact  composition.  He  grouped  them  into 
three  classes.  The  first  class  contains  the  farinaceous 
foods  prepared  from  the  flour  of  one  or  more  of  the  ce- 
i-eals,  with  the  starch  to  some  extent  modified  by  baking. 
All  of  them,  therefore,  add  a  large  proportion  of  starch 
to  the  milk  dilution,  and  for  this  reason  are  not  suitable 
for  infants  under  six  months.  They  are  all  liable  to  de- 
terioration through  long  keeping.  Among  the  best 
known  of  this  class  are  the  following:  Imperial  Granum, 
Blair's  AVheat,  Hubbell's  Wheat,  Hard's  Food,  Ridge's 
Food,  and  Robinson's  Patent  Barley. 

In  a  second  class  are  placed  all  those  in  which  the 
starch  is  almost  entirely  converted  into  a  mixture  of  dex- 
trin, dextrose,  and  maltose,  with  a  small  amount  of  cane 
sugar.  These  foods  have  in  some  instances  a  distinctly 
laxative  action,  and  may  sometimes  be  of  service  when 
the  infant  is  of  a  constipated  habit.  The  principal  foods 
of  this  class  are  Mellin's,  Horlick's,  and  Malted  Milk. 

A  third  class  comprises  those  foods  to  which  the  milk 
has  already  been  added  during  the  jsrocess  of  manufac- 
ture. All  of  them  contain  starch  in  considerable  quanti- 
ties, to  a  small  extent  only  converted  into  dextrose. 
Their  mode  of  preparation  insures  more  or  less  complete 
sterilization  of  tlie  milk,  an  important  advantage  during 
the  summer  season.  Nestle's  Pood,  American  Swiss, 
and  Gerber's  are  examples  of  this  class. 

An  additional  class  may  be  made  of  miscellaneous  foods 
recently  introduced,  which  do  not  conveniently  fall  under 
any  one  of  these  divisions,  but  which  may  be  regarded 
as  to  some  extent  a  combination  of  them.  Carnrick's 
Soluble  Food  and  Allen  &  Hanbury's  Infant  Food  are 
examples  of  this  class. 

The  following  table  of  analyses,  copied  from  Holt,  rep- 
resents the  composition  of  several  of  these  foods  when 
prepared  as  directed  for  the  infant's  use: 

Infant  Foods  Diluted  with  Water  to  Compare  with  Milk. 


Fat 

Protelds 

.  Soluble  carbohydrates 

(sugar) 

Insoluble  car  bo  hy- 
drates (starch).. 
Inorganic  salts  — 
Water 


4.00 
1.50 


.00 


aa. 


0.99 
1.20 


.23 


00.41 


0.04 
1.50 


11.56 


.45 
86.45 


0.39 
:3.2)5 


10.18 


0.76 
1.54 


4.19 

.24 

86.89 


01  U 


0.16 
1.67 


10.91 

.07 

88.78 


•CSS 


ScSPh 


0.14 
1.98 

.25 

10.65 

.06 

86.92 


1.12 
1.35 

4.06 

5.61 

.,56 

87.30 


Ammcnt  to  he  Given.— Not  only  is  the  character  and 
composition  of  the  food  Itself  of  importance,  but  the 
amount  to  be  given  and  the  times  of  giving  it  demand 
the  physician's  careful  attention.  As  Biedert  remarks: 
the  Infant  has  no  instinct  which  guards  against  over-feed- 
ing Even  breast-fed  children  are  apt  to  drmk  too  much, 
but  those  artificially  fed  have  a  greater  tendency  to 
excess,  since  in  general  they  obtain  their  food  more 
nuickly  and  with  less  exertion  on  their  part.  The  truth 
should  be  carefully  Impressed  upon  mother  and  nurse, 
that  a  bottle-fed  infant  thrives  best  upon  the  minimum 
amount  of  food  necessary  for  good  development;  excess 
tends  to  interfere  with  digestion,  and  thus  unfavorably 

affects  nutrition.  j,  o    -^i  •   .    •        *• 

Dr  Rotch  quotes  the  results  of  Smitkin  s  investiga- 
tions at  the  Children's  Hospital  in  St.  Petersburg  to  de- 
termine the  amount  that  should  be  given  during  the  first 


few  weeks  of  life.  He  finds  that  the  greater  the  weight 
the  greater  is  the  gastric  capacity,  and  says  that  one-one- 
hundredth  of  the  initial  weight  of  the  infant  sliould  be 
taken  as  the  starting  figure  for  each  meal,  and  to  this 
should  be  added  1  gm.  for  each  day  of  life. 

Illustrations  of  above  rule  to  scrrc  as  guides  for  esijecially  diffl- 
culi  cases. 


I 
Each  feeding. 


I 


Initial 

weight. 

Early  days. 

At  15  days. 

At  30  days. 

8,000  gm 

30gm.=  (about 

30  +  15  =  45  gm. 

30  4-  30  =  60  gm. 

51.). 

(about  5  iss.). 

(about  5l,i.). 

4,500  gm 

45  gm.  =  (a^bou  t 

45  +  15  =  60  gm. 

45  +  30  =  75  gm. 

5iss.). 

(about  !i.i.). 

(about  Jiiss.). 

6,000  gm' 

60  gm.  =  (about 

60  +  15  =-  75  gm. 

60  +  30  =  90  gm. 

;ij.). 

(about  Jiiss.). 

(about  !iij.). 

The  following  table  (from  Rotch)  will  afford  an  indi- 
cation, for  an  average  infant,  of  the  amount  to  be  given 
at  each  feeding  and  the  number  of  feedings  which  should 
take  place  in  the  twenty-four  hours: 

General  Rules  for  Feeding  During  the  First  Year.    (Rotcli.) 
(The  Day  feedings  are  supposed  to  begin  at  6  a.m.  and  to  end  at  10  p.m.) 


Age. 


One  week 

Two  weeks 

Four  weeks 

Six  weeks 

Eight  weeks . . . 
Three  months  . 
Four  months  . . 
Five  months  . . . 

Six  months 

Seven  months  . 
Eight  months .. 
Nine  months... 
Ten  months  . . . 
Eleven  months 
Twelve  months 
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10 

1 
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10 
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9 
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8 
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8 
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7 

0 

4 
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7 

0 

4^ 

3 

6 

0 
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3 

6 

0 

5M 

3 

6 

0 

3 

6 

0 

7 
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6 
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7 

3 

5 
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5 
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9 
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10 

15 
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24 

26 

28 

31!^ 

33 

34H 

42 
42 

m. 
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Very  rarely,  in  the  cases  of  immature  and  very  sickly 
babies  and  of  infants  with  cleft  palate,  the  ordinary  feed- 
ing-bottle is  ineffectual,  owing  to  the  infants  not  having 
power  to  suck.  Feeding  by  spoon  is  slow  and  weari- 
some to  the  infant .  In  these  cases  Dr.  Jacobi  recom- 
mends the  use  of  Soltmann's  biberon  pompe.  In  this 
feeding-bottle  simple  pressure  on  the  mouthpiece,  either 
by  the  lips  or  gums  of  the  infant,  or  on  the  expanded 
portion  of  the  tube  outside  the  bottle  by  the  fingers  of 
the  nurse,  will  cause  the  food  to  escape  from  the  bottle. 
Dr.  Jacobi  says  that  in  many  cases  it  has  done  good  ser- 
vice. Dr.  Rotch  recommends  the  use  of  a  glass  cylinder, 
graduated  and  capable  of  holding  nine  drachms.  One 
end  gradually  tapers  till  a  small  nipple  can  be  fitted  on 
to  it ;  the  upper  end  is  covered  by  a  compressible  rubber 
bulb.  By  gentle  compression  of  this  bulb  the  food  may 
be  slowly  forced  into  the  infant's  throat  without  any 
effort  on  its  part. 

This  method  appears  to  be  specially  desirable  in  the 
case  of  a  weak  infant,  as  it  involves  no  loss  of  strength. 

Gavage. — Some  years  ago  Dr.  Tarnier,  of  Paris,  advo- 
cated the  method  of  gavage  in  infants  prematurely  born 
or  in  such  as  are  congenitally  weak.  The  apparatus  nec- 
essary for  the  purpose  is  very  simple :  a  soft-rubber  cath- 
eter. No.  14  or  15  French,  or  a  piece  of  gutta-percha 
tubing  with  a  small  glass  receptacle,  of  sufficient  size 
to  hold  the  amount  of  milk  to  be  administered,  attached 
to  the  distal  end.  The  child  is  placed  on  the  knee  of  the 
nurse  with  its  head  slightly  raised.  The  tube  is  moist- 
ened with  milk  and  introduced  at  the  base  of  the 
tongue  and  then  very  gently  forced  down  the  oesopha- 
gus to  a  distance  of  15  cm.  The  sound  is  then  pinched 
between  the  two  fingers  and  the  food  is  introduced  into 
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the  receptacle.  On  relaxing  the  fingers  and  raising  the 
receptacle  the  food  flows  gently  into  the  stomach.  Care 
must  be  taken  to  remove  the  tube  gently  and  quickly ; 
the  infant  must  then  be  replaced  in  its  warm  cradle  or 
couveuse.  To  the  weakest  infants  8  gm.  of  food  are 
given  every  hour,  in  spite  of  this  feeding  the  infant 
frequently  loses  weight  for  the  first  few  days,  but  soon 
begins  to  gain  steadily.  Dr.  Tarnier  claims  to  have 
achieved  marvellous  results  by  this  method. 

Alexander  D.  Blaekader. 
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INFARCTION.— (in/«rao,  to  fill  in,  to  stuff  into.)  The 
act  of  plugging  up  or  filling  up ;  also  the  organ  or  tissue 
which  is  filled  with  blood,  fluid,  or  other  substances. 
The  development  of  the  various  meanings  of  infarction 
forms  a  very  interesting  chapter  in  the  history  of  medi- 
cal terminology.  Originally  used  as  a  designation  for 
the  Galenic  teaching  of  the  black  bile  as  the  cause  of 
melancholia  and  hypochondria,  infarctns  gradually  came 
to  mean  a  stoppage  of  the  intestinal  canal  either  through 
hardened  faecal  matter  or  through  precipitations  from  the 
blood  into  the  intestinal  canal.  Later,  the  idea  included 
also  obstruction  in  the  blood  and  lymph  vessels  and  the 
ducts  of  glands.  The  theory  of  intestinal  infarctus  as 
the  cause  of  hypochondria,  melancholia,  hemorrhoids, 
and  other  conditions  reached  the  height  of  its  develop- 
ment in  the  latter  half  of  the  eighteenth  century  under 
the  influence  of  the  two  Kampfs,  father  and  son.  By 
them  the  doctrine  was  reduced  to  what  was  considered 
to  be  a  scientific  basis,  the  infarcts  were  obtained  for 
examination  by  means  of  injections,  and  were  classified 
according  to  symptoms,  location,  and  composition. 
Their  treatment  by  clysters  attained  an  extraordinary 
degree  of  popularity.  The  abuse  of  this  treatment  and 
the  advancement  of  knowledge  of  the  anatomy  and  phys- 
iology of  the  gastro-intestinal  tract  brought  about  the 
natural  death  of  the  doctrine  during  the  early  part  of 
the  last  century.  As  outgrowths  from  the  early  idea  of 
infarctus  were  such  usages  as  the  following:  infarction 
of  hunwra,  a  term  formerly  applied  to  ulcers  whose  base 
and  borders  were  infiltrated;  infarctus  mamrruB  lacteus, 
the  collection  of  coagulated  milk  in  the  ducts  of  the 
mammary  gland;  infarctus  lactei  extremitatum,  applied 
to  phlegmasia  dolens  because  it  was  supposed  to  be 
caused  by  metastasis  of  the  milk  to  the  legs;  infarctus 
uteri,  applied  to  a  variety  of  diseased  conditions  of  this 
organ ;  etc.  The  term  infarction  was  also  formerly  used 
cliDically  to  indicate  a  sense  of  fulness  or  oppression  in 
the  chest.  The  enlarged  spleen  in  chronic  malaria  was 
called  infarctus  lienis.  The  old  meaning  of  intestinal 
obstruction  still  survives  in  the  expression  infarcted 
hernia. 

At  present  infarction  is  unfortunately  used  as  a  desig- 
nation for  two  classes  of  pathological  conditions  essen- 
tially different  in  kind :  1.  The  infiltration  of  the  tubules 
or  tissue  spaces  of  an  organ  with  blood,  blood  pigment, 
uric  acid  or  urates,  calcium  salts,  etc.  2.  The  ansemic 
necrosis  of  an  organ  or  tissue  due  to  an  obstruction  of  its 
nutrient  artery  by  embolism  or  thrombosis.  The  differ- 
ent processes  are  usually  distinguished  by  some  modify- 
ing term,  as  uric-acid  infarction,  ansemic  or  hemorrhagic 
infarction,  etc. ;  but  when  used  without  such  the  term  is 
usually  narrowed  to  the  second  meaning. 

1.  tfiiic-ACiD  Infarction.— In  the  kidneys  of  the  new- 
born there  is  almost  always  present  in  tlie  medullary 
pyramids  a  number  of  glistening,  goldeu,  or  orange-red 
lines  converging  to  the  papillae.     These  lines  are  easily 
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scraped  away  with  the  knife  and  form  a  glistening 
orange  powder  on  the  moist  surface  of  the  organ.  On 
microscopical  examination  the  straight  tubules  are  found 
to  be  filled  with  dark  semitranslucent  masses  which  dis- 
solve on  treatment  with  acetic  acid,  leaving  behind  an 
albuminous  stroma.  From  the  solution  uric-acid  crj^s- 
tals  are  formed.  The  epithelium  of  the  tubules  shows 
little  or  no  change.  The  condition  is  known  as  the  uric- 
acid  infarct  of  the  new-born,  and  was  at  one  time  sup- 
posed to  be  of  medico-legal  value  as  occurring  only  in 
infants  who  have  breathed;  but  similar  infarcts  have 
been  found  in  the  kidneys  of  still-born  children  and  in 
the  foetus.  In  one  case  of  ectopic  gestation  seen  by  the 
writer  the  kidneys  presented  an  extensive  degree  of  this 
condition.  According  to  Spiegelberg,  uric-acid  infarct 
is  present  in  only  one-half  of  the  children  examined, 
being  most  marked  after  the  second  or  third  day  after 
birth.  The  condition  may  persist  until  the  seventy- 
sixth  day,  but  usually  disappears  early.  When  persist- 
ent, it  may  give  rise  to  nephritis  or  cause  urtemia  by  the 
simple  obstruction  of  the  tubules.  Neither  the  origin 
nor  the  significance  of  the  condition  is  known.  The 
change  of  metabolism  following  the  establishment  of  pul- 
monary oxygenation,  the  slight  degree  of  oxidation  proc- 
esses in  the  new-born,  lack  of  ability  on  the  part  of  the- 
urine  to  dissolve  the  uric  acid,  are  among  the  causes  ad- 
duced in  explanation,  but  no  one  of  these  is  adequately 
supported.  Uric-acid  and  sodium-urate  infarcts  occur 
also  in  the  adult  kidney  in  cases  of  gout  or  the  so-called 
uric-acid  diathesis.  The  appearances  are  similar  to  those 
in  the  new-born,  but  the  condition  is  rarely  so  extensive. 
More  frequently,  scattered  concretions  are  formed  in  di- 
lated tubules. 

Calcium  Infarcts,  Chalk  Infarcts. — In  senOe  kidneys, 
in  osteomalacia  and  other  destructive  diseases  of  bone,  in 
cases  of  poisoning  with  mercuric  chloride,  phosphorus, 
aloin,  bismuth,  etc.,  extensive  deposits  of  lime  salts, 
phosphates  or  carbonates,  may  occur  in  the  tubules,  the 
deposit  taking  place  either  in  or  upon  the  necrotic  epithe- 
lium of  the  tubules.  When  visible  to  the  naked  eye, 
such  deposits  appear  as  opaque  whitish  or  yellow  streaks 
corresponding  to  the  tubules,  or  as  minute  dots  repre- 
senting the  glomeruli.  Microsopically  the  deposits  give 
the  specific  staining  reaction  with  haematoxylin.  Cal- 
cium-oxalate  infarction  occurs  rarely  as  the  result  of  in- 
gestion of  food  containing  large  amounts  of  oxalic  acid 
or  in  cases  of  disturbed  metabolism.  White  streaks  oc- 
cur in  the  pyramids  similar  to  those  of  phosphate  infarc- 
tion, but  are  distinguished  from  the  latter  by  their  in- 
solubility in  dilute  acids. 

Bilirubin  Infarct. — In  cases  of  chronic  obstructive 
jaundice  the  collecting  tubules  of  the  kidney  usually 
contain  large  numbers  of  bile-pigment  casts.  In  tissue 
fixed  with  alcohol  these  appear  as  yellow  or  brown 
streaks  in  the  cut  surface  of  the  medullary  pvramids ;  in 
mercuric  chloride  fixation  they  have  a  bright  "green  color. 
Uric-acid  infarction  is  not  infrequently  combined  with 
this  condition,  particularly  in  cases  of  icterus  neonato- 
rum. 

Hmmatoidin  Infarct.— In  cases  of  hsemoglobinuria, 
hoemoglobinsemia,  and  methaemoglobinaemia,  due  to  poi- 
soning, infections,  extensive  bums,  etc.,  large  quantities 
of  blood  pigment  may  be  found  in  the  kidney  tubules 
in  the  form  of  brownish  casts  or  irregular  masses.  The 
pyramids  show  radiating  yellow  or  reddish-brown  strise. 
Usually  the  pigment  does  not  give  the  iron  reaction,  and 
IS  therefore  to  be  classed  with  the  hsematoidin  group. 
Very  rarely  hiiemosiderin  infarction  occurs. 

Melanin  Infarct. —Yeiy  rarely  in  cases  of  extensive 
metastasis  of  melanotic  sarcomata  large  quantities  of 
melanin  are  said  to  be  excreted  through  the  kidneys.  In 
such  cases  melanin  casts  are  found  in  the  tubules!  It  is 
doubtful,  however,  if  the  brownish  casts  described  as 
occurring  in  these  cases  were  composed  of  melanin;  it  is 
more  likely  tliat  they  were  formed  of  blood  pigment. 

3.  An/emic  and  HBMomiHAGic  Infarction. — The  oc- 
clusion of  a  terminal  artery  by  embolism  or  thrombosis 
leads  to  an  ansemic  necrosis  of  the  part  supplied  by  the 
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obstructed  vessel.  In  the  case  of  end-arteries  having 
very  slight  collateral  anastomosis  the  dead  area  remains 
anaemic  (anaemic  or  wliite  infarct) ;  in  situations  where 
the  end-arteries  possess  sufficient  anastomosis  to  admit 
of  the  flow  of  blood  into  the  affected  area  from  the 
neighboring  terminals  the  dead  area  becomes  hemor- 
rhagic (hemorrhagic  or  red  infarct).  The  anamic  variety 
is  foimd  In  the  spleen,  kidneys,  heart,  brain,  retina,  and 
rarely  in  the  liver;  the  hemorrhagic  infarct  occurs  only 
in  the  lungs  and  the  area  supplied  by  the  superior  mesen- 
teric artery,  very  rarely  in  the  uterus.  Hemorrhagic  in- 
farction of  the  suprarenal  has  recently  been  reported. 

Infarcts  are  usually  found  at  the  periphery  of  organs 
where  they  form  cone-  or  wedge-shaped  areas,  the  base 
toward  the  surface  of  the  organ,  the  apex  pointing  in- 
ward. They  may  be  single  or  multiple.  As  the  result 
of  the  occlusion  of  a  number  of  neighboring  arterioles 
they  are  occasionally  very  irregular  in  outline.  When 
recent,  the  anajmic  infarct  is  opaque,  yellowish-white, 
slightly  elevated,  and  somewhat  firmer  than  normal  tis- 
sue. A  peripheral  red  zone  is  almost  always  present. 
Older  infarcts  are  usually  depressed  and  softer ;  in  the 
case  of  those  of  large  size  there  is  usually  a  central  soft- 
ening. If  organization  of  the  dead  area  has  begun  the 
consistence  may  be  firm.  On  microscopical  examination 
the  cells  of  the  infarcted  area  show  a  simple  or  coagu- 
lation necrosis.  In  older  infarcts  liquefaction  necrosis 
may  be  present.  The  red  peripheral  zone  is  found  to  be 
due  to  a  narrow  line  of  hemorrhage  and  congestion  sur- 
rounding the  dead  area  and  may  be  explained  as  being 
of  the  nature  of  a  hemorrhagic  infarct  in  the  zone  of  col- 
lateral anastomosis  with  the  neighboring  end-arteries.  In 
later  stages  this  zone  usually  becomes  the  seat  of  a  leu- 
cocyte infiltration  and  fibroblastic  proliferation.  The 
hemorrhagic  infarcts  are  deep  red  in  color,  occasionally 
pale  in  very  anaemic  individuals.  They  are  usually  much 
firmer  than  the  anaemic  variety.  As  they  become  older 
they  grow  lighter  in  color,  and  softer  if  liquefaction 
necrosis  occurs.  If  organization  takes  place  without 
softening  the  infarcted  area  becomes  lighter  and  firmer. 
The  contraction  of  the  newly  formed  connective  tissue 
leads  to  depressions  on  the  surface  of  organs  in  the  case 
of  both  anaemic  and  hemorrhagic  infarcts.  On  micro- 
scopical examination  the  hemorrhagic  infarct  is  found  to 
consist  of  an  area  of  necrotic  tissue,  the  spaces  of  which 
are  filled  with  extravasated  blood.  It  is  in  fact  only  an 
anaemic  infarct  which  has  become  hemorrhagic.  The 
term  hemorrhagic  infarction  is  applied  also  to  the  occur- 
rence of  simple  hemorrhage  in  tissues ;  in  the  case  of  the 
kidney  to  the  hemorrhage  produced  by  obstruction  of  the 
renal  veins.  It  would  be  better  to  drop  entirely  this 
confusing  use  of  the  term  and  restrict  its  application  to 
the  true  anajmic  and  hemorrhagic -anaemic  necroses  pro- 
duced by  arterial  obstruction.  . 

Various  theories  have  been  offered  m  explanation  of 
the  fact  that  infarcts  in  one  case  are  anaemic  and  in  an- 
other hemorrhagic.  It  is  held  by  some  that  the  anaemic 
infarct  is  but  a  later  stage  of  the  hemorrhagic,  produced 
bv  the  removal  of  the  blood  pigment  from  the  latter. 
Old  hemorrhagic  infarcts  are  not  infrequently  lighter  in 
color  for  this  reason,  but  the  fact  remains  that  an»mic 
infarcts  are  non-hemorrhagic  from  the  beginning  except 
for  the  small  peripheral  zone  of  hemorrhagic  infarction 
surrounding  them.  The  true  explanation  is  probably  to 
be  found  in  the  character  of  the  collateral  anastomosis  of 
the  affected  vessels,  as  well  as  in  local  and  general  con- 
ditions of  the  circulation.  Where  there  is  rich  anastomo- 
Ss  as  in  the  lung  and  mesentery,  the  obstruction  of  an 
end-artery  leads  to  a  temporary  anaemia  which  lowers 
?he  vitality  of  the  tissue  supplied  by  the  obstructed  ves- 
sel later  an  inflow  from  the  collaterals  takes  place,  but 
the' damaged  condition  of  the  vessel  w-alls  in  the  ansemic 
area  le™ds  to  extravasation,  chiefly  by  diapedesis  but  also 
bv  rhexis  The  infiltration  of  the  tissue  spaces  thus  pro- 
duced leads  to  further  damage  of  the  part.  Very  rarely 
the  local  or  general  conditions  of  blood  pressure  may  be 
such°n  orgafs  in  which  hemorrhagic  infarcts  are  usually 
produced  that  but  little  blood  flows  mto  the  anaemic  area 


and  the  resulting  infarct  is  pale  in  color.  The  anaemic 
infarct  occurs  in  organs  whose  end-arteries  have  but  lit- 
tle anastomosis,  so  that  no  inflow  takes  place  into  the 
anaemic  area  except  just  at  the  periphery,  where  a  nar- 
row zone  of  hemorrhagic  infarct  is  formed.  In  cases  of 
extreme  local  or  general  congestion  this  peripheral  zone 
of  hemorrhage  may  be  greatly  broadened,  or  in  the  case  of 
small  infarcts  the  entire  area  may  become  hemorrhagic. 
The  inflow  of  blood  is  usually  under  such  slight  pressure 
that  the  integrity  of  the  part  cannot  be  maintained. 

Under  ordinary  conditions  the  infarcts  of  the  brain  are 
always  of  the  anjemic  variety,  with  more  or  less  periph- 
eral hemorrhage.  Liquefaction  of  the  affected  area  takes 
place,  and  if  death  does  not  result  brain  cysts  may  be 
formed.  Occlusion  of  the  coronary  arteries  by  throm- 
bosis, embolism,  or  sclerotic  changes  in  the  vessel  walls 
produces  anaemic  infarction  of  the  myocardium,  attended 
by  more  or  less  hemorrhage.  The  infarcts  of  the  kidney 
and  spleen  are  almost  always  of  the  anaemic  variety  with 
a  narrow  zone  of  hemorrhage.  True  anaemic  infarcts  of 
the  liver  are  very  rare.  In  the  normal  lung  the  obstruc- 
tion of  a  terminal  artery  will  not  produce  infarction  ow- 
ing to  the  rich  anastomosis.  In  conditions  in  which  the 
pulmonary  circulation  is  already  embarrassed,  as  in  the 
passive  congestion  of  mitral  disease,  embolism  or  throm- 
bosis of  the  pulmonary  arteries  is  quickly  followed  by 
infarction.  This  is  practically  always  of  the  hemor- 
rhagic variety  except  in  very  rare  cases,  due  to  extreme 
weakness  of  the  circulation.  The  conditions  in  the  supe- 
rior mesenteric  artery  are  similar  to  those  in  the  lungs, 
but  inasmuch  as  the  anastomosis  is  not  sufficient  to  re-es- 
tablish the  circulation  after  occlusion,  obstruction  of  the 
terminals  of  this  artery  leads  more  quickly  to  infarction 
than  in  the  case  of  the  pulmonary  arteries.  According 
to  Chiari,  bilateral  embolism  of  the  hypogastric  arteries 
or  bilateral  thrombosis  of  the  uterine  veins  is  followed 
by  hemorrhagic  infarction  of  the  uterus. 

The  sequelae  of  infarction  are :  absorption  of  the  ne- 
crotic tissues,  organization,  scar  formation,  calcification, 
cyst  formation,  encapsulation,  abscess,  or  gangrene.  In 
cases  of  infective  embolism  suppuration  of  the  infarcted 
area  usually  occurs  (septic  infarct),  or  the  infarct  may  be 
secondarily  infected  by  pyogenetic  organisms.  Infarc- 
tion of  the  lungs  is  frequently  followed  by  moist  gan- 
grene, infarction  of  the  intestine  almost  always.  (See 
Heart,  Kidneys,  etc.)  Aldred  Scott  Warthin. 

INFECTION. — Probably  one  of  the  most  universally 
known  facts  respecting  bacteria  is  that  they  are  related 
to  the  development  of  certain  pathological  processes;  but 
it  should  be  clearly  held  in  mind  that  many  play  a  very 
beneficent  part  in  nature,  chiefly  by  decomposing  dead 
organic  material  and  thus  forming  other  chemical  com- 
pounds which  may  be  utilized  for  food  by  other  plants 
and  animals.  It  has  been  seen,  in  the  article  on  Bacteria, 
that  micro-organisms  are  widely  distributed  in  air,  soil, 
and  water;  and  it  is  among  the  habitations  of  man, 
where  the  conditions  for  their  growth  and  multiplication 
are  specially  suitable,  that  they  are  most  numerous.  So 
far  as  we  know,  with  few  exceptions  micro-organisms 
whose  natural  habitat  is  in  the  soil,  air,  or  water  are  not 
under  usual  conditions  harmful  to  man,  for  they  are  in- 
variably present  in  greater  or  less  numbers  in  the  mouth, 
nose,  upper  respiratory  passage,  gastro-intestinal  tract, 
and  on  the  surfaces  of  the  skin,  where  they  are  more  or 
less  constantly  brought  by  the  respired  air,  by  food  and 
drink,  and  in  many  other  ways.  Notwithstanding,  how- 
ever, their  occurrence  in  these  situations  in  great  num- 
bers, they  do  not  often  gain  entrance  into  the  body  tis- 
sues, so  that  under  normal  conditions  the  blood  and 
viscera  are  germ-free.* 

Although  the  cutaneous  and  mucous  surfaces  of  the 
body  are  covered  with  many  micro-organisms,  these  are 
for  the  most  part  harmless,  sometimes  serving  useful 
functions,  as  do  those  in  the  intestines.     Whenever  they 

*  For  a  consiaeration  of  the  bacterial  flora  of  the  body  surfaces  con- 
sult Welch:  "Surgical  Bacteriology."  "System  of  Surgery  by 
American  Authors,"  edited  by  Dennis. 
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find  their  way  into  the  body,  conditions  are  so  unsuitable 
for  their  existence  that  they  are  soon  destroyed.  Against 
such  incursions  the  body  is  guarded  in  various  ways. 
Among  tlie  protective  agencies  may  be  mentioned  the 
epithelial  investments  of  the  skin  and  mucous  mem- 
branes, which  so  long  as  they  are  intact  protect  the  inte- 
rior from  bacterial  invasion.  Moreover,  the  germicidal 
qualities  of  some  of  the  body  fluids  and  cells  also  afford 
important  protection.  But  notwithstanding  these  pro- 
tective factors  bacteria  do  sometimes  enter,  and  tliis  may 
especially  occur  Avhenever  the  skin  or  mucous  membranes 
are  injured,  even  if  ever  so  slightly  so.*  Within  recent 
years  the  entrance  of  bacteria  through  the  bites  of  in- 
sects has  been  especially  studied,  f 

Among  those  gaining  entrance  into  the  body,  there 
are  some  which  may  under  suitable  conditions  induce 
phenomena  by  which  disease  is  characterized.  These  are 
the  micro-organisms  which  induce  infectious  diseases  and 
which  we  habitually  refer  to  as  being  pathogenic  bacte- 
ria. The  term  pathogenic  is,  however,  a  relative  one — 
a  fact  which  should  be  clearly  held  in  mind  for  the  fol- 
lowing reasons :  First,  an  organism  quite  harmless  to  one 
animal  may  be  capable  of  inducing  disease  in  another ; 
second,  an  organism  which  under  ordinary  conditions  is 
harmless  may  under  special  conditions  give  rise  to  se- 
rious lesions ;  thii-d,  many  organisms  generally  regarded 
as  harmless  under  special  conditions  may  prove  injuri- 
ous. Thus  it  is  evident  from  what  has  been  said  that 
infectious  disease  cannot  exist  without  the  presence  in 
the  body  of  living  micro-organisms.  But,  on  the  other 
hand,  the  mere  entrance  of  bacteria  into  the  tissues  is  not 
sufficient  to  constitute  infection,  for  it  has  been  seen  that 
many  bacteria  are  harmless  and  that  the  body  possesses 
important  safeguards  whereby  bacteria  are  destroyed  and 
disposed  of.  Whether  the  micro-organism  possess  patho- 
genic activity  or  not  will  depend  largely  upon  the  host 
and  also  upon  its  own  variable  nature  and  qualities. 

This  relationship  of  host  and  bacterial  excitant  has 
been  so  admirably  stated  by  Prudden  that  one  can  do  no 
better  than  quote  the  following: 

"  In  the  study  of  the  infectious  diseases  it  is  especially 
important  to  bear  in  mind  that  the  abnormal  processes 
through  which  the  disturbances  incited  by  micro-organ- 
isms are  manifested  are  processes  of  the  body  cells  and 
not  processes  of  the  micro-organisms.  The  micro-organ- 
isms do  indeed  incite  the  train  of  phenomena  by  which 
the  disease  is  manifested,  and  the  nature  or  '  species '  of 
the  micro-organism  may  largely  influence  the  character 
of  the  phenomena;  but  the  stored-up  energy  which  is 
released  in  this  manifestation  is  body -cell  energy  and  not 
that  of  microbic  metabolism.  The  microbes  are  excitants 
of  disease,  but  the  disease  is  a  performance  of  the  body 
cells.  If  these  obvious  considerations  be  held  in  view,  it 
will  be  convenient  in  considering  certain  of  the  infec- 
tious diseases  to  use  the  familiar  and  much-abused  term 
'  specific  '  as  indicative  of  those  phases  of  abnormal  body 
cell  performance  which  are  apt  to  occur  in  characteristic 
ways  in  response  to  special  forms  of  microbic  stimulus. 
Thus  the  poisonous  substances  wliich  the  tubercle  bacil- 
lus build  up  out  of  the  organic  material  upon  which  it 
feeds  are  in  part  such  as  exert  a  peculiar  influence  upon 
connective-tissue  cells,  leading  to  their  proliferation  and 
the  temporary  formation  of  new  tissue — the  tubercle. 
This,  together  with  associated  action  of  the  same  or  other 
metabolic  products  of  the  living  bacillus,  forms  a  group 
of  lesions  and  disturbances  which  is  characteristic  of  the 
action  of  the  tubercle  bacillus  in  the  body.  In  this  sense 
tuberculosis  is  a  '  specific  '  disease.  On  the  other  hand, 
the  poisons  eliminated  by  the  tubercle  bacillus  may  incite 
responses  on  tlie  part  of  the  body  cells  which  are  practi- 
cally identical  with  those  which  many  other  toxic  sub- 
stances, both  of  bacterial  and  of  other  origin,  induce — 

*The  view  has  been  recently  advanced  that  with  no  apparent 
lesion  of  the  intestinal  mucosa,  fcacterla  in  large  numbers  may  gain 
access  through  this  to  the  liver  under  what  seems  to  be  perfectly 
normal  conditions  (Adami :  Jour,  of  the  American  Medical  Associa- 
tion, December  letli  and  23d,  1899). 

+  For  a  consideration  of  the  role  of  Insects  in  the  transmission  of 
disease  consult  Nuttall :  Johns  Hopkins  Hospital  Report,  1900,  vol.  viil. 


fever,  degeneration,  etc.  These  manifestations  of  the 
action  of  the  tubercle  bacillus  upon  the  living  body  cells 
are  not  '  specific. '  " 

The  Bacterial  Excitant— The  reaction  of  the  body  cells 
in  infection  bears  a  more  or  less  constant  relation  to  the 
virulence  of  the  infecting  micro-organism  and  to  the 
number  of  bacteria  gaining  entrance  into  the  tissues. 
The  virulence  varies  considerably  under  different  condi- 
tions, and  according  as  these  variations  are  small  or  great 
different  phenomena  will  develop  within  the  body.  The 
character  of  the  processes  induced  will  necessarily  vary 
according  to  the  virulence  of  the  infecting  bacterium; 
and  this  largely  depends  upon  its  environment,  which 
may  not  only  modify  its  morphological  characters,  but 
also  may  change  its  physiological  activities.  For  exam- 
ple, the  Bacillus  coll  communis  as  normally  found  in  the 
intestines  is  of  very  low  virulence  and  is  not  capable  of 
inciting  pathological  processes,  but  so  soon  as  its  physio- 
logical activities  are  modified  by  changes  in  its  environ- 
ment, its  virulence  is  apt  to  be  very  much  increased. 
This  influence  of  environment  is  also  well  shown  by  the 
modifications  which  may  occur  in  the  vital  activity  of  an 
organism  when  it  finds  its  habitat  in  new  and  unnatural 
hosts.  This  point  is  especially  well  demonstrated  with 
the  mammalian  tubercle  bacillus,  which  when  transmit- 
ted for  a  long  time  through  another  animal  host,  as 
birds,  will  ultimately  lose  its  virulence  for  the  host  from 
which  it  was  originally  derived. 

As  a  rule,  bacteria  lose  their  virulence  with  greater  or 
less  readiness  when  cultivated  in  artificial  media.  On  the 
other  hand,  successive  passages  of  a  pathogenic  organ- 
ism through  susceptible  animals  exalt  its  virulence. 
Thus  a  streptococcus  of  attenuated  virulence  may  be  ex- 
alted a  hundredfold  by  successive  inoculations  into  rab- 
bits. 

Differences  in  the  virulence  of  bacteria  often  suflioe  to 
explain  differences  in  the  clinical  and  morphological 
types  of  disease.  It  is  well  known  that  under  some 
conditions  an  organism  of  low  virulence  will  incite  rather 
mild  reactions  of  the  body  cells,  whereas  under  other 
conditions,  when  the  virulence  of  the  same  organism  is 
exalted,  the  effects  are  both  more  marked  in  severity  and 
in  extent  of  the  lesions.  Thus  I  have  been  able  to  follow 
these  variations  in  virulence  in  the  different  forms  of 
tuberculosis.  For  example,  in  scrofulous  lymphadenitis, 
I  have  found  that  the  tubercle  bacilli  which  induce  this 
lesion  were  usually  of  low  virulence,  whereas  the  tuber- 
cle bacilli  inducing  acute  miliary  tuberculosis  are  on  the 
other  hand  of  extraordinary  pathogenic  activity. 

The  number  of  micro-organisms  which  gain  entrance 
into  the  body  is  also  a  factor  which  modifies  the  charac- 
ter and  extent  of  the  cellular  reactions.  Within  certain 
limitations  the  healthy  body  may  dispose  without  appar- 
ent injury  of  a  certain  number  of  given  virulence,  but 
when  the  same  organism  is  introduced  in  large  quantities 
infection  follows.  In  susceptible  animals  probably  so 
small  a  number  as  one  or  two  anthrax  bacilli  may  incite 
disease.  Usually,  hoAvever,  much  larger  numbers  are 
necessary  for  the  development  of  an  infection.  Further, 
according  to  the  portal  of  entry,  the  number  may  be  in- 
creased or  diminished.  Thus  a  given  dose  of  bacteria, 
which  when  injected  into  the  subcutaneous  tissues  of  an 
animal  may  prove  quite  harmless,  will  incite,  when  the 
same  dose  is  introduced  intravenously  or  into  the  perito- 
neal cavity,  well-marked  disease  to  follow. 

The  Host. — This  is  a  factor  of  the  very  greatest  impor- 
tance in  the  cousideraticm  of  infection  in  Its  numerous 
aspects.  It  is,  of  course,  well  known  that  certain  bacte- 
ria will  induce  infections  only  in  certain  species  of  ani- 
mals, proving  absolutely  innocuous  for  other  species. 
Thus,  while  the  anthrax  bacillus  usually  induces  lesions 
with  the  greatest  readiness  in  many  animals,  others,  like 
the  white  rat,  are  ordinarily  insusceptible  to  inoculation 
with  these  bacilli,  unless  very  large  amounts  are  given  or 
special  factors  be  brought  into  play.  Some  diseases  are 
especially  peculiar  to  man,  such  as  typhoid  fever,  syphi- 
lis, leprosy,  scarlet  fever,  measles,  etc.,  these  diseases 
never  occurring  naturally  in  other  animals.     The  race 
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and  mdividual  peculiarities  are  also  factors  which  modify 
the  liability  to  infection.  Thus  negroes  are  senerallv  in- 
susceptible to  yellow  fever,  whereas  other  human  beings 
are  quite  susceptible  to  the  pathogenic  agent  of  this  dis- 
ease. The  influence  of  age  is  so  well  known  that  inves- 
tigators commonly  make  use  of  this  knowledge  in  their 
experimental  work.  It  may  be  stated  as  a  rule  that 
young  animals  are  much  more  readily  infected  than  older 
and  larger  ones.  Age  as  a  predisposing  factor  to  infec- 
tion is  well  illustrated  by  the  curve  of  frequency  of  in- 
fectious diseases  in  man,  the  maximum  point  occurring 
among  children.  Sex  is  also  sometimes  a  factor  predis- 
posing to  infectious  disease,  although  this  is  not  so  ap- 
parent among  animals  as  it  is  among  human  beings. 
Numerous  other  conditions  affecting  the  physiological 
Integrity  of  the  body  are  also  predisposing  influences  for 
infection.  The  influence  of  fatigue,  starvation,  cold  and 
heat,  and  loss  of  blood  have  been  particularly  studied 
from  the  experimental  point  of  view,  the  results  very 
conclusively  proving  that  a  marked  susceptibility  to  in- 
fection is  developed. 

Animals  which  are  normally  insusceptible  to  anthrax, 
such  as  white  rats,  may  be  made  vulnerable  by  fatigue. 
Thus  Charrin  and  Roger  have  shown  that  if  white  rats 
be  made  to  work  a  treadmill  until  thoroughly  fatigued, 
and  be  then  inoculated  with  anthrax  bacilli,  they  suc- 
cumb to  the  lesions  of  anthrax  infection. 

Canalis  and  Morpurgo  have  shown  that  starvation  also 
interferes  with  the  natural  resistance  of  animals  to  bac- 
terial infection.  These  observers  studied  this  phase  of 
the  subject  with  pigeons,  which  are  also  naturally  resis- 
tant against  anthrax.  By  starving  these  animals,  either 
before  or  just  following  inoculation,  they  are  made  ex- 
tremely susceptible  to  the  influence  of  the  inoculated  or- 
ganism. These  experiments  have  been  repeated  time  and 
again  with  other  animals,  especially  by  Pernice  and 
Alessi. 

The  influence  of  exposure  to  heat,  cold,  and  moisture 
has  been  similarly  investigated  by  Pasteur,  Petruschky, 
and  others.  Long  ago  Pasteur  showed  that  by  immers- 
ing a  hen  in  cold  water  it  loses  its  natural  immunity  to 
anthrax.  Frogs,  if  kept  at  a  temperature  (25°-35°  C.) 
higher  than  is  normal  for  them,  will  easily  succumb  to 
anthrax  infection;  and  guinea-pigs  and  white  mice, 
which  are  resistant  to  fowl  tuberculosis,  can  be  made 
susceptible  by  keeping  them  after  inoculation  in  a  warm 
chamber  at  43°-45°  C. 

Any  injury  to  the  body  tissues  also  favors  the  lodg- 
ment and  activity  of  whatever  bacteria  may  reach  the 
affected  area.  It  is  a  well-known  clinical  fact  that  tuber- 
culosis of  bones  and  joints  of  children  often  follows  differ- 
ent forms  of  trauma.  Rosenbach  demonstrated  this  pre- 
disposition of  damaged  tissues  to  bacterial  invasion  by 
traumatizing  one  of  the  heart  valves  and  then  injecting 
cultures  of  the  staphylococcus.  Malignant  endocarditis 
almost  invariably  followed,  whereas  in  the  control  ani- 
mals in  which  the  valves  had  not  been  injured  no  lesions 
of  endocarditis  were  found. 

Other  factors  have  also  been  well  investigated,  such  as 
the  action  of  chemical  substances  and  unsuitable  diet, 
the  latter  especially  by  Hankin,  who  fed  refractory  rats 
on  sour  milk  and  bread.  Such  treatment  made  the 
animals  extemely  susceptible  to  anthrax  infection.  Leo 
administered  phloridzin  in  small  doses,  and  reached  the 
conclusion  that  it  markedly  predisposed  the  animals  to 
bacterial  infection.  There  are  still  other  special  _  in- 
fluences which  may  more  or  less  modify  the  conditions 
in  the  development  of  infection.  The  removal  of  certain 
organs  such  as  the  removal  of  the  pancreas  from  pigeons 
for  exa!mple,  will  make  the  body  tissues  more  susceptib  e 
than  thev  would  otherwise  be  to  the  infection.  Animals 
kept  in  dark  and  damp  places  also  exhibit  marked  sus- 
ceptibility as  compared  with  those  ivmg  m  light  and  airy 
localities  Trudeau  has  conclusively  established  that  rab- 
bits kept  in  places  in  which  no  light  penetrates  contract 
tuberculosis  more  readily  than  others  kept  in  a  more 
healthful  environment.  .       -r,    .,    ■ 

Portals  of  Entry  of  JSactena.— Bacteria  may  gam  en- 


trance into  the  body  tissues  through  several  different 
ways,  and  according  to  the  portal  of  entry  diflerences 
not  only  in  the  susceptibility  of  the  animals  but  also  in 
the  lesions  and  symptoms  of  the  disease  will  be  noted. 
For  the  most  part  micro-organisms  reach  the  interior  of 
the  body  from  the  skin  and  mucous  surfaces.  It  is  very 
improbable  that  bacteria  present  upon  the  skin  can  pene- 
trate this  tissue  when  uninjured.  It  is  true,  however, 
that  very  often  they  seem  to  reach  the  interior  of  the 
body  from  what  seems  to  be  an  uninjured  skin  surface, 
but  in  these  cases  it  is  probable  that  the  skin  injury  has 
been  overlooked  on  account  of  its  smallness.  Attention 
has  already  been  called  to  the  fact  that  bacterial  agents 
may  be  communicated  through  the  bites  of  different  in- 
sects. Thus  it  is  now  a  well-established  fact  that  the 
malarial  parasite  is  transmitted  through  the  bite  of  the 
mosquito ;  and  the  same  is  probably  true  for  yellow  fever. 
The  mucous  membranes  of  the  respiratory  and  alimentary 
tracts  are  frequently  portals  of  entry  for  micro-organ- 
isms which  have  been  carried  by  the  air  and  water  and 
foods.  The  mucous  membrane  of  the  urogenital  tract  is 
less  frequently  a  portal  of  entry.  Other  mucous  surfaces, 
such  as  the  conjunctiva,  may  also  under  special  condi- 
tions be  points  of  entry  for  different  pathogenic  bacteria. 
It  is  only  very  rarely  that  bacteria  directly  gain  entrance 
into  the  general  blood  current ;  they  ordinarily  reach  it 
through  the  sources  which  have  been  mentioned. 

Animal  experiments  clearly  show  that  the  portal  of 
entry  and  channel  of  infection  bear  a  more  or  less  direct 
relation  to  the  severity  of  the  infection  which  follows. 
Subcutaneous  inoculations  in  animals  are  usually  much 
less  severe  in  their  results  than  those  made  directly  into 
the  peritoneal  cavity  or  general  vascular  system. 

Action  of  Bacteria  and  Their  Products  in  tlie  Body.— 
Micro-organisms  induce  their  bad  efl:ects  in  several  ways, 
but  chiefly  by  their  presence  in  the  tissues  and  develop- 
ment of  their  poisonous  products,  which  either  affect  the 
physiological  activity  of  the  cell  or  kill  the  cell  outright. 
These  poisonous  products  act  generally  or  locally  in  va- 
rying degree,  according  to  the  nature  and  quantity  of 
the  product  formed.  These  toxic  substances  become 
diffused  through  the  system,  and  their  effects  are  mani- 
fested clinically  by  the  occurrence  of  fever  or  disturb- 
ances in  the  functions  of  the  respiratory  and  nervous 
systems.  In  some  cases  changes  are  found  in  the  local 
tissues  directly  involved.  The  general  effects  of  bacte- 
rial poisons  may  be  so  slight  as  to  be  regarded  of  little 
importance,  as  in  the  case  of  a  local  inflammation,  for 
example ;  or  they  may  be  very  intense,  as  in  tetanus  and 
diphtheria.  These  results  are  largely  directly  attribut- 
able to  the  poisons  of  the  bacteria,  rather  than  to  the  pres- 
ence of  the  organisms  themselves.  In  infectious  diseases 
both  factors  are  prominent  features,  the  toxic  side  being 
usually  more  conspicuous. 

In  diseases  like  tetanus  and  diphtheria  it  is  usually 
only  in  the  local  lesion  that  the  bacilli  are  found.  The 
profound  systemic  intoxication  is  accomplished  by  ab- 
sorption of  the  highly  toxic  products  from  the  local  lesion. 

Whenever  there  is  a  widespread  distribution  of  patho- 
genic bacteria  in  the  blood  the  condition  is  designated 
septicfemia;  and  if  associated  with  multiple  foci  of  pus 
formation  the  term  pya;mia  is  applied.  The  body  which 
is  already  the  seat  of  infectious  disease  is  much  more  sus- 
ceptible to  the  invasion  by  other  bacteria ;  thus  mixed  or 
concurrent  infections  are  often  established,  as  in  tuber- 
culosis of  the  lungs  with  cavity  formation.  In  addition 
to  the  tubercle  bacillus  there  may  usually  be  found  in 
such  lungs  pyogenic  (pus  excitants)  bacteria.  Individ- 
uals the  victims  of  long-standing  chronic  diseases,  such 
as  those  of  the  heart,  lungs,  kidneys,  and  liver,  often 
succumb  to  infectious  diseases  of  one  kind  or  another. 
The  phrase  "  terminal  infection "  has  been  applied  by 
Osier  to  these  infectious  diseases. 

Communicability  of  Infectious  Disease. — Considered  in 
its  practical  relations,  the  subject  of  the  communicability 
of  infectious  disease  is  one  of  the  very  higliest  interest 
and  importance.  It  has  been  already  pointed  out  that 
some  infectious  diseases,  like  syphilis,  cannot  be  commu- 
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nicated  to  animals.  On  the  other  hand,  some  of  the  in- 
fectious diseases  of  animals  are  not  communicable  to  man. 
But  certain  other  infectious  diseases,  like  tuberculosis, 
are  readily  transmitted  to  either  man  or  animals. 

The  infectious  diseases  of  man  may  be  divided  into  two 
great  classes :  first,  those  which  under  usual  conditions 
are  easily  communicable ;  and  second,  those  which  under 
usual  conditions  are  very  communicable.  Among  those 
of  the  second  class  there  exist  the  greatest  difEerences  in 
the  liability  to  transmission.  It  is  well  known  how  read- 
ily the  excitants  of  smallpox  and  scarlatina  are  given  oil 
from  the  patients  under  conditions  which  make  their 
transmission  from  one  person  to  another  an  easy  matter. 
In  diseases  like'  syphilis  and  hydrophobia,  on  the  other 
hand,  the  excitant  is  transmitted  only  by  direct  inocula- 
tion. Between  these  extremes  we  have  many  gradations. 
It  should  be  clearly  borne  in  mind  that  a  classification 
based  on  the  communlcability  of  a  disease  is  not  funda- 
mental, but  is  closely  dependent  upon  the  sanitary  con- 
ditions under  which  these  diseases  are  observed. 

Inimnniiy. — Immunity  Is  characterized  by  resistance 
to  infection  or  Its  effects.  The  absence  or  loss  of  this 
capacity  is  known  as  susceptibility.  Immunity  from  an 
Infectidus  disease  may  be  hereditary,  or  it  may  be  ac- 
quired, either  by  an  attack  of  the  disease  from  which  the 
individual  has  recovered — natural  immunization — or  by 
the  Introduction  Into  the  body  of  something  which  di- 
minishes susceptibility  —  artificial  immunization.  Ac- 
quired immunity  may  be  transmitted  from  parent  to  off- 
spring. 

Many  of  the  Infectious  diseases  confer  greater  or  lesser 
Immunity  to  subsequent  attacks  of  the  same  disease, 
although  there  are  some  exceptions  to  this.  A  previous 
attack  of  erysipelas  makes  one  more  susceptible  to  sub- 
sequent infection  with  the  streptococcus. 

From  the  studj'  of  infection  it  is  known  that  two  dis- 
tinct Influences  are  evidently  at  play  In  enabling  the  body 
to  resist  infection.  It  has  been  clearly  shown  that  the 
destruction  of  bacteria  may  In  part  be  brought  about  by 
the  leucocytes  and  other  mesodermal  cells,  which  when 
thus  engaged  are  called  phagocytes.  In  the  body  fluids 
there  are  also  certain  albuminous  Ingredients — alexins  or 
"defensive  proteids" — which  have  well-marked  bacteri- 
cidal properties. 

Artificial  immunization  is  generally  accomplished  by 
making  the  body  tissues  tolerant  to  the  presence  of  bac- 
teria or  their  poisons.  This  may  be  done  by  the  intro- 
duction of  attenuated  micro-organisms  or  by  the  intro- 
duction of  their  poisons.  The  same  result  may  be 
obtained  by  introducing  the  body  fluids  from  an  already 
immune  Individual. 

This  immunizing  power  is  attributable  to  the  develop- 
ment of  "  antitoxic  substances  "  whose  nature  is  still  little 
t;      understood.      They  seem  to   be  closely  related  to  the 
globulins. 

It  is  not  possible  to  determine  to  what  extent  the  Im- 
munization effected  is  specific.  In  some  cases  it  seems 
to  be  so;  whereas  in  others  this  is  less  apparent. 

August  Jerome  Lartigau. 
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INFILTRATIONS.— The  collection  of  fluid  or  cells  In 
the  tissue  spaces,  and  the  deposit  in  or  between  the  cells 
of  substances  abnormal  in  kind  or  quantity,  are  included 
In  the  comprehensive  class  of  patliological  infiltrations. 
The  processes  Involved  are  of  widely  differing  nature ; 
each  variety  of  infiltration  being  usually  indicated  by 
some  modifying  designation,  hemorrhagic,  inflammatory, 
tuberculous,  leukcemiic,  tissue  infiltration,  etc.  Without 
such  specific  designation  infiltration  is  commonly  taken 
to  refer  to  the  presence  of  some  pathological  substance 
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in  or  about  the  cells,  and  is  used  as  a  synonym  for  path- 
ological deposit.  The  infiltrated  substance  Itself  is  also 
usually  spoken  of  as  an  infiltration. 

Fluid  Infiltrations.— (Eiemai,  non-Inflammatory  in  ori- 
gin, is  sometimes  spoken  of  as  a  hydropic  or  dropsical 
infiltration.  As  a  result  of  Injury  to  the  bladder  or  ure- 
thra extravasation  of  urine  into  the  surroundmg  tissues, 
particularly  into  the  perineum,  may  occur  (urinary  infil- 
tration). Extiavasations  of  blood,  lymph,  milk,  faecal 
material,  etc.,  are  also  styled  infiltrations. 

Inflammatory  Infiltration.— Th\s  may  be  hemorrhagic, 
serous,  fibrinous,  or  cellular  in  character.  The  collection 
of  serous  exudates  in  tissue  spaces  is  usually  spoken  of 
as  inflammatory  adema.  Fibrmous  infiltrations  occur 
in  diphtheritic  In^ammations  and  other  forms  of  coagu- 
lation necrosis.  The  cellular  infiltration  of  Inflammation 
is  for  the  chief  part  composed  of  leucocytes  that  have 
migrated  from  the  blood-vessels.  Wandering  cells  aris- 
ing from  proliferating  tissue  cells  may  also  be  found  In 
it.  Usually  the  leucocytes  are  of  the  polynuclear  vari- 
ety, but  occasionally  the  infiltration  Is  made  up  entirely 
of  mononuclear  forms.  In  some  cases  the  cells  of  the 
infiltration  are  chiefly  plasma  cells;  in  other  cases  eosin- 
ophile  or  mast  cells  may  be  very  numerous.  The  sig- 
nificance of  these  phenomena  is  as  yet  unknown.  A  leu- 
cocyte Infiltration  of  moderate  degree  is  usually  spoken 
of  as  a  small-celled  infiltration ;  when  the  leucocytes  are 
in  large  numbers  as  a  purulent  Infiltration.  (See  Inflam- 
mation and  Exudations.) 

Leukcemic  Infiltration. — An  increase  in  the  number  of 
the  leucocytes  in  the  blood  is  attended  by  an  increase  in 
the  number  of  the  wandering  cells  in  the  tissue  spaces. 
This  increase  is  greatest  in  such  organs  as  the  liver  and 
kidneys,  and  in  the  submucosa  and  mucosa  of  the  gastro- 
intestinal tract.  In  leukaemia  the  accumulation  of  leuco- 
cytes in  the  interstitial  tissue  throughout  the  entire  body 
may  reach  an  enormous  degree.  The  liver  and  kidneys 
become  enlarged,  firmer,  and  lighter  in  color  as  the  result 
of  such  an  infiltration.  This  may  be  diffuse,  or  circum- 
scribed graylsh-yello\y  areas  of  infiltration  may  occur 
throughout  the  organ  (leukfemic  nodes,  lymphoma). 
The  mucosa  of  the  larynx  may  be  Infiltrated  to  such  an 
extent  as  to  give  rise  to  symptoms  of  cedema  of  the  glot- 
tis. In  the  intestine  the  swelling  of  the  mucosa  may  be 
followed  by  ulceration.  The  variety  of  leucocyte  pres- 
ent in  the  infiltration  depends  upon  the  kind  of  leukae- 
mia, though  in  some  cases  of  mononuclear  leukaemia  the 
proportion  of  polynuclear  forms  in  the  tissues  far  ex- 
ceeds that  In  the  blood.  Proliferation  of  the  migrated 
cells  occurs,  as  shown  by  the  occurrence  of  cell-division 
figures. 

Tumor  Infiltration. — The  malignant  neoplasms,  carci- 
noma and  sarcoma.  Invade  adjacent  tissues  by  extension 
through  the  tissue  spaces  in  the  direction  of  least  resist- 
ance, usually  through  the  lymph  spaces.  This  process 
Is  styled  growth  by  infiltration.  Extension  in  this  man- 
ner is  always  more  marked  in  the  case  of  carcinoma  than 
in  that  of  sarcoma.  Around  the  infiltrating  growth  there 
is  almost  always  present  a  zone  of  leucocyte  infiltration  as 
evidence  of  the  inflammatory  reaction  produced  by  the 
development  of  the  tumor.  In  many  cases  it  is  very" diffi- 
cult or  impossible  to  distinguish  between  the  leucocytes 
and  the  young  tumor  cells. 

Tissue  Infiltrations. —The.  term  Infiltration  is  very 
frequently  used  as  a  synonym  for  both  pathological  de- 
generations and  deposits  (albuminoid,  hydropic,  fatty, 
glycogenic,  cholesterin,  mucous,  hyaline,  amyloid,  cal- 
careous, uratic,  and  pigmentary  infiltrations).  "Inasmuch 
as  in  the  majority  of  these  con'ditions  the  process  is  of  the 
nature  of  a  deposit  in  the  affected  tissue,  the  designation 
of  pathological  deposit  seems  preferable  to  that  of  infil- 
tration.    (See  Degeneration  and  Deposits.) 

Tuberciilons  Infiltration. —The  confluence  of  small  mil- 
iary tubercles  may  give  rise  to  a  diffuse  tuberculous 
process,  or  the  epithelioid  tissue  of  tubercles  may  infil- 
trate Into  the  neighboring  tissues  after  the  manner  of  a 
new  growth.  Both  of  these  conditions  are  included  un- 
der the  head  of  tuberculous  infiltration.     The  term  gelat- 
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Infiltrations. 
Inliltratlons. 


inoiis  infiltration  was  used  by  Laennec  to  designate  the 
grayish-red  fibrinous  exudate  filling  up  the  lung  alveoli 
iu  the  neighborhood  of  tubercles. 

Syphilitic  Infiltration. — Circumscribed  or  diffuse  gum- 
matous processes  afEecting  bone  were  formerly  desig- 
nated us  gummatous  infiltrations. 


Parasitic  Infiltration. — The  presence  of  large  numbers 
of  bacteria  in  the  tissue  spaces,  the  occurrence  of  the 
filaria  in  the  lymph  spaces  and  vessels,  tlie  invasion  of 
muscle  by  trichina,  etc.,  are  frequently  designated  as  in- 
filtrations. 

Aldred  Scott  Wartliin. 


873 


END   OF  VOLUME   IV. 


I 


uigiiizeq .. 


